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This implies the following changes to the Grant Agreement:
•

The bank account is replaced in Article 21.8:

1

Grant Agreement number: 824093 — STRONG-2020 — H2020-INFRAIA-2018-2020/H2020-INFRAIA-2018-1
Amendment Reference No AMD-824093-11

"Name of bank: TRESOR PUBLIC
Full name of the account holder: DELEGATION PARIS MICHEL ANGE DUCNRS AGENT COMPTABLE
SECONDAIRE
Full account number (including bank codes):
IBAN code: FR7610071750000000100050520"

All other provisions of the Grant Agreement and its Annexes remain unchanged.
This Amendment enters into force on the day of the last signature.
This Amendment takes effect on the date on which the amendment enters into force, except where a
different date has been agreed by the parties (for one or more changes).
Please inform the other members of the consortium of the Amendment.
SIGNATURES
For the coordinator

For the Commission

[--TGSMark#signature-999997930_75_210--]

[--TGSMark#signature-service_75_210--]

Reynald PAIN with ECAS id npainrey signed in the Participant Portal
on 02/11/2020 at 12:40:14 (transaction id SigId-50481-ODONfE9Hf
GhmQj0KcqzrLnl72rZdfOaVzpSuZckLw5KUqZ3bGdfXqLmizpuI3VA
mkR04beVgg0nqgR3JMPzNnzw-jpJZscgsw0KmycuECXQOLy-38qAYh
u2D4BpWMFDY7AexUbid5u09tKVflksKzzsLqw9Pzqdw557TD5OMD
qe7IRXt18GeW0HHLd9ruHaCf1e2g0). Timestamp by third party at
2020.11.02 12:40:33 CET

Enclosures:

Signed by Pascale CID with ECAS id cidlupa as an authorised
representative on 18-11-2020 13:38:31 (transaction id SigId118666-gNcHJXQzoV2aJgGE9zlHXcTMAwVK1qJ2mVuzqSM8FREnM
a2mX3gxhEmkTGXOWBZtp04zu2Ufo2zuKATh0SNPFzOWyntOf97TTHq8Nxk26tT1Y4-p7tFZaoMoM8dkULjpbqk9K43FObefOh
HYlYzzzrsRLJrtlmgdf7gHa2ixvY54V3VPKYPrpEdyiT9piGTlAWzqXC)
2020.11.18 13:38:38 CET

Annex 1
Annex 2

2

EUROPEAN COMMISSION
Directorate-General for Research and Innovation
RTD.G – Research & Innovation Outreach
G.3 – Research & Industrial Infrastructures

ANNEX 1 (part A)
Research and Innovation action
NUMBER — 824093 — STRONG-2020

Table of Contents
1.1. The project summary................................................................................................................................. 4
1.2. The list of beneficiaries..............................................................................................................................5
1.3. Workplan Tables - Detailed implementation..............................................................................................8
1.3.1. WT1 List of work packages........................................................................................................... 8
1.3.2. WT2 List of deliverables.............................................................................................................. 10
1.3.3. WT3 Work package descriptions................................................................................................. 20
Work package 1......................................................................................................................... 20
Work package 2......................................................................................................................... 22
Work package 3......................................................................................................................... 25
Work package 4......................................................................................................................... 28
Work package 5......................................................................................................................... 31
Work package 6......................................................................................................................... 34
Work package 7......................................................................................................................... 37
Work package 8......................................................................................................................... 40
Work package 9......................................................................................................................... 43
Work package 10....................................................................................................................... 46
Work package 11....................................................................................................................... 49
Work package 12....................................................................................................................... 52
Work package 13....................................................................................................................... 55
Work package 14....................................................................................................................... 58
Work package 15....................................................................................................................... 60
Work package 16....................................................................................................................... 63
Work package 17....................................................................................................................... 66
Work package 18....................................................................................................................... 70
Work package 19....................................................................................................................... 74
Work package 20....................................................................................................................... 78
Work package 21....................................................................................................................... 82
Work package 22....................................................................................................................... 86
Work package 23....................................................................................................................... 90
Work package 24....................................................................................................................... 93
Work package 25....................................................................................................................... 97
Work package 26..................................................................................................................... 101
Work package 27..................................................................................................................... 104
Work package 28..................................................................................................................... 107

Work package 29..................................................................................................................... 111
Work package 30..................................................................................................................... 114
Work package 31..................................................................................................................... 117
Work package 32..................................................................................................................... 121
1.3.4. WT4 List of milestones.............................................................................................................. 124
1.3.5. WT5 Critical Implementation risks and mitigation actions......................................................... 130
1.3.6 WT6 Summary of project effort in person-months......................................................................136
1.3.7. WT7 Tentative schedule of project reviews...............................................................................140
1.3.8. WT8 Summary of transnational / virtual access provision per installation................................. 141

1.1. The project summary
Project Number 1

824093

Project Acronym 2

STRONG-2020

One form per project
General information
Project title 3

The strong interaction at the frontier of knowledge: fundamental research and
applications

Starting date 4

01/06/2019

Duration in months 5

48

Call (part) identifier 6

H2020-INFRAIA-2018-1

Topic

INFRAIA-01-2018-2019
Integrating Activities for Advanced Communities

Fixed EC Keywords
Free keywords

strong interaction; quantum chromodynamics; hadron structure; novel particle detectors;
3D & polarized parton densities; quark-gluon plasma; dense quark matter; precision SM
tests; new targets&beams;
Abstract 7

The strong interaction is one of the cornerstones of the Standard Model (SM) of particle physics, and its experimental
and theoretical study attracts an active community of about 2500 researchers in Europe. The list of fundamental open
questions at the frontier of our current knowledge in the strong interaction is very rich and varied including a full
understanding of (i) the partonic structure of hadrons, (ii) exotic hadronic states, properties of (iii) dense quark matter
and of (iv) hot and dense quark-gluon plasma, as well as (v) precision tests of the SM. Such research topics are studied
experimentally and theoretically mostly via particle collisions at low (a few tens of GeV) and high (up to 14 TeV)
energies. Associated developments in state-of-the-art detectors/data-acquisition/beams/targets are required, as well
as in theoretical (lattice, effective field, perturbative) calculations. The STRONG-2020 project brings together many
of the leading research groups and infrastructures involved today in the study of the strong interaction in Europe,
and also exploits the innovation potential in applied research through the development of detector systems with
applications beyond fundamental physics, e.g. for medical imaging and information technology. The Consortium
includes 44 participant groups, embracing 14 EU Member States, one International EU Interest Organization (CERN),
and one EU candidate country. Together with host institutions of 21 other countries, without EU funds benefits, the
project involves research in 36 countries. The project is structured in 32 Work Packages (WP): 7 Transnational Access
Activities, 2 Virtual Access Activities, 7 Networking Activities and 14 Joint Research Activities. Furthermore, 2 WPs
take care, respectively, of the “Management and Coordination” of the project and of “Communication and Outreach".
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1.2. List of Beneficiaries
Project Number 1

824093

Project Acronym 2

STRONG-2020

List of Beneficiaries
No

Name

Short name

Country

1

CENTRE NATIONAL DE LA
RECHERCHE SCIENTIFIQUE CNRS

CNRS

France

2

OESTERREICHISCHE AKADEMIE
DER WISSENSCHAFTEN

OEAW

Austria

3

UNIVERSITE CATHOLIQUE DE
LOUVAIN

UCL

Belgium

4

EUROPEAN ORGANIZATION FOR
NUCLEAR RESEARCH

CERN

Switzerland

5

DEUTSCHES
KREBSFORSCHUNGSZENTRUM
HEIDELBERG

DKFZ

Germany

6

FACILITY FOR ANTIPROTON AND
ION RESEARCH IN EUROPE GMBH

FAIR

Germany

7

FORSCHUNGSZENTRUM JULICH
GMBH

FZJ

Germany

8

GSI HELMHOLTZZENTRUM FUER
SCHWERIONENFORSCHUNG
GMBH

GSI

Germany

9

JOHANNES GUTENBERGUNIVERSITAT MAINZ

JGU MAINZ

Germany

10

RHEINISCHE FRIEDRICHWILHELMS-UNIVERSITAT BONN

UBO

Germany

11

RUHR-UNIVERSITAET BOCHUM

RUB

Germany

12

RUPRECHT-KARLSUNIVERSITAET HEIDELBERG

UHEI

Germany

13

TECHNISCHE UNIVERSITAET
MUENCHEN

TUM

Germany

14

UNIVERSITAET HAMBURG

UHAM

Germany

15

UNIVERSITAET REGENSBURG

UREG

Germany

16

WESTFAELISCHE WILHELMSUNIVERSITAET MUENSTER

WWU

Germany

17

UNIVERSIDAD AUTONOMA DE
MADRID

UAM

Spain

18

UNIVERSIDAD COMPLUTENSE DE
MADRID

UCM

Spain

19

UNIVERSIDAD DE SALAMANCA

USAL

Spain

20

UNIVERSIDAD DE SANTIAGO DE
COMPOSTELA

USC

Spain
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Project
entry date8

Project exit
date

1.2. List of Beneficiaries
No

Name

Short name

Country

21

UNIVERSIDAD DEL PAIS
VASCO/ EUSKAL HERRIKO
UNIBERTSITATEA

UPV/EHU

Spain

22

UNIVERSITAT DE VALENCIA

UVEG

Spain

23

JYVASKYLAN YLIOPISTO

JYU

Finland

24

COMMISSARIAT A L ENERGIE
ATOMIQUE ET AUX ENERGIES
ALTERNATIVES

CEA

France

25

RUDER BOSKOVIC INSTITUTE

RBI

Croatia

26

FACULTY OF SCIENCE
UNIVERSITY OF ZAGREB

UNIZG

Croatia

27

THE PROVOST, FELLOWS,
FOUNDATION SCHOLARS & THE
OTHER MEMBERS OF BOARD OF
THE COLLEGE OF THE HOLY &
UNDIVIDED TRINITY OF QUEEN
ELIZABETH NEAR DUBLIN

TCD

Ireland

28

CONSIGLIO NAZIONALE DELLE
RICERCHE

CNR

Italy

29

FONDAZIONE BRUNO KESSLER

FBK

Italy

30

ISTITUTO NAZIONALE DI FISICA
NUCLEARE

INFN

Italy

31

POLITECNICO DI MILANO

POLIMI

Italy

32

JAVNA USTANOVA UNIVERZITET
CRNE GORE PODGORICA

UOM

Montenegro

33

RIJKSUNIVERSITEIT GRONINGEN

RUG

Netherlands

34

STICHTING NEDERLANDSE
WETENSCHAPPELIJK
ONDERZOEK INSTITUTEN

Nikhef

Netherlands

35

NARODOWE CENTRUM BADAN
JADROWYCH

NCBJ

Poland

36

POLITECHNIKA WARSZAWSKA

WUT

Poland

37

THE HENRYK NIEWODNICZANSKI
INSTITUTE OF NUCLEAR
PHYSICS, POLISH ACADEMY OF
SCIENCES

IFJ PAN

Poland

38

UNIWERSYTET JAGIELLONSKI

UJ

Poland

39

LABORATORIO DE
INSTRUMENTACAO E FISICA
EXPERIMENTAL DE PARTICULAS
LIP

LIP

Portugal

40

UNIVERSIDADE DE AVEIRO

UAVR

Portugal

41

UPPSALA UNIVERSITET

UU

Sweden
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Project
entry date8

Project exit
date

1.2. List of Beneficiaries
No

Name

Short name

Country

42

THE UNIVERSITY OF
BIRMINGHAM

UOB

United Kingdom

43

THE UNIVERSITY OF EDINBURGH

UEDIN

United Kingdom

44

UNIVERSITY OF GLASGOW

UGLASGOW

United Kingdom

45

AKADEMIA GORNICZOHUTNICZA IM. STANISLAWA
STASZICA W KRAKOWIE

AGH UST

Poland
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Project
entry date8

14/09/2020

Project exit
date

1.3. Workplan Tables - Detailed implementation
1.3.1. WT1 List of work packages
WP
WP Title
Number9

Lead beneficiary10

Personmonths11

Start
month12

End
month13

WP1

Project Management and
Coordination (MAN)

1 - CNRS

55.00

1

48

WP2

Dissemination and Communication
(DISCO)

30 - INFN

18.00

1

48

WP3

TA1: Transnational Access to COSY
7 - FZJ
(COSY)

1.00

1

48

WP4

TA2-Transnational Access to MAMI
9 - JGU MAINZ
(MAMI)

1.00

1

48

WP5

TA3-Transnational Access to LNF
(LNF)

30 - INFN

1.00

1

48

WP6

TA4-Transnational Access to FTD/
ELSA (ELSA)

10 - UBO

1.00

1

48

WP7

TA5-Transnational Access to GSI
(GSI)

8 - GSI

1.00

1

48

WP8

TA6-Transnational Access to
ECT*(ECT*)

29 - FBK

1.00

1

48

WP9

TA7-Transnational Access to CERN
(CERN)

4 - CERN

1.00

1

48

WP10

VA1-Automated perturbative NLO
calculations for heavy ions and
quarkonia (NLOAccess)

1 - CNRS

1.00

1

48

WP11

VA2-Virtual Access to 3DPartons
(3DPartons)

24 - CEA

1.00

1

48

WP12

NA1-QCD physics at GSI/FAIR
(FAIRnet)

11 - RUB

14.00

1

48

WP13

NA2-Small-x Physics at the LHC
and future DIS experiments (Smallx)

20 - USC

36.50

1

48

WP14

NA3-Quark-Gluon Plasma
characterisation with jets (Jet-QGP)

39 - LIP

36.00

1

48

WP15

NA4-Proton Radius European
Network (PREN)

1 - CNRS

14.40

1

48

WP16

NA5-Strange Hadrons and the
Equation-of-State of Compact Stars
(THEIA)

9 - JGU MAINZ

10.00

1

48

WP17

NA6-LatticeHadrons
(LatticeHadrons)

27 - TCD

17.00

1

48

WP18

NA7- Quark-Gluon Plasma
characterisation with heavy flavour
probes (Hf-QGP )

1 - CNRS

39.00

1

48

WP19

JRA1-Inter-experiment combination
of heavy-ion measurements at the
LHC (LHC-Combine)

1 - CNRS

78.00

1

48
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1.3. Workplan Tables - Detailed implementation
WP
WP Title
Number9

Lead beneficiary10

Personmonths11

Start
month12

End
month13

WP20

JRA2- Fixed Target Experiments at
the LHC (FTE@LHC)

1 - CNRS

115.00

1

48

WP21

JRA3-Precision Tests of the
Standard Model (PrecisionSM)

9 - JGU MAINZ

43.00

1

48

WP22

JRA4-3D structure of the nucleon in
momentum space (TMD-neXt)

30 - INFN

48.00

1

48

WP23

JRA5-Generalized Parton
Distributions (GPD-ACT)

1 - CNRS

38.40

1

48

WP24

JRA6-Challenges for next generation
24 - CEA
DIS facilities (next-DIS)

43.00

1

48

WP25

JRA7-Light-and heavy-quark hadron
30 - INFN
spectroscopy (HaSP)

29.00

1

48

WP26

JRA8-Advanced ultra-fast solid
STate detectors for high precision
RAdiation spectroscopy (ASTRA)

2 - OEAW

56.00

1

48

WP27

JRA9-Tracking and Ions
Identifications with Minimal
Material budget (TIIMM)

30 - INFN

41.40

1

48

WP28

JRA10-Cryogenic Polarized Target
Applications (CryPTA)

10 - UBO

32.00

1

48

WP29

JRA11-Cryogenically cooled
particle streams from nano- to
micrometer size for internal targets
at accelerators (CRYOJET)

16 - WWU

29.00

1

48

WP30

JRA12-Spin for FAIR
(SPINFORFAIR)

30 - INFN

50.00

1

48

WP31

JRA13-Polarized Electrons,
Positrons and Polarimetry (P3E)

1 - CNRS

38.40

1

48

WP32

JRA14-Micropattern Gaseous
Detectors for Hadron Physics
(MPGD_HP)

30 - INFN

54.00

1

48

Total 944.10
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1.3.2. WT2 list of deliverables
Deliverable
Deliverable Title
Number14

D1.1

Type

Dissemination
level16

Due
Date (in
months)17

1 - CNRS

Other

Public

3

Confidential,
only for members
of the consortium
4
(including the
Commission
Services)

WP
Lead beneficiary
number9

Implementation of
the organizational
WP1
structures and decisionmaking mechanisms

15

D1.2

Data Management Plan WP1

1 - CNRS

ORDP:
Open
Research
Data Pilot

D1.3

Strategic road map

WP1

1 - CNRS

Other

Public

48

D2.1

Press release

WP2

30 - INFN

Websites,
patents
filling, etc.

Public

3

D2.2

DISCO web-site

WP2

30 - INFN

Websites,
patents
filling, etc.

Public

12

D2.3

YouTube channel

WP2

30 - INFN

Websites,
patents
filling, etc.

Public

16

D2.4

Proceedings of the
Workshop

WP2

30 - INFN

Report

Confidential,
only for members
of the consortium
42
(including the
Commission
Services)

D2.5

Article in Nuclear
Physics News
International
(NUPECC) and in
CERN Courier on the
results of the project

WP2

30 - INFN

Report

Public

46

D3.1

Transnational Access
provision - multi annual
implementation plan
WP3
over the first 18 months
(D3.1)

7 - FZJ

Other

Public

18

D3.2

Transnational Access
provision - multi annual
implementation plan
WP3
over the next 18 months
(D3.2)

7 - FZJ

Other

Public

36

D3.3

Transnational Access
provision - multi annual WP3
implementation for the

7 - FZJ

Other

Public

48
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Deliverable
Deliverable Title
Number14

WP
Lead beneficiary
number9

Type15

Dissemination
level16

Due
Date (in
months)17

whole duration of the
project (D3.3)

D4.1

Transnational Access
provision - multi annual
implementation plan
WP4
over the first 18 months
(D4.1)

9 - JGU MAINZ

Other

Public

18

D4.2

Transnational Access
provision - multi annual
implementation plan
WP4
over the next 18 months
(D4.2)

9 - JGU MAINZ

Other

Public

36

D4.3

Transnational Access
provision - multi annual
implementation for the WP4
whole duration of the
project (D4.3)

9 - JGU MAINZ

Other

Public

48

D5.1

Transnational Access
provision - multi annual
implementation plan
WP5
over the first 18 months
(D5.1)

30 - INFN

Other

Public

18

D5.2

Transnational Access
provision - multi annual
implementation plan
WP5
over the next 18 months
(D5.2)

30 - INFN

Other

Public

36

D5.3

Transnational Access
provision - multi annual
implementation for the WP5
whole duration of the
project (D5.3)

30 - INFN

Other

Public

48

D6.1

Transnational Access
provision - multi annual
implementation plan
WP6
over the first 18 months
(D6.1)

10 - UBO

Other

Public

18

D6.2

Transnational Access
provision - multi annual
implementation plan
WP6
over the next 18 months
(D6.2)

10 - UBO

Other

Public

36

D6.3

Transnational Access
provision - multi annual
implementation for the WP6
whole duration of the
project (D6.3)

10 - UBO

Other

Public

48

D7.1

Transnational Access
WP7
provision - multi annual

8 - GSI

Other

Public

18
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Deliverable
Deliverable Title
Number14

WP
Lead beneficiary
number9

Type15

Dissemination
level16

Due
Date (in
months)17

implementation plan
over the first 18 months
(D7.1)

D7.2

Transnational Access
provision - multi annual
implementation plan
WP7
over the next 18 months
(D7.2)

8 - GSI

Other

Public

36

D7.3

Transnational Access
provision - multi annual
implementation for the WP7
whole duration of the
project (D7.3)

8 - GSI

Other

Public

48

D8.1

Transnational Access
provision - multi annual
implementation plan
WP8
over the first 18 months
(D8.1)

8 - GSI

Other

Public

18

D8.2

Transnational Access
provision - multi annual
implementation plan
WP8
over the next 18 months
(D8.2)

20 - USC

Other

Public

36

D8.3

Transnational Access
provision - multi annual
implementation for the WP8
whole duration of the
project (D8.3)

29 - FBK

Other

Public

48

D9.1

Transnational Access
provision to CERN
SPS/PS activities (test
beams, COMPASS),
IRRAD and GIF++
WP9
facilities - multi annual
implementation plan
over the first 18 months
(month 1-18) (D9.1)

4 - CERN

Other

Public

18

D9.2

Transnational Access
provision to CERN
SPS/PS activities (test
beams, COMPASS),
IRRAD and GIF++
WP9
facilities - multi annual
implementation plan
over the next 18 months
(month 19-36) (D9.2)

4 - CERN

Other

Public

36

D9.3

Transnational Access
provision to CERN
SPS/PS activities (test
beams, COMPASS),

4 - CERN

Other

Public

48

WP9
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Deliverable
Deliverable Title
Number14

WP
Lead beneficiary
number9

Type15

Dissemination
level16

Due
Date (in
months)17

IRRAD and GIF++
facilities - multi annual
implementation for the
whole duration of the
project (month 1-48)
(D9.3)

D10.1

Virtual Access
provision - multi annual
implementation plan
WP10
over the first 18 months
(month 1-18) (D10.1)

1 - CNRS

Report

Confidential,
only for members
of the consortium
18
(including the
Commission
Services)

D10.2

Virtual Access
provision - multi annual
implementation plan
WP10
over the next 18 months
(month 19-36) (D10.2)

1 - CNRS

Other

Public

36

D10.3

Virtual Access
provision - multi annual
implementation for the
WP10
whole duration of the
project (month 1-48)
(D10.3)

1 - CNRS

Other

Public

48

D10.4

Assesment Report on
the services and the
statistics on the access
(months 12, 24, 36 and
48) (D10.4)

1 - CNRS

Report

Public

48

D11.1

Virtual Access
provision - multi annual
implementation plan
WP11
over the first 18 months
(month 1-18) (D11.1)

24 - CEA

Report

Confidential,
only for members
of the consortium
18
(including the
Commission
Services)

D11.2

Virtual Access
provision - multi annual
implementation plan
WP11
over the next 18 months
(month 19-36) (D11.2)

24 - CEA

Other

Public

36

D11.3

Virtual Access
provision - multi annual
implementation for the
WP11
whole duration of the
project (month 1-48)
(D11.3)

24 - CEA

Other

Public

48

D11.4

Assesment Report on
the services and the
statistics on the access
(months 12, 24, 36 and
48) (D11.4)

24 - CEA

Report

Public

48

WP10

WP11
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Deliverable
Deliverable Title
Number14

WP
Lead beneficiary
number9

Type15

Dissemination
level16

Due
Date (in
months)17

D12.1

Report on detector tests,
FEE, DAQ and data
analysis; user manuals WP12
on FEE and DAQ
software

11 - RUB

Report

Public

48

D12.2

Repository of software
components

WP12

11 - RUB

Other

Public

48

D13.1

NPDFs

WP13

23 - JYU

Report

Public

48

D13.2

Resummed NLO cross
sections

WP13

1 - CNRS

Report

Public

36

D13.3

TMD factorization

WP13

37 - IFJ PAN

Report

Public

48

D13.4

Initial vs final state
correlations

WP13

20 - USC

Report

Public

36

D14.1

Reference model
implementation

WP14

39 - LIP

Other

Public

8

D14.2

Reference data samples WP14

39 - LIP

Other

Public

14

D14.3

Report on the survey of
WP14
observables

34 - Nikhef

Report

Public

24

D14.4

Analysis algorithms for
WP14
selected observables

34 - Nikhef

Other

Public

36

D15.1

PREN website

WP15

1 - CNRS

Websites,
patents
filling, etc.

Public

6

D15.2

PREN-WP

WP15

1 - CNRS

Report

Public

48

D16.1

Study of A=3
Hypernuclei

WP16

9 - JGU MAINZ

Report

Public

36

D16.2

Antihyperons in nuclei,
WP16
PANDA sofware tools

9 - JGU MAINZ

Demonstrator Public

30

D16.3

Bound mesonic systems WP16

9 - JGU MAINZ

Report

Public

30

D17.1

Report on the status
and future research
directions

WP17

15 - UREG

Report

Public

18

D17.2

Report on the
status and future
research directions
for investigations of
hadrons under extreme
conditions

WP17

30 - INFN

Report

Public

18

D17.3

Report on the
status and future
research directions
for investigations of
precision physics in
the Standard Model
and studies of strongly

WP17

17 - UAM

Report

Public

30
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Deliverable
Deliverable Title
Number14

WP
Lead beneficiary
number9

Type15

Dissemination
level16

Due
Date (in
months)17

interacting quantum
field theories relevant
for physics beyond the
SM

D17.4

Report on the status
and future research
directions of algorithms WP17
for large-scale
numerical computing

43 - UEDIN

Report

Public

42

D17.5

White paper on the
near-future challenges
in lattice hadron
physics and the links
to other aspects of
phenomenology and
large-scale numerical
computing

WP17

27 - TCD

Report

Public

36

D18.1

Plan design for the
common strategy
for the extraction of
the QGP transport
coefficients

WP18

1 - CNRS

Report

Public

10

D18.2

Talks delivered at the
workshop/meetings
published at the
webpage

WP18

1 - CNRS

Report

Public

36

D18.3

Paper with
recommendation for
the dedicated heavy-ion
periods of LHC after
WP18
the 2nd Long Shutdown
for the different LHC
experiments

1 - CNRS

Report

Public

26

1 - CNRS

ORDP:
Open
Research
Data Pilot

Public

36

Websites,
patents
filling, etc.

Confidential,
only for members
of the consortium
1
(including the
Commission
Services)

Report

Confidential,
only for members
of the consortium
6
(including the
Commission
Services)

D18.4

D19.1

D19.2

"Theory database"

Vivid forum

Road map

WP18

WP19

WP19

1 - CNRS

1 - CNRS
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Deliverable
Deliverable Title
Number14

WP
Lead beneficiary
number9

Type15

Dissemination
level16

Due
Date (in
months)17

D19.3

Cross-experiment
papers

WP19

1 - CNRS

Report

Public

48

D19.4

Outlook report paper

WP19

1 - CNRS

Report

Public

48

D20.1

Internal report to
the Collaboration
Mechanical integration
of an internal solid
target in ALICE

WP20

1 - CNRS

Report

Confidential,
only for members
of the consortium
24
(including the
Commission
Services)

D20.2

Peer-reviewed paper.
Design of gas-jet
implementation in
ALICE

WP20

36 - WUT

Report

Public

Report

Confidential,
only for members
of the consortium
36
(including the
Commission
Services)

Report

Confidential,
only for members
of the consortium
18
(including the
Commission
Services)

Report

Confidential,
only for members
of the consortium
36
(including the
Commission
Services)

D20.3

Software, simulations
and internal reports

D20.4

Internal report
Installation of the
unpolarised gas target
into LHCb

D20.5

oftwares, simulations
and internal reports
Improve track
reconstruction, detector WP20
performances and
dedicated HLT triggers
in LHCb

WP20

WP20

1 - CNRS

30 - INFN

30 - INFN

18

D20.6

Internal reports Design
of the polarised gas
target for LHCb

WP20

30 - INFN

Report

Confidential,
only for members
of the consortium
48
(including the
Commission
Services)

D20.7

Peer-reviewed paper
Phenomenology and
theory papers for
high-x, spin and QGP
physics

WP20

39 - LIP

Report

Public

48

D21.1

Electroweak MAID

WP21

9 - JGU MAINZ

Websites,
patents
filling, etc.

Public

18

D21.2

Report on spacelike
HVP in muon-electron

WP21

30 - INFN

Report

Public

24
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Deliverable
Deliverable Title
Number14

Type15

Dissemination
level16

Due
Date (in
months)17

9 - JGU MAINZ

Report

Public

48

Public

48

WP
Lead beneficiary
number9

scattering at CERN vs
timelike HVP
D21.3

Report on hadronic
corrections to precision WP21
tests in the weak sector

D21.4

Database on hadronic
processes relevant for
HVP and HLbL

WP21

30 - INFN

ORDP:
Open
Research
Data Pilot

D22.1

TMD data from DY,
SIDIS, e+e−

WP22

30 - INFN

Report

Public

48

D22.2

Parametrizations of
TMD PDFs and FFs

WP22

30 - INFN

Report

Public

48

D22.3

Estimates of
quarkonium production WP22
in SIDIS

33 - RUG

Report

Public

48

D23.1

Publication of
TJNAF@12GeVResults of GPD
experiments

WP23

1 - CNRS

Report

Public

36

D23.2

Publication of
COMPASS results

WP23

24 - CEA

Report

Public

48

D23.3

Public software serving
WP23
GPD fit results

26 - UNIZG

ORDP:
Open
Research
Data Pilot

Public

46

D24.1

Optimisation of EIC
tracking, PID and
interaction region
design

WP24

44 - UGLASGOW

Report

Public

18

D24.2

Publication on IBFstopping device

WP24

24 - CEA

Report

Public

24

D24.3

Prototype of photon
detector for EIC RICH

WP24

30 - INFN

Demonstrator Public

36

D24.4

EIC DMAPS prototype
WP24
and characterisation

42 - UOB

Demonstrator Public

48

D25.1

HaSP Combined
Analysis framework

WP25

30 - INFN

Websites,
patents
filling, etc.

Public

18

D25.2

Proceedings of the
general HS workshop

WP25

13 - TUM

Report

Public

36

D25.3

HaSP white paper

WP25

1 - CNRS

Report

Public

48

D26.1

CdTe detector
prototypes with readout electronics

WP26

2 - OEAW

Demonstrator Public

30
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WP
Lead beneficiary
number9

Type15

Dissemination
level16

Due
Date (in
months)17

D26.2

Report on the
characterization of the
final CdTe detector
device

WP26

30 - INFN

Report

Public

48

D26.3

CdZnTe detector
prototypes with readout electronics

WP26

2 - OEAW

Demonstrator Public

30

D26.4

Report on the
characterization of the
final CdZnTe detector

WP26

30 - INFN

Report

Public

48

D27.1

Report on
first prototype
performances.

WP27

30 - INFN

Report

Public

30

D27.2

Report on PID
performances of final
device

WP27

30 - INFN

Report

Public

48

D28.1

Prototype of a
low mass, internal
horizontal polarizing
solenoid

WP28

10 - UBO

Demonstrator Public

48

D28.2

Prototype of a HTSC
shield for a large
acceptance magnetic
detector

WP28

9 - JGU MAINZ

Demonstrator Public

48

D28.3

Prototype of a
cryogenic insert with
active target material

WP28

9 - JGU MAINZ

Demonstrator Public

48

D29.1

Report on new nozzle
and beam production
techniques for highperformance clusterjet, droplet, and pellet
targets

WP29

16 - WWU

Report

Public

48

D29.2

Report on
measurements of ion
WP29
acceleration using laserinduced production

16 - WWU

Report

Public

48

D29.3

Report on a pellet
tracking system

41 - UU

Report

Public

48

D30.1

Report on snake and
WP30
detector commissioning

30 - INFN

Report

Public

12

D30.2

Report on beam and
polarization lifetimes
and measurement
of beam and target
polarization

30 - INFN

Report

Public

24

Deliverable
Deliverable Title
Number14

WP29

WP30
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Deliverable
Deliverable Title
Number14

WP
Lead beneficiary
number9

Type15

Dissemination
level16

Due
Date (in
months)17

D30.3

Report on longitudinal
spin-filtering studies

WP30

30 - INFN

Report

Public

36

D30.4

Report and data
analysis and
interpretation

WP30

30 - INFN

Report

Public

48

D31.1

D31.1-Feasibility
Report for an Intense
Polarized Electron
Source

WP31

1 - CNRS

Report

Public

48

D31.2

D31.2-Feasibility
Report for an Intense
Polarized Positron
Source

WP31

1 - CNRS

Report

Public

48

D31.3

Technical Design
Report for the
polarimeter detector

WP31

9 - JGU MAINZ

Report

Public

48

D32.1

Minipad Modular PD

WP32

30 - INFN

Demonstrator Public

36

D32.2

Fast Cherenkov
Micromegas Detector

WP32

24 - CEA

Demonstrator Public

42

D32.3

A small-scale prototype
WP32
of the high-rate TPC

13 - TUM

Demonstrator Public

48

D32.4

Simulation results on
energy ranges and
resolutions in active
target TPC

WP32

10 - UBO

Report

Public

48

D32.5

Publication of the
diamond-based
photoconverter
WP32
performance in gaseous
PDs

30 - INFN

Report

Public

48
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1.3.3. WT3 Work package descriptions
Work package number 9

WP1

Work package title

Project Management and Coordination (MAN)

Start month

1 - CNRS

Lead beneficiary 10
1 End month

48

Objectives
The complexity of the STRONG-2020 Integrating Activity requires specific management structures and a dedicated
highly-skilled team. MAN will take in charge the effective management, the steering of the whole project and the
monitoring of the progress of all Work Packages including the planned scientific activities, industrial developments
and applications as well as society issues. The management team will ensure the contractual and administrative
implementation. It will oversee the use of resources and prepare Periodic and Final Reports
Description of work and role of partners
WP1 - Project Management and Coordination (MAN) [Months: 1-48]
CNRS
Spokesperson: Barbara Erazmus
MAN will coordinate the overall Integrating Activity and ensure the links with the European Commission from one
side and the large community involved in the scientific programmes focused on Transnational and Virtual Access from
the other side.
Task 1 Management: MAN will set up the organisational consistent and efficient structures and decision-making
mechanisms appropriate to the scale and objectives of STRONG-2020. The management procedures are described in 3.2.
In particular, the Facility Coordination Panel will guarantee close collaboration with the real and virtual infrastructures
and large experiments within and outside Europe.
MAN will establish the Consortium Agreement between the Coordinator and the participants of the Consortium. The
purpose of the Agreement is to define rights and obligations of the participants, supplementing the EC Grant Agreement.
The Consortium Agreement is subject to the condition that the Grant Agreement enters into effect. The Grant Agreement
will be appended to the Consortium Agreement and form its integral part. The Consortium Agreement foresees possible
modifications in the composition of the Consortium and consequent changes in the managerial structures.
MAN will organise meetings at different levels of STRONG-2020. Managerial team and bodies will meet and interact
on a regular basis. A Kick-off meeting will be organized during month 3. Two workshops will be organized for the
hadron physics community at large, one 24 months after the start of STRONG-2020 and the second one during the last
year of the project.
MAN will represent STRONG-2020 and ensure the regular interactions with the European Commission, the
Transnational and Virtual Infrastructures, the spokespersons of the Work Packages and the persons in charge of scientific,
administrative and legal aspects in the organisation of the participant institutions.
Task 2 Reporting: MAN will coordinate the preparation of the Periodic and Final Reports to the European Commission
documenting the progress in all the activities and the financial status of STRONG-2020.

Participation per Partner
Partner number and short name

WP1 effort

1 - CNRS

55.00
Total
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55.00

List of deliverables
Deliverable
Deliverable Title
Number14

D1.1

Implementation of the
organizational structures
and decision-making
mechanisms

Lead beneficiary

Type

Dissemination level

Due
Date (in
months)17

1 - CNRS

Other

Public

3

15

16

D1.2

Data Management Plan

1 - CNRS

Confidential, only
ORDP: Open for members of the
Research
consortium (including 4
Data Pilot
the Commission
Services)

D1.3

Strategic road map

1 - CNRS

Other

Public

48

Description of deliverables
D1.1 Implementation of the organizational structures and decision-making mechanisms
D1.2 Consortium Agreement
D1.1 : Implementation of the organizational structures and decision-making mechanisms [3]
The management Structure is composed by the Governing Board (GB), the Coordination Board (CB), the Executive
Board (EB), the Coordinator/Management Team (MT), the Facility Coordination Panel (FCP) and the Dissemination
Board (DB) (month 3)
D1.2 : Data Management Plan [4]
Data Management Plan
D1.3 : Strategic road map [48]
Strategic road map for future RI developments

Schedule of relevant Milestones
Milestone
number18

Milestone title

Lead beneficiary

Due
Date (in Means of verification
months)

MS1

Signature of the Consortium
agreement

1 - CNRS

1

Final version released

MS2

Kick-off meeting

1 - CNRS

4

Contents on DISCO website

MS3

Workshops

1 - CNRS

24

Contents on DISCO website,
due dates (in months) : 12, 24

MS4

Mid-term review

1 - CNRS

24

EC Report

MS5

Presentations at NuPECC

1 - CNRS

48

Invitations from NuPECC,
due dates (in months) : 6, 12,
18, 24, 30, 36, 42, 48

MS6

Preparation of periodical
reports

1 - CNRS

48

Reports delivered to EC, due
dates (in months) : 18, 36, 48
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Work package number 9

WP2

Work package title

Dissemination and Communication (DISCO)

Start month

Lead beneficiary 10
1 End month

30 - INFN
48

Objectives
The main aim of the DISCO WP is to promote and realize efficient and targeted dissemination, exploitation of results and
communication activities resulting from the dedicated research and transnational activities performed within the project,
in order to raise the awareness about their importance, to promptly inform the various communities on the obtained
results and to enhance the future financing opportunities targeting the self-sustainability of the involved community,
with special care on sex and gender dimension. DISCO is a transversal and integrated activity, which involves all the
other WPs of the project. The objective is to promote and realize dissemination and communication of the results coming
from the project, with special focus on the involved research infrastructures, toward:
- The scientific community of specialists in hadron physics: aiming to present the main results coming from
the project activities, the research infrastructures dedicated to the strong interaction studies and the working
opportunities both within the researchers community involved in the project, inter-WPs, contributing to crossfertilization and birth of new ideas, as well as to those researchers who are not directly involved in the project in
order to look for new collaborations and scientific opportunities.
- The wider scientific community: aiming to present the main results coming from the project activities and the
research infrastructures to those researchers who are not directly involved in research in strong interaction physics.
- The general public, industry representatives and policy makers: aiming to present the main results coming from
the project activities and the research infrastructures to the general public, policy makers, industry representatives,
students, children, to raise the awareness about this type of research and related infrastructures, to promote a new
generation of scientists and enhance future financing opportunities

Description of work and role of partners
WP2 - Dissemination and Communication (DISCO) [Months: 1-48]
INFN
Spokesperson: Catalina Curceanu
The DISCO Work Package will be led by INFN, with the support of a Dissemination Board (DB). The DB (10 members)
will be named by the Executive Board. Its members will be representatives of the various WPs and of industrial partners.
A key-figure, a science journalist (or similar) expert in science dissemination and communication and a representative
of interested industries will also be part of the DB.
Effective dissemination and communication is a core activity of STRONG-2020 in many complementary ways. We
will work to maximize the impact of STRONG-2020 on communities working in strong interaction physics, both
theoretically and experimentally. We will foster raising a new, wide, awareness and interest in the topics of the project
and stimulate new endeavors going far beyond the context defined by STRONG-2020 Work Plan, contributing to
Horizon 2020 objectives with a genuinely European effort, which extends to the global world, leading to new initiatives.
DISCO will greatly take advantage of the communication skills of its members to engage in dynamic dissemination and
communication activities, raising the attention of the public, stimulating the interest of the media, and also addressing
gender balance and gender dimension items aiming to attract more female scientists towards this sector in the near future.
In concrete, the tasks of this Work Package will be:
Task1: Realization of activities with impact on the scientific community of specialists in strong interaction physics,
which will include: meetings among various WGs, publications and reports distributed on the STRONG-2020 webpage. A Workshop: “Present and future perspectives in Strong Interaction Physics in the 21st Century”, opened also to
participants outside the STRONG-2020 community, will be organized. A Newsletter to be sent to the participants to the
project will be realized and published every three months,
Task2: Realization of activities with impact on the wider scientific community, such as (but not limited to): publications
of the general findings of the project and at the STRONG-2020 research infrastructures in top journals with high impact
on overall scientific community; participation to conferences and workshops attended by a broad scientific audience;
exploration of dissemination channels offered by participating Institutions.
Task 3: Realization of activities with impact on general public, such as (but not limited to): dedicated STRONG-2020
web-page for public; participation to the Open Labs and Women in Science Day in the involved institutions and
to the European Researchers nights with dedicated activities; seminars and conferences in schools, universities and
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public sites; hands-on experiments in the framework of stages for students; dedicated video-channel for presentation
the STRONG-2020 activities, transnational research infrastructures and participants; publications in social media
(Facebook, Instagram); promote articles in newspapers and press releases.
Task 4: Realization of activities with impact on potential partners in industry, such as (but not limited to):
technical reports containing innovation in technology resulting from STRONG-2020 for the potential industrial
partners; meetings, symposia, visits and discussions both in the institutes and research infrastructures participating in
STRONG-2020 and in the potentially interested industry partners.
Task 5: Realization of activities with impact on policy makers, such as (but not limited to): realization of documents
summarizing STRONG-2020 findings and perspectives, beyond the project deadline, to be distributed at national,
European and international levels; visits of policy makers to the STRONG-2020 research infrastructures and
laboratories; communication with the European Commission.

Participation per Partner
Partner number and short name

WP2 effort

30 - INFN

18.00
Total

18.00

List of deliverables
Deliverable
Deliverable Title
Number14

Lead beneficiary

Type

Dissemination level

Due
Date (in
months)17

D2.1

Press release

30 - INFN

Websites,
patents
filling, etc.

Public

3

D2.2

DISCO web-site

30 - INFN

Websites,
patents
filling, etc.

Public

12

D2.3

YouTube channel

30 - INFN

Websites,
patents
filling, etc.

Public

16

15

16

D2.4

Proceedings of the
Workshop

30 - INFN

Report

Confidential, only
for members of the
consortium (including 42
the Commission
Services)

D2.5

Article in Nuclear
Physics News
International (NUPECC)
and in CERN Courier on
the results of the project

30 - INFN

Report

Public

Description of deliverables
D2.1-Press release
D2.2- DISCO web-site
D2.3- STRONG-2020 YouTube channel
D2.4- Proceedings of the Workshop
D2.5-Article in Nuclear Physics News International (NUPECC) and in CERN Courier
D2.1 : Press release [3]
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46

Press release on the aim and content of STRONG-2020: an article describing the project and its main aims, as
well as the impact on society will be prepared and submitted as press release to various journals, newspapers and
dissemination offices of participating institutions (month 3).
D2.2 : DISCO web-site [12]
A dedicated web-site for dissemination activities will be prepared, containing information both towards the scientific
community and public, with links to the project scientific web-site and where the Newsletter will be published (month
12).
D2.3 : YouTube channel [16]
D2.3- STRONG-2020 YouTube channel a dedicated youtube channel where videos describing each one of the WP
will be presented in 5-minute videos – for public, policy makers, schools (month 16).
D2.4 : Proceedings of the Workshop [42]
D2.4-Proceedings of the Workshop - Proceedings of the Workshop Present and future perspectives in Strong
Interaction Physics in the 21st Century: proceedings of the workshop will be prepared and submitted/published in a
peer-reviewed journal (month 42).
D2.5 : Article in Nuclear Physics News International (NUPECC) and in CERN Courier on the results of the project
[46]
D2.5-Article in Nuclear Physics News International (NUPECC) and in CERN Courier on the results of the project:
dedicated articles presenting the achievements of the project will be prepared and submitted for publication in the
Nuclear Physics News International (NUPECC) review and in CERN Courier (month 46).

Schedule of relevant Milestones
Milestone
number18

Milestone title

Lead beneficiary

Due
Date (in Means of verification
months)

MS7

DISCO-WEB existent

30 - INFN

6

Pilot Web-site working

MS8

DISCO-youtube channel
started

30 - INFN

14

DIS You-tube channel
accessible

MS9

Preparation of the Workshop
“Present and future
perspectives in Hadron
Physics in the 21st Century”

30 - INFN

29

Invitations sent
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Work package number 9

WP3

Work package title

TA1: Transnational Access to COSY (COSY)

Start month

Lead beneficiary 10
1 End month

7 - FZJ
48

Objectives
Provision of access to the following infrastructure(s):
Description of the infrastructure
Name of the infrastructure (and its installations, if applicable): Cooler Synchrotron COSY
Location (town, country) of the infrastructure: Jülich , Germany
Web site address: http://www.fz-juelich.de/ikp/DE/Home/home_node.html
Annual operating costs (excl. investment costs) of the infrastructure (€): 3.363.611 EUR
Description of the infrastructure: The cooler synchrotron and storage ring COSY has a race track design with a
circumference of 184 m. It delivers polarized and unpolarized proton and deuteron beams in the momentum range from
300 MeV/c up to 3.7 GeV/c usable at 4 internal and 3 external target stations. Two cooling systems for phase space
cooling of the beam, an electron cooler and a stochastic cooling system are in operation. At internal experiments with
the stochastic cooling a momentum resolution of dp/p = 2.10-4 (FWHM) is achieved at a beam intensity of about 5.1010
stored protons at the maximum momentum. Via resonance extraction the beam can be extracted to the external target
stations. Routinely the extraction with stochastic feeding of the resonance (ultraslow extraction) is used which allows
long spills with a nearly constant extraction current. The extraction efficiency is above 80 % allowing extraction currents
of up to 1010 protons per second. For special applications a fast kicker extraction can be used where the full COSY
beam is extracted in one bunch of about 200 ns with up to 109 particles. The accelerator is fully computer-controlled.
All machine parameters can be stored and reloaded allowing a rapid change of momentum setting and beam optics. With
this concept also very special operation modes can be performed like measuring during ramping or switching between
different momentum settings from spill to spill. The whole machine is designed for high precision beams resulting in a
very stable operation. Another important feature of COSY is the precise handling of polarized beams. COSY is equipped
with tools for spin manipulations like RF solenoid and RF dipole, a Sibirian snake and polarimeters, which allow to
manipulate and measure the beam polarization with an extremely high precision and stability. The available targets
include solid state and liquid hydrogen or deuterium at the external target stations and cluster jet, pellet and polarized
atomic beam with storage cell for internal experiments.
COSY delivers particle beams with a high brilliance and very stable conditions. Such a beam is required for precise
data in the field of hadron physics and even more important for precision experiments like the activities towards EDM
studies. In order to investigate the precision limits of storage ring experiments a precise and stable operating machine is
essential. COSY is the only cooler ring worldwide in the medium energy regime. Especially in view of the realization of
the European FAIR facility the availability of access to an accelerator in the few GeV/c energy range is very important
for accelerator equipment and detector tests. The other field for which COSY is a unique machine is precision physics.
The challenge of precision physics at accelerators like the measurements of electric dipole moments requires extreme
precision of the machine operation. COSY is indispensable for exploring the limits for these kind of studies as it is the
only hadron machine worldwide for detailed spin physics studies.
Services currently offered by the infrastructure: At COSY the experiments are performed within international
collaborations of typically 20 - 50 scientists. A new user may either join an existing collaboration or make a new
proposal. The installation of new equipment at internal or external target places is possible and the development of new
components can be supported due to the large infrastructure departments at the FZJ. The widespread interest from users
in other countries is demonstrated by the number of institutions which are involved in the COSY experiments. In the
last years about 460 scientists and students from 72 different institutions worked at the COSY experiments. The user
Community is composed of about 150 German users from 16 different institutions, about 150 users from 10 different
European and associated countries and about 160 users out of 8 countries outside of Europe.

Description of work and role of partners
WP3 - TA1: Transnational Access to COSY (COSY) [Months: 1-48]
FZJ
Description of work (where appropriate, broken down into tasks), lead partner and role of participants
Spokesperson: Dieter Grzonka
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Modality of access under this proposal: In order to obtain access to the COSY beam, a research proposal has to be
submitted which will be evaluated by the COSY Beam Time Advisory Committee (CBAC).
The typical physics experiment at COSY gets one or two weeks of beam time and needs one to two weeks additional
preparation time for the users. Concerning detector tests the beam time request is typically only a few days or a few
hours which is also no problem to arrange. For the preparation and measurement time the users stay typically at the
research center. Office space with computer access is available for external users during their stay at the infrastructure.
The outputs of the experiments performed at COSY are normally scientific publications in reviewed physical journals.
The typical delay between data taking and publication is 2-3 years.
The modality of declaring access costs is the Unit Costs based on historical data referred to the last two financial years.
The time is counted when COSY beam is delivered to the experiment. Preparation time for the experiment and beam
is not counted as access time. During their stay the external users get a reimbursement of the travel cost according to
the EU rules.
Support offered under this proposal: The department Institute für Kernphysik (IKP) which operates and uses COSY
consists of two experimental institutes and one theoretical institute, the accelerator division and the infrastructure
(electronics and mechanics workshops, radio-protection and administration). It has presently 129 staff positions of
which 39 belong to the experimental institutes, 19 to theory, 47 to the accelerator division and the remaining part to
the infrastructure. The department is embedded in FZJ, one of the national research institutions in Germany with about
3300 staff members. The large technical divisions of the FZJ - as the central mechanical and electronic workshops,
central engineering department and the main computing facility - are available for the development, construction and
maintenance of experimental installations and for data handling.
Outreach to new users: To attract new users calls for proposals will be published in well-known journals of the nuclear
and hadron physics community like NUPECC News and CERN Courier. Before each USP meting a call for proposals is
distributed via E-Mail to all actual as well as to potential new users. Detailed web-pages are available with information
concerning the COSY facility and the experimental installations. A special web-page will be prepared with information
about the possibility of support of new users by the EU program.
Review procedure under this proposal: A user selection panel for EU support will evaluate new proposals and
recommend the allocation of beam time. At COSY, the Beam Time Advisory Committee (CBAC) acts as the user
selection panel.
The USP consist of external experts in the field of hadron, precision, and accelerator physics, which are fully independent
of the infrastructure. The USP meets normally twice a year. New proposals should be sent to the scientific coordinator
at COSY four weeks before the USP meeting, who will pass them to the USP members.

Participation per Partner
Partner number and short name

WP3 effort

7 - FZJ

1.00
Total

1.00

List of deliverables

Lead beneficiary

Type

Dissemination level

Due
Date (in
months)17

D3.1

Transnational Access
provision - multi annual
implementation plan
over the first 18 months
(D3.1)

7 - FZJ

Other

Public

18

D3.2

Transnational Access
provision - multi annual
implementation plan

7 - FZJ

Other

Public

36

Deliverable
Deliverable Title
Number14
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15

16

List of deliverables
Deliverable
Deliverable Title
Number14

Lead beneficiary

Type

Dissemination level

Due
Date (in
months)17

7 - FZJ

Other

Public

48

15

16

over the next 18 months
(D3.2)

D3.3

Transnational Access
provision - multi annual
implementation for the
whole duration of the
project (D3.3)

Description of deliverables
Deliverables (brief description and month of delivery)
At present the COSY operation is assured until the end of 2021 but it is expected that it will continue at least until the
FAIR facility goes into operation, i.e. COSY will be in operation over the full running time of the proposal.
Deliverable description:
D3.1 Transnational Access provision
D3.2 Transnational Access provision
D3.3 Transnational Access provision
D3.1 : Transnational Access provision - multi annual implementation plan over the first 18 months (D3.1) [18]
Unit of access: Beam hour; Unit cost(EUR): 90; Min. quantity of access to be provided: 600; Estimated number of
users: 42; Estimated number of days spent at the infrastructure: 252; Estimated number of projects: 12.
D3.2 : Transnational Access provision - multi annual implementation plan over the next 18 months (D3.2) [36]
Unit of access: Beam hour - Unit cost (EUR):90; Min. quantity of access to be provided: 600;Estimated number of
users: 42; Estimated number of days spent at the infrastructure: 252; Estimated number of projects: 12.
D3.3 : Transnational Access provision - multi annual implementation for the whole duration of the project (D3.3) [48]
Unit of access: Beam hour - Unit cost(EUR): 90; Min. quantity of access to be provided: 1600; Estimated number of
users: 112; Estimated number of days spent at the infrastructure: 672; Estimated number of projects: 32.

Schedule of relevant Milestones
Milestone
number18

Milestone title

Lead beneficiary

Page 27 of 141

Due
Date (in Means of verification
months)

Work package number 9

WP4

Work package title

TA2-Transnational Access to MAMI (MAMI)

Start month

Lead beneficiary 10
1 End month

9 - JGU MAINZ
48

Objectives
Provision of access to the following infrastructure(s):
Description of the infrastructure
Name of the infrastructure (and its installations, if applicable): Mainz Microtron MAMI
Location (town, country) of the infrastructure: Mainz, Germany
Web site address: http://www.kph.uni-mainz.de
Annual operating costs (excl. investment costs) of the infrastructure (€): 6.875.000
Description of the infrastructure: The Mainz Microtron MAMI research infrastructure is a continuous wave electron
accelerator, operated by the Institute for Nuclear Physics of the University of Mainz (Germany). It consists of the
actual accelerator and major experimental equipment described below. The accelerator consists of two sources for
unpolarised and polarised electrons, followed by an injection linac, three consecutive race-track-microtrons and a
harmonic double-sided microtron (HDSM) providing a maximum beam energy of 1604 MeV. In addition to MAMI, a
new accelerator, the Mainz Energy Recovering Superconducting Accelerator (MESA), a compact CW linear accelerator
using superconducting cavities and the energy-recovering linac (ERL) design, is currently under construction. It will
run in parallel to MAMI. The commissioning of the MESA accelerator and the experiments are foreseen in 2020/21.
The field of research pursued at MAMI and MESA is the study of the structure of hadrons with the electromagnetic
probes. It can be summarised by the notion "From Quarks and Gluons to Hadrons and Nuclei". Moreover, a facility for
applied research in the field of the production and usage of coherent x-rays exists.
The beam of MAMI excels by its reliability (> 80% beam on target, about 6600 beam hours per year on the long-term
average), a very small diameter (0.1 mm), a tiny halo (only about 10-5 of the intensity is outside a diameter of 1 mm of
the actual beam), and a very good energy definition (10-6 long-term stability). The most important quality, however, is
the effectively direct current beam (continuous wave) with up to 100 µA, which allows to measure small cross-sections
with simultaneous detection of several coincident particles. Besides MAMI, such a beam quality is achieved only by
the CEBAF (Continuous Beam Electron Accelerator Facility) of the Thomas Jefferson Laboratory in Newport News,
Virginia, USA, however in the complementary energy range from 1.5 to 12 GeV.
MESA will accelerate electrons to a maximum energy of approximately 200 MeV, however with a beam intensity, which
will be an order of magnitude higher than what is already achievable at MAMI.
Three-spectrometer setup - A1 collaboration: The A1 collaboration operates a setup of various magnetic spectrometers.
The core components of the setup are three big spectrometers of 300 tons each, turning around a common pivot.
They have maximum momentum coverage of up to 870 MeV/c, a spatial acceptance of 28 msr, and an excellent
momentum resolution of 10-4. The focal planes of these spectrometers comprise drift chambers, scintillators as timing
detectors, Cherenkov detectors, and a proton polarimeter. A highly segmented large solid angle neutron detector is under
construction. In 2017 a cryogenic gas jet target with target densities of up to 1019 atoms /cm2 came into operation at A1.
Crystal Ball/TAPS detector – A2 collaboration: The A2 collaboration runs a facility for energy tagging of bremsstrahlung
photons designed by physicists from the Glasgow and Edinburgh Universities and financed by the UK Engineering
and Physical Science Research Council. An additional end point tagger was built to cover the high-energy part of the
photon energy spectrum and to access the ’ threshold. The primary detector arrangement consists of the Crystal Ball
and TAPS detectors. This setup is particularly suitable for the detection of photons with a solid angle of almost 4π with
high resolution and count rate capability. A polarised frozen-spin target for protons and deuterons with longitudinal and
transverse polarisation is operating successfully.
Coherent x-rays - X1 collaboration: The X1 collaboration is using several methods to produce coherent x rays:
parametric x-rays, Smith-Purcell effect, undulators, and transition radiation for applications in several fields of science
and medicine.
P2 spectrometer for MESA: The MESA accelerator can be operated in an extracted beam mode, serving the P2
experiment, which is designed with the primary goal to measure the electroweak mixing angle, sin2W, at low momentum
transfer in the parity-violating elastic ep-scattering process. A high precision measurement of the electroweak mixing
angle offers the possibility to test new physics models on a mass scale of up to 50 TeV. The P2 setup will consist
of a large superconducting magnet, centered on a high-power liquid hydrogen target. The scattered electrons will be
measured in a quartz bar detector.
MAGIX spectrometer for MESA: The operation of a high-intensity ERL beam with intensities of at least 1 mA in
conjunction with an internal gas target is a novel experimental approach and will yield competitive luminosities of
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1035 cm-2s-1. To fully exploit the physics opportunities of such a setup, the MAGIX high-resolution double-arm
spectrometers is under construction. MAGIX will allow to continue the search for a hypothetical gauge boson ’ (dark
photon), which is predicted in the context of dark matter models.
Services currently offered by the infrastructure:
In the last years MAMI has played a decisive role in the study of hadrons in the low energy domain with electromagnetic
probes and is used by a large number of international researchers. The domain of low momentum transfers is particularly
suited to study the Quantum Chromo Dynamics (QCD) in its most challenging region, i.e. at low energies. MAMI
offers unique research capabilities in high-precision electron- and photon scattering, parity-violating electron scattering,
meson production and decays, and hypernuclear physics.
Ever since the start of the Transnational Access program in 2004, an ever increasing demand by European researchers
is documented. There are now a total of about 200 users at MAMI, 70 of them were participating in the HadronPhysics3
Integrating Activity of FP7.

Description of work and role of partners
WP4 - TA2-Transnational Access to MAMI (MAMI) [Months: 1-48]
JGU MAINZ
Description of work
Spokesperson: Achim Denig
Modality of access under this proposal: The unit of access is defined on the basis of beam-hours and includes the actual
beam-time, its preparation as well as follow-up (e.g. dismantling components) necessary for successfully operating an
experiment at MAMI. The access cost is calculated on the basis of the years 2013/2014 when the last detailed audit was
carried out. Access to the research infrastructure MAMI is based on successfully evaluated scientific proposals by an
international Program Advisory Committee (PAC).
Support offered under this proposal: Scientific, technical and logistic support is provided for all aspects to accomplish
the scientific work at MAMI. This comprises assistance in arranging travel and accommodation, the provision of office
space, access to the computing facilities, mechanical and electronic workshops of the institute, and any other support
becoming necessary, e.g. child care or access to scientific and cultural events.
The MAMI scientific environment is strengthened by the CRC 1044, by the Helmholtz institute Mainz (HIM), and by
the Cluster of Excellence PRISMA.
Outreach to new users: The MAMI facility is described in detail on the web pages (http://www.kph.uni-mainz.de). The
research possibilities at MAMI, are regularly advertised at conferences, workshops and meetings
Review procedure under this proposal: Users of MAMI are admitted on the basis of their participation in scientific
proposals. These proposals are evaluated and recommended by an international Program Advisory Committee (PAC).
Proposals have to be submitted in written form to the acting director of the institute who will transmit this proposal to
the PAC of MAMI, which also plays the role of a Users Selection Panel.

Participation per Partner
Partner number and short name

WP4 effort

9 - JGU MAINZ

1.00
Total

1.00

List of deliverables
Deliverable
Deliverable Title
Number14
D4.1

Transnational Access
provision - multi annual
implementation plan

Lead beneficiary

Type

Dissemination level

Due
Date (in
months)17

9 - JGU MAINZ

Other

Public

18
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15

16

List of deliverables

Lead beneficiary

Type

Dissemination level

Due
Date (in
months)17

D4.2

Transnational Access
provision - multi annual
implementation plan
over the next 18 months
(D4.2)

9 - JGU MAINZ

Other

Public

36

D4.3

Transnational Access
provision - multi annual
implementation for the
whole duration of the
project (D4.3)

9 - JGU MAINZ

Other

Public

48

Deliverable
Deliverable Title
Number14

15

16

over the first 18 months
(D4.1)

Description of deliverables
D4.1) Transnational Access provision
D4.2) Transnational Access provision
D4.3) Transnational Access provision
D4.1 : Transnational Access provision - multi annual implementation plan over the first 18 months (D4.1) [18]
Unit of access: Beam hour; Unit cost (EUR): 112,32; Min. quantity of access to be provided: 650; Estimated number
of users: 40 ; Estimated number of days spent at the infrastructure: 540; Estimated number of projects: 5.
D4.2 : Transnational Access provision - multi annual implementation plan over the next 18 months (D4.2) [36]
Unit of access: Beam hour; Unit cost (EUR): 112,32; Min. quantity of access to be provided: 650; Estimated number
of users: 42; Estimated number of days spent at the infrastructure: 560; Estimated number of projects: 6.
D4.3 : Transnational Access provision - multi annual implementation for the whole duration of the project (D4.3) [48]
Unit of access: Beam hour; Unit cost (EUR): 112,32; Min. quantity of access to be provided: 1750; Estimated number
of users: 110; Estimated number of days spent at the infrastructure: 1538; Estimated number of projects: 16.

Schedule of relevant Milestones
Milestone
number18

Milestone title

Lead beneficiary
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Due
Date (in Means of verification
months)

Work package number 9

WP5

Work package title

TA3-Transnational Access to LNF (LNF)

Start month

Lead beneficiary 10
1 End month

30 - INFN
48

Objectives
Provision of access to the following infrastructure(s):
Description of the infrastructure
Name of the infrastructure (and its installations, if applicable): Laboratori Nazionali di Frascati (LNF)
Location (town, country) of the infrastructure: Frascati, Italy
Web site address: www.lnf.infn.it
Annual operating costs (excl. investment costs) of the infrastructure (€): 13.575.000
Description of the infrastructure: The Frascati National Laboratories (LNF), founded in 1955, are the oldest and
biggest laboratory of INFN, the Italian agency devoted to fundamental research in nuclear and subnuclear physics and
astrophysics. Presently LNF hosts DAΦNE, a high luminosity e+e- collider at 1 GeV c.m. energy (-factory). DAΦNE is
a double ring collider of electrons and positrons with 510 MeV energy per beam. Electrons and positrons are provided by
the DAΦNE Linac Beam Test Facility (BTF). The two rings of DAΦNE cross at one interaction point, where particles
are produced and experiments installed. DAΦNE delivers charged and neutral kaon beams, aimed to a broad physics
programme, ranging from CPT violation, rare decays and quantum mechanics, which have been studied with the KLOE2
experiment, to precision kaonic atoms measurements with the SIDDHARTA-2 experiment, which will be installed on
DAΦNE in 2018 for a data taking campaign extending in the coming years. Another experiment, AMADEUS, aiming
to study the low-energy antikaon-nuclei interactions is under study. A new experiment, PADME (Positron Annihilation
into Dark Matter Experiment), has been approved by INFN at the end of 2015. PADME aims to search for the “dark
photon” by detecting the products of the annihilations of the positrons from the DAΦNE linac on a fixed target.
The SIDDHARTA-2 experiment: SIDDHARTA-2 is a new experiment which will be installed in DAΦNE in the second
half of 2018, realized taking advantage of the experience gained in the previous SIDDHARTA experiment, which has
performed the most precise kaonic hydrogen measurement ever. SIDDHARTA-2 aims to perform the first measurement
of the kaonic deuterium X-rays transitions to the fundamental level. This will allow to extract the antikaon-nucleon
isospin dependent scattering lengths, fundamental quantities to understand the non-perturbative QCD in strangeness
sector, providing a measure of the chiral symmetry breaking, having high impact in nuclear and particle physics, as
well as in astrophysics (EOS of neutron stars). Other kaonic atoms transitions are also considered, in parallel with R&D
developments of radiation detector technologies (connection with WPs on radiation detectors).
The following improvements of the SIDDHARTA setup lead to the SIDDHARTA-2 apparatus:
- new monolithic Silicon Drift Detector (SDD) systems, with an improved technology
- new cryogenics target system, allowing an increase of the target gas density
- new kaon monitor trigger
- a veto system
- new K+K- discriminator
These improvements will bring to a drastic increase of the signal/background ratio.
The DAΦNE Linac Beam Test Facility (BTF): The DAΦNE Linac beam-test facility (BTF), is a beam transfer-line
from the DAΦNE linac, capable of providing up to 50 bunches per second of electrons/positrons with 800/550 MeV
maximum energy and a variable bunch width from 1.5 to 40 ns. Each bunch consists of microbunches for a total length
of 350 ps with 140 ps at top. The BTF facility can operate from single particle up to 109 particles per bunch for detector
calibration purposes with extracted electron/positron beams.
The PADME experiment on BTF: The sensitivity estimate for the PADME experiment requires that the DAΦNE linac
will be able to provide 50 bunches/s of 40 ns duration with 104 -105 positrons in each bunch. The present maximum
positron energy of 550 MeV is assumed. In these conditions a sample of 1013-1014 positrons on target can be obtained
in one year of data taking. PADME is a small scale detector composed of the following parts:
- Diamond Active target (50 µm), to measure the average beam position
- Spectrometer, to measure the charged particle momenta in the range 50-400 MeV;
- Dipole magnet, to deflect the primary positron beam
- Vacuum chamber
- Highly segmented high resolution electromagnetic calorimeter.
Services currently offered by the infrastructure: All services described for the scientific lines of LNF: SIDDARTHA-2,
BTF, PADME are intended to be included in the transnational access offered within this Proposal.
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The interest of European scientists for transnational access to LNF within the last HadronPhysics3 (2012-2014) Project
is shown by these figures: accepted projects 53, numbers of users 189, number of days spent at the infrastructure 3529.
Description of work and role of partners
WP5 - TA3-Transnational Access to LNF (LNF) [Months: 1-48]
INFN
Access managers: Carlo Guaraldo / Catalina Curceanu
- Modality of access under this proposal: The research teams who can apply for access to LNF are those that belong to
legal entities established in the EU Member States other than Italy or in the Associated Countries.
Their interest should lie in one of the scientific lines of LNF supported by the HadronPhysics project. The modality of
declaring access costs is the Unit Cost based on historical data referred to the last two financial years.
- Support offered by the infrastructure: LNF Laboratories area hosts: two guesthouses with single, double rooms and
apartments, for an overall of 30 beds; two cafeterias, a travel office, a visitor information centre and a bank.
External users have access to all the services and structures of the lab. These include: computing service, which makes
available to all users the access to several computing clusters and servers, a high b.w. LAN (wired 100/1000 Mb/s,
wireless 54 Mb/s) and a high performance WAN (GARR); library; mechanical workshops, with highly skilled operators;
cryogenics and high vacuum laboratories and facilities; large assembly areas, including a large A1000 class clean room;
electronics services to design, assembly and support research equipment; stockrooms, with a wide variety of commonly
needed items; Scientific Information Services, to support document editing, organization of international conferences,
workshops and schools (about 20/year), educational and cultural events.
- Review procedure of a proposal: Eligible researchers wishing to have access to the LNF with European support are
required to submit to LNF written proposals, which will be evaluated by the User Selection Panel (USP).

Participation per Partner
Partner number and short name

WP5 effort

30 - INFN

1.00
Total

1.00

List of deliverables

Lead beneficiary

Type15

Due
Dissemination level16 Date (in
months)17

D5.1

Transnational Access
provision - multi annual
implementation plan
over the first 18 months
(D5.1)

30 - INFN

Other

Public

18

D5.2

Transnational Access
provision - multi annual
implementation plan
over the next 18 months
(D5.2)

30 - INFN

Other

Public

36

D5.3

Transnational Access
provision - multi annual
implementation for the
whole duration of the
project (D5.3)

30 - INFN

Other

Public

48

Deliverable
Deliverable Title
Number14

Description of deliverables
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D5.1) Transnational Access provision
D5.2) Transnational Access provision
D5.3) Transnational Access provision
D5.1 : Transnational Access provision - multi annual implementation plan over the first 18 months (D5.1) [18]
Unit of access: Beam hour; Unit cost (EUR): 80; Min. quantity of access to be provided: 937,5; Estimated number of
users: 82,5; Estimated number of days spent at the infrastructure: 750; Estimated number of projects: 22,5.
D5.2 : Transnational Access provision - multi annual implementation plan over the next 18 months (D5.2) [36]
Unit of access: Beam hour; Unit cost (EUR): 80; Min. quantity of access to be provided: 937,5; Estimated number of
users: 82,5 ; Estimated number of days spent at the infrastructure: 750; Estimated number of projects: 22,5.
D5.3 : Transnational Access provision - multi annual implementation for the whole duration of the project (D5.3) [48]
Unit of access: Beam hour; Unit cost (EUR): 80; Min. quantity of access to be provided: 2500; Estimated number of
users: 220; Estimated number of days spent at the infrastructure: 2000; Estimated number of projects: 60.

Schedule of relevant Milestones
Milestone
number18

Milestone title

Lead beneficiary
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Due
Date (in Means of verification
months)

Work package number 9

WP6

Work package title

TA4-Transnational Access to FTD/ELSA (ELSA)

Start month

Lead beneficiary 10
1 End month

10 - UBO
48

Objectives
Provision of access to the following infrastructure(s):
Description of the infrastructure
Name of the infrastructure (and its installations, if applicable): FTD-Hadron, consisting of
FTD (Research and Technology Centre Detector Physics), ELSA accelerator, Cyclotron accelerator
Location (town, country) of the infrastructure: Bonn, Germany
Web site address: http://www-elsa.physik.uni-bonn.de
Annual operating costs (excl. investment costs) of the infrastructure (€): 1.983.000 €
Description of the infrastructure: Transnational Access is offered to Bonn University’s Forschungs- und TechnologieZentrum Detektorphysik FTD (Research and Technology Centre Detector Physics). It represents a unique combination
of infrastructures for hadron physics research and detector development, and includes:
– the FTD research building with high-grade laboratory space and dedicated instrumentation,
– the 3.2 GeV electron accelerator ELSA, hosting two hadron physics experiments and a detector test beamline,
– the Bonn Isochronous Cyclotron, offering 14 MeV/nucleon ion beams mainly for material irradiation.
The FTD research building is a completely new infrastructure, at present (January 2018) in the final phase of civil
construction. It is expected to begin its research operation by the end of 2018. A common FTD Steering Board combines
the management and will guide the operation of the three facilities involved, based on a common budget.
In the following, the three parts of the FTD-Hadron infrastructure are briefly described.
Research and Technology Centre Detector Physics (FTD): The FTD research building is a new 33 M€ research
infrastructure which will go into operation by the end of 2018 and transnational access will be provided from the
beginning of operation. It provides a common infrastructure for detector research and development in high energy
physics, hadron physics, and photonics. The centre includes both local accelerators, ELSA and Cyclotron, which are
described below. Key research areas of the FTD are chip design, Silicon pixel detectors, high-resolution calorimeters,
scintillating fibres, micropattern gas detectors, and optical antennas. It includes specialised equipment and large
instruments for micro structuring, micro interconnections, micro X-ray inspection, and high resolution 3D coordinate
measurements. On 4 floors the FTD building features 2010 m2 of laboratory space, including a shielded underground
laboratory and 360 m2 of category ISO 5-6 clean rooms and 880 m2 of office space.
ELSA: The Electron Stretcher Accelerator ELSA of the Physikalisches Institut (PI) is capable of delivering extracted
electron beams with energies of up to 3.2 GeV and, energy dependent, longitudinal spin polarisation of up to 80%. The
accelerator consists of three stages: Linear accelerator (26 MeV), Booster Synchrotron (0.5 – 1.6 GeV), and the stretcher
ring which produces a cw beam up to energies of 3.2 GeV. Due to the spill structure through the filling of the stretcher
ring, the macroscopic duty factor depends on the rate of beam extraction and typically is around 80%. The beam is used
for hadron physics experiments and for detector tests.
In two different beamlines the electron beam is converted into energy tagged (optionally polarised) photon beams with
the highest available energy for such beams in Europe. Two major experiments are set up for hadron physics research:
CBELSA/TAPS (CB) and BGO-OpenDipole (BGO-OD). Double polarisation experiments using a spin-polarised target
are a domain of the CB setup, which combines central (Crystal Barrel) and forward (TAPS) electromagnetic calorimeters
to almost 4π acceptance, optimised to detect multi-photon final states and ideal to study photo-production of (multiple)
neutral mesons. BGO-OD also uses a central calorimeter, the BGO “rugby ball” of INFN (formerly used at the GRAAL
experiment at ESRF, Grenoble), combined with a magnetic spectrometer (Open Dipole) in forward directions. This
setup covers almost 4π acceptance as well, complementary to CB with full charged particle tracking and thus ideal for
final states of both charged and neutral mesons, in particular involving strange particles.
Cyclotron: The Bonn Isochronous Cyclotron of the Helmholtz Institut für Strahlen- und Kernphysik (HISKP) accelerates
protons and light nuclei to energies up to 14 MeV per nucleon. It offers several irradiation areas. The beam is mainly
used for material investigations and detector tests, in particular tests of radiation hardness. A special application is the
production of different types of (short-lived) calibration sources. One example is 83Kr for the Katrin neutrino mass
experiment at Karlsruhe. In addition, neutron beams are available of kinetic energies up to 11 MeV and intensities of
7.5 #108 s–1.
Services currently offered by the infrastructure: All services described in the previous section are intended to be offered
for transnational access.
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The ongoing activities, mainly at the ELSA experiments and test beam, are pursued by approximately 200 physicists.
There is significant international co-operation with groups from France, Italy, Poland, Russia, Switzerland, UK, and
US. The test beam is also exploited by international collaborations preparing detectors for future experiments at CERN
and elsewhere.
Description of work and role of partners
WP6 - TA4-Transnational Access to FTD/ELSA (ELSA) [Months: 1-48]
UBO
Description of work (where appropriate, broken down into tasks), lead partner and role of participants
Spokesperson: Hartmut Schmieden
Modality of access under this proposal: International user groups (UGs) from legal entities of the EU Member States
other than Germany and of the associated countries shall be eligible to apply for access. Close co-operation will be
offered within the existing structures, including the CB and BGO-OD collaborations. UGs can bring in own equipment
to be used in addition or alternatively to the existing facilities, e.g. targets, detectors or electronics.
One unit of access (1 AU) is defined as 1 beam-hour (1 BH) for the accelerators and one lab-day (1 LD) for the FTD
laboratories. Declaration of unit-of-access costs is based on historical data of the last two financial years. Since the
operation of the FTD lab building will only begin in the future, the cost declaration is naturally based on the ELSA
reference period. The cost for 1 AU at the laboratory building (i.e. 1 LD) and at the accelerators (i.e. 1 BH) it assumed
to be the same, because the same budget(s) and personnel will be used to operate both installations in future.
Support offered under this proposal:
Dedicated bodies shall guide and support outside UGs through the access procedure. The support includes:
– an Access Coordinator (AC) to coordinate all access requests (1/8 of position requested in Table 3.4b);
– an Access Office (AO) to provide administrative support in every respect;
– a User Selection Panel (USP) based on the board of FTD to peer-review access requests,;
– scientific support through AC and USP with personal contact and advice for preparing proposals;
– direct contact to experimental collaborations as appropriate;
– technical support through engineers and technicians for mechanics, electricity and electronics;
– computer and network access, including data storage and analysis support for UGs;
– laboratories and clean rooms for detector development and test at the FTD research building;
– logistic through AO, for radiation safety issues.
Outreach to new users: The following measures shall be undertaken to attract new users: (1) International call for
proposals (in photo-meson/baryon and detector physics); (2) web-page providing all necessary information for potential
outside users.
Review procedure under this proposal: The selection procedure shall follow: (1) formal access request via web-interface;
(2) formal proposal (including detailed beam/lab-time request with physics/technical justification and required beam/
lab parameters) to USP; (3) evaluation by the USP; (4) upon acceptance of user-proposal, beam/lab-time allocation by
the Allocation Committee.

Participation per Partner
Partner number and short name

WP6 effort

10 - UBO

1.00
Total

1.00

List of deliverables
Deliverable
Deliverable Title
Number14
D6.1

Transnational Access
provision - multi annual
implementation plan

Lead beneficiary

Type15

Due
Dissemination level16 Date (in
months)17

10 - UBO

Other

Public
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18

List of deliverables

Lead beneficiary

Type

Dissemination level

Due
Date (in
months)17

D6.2

Transnational Access
provision - multi annual
implementation plan
over the next 18 months
(D6.2)

10 - UBO

Other

Public

36

D6.3

Transnational Access
provision - multi annual
implementation for the
whole duration of the
project (D6.3)

10 - UBO

Other

Public

48

Deliverable
Deliverable Title
Number14

15

16

over the first 18 months
(D6.1)

Description of deliverables
One unit of access (1AU) is 1 beam-hour (1BH) for the accelerators or 1 lab-day (1LD) for the laboratories of the
FTD research building. In average, 100 LD + 250 BH = 350 AU shall be provided per year to international UGs.
D-6.1) Transnational Access provision
D-6.2) Transnational Access provision
D-6.3) Transnational Access provision
D6.1 : Transnational Access provision - multi annual implementation plan over the first 18 months (D6.1) [18]
Unit of access: 1AU; Unit cost (EUR): 88; Min. quantity of access to be provided: 525; Estimated number of users:
75; Estimated number of days spent at the infrastructure: 375; Estimated number of projects: 15.
D6.2 : Transnational Access provision - multi annual implementation plan over the next 18 months (D6.2) [36]
Unit of access: 1AU; Unit cost (EUR): 88; Min. quantity of access to be provided: 525; Estimated number of users:
75; Estimated number of days spent at the infrastructure: 375; Estimated number of projects: 15.
D6.3 : Transnational Access provision - multi annual implementation for the whole duration of the project (D6.3) [48]
Unit of access: 1AU; Unit cost (EUR): 88; Min. quantity of access to be provided: 1400; Estimated number of users:
200; Estimated number of days spent at the infrastructure: 1000; Estimated number of projects: 40.

Schedule of relevant Milestones
Milestone
number18

Milestone title

Lead beneficiary
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Due
Date (in Means of verification
months)

Work package number 9

WP7

Work package title

TA5-Transnational Access to GSI (GSI)

Start month

Lead beneficiary 10
1 End month

8 - GSI
48

Objectives
Provision of access to the following infrastructure(s):
Description of the infrastructure
Name of the infrastructure (and its installations, if applicable): GSI Helmholtzzentrum für Schwerionenforschung
Location (town, country) of the infrastructure: Planckstr. 1, 64291 Darmstadt, Germany
Web site address: www.gsi.de
Annual operating costs (excl. investment costs) of the infrastructure (€): 5.086.862 € (2012), 7.581.460 € (2014)
Description of the infrastructure: GSI operates an accelerator complex, which consists of the linear accelerator UNILAC,
the heavy-ion synchrotron SIS18, and the experimental storage-cooler ring ESR. Ions ranging from hydrogen to uranium
can be accelerated up to momenta given by the maximum rigidity, 18 Tm, of the SIS. Radioactive ion beams from
inflight fragmentation of heavy nuclei separated with high purity in the fragment separator FRS are available as well as
secondary pion beams. The accelerators are complemented by experimental areas, equipped with modern spectrometers
and detector systems, which offer outstanding opportunities for fundamental studies in hadron and nuclear matter
research and in the fields of nuclear and atomic physics and plasma physics and applications. During the next years
the FAIR facility (www.fair-center.de) will be built close to the GSI sites with the GSI synchrotron as injector. GSI has
taken over the responsibility not only for parts of the FAIR accelerators and detectors but also for the link of the existing
facilities to the FAIR complex. In addition, the existing accelerator facilities need to be upgraded for FAIR operation.
The required shutdown of SIS18 has started end of 2015 and re-activation of the synchrotron is planned for 2018.
Operation of SIS18 will be continued with increasing available beam time from then on until the FAIR accelerators
will be commissioned.
Services currently offered by the infrastructure: GSI provides ion beams of all stable elements up to uranium with
energies from the Coulomb barrier up to 2 A GeV. Besides, radioactive and cooled stable beams with high charge states
up to U92+ can be delivered, as well as secondary pion beams with momenta from 0.5 GeV/c to 2.5 GeV/c.
The high standards of the accelerators are complemented by a large number of technically highly advanced experimental
facilities. In particular in the field of hadron physics, GSI provides the following equipment:
• High-Acceptance Di-Electron Spectrometer HADES has recently been upgraded to run at highest beam intensities
enabling data rates up to 50 kHz in Au+Au collisions and will be further extended by the installation of an
electromagnetic calorimeter;
• secondary beam facility for pion beams in the 0.5 to 2.5 GeV/c momentum range;
• mCBM: a full-system test-setup for CBM at SIS18;
• Fragment separator FRS for high precision studies of exotic states (hyper nuclei, resonances etc.); large area detector
laboratory with high-tech equipment for detector R&D including detailed testing, specialized for various detector
technologies;
• electronic laboratory for high-tech high-performance read-out electronics;
• high performance computing infrastructure
The accelerator facilities at GSI are serving 200 own and 1300 external users each year (2014, 800 national and 700
international).
Description of work and role of partners
WP7 - TA5-Transnational Access to GSI (GSI) [Months: 1-48]
GSI
Description of work (where appropriate, broken down into tasks), lead partner and role of participants
Spokesperson: Yvonne Leifels
Modality of access under this proposal: GSI is a user facility open to national and international user groups.
The usual beam time application procedure is described here: https://www.gsi.de/en/work/organisation/scientific_boards/user/beam_time/applying_for_beamtime.htm. A written project proposal has to be submitted to the
GSI scientific director, which is then reviewed by an international program advisory committee, the general advisory
committee G-PAC. The GSI G-PAC has currently 13 members (all external), with 11 coming from non-national
universities and institutes. In a meeting, the G-PAC (or one of its expert sub-committees) evaluates and selects the
proposals on the basis of scientific merit, and makes a recommendation on the beam time to be allocated to the project.
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Finally, the Scientific Director of GSI grants beam time to the applicants. Typically, the unit of beam time granted is
shifts, where 8h are one shift. For the access calculations provided in the context of this proposal hours of beam on
target (SoT) have been chosen as a standard unit.
The Unit Cost for Trans-national Access is calculated from the consumable and the energy costs for the accelerators
UNILAC and SIS18 averaged over the 2012 and 2014. Only these years can be taken into consideration because SIS18
has not been operative in 2015 and was only operated in a restricted mode in 2016 because of upgrade works.
Support offered under this proposal: Beyond free access to the experimental facilities the services and support provided
by GSI include:
• office space and access to the GSI computing facilities;
• training courses and briefings on the general safety regulations at GSI and on the specific regulations at the
experimental facilities;
• access to the GSI detector and target laboratories, as well as access to a maintained workshop for experimentalists and
assistance from the GSI general mechanics shops;
• a Guest Office providing logistic support with regard to accommodation, travel and payments;
• bus shuttle from the nearby train and tram stations from Mon. to Fri.;
• lodging facilities: On site guest house with 28 bed/office rooms, within walking distance from the institute, for longterm visitors, one guest house is available, with 9 apartments.
Outreach to new users: The information about the EC funding possibilities for Access will be made available to
the research community via a dedicated GSI web-page that is already known to the community (see the present
HadronPhysics3 access activity: https://www.gsi.de/en/user/funding/hadronphysics3.htm). For interested new users
detailed webpages describe GSI/FAIR, its accelerator facility and research areas pursued at GSI/FAIR.
Review procedure under this proposal: Request for funding has to be submitted to the TNA manager by a separate
application which is published on the appropriate website, usually together with the experiment proposal. Out of the
program advisory committee PAC three experts in hadron and hadronic matter physics plus ex-officio the GSI Research
Director and the manager of the Transnational Access Project will form the Users Selection Panel (USP). The USP
reviews the eligible funding applications under the access program for appropriateness of support for a given user project
with special emphasis on new users and young scientists.

Participation per Partner
Partner number and short name

WP7 effort

8 - GSI

1.00
Total

1.00

List of deliverables
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Dissemination level

Due
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months)17

D7.1
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provision - multi annual
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8 - GSI
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8 - GSI
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Number14
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15

16

List of deliverables
Deliverable
Deliverable Title
Number14

Lead beneficiary

15

Type

16

Dissemination level

Due
Date (in
months)17

whole duration of the
project (D7.3)
Description of deliverables
The deliverable is beam on target for experiments measured in hours. The actual unit costs are calculated from the
operating costs of the accelerator (SIS18) in 2012 and 2014.
D7.1) Transnational Access provision
D7.2) Transnational Access provision
D7.3) Transnational Access provision
D7.1 : Transnational Access provision - multi annual implementation plan over the first 18 months (D7.1) [18]
Unit of access: Hours; Unit cost (EUR): 113,10; Min. quantity of access to be provided: 500; Estimated number of
users: 40; Estimated number of days spent at the infrastructure: 660; Estimated number of projects: 4.
D7.2 : Transnational Access provision - multi annual implementation plan over the next 18 months (D7.2) [36]
Unit of access : Hours; Unit cost (EUR): 113,10; Min. quantity of access to be provided: 600; Estimated number of
users: 20; Estimated number of days spent at the infrastructure: 660; Estimated number of projects: 3.
D7.3 : Transnational Access provision - multi annual implementation for the whole duration of the project (D7.3) [48]
Unit of access : Hours; Unit cost (EUR): 113,10; Min. quantity of access to be provided: 1450; Estimated number of
users: 80; Estimated number of days spent at the infrastructure: 1760; Estimated number of projects: 10.

Schedule of relevant Milestones
Milestone
number18

Milestone title

Lead beneficiary
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Due
Date (in Means of verification
months)

Work package number 9

WP8

Work package title

TA6-Transnational Access to ECT*(ECT*)

Start month

Lead beneficiary 10
1 End month

29 - FBK
48

Objectives
Provision of access to the following infrastructure(s):
Description of the infrastructure
Name of the infrastructure (and its installations, if applicable): European Centre for Theoretical Studies in Nuclear
Physics and Related Areas (ECT*)
Location (town, country) of the infrastructure: Villazzano (Trento), Italy
Web site address: www.ectstar.eu
Annual operating costs (excl. investment costs) of the infrastructure (€): 1.0M Euro
Description of the infrastructure: The European Centre for Theoretical Studies in Nuclear Physics and Related Areas
(ECT*) in Trento (Italy) offers a unique combination of projects in high-level scientific exchange, dedicated research and
advanced training to the international community working in the broad area of Hadronic and Nuclear Physics. The goals
of the Centre are: performing in-depth research at the forefront of contemporary developments in theoretical nuclear
and hadron physics; fostering interdisciplinary exchange with fields such as particle physics, astrophysics, condensed
matter physics and quantum physics of small systems; promoting talented young physicists through training projects
and networks of active young researchers; strengthening interactions between theoretical and experimental research.
ECT* is unique and the only Centre of its kind in Europe. It operates in the context of European Universities and
Laboratories. It has been recognized within previous EC Programmes as a “Major Research Infrastructure”. ECT*
received EC funding for TNA within the FP7 projects HadronPhysics2 (2009-2011) and HadronPhysics3 (2012-2014)
and it is at present involved within Horizon 2020 in the project ENSAR2 (2016-2020). The Centre is operated and
sponsored by the Fondazione Bruno Kessler (FBK) in Trento from which it receives about half of its annual budget.
Major funding agencies in France, Germany and Italy, and other institutions of (at present) ten European countries
provide the other half.
The Centre is based in Villazzano (Trento, Italy) in a property called Villa Tambosi. The total user space available is
about 2.500 sqm. This includes office space, a lecture hall (70/80 seats) equipped with high-tech multimedia facilities,
a conference room (40 seats), three seminar and meeting spaces (15-20 seats each), three computer rooms (about 25
seats), three discussion rooms (about 35 seats), a library and a canteen. The computing facilities of the Centre include
arrays of workstations and PCs, and access to High Performance Computing (HPC).
From 2015 part of the Interdisciplinary Laboratory for Computational Science (LISC) of FBK has been integrated into
ECT* as a Research Unit, ECT*-LISC, with separate budget and administrative support provided independently by
FBK. ECT* has established its strategic partnership with the National Institute of Nuclear Physics (INFN) through its
association with the Trento Institute for Fundamental Physics and Applications (TIFPA) and a TIFPA researcher who
is hosted by the Centre and contributes to the research of ECT*.
The scientific activities of ECT* are carried out under the responsibility of the international Scientific Board and with
the supervision of the Director. The acting Director is Professor Jochen Wambach (TU Darmstadt, Germany). The
ECT* research group includes at present the Director, six Postdoctoral Researchers (2 Senior Research Associates, 4
Junior Postdocs) holding positions at the Centre, six ECT*-LISC Researchers, and several short- and long-term visiting
scientists.
Services currently offered by the infrastructure: Specific benefits for users result from the unique opportunities provided
by the ECT* International Projects series (workshops, collaboration meetings, training programs) to transfer and update
information on theoretical and experimental research at the frontiers of the field; its excellent computing facilities and
links to European computing networks; the cooperation agreements conducted by ECT* with major research centers
abroad, such as RIKEN and the National Astronomical Observatory of Japan (NAOJ), the Advanced Science Research
Center (ASRC) of JAEA in Japan, the Chinese Academy of Sciences (CAS) through its Institute of Theoretical Physics
in Beijing (ITP), the Asian Pacific Center for Theoretical Physics (APCTP) in Korea, the Jefferson National Laboratory
in USA, the Goethe Universität Frankfurt, the Helmholtz International Center FAIR, the Technische Universität of
Darmstadt, the Extreme Matter Institute of Darmstadt (EMMI) ant the Joint Institute for Nuclear Research (JINR) in
Dubna.
Since its opening in 1993, ECT* has hosted about 18.000 visitors from over 50 different countries. In 2017 the pattern
of visitor-days was as follows: of the 777 visitors about 75% came from EC member states, with 47% from France,
Germany and Italy, 14% from the USA, 5% from Japan and 34% from the rest of the world.
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Description of work and role of partners
WP8 - TA6-Transnational Access to ECT*(ECT*) [Months: 1-48]
FBK
Description of work (where appropriate, broken down into tasks), lead partner and role of participants
Spokesperson: Jochen Wambach
Modality of access under this proposal: The scientific infrastructure of the Centre provides services for its users
throughout most of the year. Once accepted through a peer reviewing procedure, the users are given access to ongoing
ECT* projects and to the Centre’s computational facilities, library, seminar and discussion rooms. The typical number
of participants in each one of the projects is about 40, a size that encourages a strong interaction among the users. The
typical duration of a project is a week. The modality of declaring access costs is Unit Cost based on historical data of
the period 2013 - 2014.
The reason is that at the time of preparation of the proposal the final costs statements for the years 2015 and 2016 could
not yet be drawn up and consequently the correct figures of the years 2013-2014 had to be used.
Support offered under this proposal: The scientific and logistic support routinely provided to external users and offered
under this proposal comprises office space, computing facilities and assistance by the ECT* staff. Each user of ECT* has
a working place. About 150 users can be accommodated at one time for activities of the Centre. ECT* users can connect
to Internet through the Wi-Fi and the wired connection (only for Eduroam); the network infrastructure is compound by
GB switches. The Internet connection is provided by GARR (100 Mbps) and Trentino Network S.r.l. (BGP Autonomous
System – bidirectional 1 Gbps full speed). Further computing facilities open to users: 26 DELL Workstations and a
pool of 4 laptops; virtual machines for users and system management hosted by FBK in a data center; the HPC (HighPerformance Computing) Cluster System, called KORE, made up of about 1.120 cores and 300 TB of distributed storage.
Outreach to new users: The TNA at ECT* within the H2020 Hadron Physics project will be publicized to research teams
throughout Europe through the ECT* web page (www.ectstar.eu) and to the mailing list of NuPECC.
Review procedure under this proposal: The selection of projects (Workshops and Collaboration Meetings) and users are
decided by the ECT* Scientific Board. The Scientific Board, acting as User Selection Panel, has two to three meetings
per year during which it carries out project selections and nominations of project group leaders. Selection criteria
are: scientific quality; timely features and forefront subjects; topicality; balance between theoretical and experimental
research; link to major experimental programs; interdisciplinary context; professional status and organizational skills
of the project leader; balance between nationalities and senior/junior participants. Selected projects, once approved by
the Panel, are announced on the web.

Participation per Partner
Partner number and short name

WP8 effort

29 - FBK

1.00
Total

1.00
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List of deliverables
Deliverable
Deliverable Title
Number14

Lead beneficiary

Type

Dissemination level

Due
Date (in
months)17

29 - FBK

Other

Public

48

15

16

over the next 18 months
(D8.2)

D8.3

Transnational Access
provision - multi annual
implementation for the
whole duration of the
project (D8.3)

Description of deliverables
The statistics available for the five years 2013-2017 indicate that the number of visitors of ECT* is, on the average,
800 per year, making up a total of 5.500 visitor-days per year. In line with the previous European programmes, we
estimate that among those 5.500 access-days, 3.400 qualify for the TA programmes. We plan to support 475 accessdays per year through the H2020 European Integrating Activity in Hadron Physics. We estimate that about 12 projects
per year can be supported by the foreseen access programme.
D-8.1) Transnational Access provision
D-8.2) Transnational Access provision
D-8.3) Transnational Access provision
D8.1 : Transnational Access provision - multi annual implementation plan over the first 18 months (D8.1) [18]
Unit of access : Access-day; Unit cost (EUR): 94; Min. quantity of access to be provided: 712,50; Estimated number
of users: 142,50; Estimated number of days spent at the infrastructure: 712,50; Estimated number of projects: 18.
D8.2 : Transnational Access provision - multi annual implementation plan over the next 18 months (D8.2) [36]
Unit of access : Access-day; Unit cost (EUR): 94; Min. quantity of access to be provided: 712,50; Estimated number
of users: 142,50; Estimated number of days spent at the infrastructure: 712,50; Estimated number of projects: 18.
D8.3 : Transnational Access provision - multi annual implementation for the whole duration of the project (D8.3) [48]
Unit of access : Access-day; Unit cost (EUR): 94; Min. quantity of access to be provided: 1900; Estimated number of
users: 380; Estimated number of days spent at the infrastructure: 1900; Estimated number of projects: 48.

Schedule of relevant Milestones
Milestone
number18

Milestone title

Lead beneficiary
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Due
Date (in Means of verification
months)

Work package number 9

WP9

Work package title

TA7-Transnational Access to CERN (CERN)

Start month

Lead beneficiary 10
1 End month

4 - CERN
48

Objectives
Provision of access to the following infrastructure(s):
Description of the infrastructure
Name of the infrastructure: CERN - European Organization for Nuclear Research
Location (town, country) of the infrastructure: Geneva (Switzerland); Prevessin-Moëns (France)
Web site address: http://cern.ch
Annual operating costs (excl. investment costs) of the infrastructure (€): 10M€/year (SPS/PS activities)
Description of the infrastructure: CERN is a European research organization that operates the largest particle physics
laboratory in the world. Established in 1954, the organization is located by the Swiss-French border near Geneva and
is funded by 22 member states. The lab has 2,500 scientific, technical, and administrative staff members, and hosts
about 12,000 world-wide users per year. CERN's main function is to provide the particle accelerators, computing
facilities, and other infrastructure needed for physics research at the highest-energies ever reached. CERN provides
unique infrastructure and equipment not available anywhere else in the world. More than half of the WPs of this proposal
are based on CERN scientific facilities, in particular:
(i) 4 Large Hadron Collider (LHC) experiments (ALICE, ATLAS, CMS, LHCb) in the multi-TeV energy regime, and
2 fixed-target experiments (COMPASS at SPS, Fixed-Target at LHC) in the tens and hundreds of GeV center-of-mass
energies; will carry out fundamental strong interaction measurements using proton and nuclear collisions;
(ii) Proton Synchrotron (PS) and Super Proton Synchrotron (SPS) test-beam lines (with hadron and lepton beams), plus
the IRRAD & GIF++ irradiation facilities, will be used for detector tests and qualification.
Services currently offered by the infrastructure: Apart from the best accelerators, collider and fixed-target experiments,
and computing facilities currently available in the world, CERN offers its 12,000 world-wide users, all associated
ancillary infrastructure (office space, computer networks, electricity, water-cooling, gases, data acquisition, cabling,
electronics,…), technical support (safety, radiation protection, computing,...), plus general services (users office, 3 onsite hostels, 3 cafeterias, Swiss and French banks and post offices, as well as a scientific information service with a
large library).
Recent Scientific Highlights: The scientific work carried out at CERN has been awarded so far with 3 Nobel Prizes in
Physics (1984 for the discovery of the W,Z gauge bosons; 1992 for the development of gas-based detectors; and 2013
for the discovery of the Higgs boson). In addition, the world-wide-web was invented at the lab. All these highlights
testify the outstanding worldwide flagship role of CERN in science.
Description of work and role of partners
WP9 - TA7-Transnational Access to CERN (CERN) [Months: 1-48]
CERN
Description of work (where appropriate, broken down into tasks), lead partner and role of participants
Spokesperson: David d’Enterria
Modality of access under this proposal:
- Access to the LHC and fixed-target experiments, as well as the CERN computing center, is warranted free-ofcharge for all those users who are officially members of the approved experiments (ALICE, ATLAS, CMS, LHCb,
COMPASS,…) involved in the STRONG-2020 WPs. The LHC experiments run for about 8 months per year (7
months in the p-p mode, and 1 month with nuclear beams), the SPS fixed-target experiments run for a few weeks
per year. The accelerator department provides the beams and collisions, whereas the users analyse the produced real
& simulated data with CPU & disk resources available at CERN computing center. Transnational users interested
in LHC and SPS experiments should join first one of the officially-approved experiments.
- Access to the CERN test beams (PS & SPS) and irradiation (GIF++) facilities is provided free of charge. Users are
given access to the experimental areas, where they can install and test their detectors. Professional crews operate the
beam lines, while the users themselves carry out standard setting-changes. Transnational Access users are treated
on an equal footing with normal users. The minimum duration of access to the test beam area is 8 hours and can
span to several weeks. Availability of the beam is subject to the technical stops and machine developments of PS
and SPS necessary for the injector complex.
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Support offered under this proposal: For research groups with approved experiments or beam-tests, all experimental
facilities are provided free of charge including the scientific, technical, and logistic support described above. The main
goal of this CERN Transnational Access is to provide STRONG-2020 users with financial subsistence on-site in order
to facilitate their research activities.
Outreach to new users: The CERN experiments, computing center, and test beam and irradiation facilities are very
well-known within the particle physics community worldwide. CERN presently has about 12,000 registered users,
most of them already participating in the LHC and fixed-target experiments. New users can access the experimental
collaborations through the corresponding official procedures for each collaboration. Beyond particle physics, CERN’s
facilities have assets for space applications, development of radiation monitoring devices, and research in plasma physics
and fusion as well as meteorology. CERN's activities will be advertised actively in media such as CERN Courier, as
well as via the STRONG-2020 outreach activities.
Review procedure under this proposal:
Transnational access will be based on CERN per-diem funding for 2 types of activities:
- Scientific work related to the LHC fixed-target (ALICE, LHCb) and SPS-COMPASS experiments: Users will need
to be first official members of one of the relevant experimental collaborations. Membership of a collaboration is
handled through an appropriate review process with individual requirements in terms of experimental work service.
Access to funding of stays at CERN will be based on requests to the STRONG-2020 Management Team (described
in section 3.2) for endorsement.
- Beams-tests as SPS/PS and detector irradiation. The selection of users proceeds through the review already in
place at CERN: Requests for more than 2 weeks (1 week) of beam time at the PS (SPS) are examined by the “PS and
SPS experiments committee” composed of well-known experts in particle physics, who meet typically 5 times per
year and report to the CERN “Research Board”. Shorter requests for beam time are usually easier to fulfil and are
examined, in accordance with the present CERN procedure, by the “CERN PS & SPS physics” coordinator. Where
appropriate the requests are discussed with the STRONG-2020 management.
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List of deliverables
Deliverable
Deliverable Title
Number14

Lead beneficiary
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months)17

Other

Public

48

15

16

months (month 19-36)
(D9.2)

D9.3

Transnational Access
provision to CERN SPS/
PS activities (test beams,
COMPASS), IRRAD and
GIF++ facilities - multi
4 - CERN
annual implementation
for the whole duration of
the project (month 1-48)
(D9.3)

Description of deliverables
D9.1) Transnational Access provision to CERN SPS/PS activities (test beams, COMPASS), IRRAD and GIF++
facilities - multi annual implementation plan over the first 18 months (month 1-18).
D9.2)Transnational Access provision to CERN SPS/PS activities (test beams, COMPASS), IRRAD and GIF++
facilities - multi annual implementation plan over the next 18 months (month 19-36)
D9.3) Transnational Access provision to CERN SPS/PS activities (test beams, COMPASS), IRRAD and GIF++
facilities - multi annual implementation for the whole duration of the project (month 1-48)
D9.1 : Transnational Access provision to CERN SPS/PS activities (test beams, COMPASS), IRRAD and GIF++
facilities - multi annual implementation plan over the first 18 months (month 1-18) (D9.1) [18]
Unit of access : 1h - Unit cost (EUR): 0; Min. quantity of access to be provided: 1,150; Estimated number of users:
40; Estimated number of days spent at the infrastructure: 500; Estimated number of projects: 5.
D9.2 : Transnational Access provision to CERN SPS/PS activities (test beams, COMPASS), IRRAD and GIF++
facilities - multi annual implementation plan over the next 18 months (month 19-36) (D9.2) [36]
Unit of access : 1h; Unit cost (EUR):0; Min. quantity of access to be provided: 1,150 ; Estimated number of users: 40;
Estimated number of days spent at the infrastructure: 500; Estimated number of projects: 5.
D9.3 : Transnational Access provision to CERN SPS/PS activities (test beams, COMPASS), IRRAD and GIF++
facilities - multi annual implementation for the whole duration of the project (month 1-48) (D9.3) [48]
Unit of access : 1h; Unit cost (EUR):0; Min. quantity of access to be provided: 3000; Estimated number of users: 100;
Estimated number of days spent at the infrastructure: 1330; Estimated number of projects: 15.

Schedule of relevant Milestones
Milestone
number18

Milestone title

Lead beneficiary
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Date (in Means of verification
months)

Work package number 9

WP10

Work package title

VA1-Automated perturbative NLO calculations for heavy ions and quarkonia
(NLOAccess)

Start month

Lead beneficiary 10

1 - CNRS

1 End month

48

Objectives
Provision of access to the following infrastructure(s):
Description of the infrastructure
Name of the infrastructure (and its installations, if applicable): NLOAccess
Location (town, country) of the infrastructure: Orsay, France & Louvain-la-Neuve, Belgium
Web site address: www.nloaccess.in2p3.fr
Annual operating costs (excl. investment costs) of the infrastructure (€): 60k€ (excl. overhead)
Description of the infrastructure: NLOAccess gives access to automated tools generating scientific codes allowing
anyone to evaluate observables-such as production rates or kinematical properties - of scatterings involving hadrons.
The automation and the versatility of these tools are such that these scatterings need not to be pre-coded. In other terms,
it is possible that a random user may request for the first time the generation of a code to compute characteristics of a
reaction which nobody thought of before. NLOAccess will allow the user to test the code and then to download to run
it on its own computer. It essentially gives access to a dynamical library.
As it stands, the automated tools on which NLOAccess is based are (i) the MADGRAPH ensemble heavily used by the
high-energy physics (HEP) community, but extended to deal with meson and heavy-ion beams and (ii) the HELACONIA code allowing the computation of cross section for heavy-quark bound states, the quarkonia.
The portal NLOAccess is conceived such as to deal with additional automated tools; its scope can thus be later extended.
It is based on the portal of MADGRAPH@UCLouvain with the necessary additions to deal with heavy-ion collisions
and quarkonium production.
As of today, in contrast to HEP, no such place exists for hadronic physics where interested colleagues can go test their
ideas and turn them into concrete realisation with automated Monte Carlo tools. In addition, the available tools are
limited to a reduced class of applications. For each, one needs to install them one by one, sometimes along with dedicated
libraries and one needs to get familiar with their syntax. A single portal for hadron physics will not only ease the task
of the community but will give a much higher visibility to the codes included in it as well as to the hadron physics
models on which they are based.
Services currently offered by the infrastructure: MADGRAPH is an ensemble of tools developed since early 2000’s
allowing for the simulation of any elementary particle scatterings where perturbation theory is applicable. It is massively
used by the community of physicists working on high-energy colliders, in particular the CERN-LHC community and in
the past that of the Fermilab-Tevatron. It is widely tested and runs at the state-of-the-art accuracy for such tools, namely
NLO, and is versatile enough to be extended to scatterings relevant for hadronic physics, for instance the study of
perturbative reactions in nucleus-nucleus collisions. On the other hand, HELAC-ONIA is the most advanced automated
tool to deal with quarkonium production as it can deal with several of them with an improved algorithm rendering its
usage very fast.
Whereas the original version of MADGRAPH for HEP has been used for hundred of LHC studies (with a yearly citation
rate of 400~600 since the publication of its latest version at NLO), we expect its hadronic physics counterpart and an online version of HELAC-ONIA to become essential tools for a significant fraction of the heavy-ion physics community
(2000+ physicists worldwide), that of heavy-quark production at colliders and that of spin physics at colliders and highenergy fixed-target experiments. More than 20 research groups in Europe have already marked their firm interest for
the access as they are ready to test and improve it. We expect yearly several hundreds of recurrent users, namely a
significant part of the targeted researchers.

Description of work and role of partners
WP10 - VA1-Automated perturbative NLO calculations for heavy ions and quarkonia (NLOAccess) [Months:
1-48]
CNRS
Co-Leadership : UCL
Description of work (where appropriate, broken down into tasks), lead partner and role of participants
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Spokesperson: Jean-Philippe Lansberg
Modality of access under this proposal: As requested for a VA, the usage of the portal will not be restricted. However,
to allow the users to store an history of his/her request and some preferences, we will ask him/her to register. Such
a registration could later be used to allow the users to run the code on their own computer facilities through remote
identification, in particular the GRID.
3 types of accesses will be offered:
• generation of a code and its download
• generation of plots from a test sample of evaluated MC points.
• generation of a code and its remote execution on the GRID with the credential of the user.
Support offered under this proposal: The access webpage will include a dedicated interactive wiki section with
explanations of the codes to be accessed, recent updates and a forum to ask questions and advice, to give feed-back
and to express wish for extensions.
A scientific support will be provided to make sure that the user can generate the code they wish, but also to lift any
interrogation they may have about their understanding of the tool behind. The portal may indeed generate the right code
to compute correct cross section, but these may not be accurate any more for specific applications. This is particularly
important for users for the experimental community who may not have the opportunity to update their knowledge of
what the state-of-the-art nuclear and meson Parton Distribution Functions (PDFs) or quarkonium parameters are or
whether a specific channels may be dominant in a given part of the probed phase space.
Along these lines, we have devised the following tasks to be undertaken:
1. Setting-up an international assessment board of 8 researchers and regular (remote) meeting with them;
2. Elaboration of online user manuals for the main current application: (i) nuclear beams, (ii) meson beams and (iii)
quarkonium-related reactions;
3. Extension of the existing portal to allow the user to select coherent sets of parameters for quarkonium observables;
4. Extension of the existing portal to automatically generate nuclear modification factors for the case of proton-nucleus
and nucleus-nucleus collisions using global fit of nuclear PDFs;
5. Organisation of a workshop and of yearly meetings to improve the portal based on the feed-back of early users;
6. Realisation of some key studies to advertise the performance offered by the portal; publications of these studies and
delivery of communications among the community;
7. Publication of a scientific article related to the the hadronic add-ons of MADGRAPH and the extension of HELACONIA;
8. Investigation of the possibility for some users to use their credentials used to log in to the Access to remotely and
automatically run the generated codes on their own computing facilities;
Outreach to new users: First, we will submit abstracts for oral communication in multiple international scientific
meetings. In addition, we will organise a workshop aiming at, on the one hand, collecting suggestions and help for
improvements and additions for advanced users, and, on the other hand, to introduce other colleagues to both the
automated codes behind the portal and the best usage of the portal.
We clearly expect NLOAccess to significantly increase the number of users. As is customary in our community this
will be monitored, in addition to the interpretation of the portal statistics, by the number of the citations of the papers
describing the accessed tools in other scientific publications.
Review procedure under this proposal: An international assessment board of 8 researchers will be named. Half will
be from the experimental community, half form the theory community; half from the EU, half from outside the EU.
They will be given all the access statistics as well as a summary of the user’s feedback through the wiki. Each semester,
a remote meeting via videoconferencing will be set up to exchange with the review panel. The panel will write an
assessment report.

Participation per Partner
Partner number and short name

WP10 effort

1 - CNRS

1.00
Total
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1.00

List of deliverables
Deliverable
Deliverable Title
Number14

Lead beneficiary

15

16

Type

Dissemination level

Due
Date (in
months)17

D10.1

Virtual Access
provision - multi annual
implementation plan
over the first 18 months
(month 1-18) (D10.1)

1 - CNRS

Report

Confidential, only
for members of the
consortium (including 18
the Commission
Services)

D10.2

Virtual Access
provision - multi annual
implementation plan
over the next 18 months
(month 19-36) (D10.2)

1 - CNRS

Other

Public

36

D10.3

Virtual Access
provision - multi annual
implementation for the
whole duration of the
project (month 1-48)
(D10.3)

1 - CNRS

Other

Public

48

D10.4

Assesment Report on the
services and the statistics
1 - CNRS
on the access (months 12,
24, 36 and 48) (D10.4)

Report

Public

48

Description of deliverables
D-10.1) Virtual Access provision - multi annual implementation plan over the first 18 months (month 1-18).
D-10.2) Virtual Access provision - multi annual implementation plan over the next 18 months (month 19-36)
D-10.3) Virtual Access provision - multi annual implementation for the whole duration of the project (month 1-48)
D-10.4) Assesment Report on the services and the statistics on the access (months 12, 24, 36 and 48)
D10.1 : Virtual Access provision - multi annual implementation plan over the first 18 months (month 1-18) (D10.1)
[18]
Unit of access : hours; Unit cost (EUR): N/A; Min. quantity of access to be provided: 375; Estimated number of
users: 112-150; Estimated number of days spent at the infrastructure: N/A; Estimated number of projects: 7.
D10.2 : Virtual Access provision - multi annual implementation plan over the next 18 months (month 19-36) (D10.2)
[36]
Unit of access : hours; Unit cost (EUR): N/A; Min. quantity of access to be provided: 375; Estimated number of
users: 112-150; Estimated number of days spent at the infrastructure: N/A; Estimated number of projects: 23.
D10.3 : Virtual Access provision - multi annual implementation for the whole duration of the project (month 1-48)
(D10.3) [48]
Unit of access : hours; Unit cost (EUR): N/A; Min. quantity of access to be provided: 1000; Estimated number of
users: 300-450; Estimated number of days spent at the infrastructure: N/A; Estimated number of projects: 40.
D10.4 : Assesment Report on the services and the statistics on the access (months 12, 24, 36 and 48) (D10.4) [48]
Assesment Report on the services and the statistics on the access (months 12, 24, 36 and 48)

Schedule of relevant Milestones
Milestone
number18

Milestone title

Lead beneficiary
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Due
Date (in Means of verification
months)

Work package number 9

WP11

Work package title

VA2-Virtual Access to 3DPartons (3DPartons)

Start month

Lead beneficiary 10
1 End month

24 - CEA
48

Objectives
Provision of access to the following infrastructure(s):
Description of the infrastructure
Name of the infrastructure (and its installations, if applicable): 3DPartons
Location (town, country) of the infrastructure: Saclay, France
Web site address: partons.cea.fr (temporarily, to start with)
Annual operating costs (excl. investment costs) of the infrastructure (€): 54.€/year (excluding 25% overhead)
Description of the infrastructure: 3DPartons gives access to open-source code necessary for high precision
phenomenology in the field of 3D hadron structure, with a specific emphasis on generalized parton distributions (GPDs)
and transverse momentum dependent parton distributions (TMDs). This code covers the entire path between GPDs
and TMDs up to observables (cross sections, asymmetries, etc.) including evolution equations and hard coefficient
functions with various perturbative QCD approximations (twist or order in the strong running coupling). It can be used
for experimental data fits, experiment design or phenomenological sensitivity study. It consists of C++ code organized
within a fully modular and open architecture, which allows the possibility of permanent improvement by the addition
of new models, channels or theoretical refinements.
Partly driven by the need of high-precision phenomenology at the LHC, parton distribution functions (PDFs) have
been accurately determined using tools and theoretical developments of increasing sophistication. Benefiting from the
experience of decades of PDF studies, the GPD and TMD communities may find in 3DPartons a forum where they can
mutualize knowledge and know-how of similar problems related to the complexity of the GPD and TMD computing
chains.
Services currently offered by the infrastructure: Existing tools are usually tied to one model or one experimental channel,
and not as modular and generic as in the present proposal. The services offered would be completely unique worldwide.
As it stands, 3DPartons will be based on parts of, or offer interfaces to, various existing codes:
• PDF (LHAPDF, APFEL, xFitter),
• GPD (PARTONS, KM),
• TMD (arTeMiDe, TMDlib, xFitter, CASCADE),
Most of these codes are either open-source or freely executable from a webpage. In their own domain, they have already
been used for fits or event generations.
• PDF: the LHAPDF library provides standardized access to PDFs and is supported by many Monte Carlo (MC)
generators and physics programs. xFitter is the first QCD fit framework to extract PDFs and assess the impact of some
data sets. The resulting PDFs are provided in a format allowing immediate use with LHAPDF.
• GPD: KM and PARTONS have been used for global GPD fits and for prospective studies about a future electronion collider (EIC),
• TMD: arTeMiDe has been used to perform a global fit of Drell-Yan and Z-boson production data. TMDlib provides a
framework and an interface to a collection of different TMD parameterizations. It can make immediate use of the output
of xFitter. CASCADE is a hadron level Monte Carlo event generator simulating the full TMD parton shower.
TMDs and GPDs are topics of current experimental interest, at the core of key research programs e.g. at TJNAF or at
a future EIC. There is a growing interest in TMD physics at LHC.
Description of work and role of partners
WP11 - VA2-Virtual Access to 3DPartons (3DPartons) [Months: 1-48]
CEA
Description of work (where appropriate, broken down into tasks), lead partner and role of participants
Spokesperson: Hervé Moutarde
Modality of access under this proposal: As requested for a VA, there will be no restrictions to access the 3DPartons
services. There will be three main ways to access the services offered by 3DPartons:
• a webpage, with code documentation, tutorials, lists of results, talks, papers, etc. related to the project,
• mailing lists for the information of users, or to contact developers,
• a software forge where users can download different versions of the code, and discuss about current or future
developments.
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Support offered under this proposal: The main objective of the 3DPartons proposal is to offer physicists (users) a longterm guarantee about robust, flexible, validated and up-to-date code. A software engineer will aggregate and improve
existing codes written by physicists from the GPD and TMD communities. He will be responsible of the integration,
maintenance, release (including multi-platform compilation), testing (including nonregression), documentation and
technical assistance to users. Without hierarchy of importance or priority, a list of issues to address contains the
following:
• Codes should allow many functions of several variables to be modeled, determined or plotted, depending on twist
and parton type.
• Information dissemination requires a website and a database.
• MC event generators applying GPDs and TMDs should be developed, as well as a tool (similar to Rivet) to compare
theoretical calculations with experimental data.
• Theoretical frameworks being not fully developed, software architectures should be flexible enough to allow the
integration of unanticipated developments.
The GPD and TMD communities face the same issues for the success of these tasks in their own fields. The support
offer through 3DPartons will allow to mutualize the tools, aggregate physicists experience and know-how, and avoid
physicists to develop other versions of existing independent codes for their own needs.
Outreach to new users: There are four main ways to attract new users:
• Publications and communications in conferences.
• Annual 3DPartons workshops and training schools.
• Contacts with the related STRONG-2020 work packages on GPDs, TMDs, small-x physics, EIC, etc.
• Board of developers and users, which will prioritize future developments
Review procedure under this proposal: An international board of eight experts of the related fields will be named. Ideally
it should be composed of: two theoretical physicists (one for GPDs, one for TMDs); two experimental physicist (one
for GPDs, one for TMDs); two experts from PDF computing codes to maximize the feedback from decades of high
precision PDF phenomenology; one software development expert; one researcher in numerical analysis. This review
panel should be balanced between EU and non EU members. They will be provided a comprehensive list of results and
achievements, access statistics and users feedback. The review panel will afterwards write an assessment report.

Participation per Partner
Partner number and short name

WP11 effort

24 - CEA

1.00
Total

1.00

List of deliverables
Deliverable
Deliverable Title
Number14

Lead beneficiary

15

16

Type

Dissemination level

Due
Date (in
months)17

D11.1

Virtual Access
provision - multi annual
implementation plan
over the first 18 months
(month 1-18) (D11.1)

24 - CEA

Report

Confidential, only
for members of the
consortium (including 18
the Commission
Services)

D11.2

Virtual Access
provision - multi annual
implementation plan
over the next 18 months
(month 19-36) (D11.2)

24 - CEA

Other

Public

36

D11.3

Virtual Access
provision - multi annual
implementation for the

24 - CEA

Other

Public

48
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List of deliverables
Deliverable
Deliverable Title
Number14

Lead beneficiary

Type

Dissemination level

Due
Date (in
months)17

Report

Public

48

15

16

whole duration of the
project (month 1-48)
(D11.3)
D11.4

Assesment Report on the
services and the statistics
24 - CEA
on the access (months 12,
24, 36 and 48) (D11.4)

Description of deliverables
D-11.1) Virtual Access provision - multi annual implementation plan over the first 18 months (month 1-18).
D-11.2) Virtual Access provision - multi annual implementation plan over the next 18 months (month 19-36)
D-11.3) Virtual Access provision - multi annual implementation for the whole duration of the project (month 1-48)
D-11.4) Assesment Report on the services and the statistics on the access (months 12, 24, 36 and 48)
D11.1 : Virtual Access provision - multi annual implementation plan over the first 18 months (month 1-18) (D11.1)
[18]
Unit of access : hours; Unit cost (EUR): N/A; Min. quantity of access to be provided: 2000; Estimated number of
users: 100; Estimated number of days spent at the infrastructure: N/A; Estimated number of projects: 35.
D11.2 : Virtual Access provision - multi annual implementation plan over the next 18 months (month 19-36) (D11.2)
[36]
Unit of access : hours; Unit cost (EUR): N/A; Min. quantity of access to be provided: 2000; Estimated number of
users: 150; Estimated number of days spent at the infrastructure: N/A; Estimated number of projects: 50.
D11.3 : Virtual Access provision - multi annual implementation for the whole duration of the project (month 1-48)
(D11.3) [48]
Unit of access : hours; Unit cost (EUR): N/A; Min. quantity of access to be provided: 5300; Estimated number of
users: 330; Estimated number of days spent at the infrastructure: N/A; Estimated number of projects: 113.
D11.4 : Assesment Report on the services and the statistics on the access (months 12, 24, 36 and 48) (D11.4) [48]
Assesment Report on the services and the statistics on the access (months 12, 24, 36 and 48)

Schedule of relevant Milestones
Milestone
number18

Milestone title

Lead beneficiary
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Due
Date (in Means of verification
months)

Work package number 9

WP12

Work package title

NA1-QCD physics at GSI/FAIR (FAIRnet)

Start month

Lead beneficiary 10
1 End month

11 - RUB
48

Objectives
Objectives
Two large international collaborations will study the nature of QCD at FAIR: The PANDA experiment (Antiproton
Annihilation at Darmstadt) will investigate the nature of the strong force at the quark level using antiproton annihilations
in the charmonium region, whereas CBM (Compressed Baryonic Matter) will explore the properties of strongly
interacting matter under extreme conditions and highest densities with heavy ion beams at energies of several 10 GeV
per nucleon. Both experiments will operate at very high reaction rates (averages up to 107/s) without a hardware trigger.
One of the key challenges is to transfer the physics fingerprint of the signal events into the hardware to filter out the rare
events of interest which will then be analyzed. The analysis requires physics input from theory concerning partial waves
and resonances.The novel concepts of triggerless, time based data acquisition and an online first level event selection
will allow to collect the highest statistics for a wide range of physics topics.
While the data and information processing at a rate of 10 GByte/s on each FPGA for the feature extraction at the front
end level is already challenging, data at a rate of 1 TByte/s has to be combined for the first level event selection at
the online processing farm (FLES). To obtain the best and precise physics results it is essential to extract the important
information from the vast amount of data while preserving highest background rejection rates of about a factor 100-1000.
This requires input from theory for event generators and quantum corrections.
The FAIRnet networking activity will foster the interchange of ideas and methods on dead time free front end electronics,
FPGA based feature extraction, hard- and software for online event selection on heterogeneous multi-core systems (CPU
+GPU), and data acquisition networks as well as physics analysis methods. In the framework of FAIRnet experts from
the detectors, front-end electronics, data acquisition, software and physics analysis will be brought together to develop
tools to meet the data and precision challenge of the experiments. The intensified collaboration will be supported by
the exchange of people between institutions in different countries, workshops and schools for young researchers. The
interchange of ideas and methods with other hadron physics experiments (LHC experiments, BESIII, GlueX, Belle II)
will help to get best results. While the first FAIRnet network concentrated on exploring the physics reach of FAIR, this
second network concentrates on bringing the physics into the readout hard- and software in terms of trigger algorithms.
It will also help establishing a new IT division for the FAIR host laboratory capable to support and address the needs
of the present and future FAIR experiments. The aim is to fix the standards and the general framework as was done
earlier for the analysis and simulation software with a similar networking activity. That networking was initiating a
new group of software experts that proposed the standards for the offline data analysis that nowadays is the official
framework for FAIR experiments.
Industrial applications are within reach in the field of medicine (e.g. trigger-less DAQ for TOF PET), in high
performance computing (cooperation of FZJ with NVIDIA and FIAS with Intel), in machine learning (deep learning)
and energy efficiency (Green-IT cube).
To transport the fascinating field of hadron physics and its high tech and information processing challenges to the outside
world a significant part of the activities will be spent on outreach activities. Examples are public talks and activities
for high school children at university labs.

Description of work and role of partners
WP12 - NA1-QCD physics at GSI/FAIR (FAIRnet) [Months: 1-48]
RUB, FAIR, UHEI
Description of work (where appropriate, broken down into tasks), lead partner and role of participants:
Spokesperson: Fritz-Herbert Heinsius. Lead partner: RUB
Task 1 – Frontend, DAQ and Online.
Data source: Information processing starts already at the detector level. For a successful operation one needs a good
interplay between the detectors, the connected frontend electronics and the readout controllers to obtain detector specific
time sliced data. The feature extraction on the FPGAs (field programmable gate arrays) requires HDL (VHDL, Verilog)
programming and specific knowledge on the detectors. Software algorithms and hardware can partly be common for
different detectors and experiments (FEE ASICs, ADC/TDC boards).
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Data switching network: The time sliced data from the detector parts will be put together at the data acquisition (DAQ)
network. The first stage consists of concentrator ASICs (e.g. CERN GBTx) in areas where radiation tolerance or high
density is required or FPGA based concentrator boards in less demanding areas. A time distribution system with sub
ns precision ensures the overall system synchronization, systems like SODA or White Rabbit, which is also used in
the FAIR accelerator control system, are used in different layers of the readout chain. There are many common issues
between CBM and PANDA, which calls for joint developments and unified designs, while keeping in mind differences,
e.g. small events and FPGA based compute nodes as first event selection layer for PANDA vs. large events and an
InfiniBand based Computer cluster for CBM.
Data reduction: Before writing the data to disk one needs to remove background and uninteresting events. Reduction
levels of a factor 1000 need to be achieved. For this first level event selection (FLES) one needs to bring together
experts of parallel programming, from the detectors and from the physics side. At this level new processing hardware on
multicore CPUs and vector processing units (e.g. Xeon ISX-H, Nvidia Tesla GPU, ARMv8 64bit architecture) requires
concurrent programming and new algorithms based on structures of arrays instead of arrays of structures to achieve
the performance challenge. New data flow based models are to be employed with common tools for online and offline
(project ALFA). Also the online calibration has to be prepared at this level.
Task 2 – Demonstrator. The hardware and software being developed in the frameworks of task 1 need to be tested in
real life. The goal of this task is to set up demonstrator hardware to test the hard/software. For the PANDA experiment
detectors with equipped frontend electronics will be put together at the FZJ (micro vertex detector MVD, straw tubes
STT and forward endcap calorimeter EMC). All are connected by TRBs to the DAQ and will have a full SODAnet time
distribution system. For the CBM experiment, a demonstrator system for the first-level event selector (FLES) will be set
up in the context of the mCBM experiment at FAIR (Phase–0) that will be taking data starting in 2018. CBM frontend
data will be aggregated and converted to micro time slices by a FPGA concentrator layer that feeds the data into entry
nodes of a HPC cluster. The HPC nodes are interconnected by an Infiniband network and will be equipped with interface
and accelerator cards, which allows to bring together the different developments in high-speed data acquisition, efficient
timeslice building, and highly parallel online analysis in a common system.
Task 3 – Data analysis challenge. The remaining vast amount of data requires high-level data analysis tools and
sophisticated partial wave analysis tools (PWA) where our present knowledge concerning existing resonances and their
decay mechanicsms needs to enter. In addition this task will provide the physics input for the online event selection.
Even after online data reduction by up to three orders of magnitude, a vast amount of data - of the order of several
PByte per month of run time at highest interaction rates - will be recorded by both CBM and PANDA. An efficient
analysis of such a data volume poses a challenge to both the computing infrastructure and the high-level analysis tools,
e.g., for partial wave analysis in case of PANDA, or for multi-particle correlations in case of CBM. Such tools will
be developed on the basis of the FairRoot software framework. An offline computing model, including aspects of
distributed computing, which accommodates the needs of CBM and PANDA has to be developed on the base of existing
solutions and experiences from the LHC experiments.
Task 4 – Education and outreach. Dedicated schools for PhDs and young researchers on topics of the research network
are planned. An important aspect to improve communication, education and information exchange is to send young
researchers for a limited time to foreign research institutes. An emphasis will be put on the exchange of people between
EU and non-EU countries.
Regularly performed outreach activities, especially for school children to attract them for physics and cutting edge
technologies. This includes lectures to the public, lectures and practical training for school classes, hands-on training
and working together with school children during vacation periods. Material for the outreach activities will be collected
and made available for general use.

Participation per Partner
Partner number and short name

WP12 effort

6 - FAIR

9.00

11 - RUB

4.00

12 - UHEI

1.00
Total
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14.00

List of deliverables

Type

Dissemination level

Due
Date (in
months)17

D12.1

Report on detector tests,
FEE, DAQ and data
11 - RUB
analysis; user manuals on
FEE and DAQ software

Report

Public

48

D12.2

Repository of software
components

Other

Public

48

Deliverable
Deliverable Title
Number14

Lead beneficiary

11 - RUB

15

16

Description of deliverables
D12.1- Report on detector tests, FEE, DAQ and data analysis; user manuals on FEE and DAQ software
D12.2- Repository of software components
D12.1 : Report on detector tests, FEE, DAQ and data analysis; user manuals on FEE and DAQ software [48]
D12.1- Report on detector tests, FEE, DAQ and data analysis; user manuals on FEE and DAQ software Technical
reports on detector tests, FEE, DAQ and data analysis; user manuals on FEE and DAQ software (month 48)
D12.2 : Repository of software components [48]
D12.2- Repository of software components. In order to provide broad access to the results of this network and future
experiments, we will create a repository of the software components, with the software components for feature
extraction, network switching, DAQ, event selection and data analysis developed in this NA (month 48)

Schedule of relevant Milestones
Milestone
number18

Milestone title

MS10

Repository of soft¬ware
11 - RUB
components and analysis tools

Lead beneficiary
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Due
Date (in Means of verification
months)
18

Software released

Work package number 9

WP13

Work package title

NA2-Small-x Physics at the LHC and future DIS experiments (Small-x)

Start month

Lead beneficiary 10
1 End month

20 - USC
48

Objectives
Objectives
We aim at strengthening the communication and collaboration between the European groups involved in theoretical and
phenomenological studies in small-x physics.
Understanding the dynamics of the strong interaction at high energies is one of the central topics in nuclear and particle
physics. From a fundamental point of view, Quantum Chromodynamics (QCD) is today the only quantum field theory
that may be studied experimentally in all regimes from strong to weak coupling and from confined to deconfined matter.
From an applied point of view, QCD processes constitute the main background and source of uncertainties for the precise
determination of parameters in the Standard Model and for searches of new physics. Increasing our understanding of
the dynamics of QCD at high energies is of extreme importance for several reasons:
- A genuinely new, non-linear regime of QCD is expected to occur at high energies. Here the Color Glass Condensate
(CGC) effective theory provides a controlled weak coupling description applicable in spite of the nonperturbatively
large gluonic field strengths. Hints of the breaking of fixed-order perturbation theory have been found at HERA and
RHIC, but only data from the LHC and future DIS experiments can unambiguously establish the existence of the nonlinear regime.
- The behavior of gluons carrying only a small fraction x of the proton and nuclear momentum determines the bulk of
particle production in relativistic heavy ion collisions. These gluons provide the initial conditions for the subsequent
evolution towards a quark-gluon plasma in nuclear collisions at the LHC. A good control of these initial conditions
is paramount for understanding the emergence of collectivity at the macroscopic level from the microscopic QCD
dynamics.
- New developments in high energy QCD also have implications for rarer observables in the hard domain, where parton
densities are not large but linear small-x physics, beyond fixed-order perturbation theory, may nevertheless play a crucial
role.
- The nuclear wave function at small x determines the cross sections for interactions of high-energy cosmic rays in the
atmosphere, thus the determination of their energy and composition.
In recent years there has been a large outburst of precision calculations in the CGC for evolution equations, particle
production and correlations, and of improvements in the determination of nuclear parton densities (nPDFs) using all
available sets of data including those from the Large Hadron Collider LHC at CERN. Many of these advances have been
pioneered by participants in this proposal. Besides, experiments at the LHC and the Relativistic Heavy-Ion Collider
RHIC at BNL have shown that small collision systems, pp and pA, show hints of a collective behavior that must be
understood in order to characterise the partonic matter created in heavy-ion collisions and to model hadronic and nuclear
collisions for both theoretical and experimental studies. The experimental program will be further pursued at RHIC
and, above all, at the LHC in the next decade with pp, pPb and PbPb runs. New electron- proton/nucleus deep-inelastic
scattering (DIS) experiments are under consideration in the US (the Electron Ion Collider EIC identified as the highest
priority for new facility construction after FRIB in the 2015 Nuclear Physics LRP of the DOE) and at CERN (the Large
Hadron-electron Collider LHeC and the Future Circular Collider FCC).

Description of work and role of partners
WP13 - NA2-Small-x Physics at the LHC and future DIS experiments (Small-x) [Months: 1-48]
USC, CNRS, JYU, IFJ PAN
Co-leadership : JYU
Description of work (where appropriate, broken down into tasks), lead partner and role of participants
Spokesperson: Nestor Armesto, Tuomas Lappi
Task 1. Nuclear PDFs (lead partner: YJU). We will improve the determination of parton densities inside nuclei and the
searches for collinear factorization breaking effects at small x, both by refining the methods for PDF extraction and by
using new data sets from the LHC and RHIC. As a first step, we will perform reweighting analyses of existing nPDF
sets to study the impact of new LHC data on dijets, electroweak bosons and heavy quark production. This will then
pave the way towards a release of a new set of nuclear PDFs that includes all available constraints from LHC data.
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Task 2. New NLO-based precision phenomenology in CGC and BFKL (lead partner: CNRS). We will solve the problems
in present CGC evolution equations and calculations of particle production at next-to-leading order, by developing new
evolution equations and suitable resummation schemes. These will be linked with the resummation schemes, based on
the BFKL approach, in the linear regime. The new evolution equations and calculations of particle production will be
used to describe existing data in DIS and pp/pPb collisions at the LHC.
Next-to-leading calculations in the CGC and BFKL pictures will be extended to more observables, both inclusive and
diffractive, and to different situations like DIS, or the forward and central rapidity regions in hadronic collisions. The
results would be applied to exploring the physics potential of future ep/A experiments and improvements to the LHC
capabilities for clarifying the structure of the non-linear regime of QCD.
Task 3. TMDs at small x (lead partner: IFJ PAN). So far, expressions in term of transverse momentum distributions
(TMDs) have been obtained from CGC calculations for processes with one or two final-state particles, at leading order. In
the simplest of those cases, e.g. photon+jet production, we plan to establish whether or not a TMD factorization formula
can be obtained at next-to-leading order (NLO). We also plan to study observables with three final-state particles, such
as three jets, for the time being at leading order. Processes which include heavy quarks in the final states and are sensitive
to peculiar gluon TMDs that carry information on gluon polarization, and that induce angular asymmetries in the final
state; we plan to determine the magnitude of those and whether or not they are phenomenologically relevant. Finally,
by solving the JIMWLK equation, we can implement the evolution of the gluon TMDs towards smaller values of x, at
a given scale, but their evolution toward larger scales is not taken into account, and must be implemented on top. We
plan to investigate if and how it can be done in practical terms. We will also study the relation of TMDs appearing in
our factorization formulae at LO and NLO, with the TMDs calculated perturbatively from standard collinear PDFs via
convolution with appropriate matching coefficients.
Task 4. Multi-particle correlations & Thermalization (lead partner: USC). The calculations of correlations in the BFKL
and CGC pictures will be extended to a number of particles larger than two, and to different parton species, considering
the compatibility of the results with existing experimental data on higher order cumulants in pp and pPb collisions at
the LHC and other observables in the forward region. The possibilities for describing the collectivity observed in such
small systems using initial state effects, without requiring final state effects and hydrodynamics, will be analysed.
We will improve the models for the transverse and longitudinal correlations in the color structure of hadrons and
nuclei and their interplay with correlations induced by the hydrodynamic behavior. These will be connected to
experimental measurements such as multi-particle correlations in proton-nucleus collisions or incoherent diffraction in
ultraperipheral collisions at the LHC. We will also analyse the implications of the dynamics in the CGC in the approach
to thermalization.

Participation per Partner
Partner number and short name

WP13 effort

1 - CNRS

12.00

20 - USC

6.00

23 - JYU

6.50

37 - IFJ PAN

12.00
Total

36.50

List of deliverables
Deliverable
Deliverable Title
Number14

Lead beneficiary

Type

Dissemination level

Due
Date (in
months)17

D13.1

NPDFs

23 - JYU

Report

Public

48

D13.2

Resummed NLO cross
sections

1 - CNRS

Report

Public

36

D13.3

TMD factorization

37 - IFJ PAN

Report

Public

48
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15

16

List of deliverables
Deliverable
Deliverable Title
Number14
D13.4

Initial vs final state
correlations

Lead beneficiary

Type

Dissemination level

Due
Date (in
months)17

20 - USC

Report

Public

36

15

16

Description of deliverables
D13.1-NPDFs
D13.2-Resummed NLO cross sections
D13.3-TMD factorization.
D13.4-Initial vs final state correlations.
D13.1 : NPDFs [48]
D13.1-NPDFs. New set of nuclear parton distribution functions: publications and publicly available computer codes
(month 48).
D13.2 : Resummed NLO cross sections [36]
D13.2-Resummed NLO cross sections. Development and phenomenological implementation of new resummation
schemes, beyond fixed order NLO formalism, for inclusive and diffractive DIS and hadronic collisions publications
and publicly available computer codes (month 36).
D13.3 : TMD factorization [48]
D13.3-TMD factorization. New TMD-factorized expressions for processes with three final state particles and a check
of TMD factorization at small x at NLO accuracy: publications (month 48).
D13.4 : Initial vs final state correlations [36]
D13.4-Initial vs final state correlations. Disentangling initial state effects in multi-particle correlations in small
systems from the ones induced by hydrodynamic flow publications (month 36).

Schedule of relevant Milestones
Milestone
number18

Milestone title

MS11

Reweighting of nPDFs
including new LHC data

MS12

Dipole cross section from
resummed JIMWLK
evolution

MS13

TMD factorization at small x
for 3 final-state particles

MS14

Lead beneficiary

Due
Date (in Means of verification
months)
24

Publications and presentations
in conferences, and software
released and validated by a
user group

20 - USC

24

Publications and presentations
in conferences, and software
released and validated by a
user group

20 - USC

24

Publications and presentations
in conferences

Completion of the calculation
of multi-particle correlations 20 - USC
in the dilute limit of the CGC

24

Publications and presentations
in conferences

20 - USC
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Work package number 9

WP14

Work package title

NA3-Quark-Gluon Plasma characterisation with jets (Jet-QGP)

Start month

39 - LIP

Lead beneficiary 10
1 End month

48

Objectives
Establish a theory/phenomenology/inter-experiment working group, with synergies with related communities (most
notably, machine learning/data science and high-energy pp physics) to develop and deploy novel experimental and
theoretical techniques and tools for jet physics in heavy ion collisions and enhance the impact of the European groups
in the worldwide heavy-ion jet programme.
Description of work and role of partners
WP14 - NA3-Quark-Gluon Plasma characterisation with jets (Jet-QGP) [Months: 1-48]
LIP, Nikhef
Description of work (where appropriate, broken down into tasks), lead partner and role of participants
Spokespersons: Guilherme Milhano, Marco van Leeuwen
The modification of QCD jets in the medium is the prime tool for the clarification of the microscopic structure and
degrees of freedom of the QGP. Jets developing within the QGP probe its structure and dynamics at specific identifiable
spatio-temporal and momentum scales. The study of jets is however a complex endeavour that requires the coherent
and synergetic effort of theoretical and experimental groups with complementary expertise.
The work programme relies on annual plenary working group meetings which are the main forum for joint work and
discussion. These are complemented by regular remote discussion meetings among the groups involved on specific
aspects of the research programme. A post-doctoral researcher will be hired for 3 year (2 years at LIP and 1 year at
Nikhef) to focus the discussion through the development of dedicated tools that will be shared among the collaborating
groups and provide the framework for the exchange of information and ideas.
The results obtained within the working group will be released publicly as a dynamic report and an associated repository
of open-source generated data samples and software tools.
Task 1-Reference implementation of jet-QGP dynamics in a full heavy-ion simulation. Lead partner: LIP
Jet-QGP interactions are a multi-faceted process, involving hard scattering of quarks and gluons and the subsequent
development of a parton shower, which interacts with the QGP and hadronises. The participating theoretical groups
have developed independent approaches that describe the various aspects of the relevant physics, using different starting
points or approximations. To enable a productive discussion and compare the approaches of the different groups, the
working group will define and implement a common benchmark model of jet-QGP dynamics from which reference
data-samples will be generated. The implementation of the benchmark model is one of the tasks of the postdoctoral
researcher funded through this proposal.
Task 2- Identification of jet substructure observables sensitive to specific scales/features of jet-QGP interaction
Lead partner: Nikhef
New theoretical tools and new experimental techniques are needed for jet studies to deliver the promise of a microscopic
understanding of the QGP. The validation of the sensitivity of an observable requires: (i) firm theoretical understanding
of its properties; (ii) assessment through an event-generator in realistic conditions of possible sources of contamination;
and (iii) establishment of experimental measurability and complementary capabilities of different detectors. A widescope survey of existing jet substructure observables and related grooming tools will be performed to establish their
sensitivity to the underlying physical mechanisms. This survey will be organized and largely performed by the postdoc
who will be selected for the project. The results of the survey will constitute solid ground to define new observables
and develop new tools with increased and more specific sensitivity to the physical mechanisms involved in jet-QGP
interactions. One particularly promising direction is the use of machine learning techniques which have been shown to
be powerful tools to classify jets in pp collisions. New applications of these techniques in heavy ion collisions will be
implemented to identify characteristic differentiating features of jets modified by interaction with QGP.

Participation per Partner
Partner number and short name

WP14 effort

34 - Nikhef

12.00
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Partner number and short name

WP14 effort

39 - LIP

24.00
Total

36.00

List of deliverables
Deliverable
Deliverable Title
Number14

Lead beneficiary

Type

Dissemination level

Due
Date (in
months)17

15

16

D14.1

Reference model
implementation

39 - LIP

Other

Public

8

D14.2

Reference data samples

39 - LIP

Other

Public

14

D14.3

Report on the survey of
observables

34 - Nikhef

Report

Public

24

D14.4

Analysis algorithms for
selected observables

34 - Nikhef

Other

Public

36

Description of deliverables
D.14.1-Reference model implementation.
D14.2-Reference data samples.
D14.3-Report on the survey of observables.
D14.4-Analysis algorithms for selected observables.
D14.5-Final report.
D14.1 : Reference model implementation [8]
D.14.1-Reference model implementation. Software providing reference implementation of jet-QGP dynamics in a full
heavy-ion simulation as Monte-Carlo event-generator based on combination of existing tools (month 8).
D14.2 : Reference data samples [14]
D14.2-Reference data samples. Benchmark Monte-Carlo datasets generated using the reference model execution for
the evaluation of the sensitivity of observables to the underlying physical mechanisms (month 14).
D14.3 : Report on the survey of observables [24]
D14.3-Report on the survey of observables. The results of the survey to evaluate the sensitivity of existing jet
substructure observables and related grooming tools to specific underlying physical mechanisms of jet-QGP
interactions will be provided as a public written report (month 24).
D14.4 : Analysis algorithms for selected observables [36]
D14.4-Analysis algorithms for selected observables. Implementation of analysis algorithms as ready to use software
tools for observables that have been identified as most sensitive to specific scales of the jet-QGP interaction (month
36).

Schedule of relevant Milestones
Milestone
number18

Milestone title

Lead beneficiary

Due
Date (in Means of verification
months)

MS15

Delivery of D14.1

39 - LIP

8

Software in public repository

MS16

Delivery of D14.3

39 - LIP

24

Report released
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Work package number 9

WP15

Work package title

NA4-Proton Radius European Network (PREN)

Start month

Lead beneficiary 10
1 End month

1 - CNRS
48

Objectives
Objectives
The proton is the primary building block of the visible Universe, but some of its most elementary properties are not well
understood. For example, its “size”, i.e. the root-mean-square (rms) charge radius of the proton (Rp) has for
years been believed to be about 0.88 fm, with 1% uncertainty. Two independent methods, elastic electron-proton
scattering, and precision spectroscopy of atomic hydrogen yielded consistent results. In 2010, however, a measurement
of Rp using the exotic “muonic hydrogen atom”, resulted in a 10 times more accurate, but a 4% (corresponding to 5
standard deviations) smaller radius: Rp = 0.84 fm. Within the Standard Model, which assumes lepton universality, both
probes must yield the same radius.
This so-called “proton radius puzzle” (PRP) has sparked great activity in both experiment and theory. The 2017 NuPECC
Long Range Plan (LRP) thus calls for a dedicated, cross-disciplinary program involving experimental hadron and atomic
physics, supported by renewed efforts in hadron and particle theory, as well as lattice QCD
(LRP, page 62). Many ideas have been put forward to explain this striking discrepancy, such as incorrect radius extraction
from scattering data, inaccurate hadronic corrections, or new physics effects such as lepton nonuniversality which would imply physics beyond the Standard Model. None of these are however widely accepted.
This motivates a reinforced world-wide effort, both experimental and theoretical. It combines atomic spectroscopy
and lepton scattering, each involving both electrons and muons. The international effort on this matter concerns
several leading groups in Europe. The network proposed here constitutes the critically missing forum between atomic
spectroscopy and lepton scattering communities. It will provide the ideal framework to develop synergies, to draw
common strategies and to enhance constructive collaborative theoretical and experimental research activities in order
to converge together in attempting to solve the proton charge radius puzzle.
Besides, it will offer an environment of excellence for the training of students and young scientists in fields as diverse as
atomic spectroscopy and lepton scattering, both in experiment and theory. Advances in theory are mandatory to guide,
to interpret and to model experiments. This network will allow for a closer collaboration and fruitful exchanges between
all theorists involved.
The framework of the proposed European network represents a unique and valuable opportunity to associate, for the
first time, physicists involved in the understanding of hadron structure to shed new light on the actual proton charge
radius puzzle, which has become even more intriguing given the recent results obtained on atomic hydrogen.

Description of work and role of partners
WP15 - NA4-Proton Radius European Network (PREN) [Months: 1-48]
CNRS, JGU MAINZ
Co-leadership : JGU Mainz
Description of work (where appropriate, broken down into tasks), lead partner and role of participants
Spokesperson: Dominique Marchand, Randolf Pohl
The PREN Network aims at providing a supporting structure to investigate the current discrepancy between various
determinations of the proton charge radius. We have identified as the main missing ingredient to a comprehensive
understanding and an ultimately solution of the PRP a lack of interaction and collaboration. We thus foresee the following
tasks:
(1) Collaboration
(1.1) PREN-Collaboration:
Enhance collaboration between groups working in similar fields ( “competing” groups), by funding exchanges of
scientists, e.g. for participation in beam times / measurements, or joint analyses or publications. To allow outstanding
Postdoctoral fellows and PhD students, to spend several months at a “competing” group. The aim is to migrate
knowledge between different groups and provide new input to established procedures in these groups.
Provide funding to hire a postdoctoral fellow at JGU Mainz and to grant a PhD student for 18 months at CNRS (to be
completed by another source of funding).
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(1.2) PREN-Study: help fund extra studies (experimental and theoretical), e.g. for supporting systematics studies of
experiments or comprehensive theory studies, e.g. in two-photon physics.
Elastic electron scattering off the proton determines the electric form factor, which can be interpreted, in the nonrelativistic approximation, as the Fourier transform of the charge distribution of the proton. The rms proton charge radius
is then obtained by determining the slope of the electric form factor versus Q2 in the limit where Q2 equals to zero.
Up to now, this extrapolation is based on parametrizations of data sets with a minimum Q2 of the order of 10-3 (GeV/
c)2. New high precision measurements at the lowest achievable Q2 values have been proposed, both in electron and
muon scattering off the proton, in order to better constrain the form factor parametrizations. An intensive experimental
program will be performed throughout Europe. Three electron scattering experiments are underway or proposed in
Mainz (JGU): at MAMI, Q2 values down to a few 10-4 (GeV/c)2 will be reached using initial state radiation. Another
experiment takes advantage of the active time projection chamber (TPC) designed at PNPI to detect low-energy recoil
protons. The MAGIX experiment at the new MESA facility (Mainz) will provide charge and magnetic radii of the
proton. In Orsay, the ProRad experiment at PRAE (Platform for Research and Applications with Electrons) aims to go
down to a Q2 value of a few 10-5 (GeV/c)2 relying on a non-magnetic method like the PRad experiment which was
performed at TJNAF (USA), the data analysis of which is underway.
Muon scattering on the proton has been approved at PSI and proposed at CERN. The MUon proton Scattering
Experiment (MUSE) at PSI measures both electron and muon scattering, for both negative and positive leptons. At
CERN, the COMPASS collaboration has very recently proposed to exploit its high energy muon beam to measure muonproton elastic scattering at very low Q2 down to 10-4 (GeV/c)2. These measurements will test lepton universality and
determine the two-photon exchange effects.
Ultra-high precision spectroscopy of atomic hydrogen has been performed by the groups of MPQ Garching and at the
LKB, Paris. These measurements reach accuracies of parts in 1011 to 1015, and yield critical input for the CODATA
adjustment of fundamental physical constants. Very recently, a new measurement from MPQ has underlined the urgent
need for new measurements in the field.
Laser spectroscopy of muonic atoms (H, D) and ions (He+) have been pioneered by the CREMA (Charge Radius
Experiments with Muonic Atoms) collaboration (MPQ, JGU Mainz, ETH Zurich, PSI and LKB). Due to the 200 times
larger mass of the muon compared to the electron, muonic atoms are 10 million times more sensitive to nuclear size
and polarizabilities. CREMA aims at extending the muonic measurements to the magnetic radius of the proton, and
radii of other light nuclei. Several on-going laser experiments will help shed light on the PRP, such as spectroscopy of
hydrogen molecules H2, D2, T2 and molecular ions H2+, HD+; He atoms and ions, Positronium and Muonium. Key
players are the groups of LKB, VU Amsterdam, UCL, ETH Zurich, PSI, and MPQ. These measurements are sensitive
either directly to Rp, or to the Rydberg constant, which is 100% correlated with Rp. They will also investigate the PRP
using different nuclei such as the deuteron, triton, or helium nuclei. All these experimental efforts rely on calculations
of atomic and molecular levels with accuracy in the 10-12 range.
Theoretical activities are required to guide, to interpret and to model experiments. In Spain (UAB/IFAE), Germany
(MPQ, JGU Mainz) and France (LKB Paris), teams investigate nuclear effects in light nuclei. The JGU Mainz theoretical
group focuses on the higher-order radiative contributions (also GW University, USA) and polarizability effects in lepton
scattering and atomic physics. On the atomic and molecular physics side, the accuracy of H-like, few-body and molecular
systems are going to be improved (Warsaw, Garching, Paris, Dubna). This NA will allow for a closer collaboration and
fruitful exchange between theorists from atomic physics and lepton scattering.
(2) Meetings
(2.1) PREN-Conventions: a kick-off meeting to identify the most pressing questions. Two more workshops will be
organized where all PREN groups will present results. Detailed discussions and targeted sessions will scrutinize the
results in great detail, and provide guidance for more in-depth studies.
(2.2) PREN-Meet: organization of working meetings or targeted workshops dedicated to specific sub-topics relevant
for the proton radius puzzle.

Participation per Partner
Partner number and short name

WP15 effort

1 - CNRS

4.80

9 - JGU MAINZ

9.60
Total
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14.40

List of deliverables
Deliverable
Deliverable Title
Number14

Lead beneficiary

Type

Dissemination level

Due
Date (in
months)17

D15.1

PREN website

1 - CNRS

Websites,
patents
filling, etc.

Public

6

D15.2

PREN-WP

1 - CNRS

Report

Public

48

15

16

Description of deliverables
D15.1- PREN website
D15.2- PREN-WP
D15.1 : PREN website [6]
D15.1- PREN website: development of a dedicated website to be available by Spring 2019 (a) to advertise PREN and
to announce events publicly, (b) to share information between all PREN participants with specific pages according to
topics, to keep track of convent and workshop materials [Restricted access by password] (month 6).
D15.2 : PREN-WP [48]
Co-leadership : 9. JGU MAINZ D15.2- PREN-WP: a white paper (WP), gathering all significant results obtained
over the network duration by the joint activities of all participants, shall be written towards the end of the funding
period (end 2022) with (a) either the solution of the proton radius puzzle, and the lessons to be learned from this large
discrepancy, or (b) a global strategy that promises the highest chance for the solution of the proton radius puzzle
(month 48).

Schedule of relevant Milestones
Milestone
number18

Milestone title

Lead beneficiary

Due
Date (in Means of verification
months)

MS17

Development of a dedicated
website

1 - CNRS

6

Access availability

MS18

Conventions

1 - CNRS

45

Convention, due dates (in
months): 3, 24, 45

MS19

Meetings

1 - CNRS

33

Targeted workshop
organization, due dates (in
months) : 15, 33
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Work package number 9

WP16

Work package title

NA5-Strange Hadrons and the Equation-of-State of Compact Stars (THEIA)

Start month

Lead beneficiary 10
1 End month

9 - JGU MAINZ
48

Objectives
Objectives
In a neutron star, the occurrence of hyperons emerges rather naturally at nuclear densities larger than about two times
nuclear density. Usually, the nuclear equation-of-state (EOS) is expected to soften by this additional degree of freedom.
The recent observation of massive neutron stars with about twice the solar mass posed, therefore, a serious challenge for
our understanding of nuclear physics at high density. The difficult reconciliation of these observations with the presence
of hyperons in neutron stars is referred to as the hyperon puzzle. Several hyperonic EOS, based on phenomenological
approaches recently developed are sufficiently stiff to stabilize two solar mass neutron stars. However, this is not the
case for microscopic approaches based on realistic interactions for which this is still an open problem. Our incomplete
understanding of the underlying baryon-baryon and of even more subtle multi-body interactions in baryonic systems
seems to be the most natural reason for the hyperon puzzle.
The cooperation of world-leading experimentalists and theoreticians in the field of strangeness nuclear physics with
experts of the neutron star community in astrophysics within the networking activity THEIA will allow to critically
assess the status of our present understanding, to determine the impact of terrestrial observations for the hadronic
EOS, and to identify possible new avenues to follow. Calculations and theoretical models that will be dramatically
improved by the participants of THEIA will allow us to better predict and better understand results that will emerge
from present research activities. It will enable us to shape, boost and coordinate the next experimental activities at the
major experimental infrastructures in Europe (e.g. LHC, DAFNE, MAMI, FAIR, NICA) as well as in the US (TJNAF)
or Asia (J-PARC). Coordinating cutting edge studies employing new methods and challenging techniques will bolster
the efficient use of European research infrastructures and will thus guarantee to maintain the excellence in the proposed
studies. Although the hadronic EOS is also related to many other branches in nuclear or hadronic physics, the focus on
the strangeness aspect guarantees specific, very effective and fruitful interactions among all participating groups.

Description of work and role of partners
WP16 - NA5-Strange Hadrons and the Equation-of-State of Compact Stars (THEIA) [Months: 1-48]
JGU MAINZ
Description of work (where appropriate, broken down into tasks), lead partner and role of participants
Spokesperson: Josef Pochodzalla
Like low mass nuclei for conventional baryon interactions, light hypernuclei and kaonic nuclear systems provide
important benchmarks for any strong interaction theory involving strange hadrons. Despite more than half a century of
studies, there are even in the case of the lightest strange hadronic systems several unresolved mysteries. Complementary
precision experiments employing new techniques will help to address these open questions.
The networking activity THEIA brings together 26 partners from 12 different countries. 21 involved institutions are
from Europe. The network is further enriched by the inclusion of 5 institutions from Japan and the US. In total, THEIA
comprises more than 100 world leading permanent scientists and more than 50 PhD and master students.
1. A=3 hypernuclei: The hypertriton puzzle and its implication for fragment formation in heavy ion reactions. Does a
neutral A=3 hypernucleus exist?
The lightest strange baryonic nuclear system is the hypertriton 3H. Its small binding energy B of only 130 keV found
in emulsion studies implies that the -hyperon has a rather extended wave function. The combination of such a small
binding energy on one side and, on the other hand, a 3H lifetime shorter than the -lifetime, as reported recently by several
heavy-ion collision experiments (STAR@RHIC, HypHI@GSI and ALICE@LHC) presents one of the most intriguing
puzzles in hypernuclear physics. Presently, a new measurement of B is under development at MAMI which will reach
unrivaled precision and accuracy. If the exceptionally large size of 3H is confirmed, this hypernucleus will be a unique
probe for the fragment formation process in heavy ion collisions. More precise lifetime measurements are planned at
ALICE, ELPH, GSI/FAIR and J-PARC.
HypHI@GSI has reported hints for a bound neutral hypernucleus nn. The mere existence of such a system would be a
challenge to our understanding of hypernuclei. In the coming years, the fragment separator of GSI/FAIR at Darmstadt
will be supplemented by the WASA detector which was up to now operated at Jülich. WASA@FAIR will search for this
elusive system in a fragmentation reaction. In a complementary experiment at TJNAF/USA, this nucleus will be searched
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in electron induced reactions on a tritium target. If the existence of the nn nucleus will be confirmed, WASA@FAIR
will also be able to determine the lifetime of this exotic nucleus. Direct searches for the neutral nn system will also be
performed by ALICE. In the past years high resolution mass measurements of the 4H mass at MAMI and the excited
state spectrum in 4He at J-PARC have established a spin dependence of the CSB in the -nucleus interaction. In order
to determine the sign of the spin dependent CSB of the 1+ excited states, also the ground state mass of 4He needs to
be determined with high precision. The next generation of emulsion experiments at J-PARC, an optimized AMADEUS
setup at DAFNE and, in addition, Run 3+4 of ALICE@LHC may allow such precision measurements. The different
techniques used in these experiments will provide important cross checks for systematic uncertainties.
2. Study of antihyperons in nuclei at PHASE-1 of PANDA; optimal conditions for the production of - hypernuclei?
Double- hypernuclei are unique laboratories for the - interaction in nuclear medium and the
--N three-body forces. Spectroscopic information on hypernuclei can only be obtained via their decay: The E07
Experiment at J-PARC has just finished the irradiation of nuclear emulsion plates and will provide precise information
on the absolute ground state masses of -hypernuclei. The spectrum of excited particle stable states will be explored
at the PANDA experiment by performing high resolution -spectroscopy. Finally, two-particle correlation studies by
CBM@FAIR between light -hypernuclei and hyperons may explore particle-unstable resonances in -hypernuclei.
Combining these three complementary methods we will have access to the complete level scheme of -hypernuclei, thus
demonstrating the necessity of cooperation between different scientific communities. The question how antihyperons
interact in nuclei is a yet unexplored topic, which will be addressed during Phase-1 of PANDA. It may be complemented
by studies of antiprotonic nuclei at J-PARC.
3. Theoretical and experimental studies of bound mesonic systems: In the next years SIDDHARTA-2 employing
stopped kaons at DAFNE will perform the first measurement of X-rays from kaonic deuterium, which will allow
disentangling for the first time the isospin I=0 and I=1 components of the antikaon-nucleon scattering lengths. LowZ kaonic atoms, such as kaonic nitrogen, will allow exploring the antikaon-nuclei interactions at threshold and might
enable a precision determination of the charged kaon mass, thus solving the pending “kaon mass” puzzle. At the J-PARC
facility, complementary, high precision studies will be performed by the E62 and E57 experiments using an energetic Kbeam and employing novel Transition Edge Sensors (TES). In the next years a dedicated AMADEUS setup will explore
low energy interactions of stopped kaons with nuclei, studying the formation and decay of hyperons (e.g. (1405)) and
kaonic nuclear clusters containing one or more nucleons in the final state. This is complemented by studies of the E15
and E31 collaborations at J-PARC and by searches in HI collisions.
4. What role can a mini antiproton-proton collider at FAIR play for strangeness nuclear physics? Probably the most
severe shortcoming in the field of strangeness nuclear physics is the lack of precise hyperon-nucleon scattering
data. It seems, however, feasible to build a antiproton-proton (and antiproton-ion) collider based on the high energy
storage ring (HESR) at FAIR with luminosities few times 1030 and sqrt(s) up to 32 GeV. Binary reactions antiprotonproton antihyperon-hyperon would enable numerous possibilities for unique experiments ranging from the scattering
of momentum tagged, polarized hyperons and antihyperons, up to groundbreaking studies of -atoms, thus opening the
world of S=-3 nuclear physics.
5. Annual workshops organized by THEIA will bring together scientists and students with complementary expertise,
thus providing a platform for the early exchange of new ideas and scientific results, leading to interlinked and
complementary future activities. Concerning joint work and discussions of theoreticians and experimentalists the
European Centre for Theoretical Studies in Nuclear Physics and Related Areas (ECT* in Trento) is an outstanding
venue. The strong collaboration with groups outside of Europe will guarantee a strong impact on the worldwide strategy
in the field. Particularly significant is the participation of groups from Japan since the facility J-PARC provides unique
pion and kaon beams for experiments on hypernuclei, and exotic strange atoms.

Participation per Partner
Partner number and short name

WP16 effort

9 - JGU MAINZ

10.00
Total
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10.00

List of deliverables
Deliverable
Deliverable Title
Number14

Lead beneficiary

Type

Dissemination level

Due
Date (in
months)17

15

16

D16.1

Study of A=3
Hypernuclei

9 - JGU MAINZ

Report

Public

36

D16.2

Antihyperons in nuclei,
PANDA sofware tools

9 - JGU MAINZ

Demonstrator Public

30

D16.3

Bound mesonic systems

9 - JGU MAINZ

Report

30

Public

Description of deliverables
D16.1-Study of A=3 Hypernuclei
D16.2-D Antithyperons in nuclei, PANDA software tools
D16.3-Bound mesonic systems
D16.1 : Study of A=3 Hypernuclei [36]
D16.1-Study of A=3 Hypernuclei New lifetime studies of 3H implementing novel techniques will be performed
(ALICE, WASA@GSI/FAIR) or prepared (ELPH, J-PARC) addressing particularly the question of systematic
uncertainties. A report on the search for the nn bound system at TJNAF and by WASA@GSI/FAIR and precision
studies of charge symmetry breaking in hypernuclei will be the main deliverable (month 36).
D16.2 : Antihyperons in nuclei, PANDA sofware tools [30]
D16.2-Development of dedicated simulation and software tools for the measurement of antihyperons in nuclei.
Development of dedicated simulation and software tools for the measurement of antihyperons in nuclei during
PHASE-1 of PANDA and for the hypernuclear experiment to define the optimal setup at FAIR (month 30).
D16.3 : Bound mesonic systems [30]
D16.3-Bound mesonic systems. SIDDHARTA2 will perform at DAFNE the first measurement of the kaonic
deuterium atom transitions to the fundamental level, and extract the shift and width induced by the strong interaction.
AMADEUS will explore the low-energy kaon-nuclei interactions, to disentangle various contributing channels in the
final state (month 30).

Schedule of relevant Milestones
Due
Date (in Means of verification
months)

Milestone
number18

Milestone title

MS20

First data taking by
WASA@GSI/FAIR searching 9 - JGU MAINZ
for nn˄

24

Experiment completed

MS21

Design report for
antihyperons in nuclei ready

9 - JGU MAINZ

30

Software report released and
validated.

MS22

SIDDHARTA-2 progress
report

9 - JGU MAINZ

30

Report on SIDDHARTA-2

Lead beneficiary
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Work package number 9

WP17

Work package title

NA6-LatticeHadrons (LatticeHadrons)

Start month

Lead beneficiary 10
1 End month

27 - TCD
48

Objectives
The network, spanning 34 partner research institutions, aims to embed existing lattice field theory expertise more deeply
into the European hadron physics community, enhance access across the network to research expertise, data and new
developments and exploit new links between research in lattice field theory, experimental and phenomenological hadron
physics and high-performance computing and data analytics.
Meeting these objectives will require the network:
• To extend existing connections between researchers across Europe working in lattice hadron physics.
• To develop new collaborations between European experimentalists and experts in lattice field theory computations
• To link European research groups in lattice field theory to broader expertise in hadron phenomenology.
• To connect experts in lattice computations and the methodology underlying these calculations with experts in other
areas of large-scale computing and data analysis and management.
• To exchange research insights between a broad range of researchers with diverse expertise via staff and student
secondments and focused workshops.
• To assess open research questions in hadron physics and develop new solutions by combining broad world-leading
expertise across Europe and beyond.
• To ensure the next generation of researchers using lattice field theory methods are well-connected to the research
community in Europe. They will acquire transferable skills in a broad range of disciplines such as theoretical and
experimental physics, high-performance computing and data analytics.
Description of work and role of partners
WP17 - NA6-LatticeHadrons (LatticeHadrons) [Months: 1-48]
TCD, UREG, UAM, UEDIN
Description of work (where appropriate, broken down into tasks), lead partner and role of participants
Spokesperson: Michael Peardon
The work, distributed across the partners in the network in collaboration with many research partner institutions across
Europe, can be broken down into the following tasks:
Task 1: Co-ordinate research secondments, visits and exchanges (lead organization: TCD).
1. The network will support exchanges and secondments between the participants and partner institutions with research
teams working on lattice field theory across Europe. These exchanges will strengthen and build new links between
diverse areas of expertise in the discipline.
2. The network will co-ordinate visits by lattice researchers to institutions with complementary expertise in hadron
physics, including other theory and phenomenology research teams and experimental groups.
3. The network will enable visits between lattice researchers across Europe and other hosts with expertise in large-scale
numerical computing and data analytics. The focus will be on training early-stage researchers in the state-of-the-art and
building new links between the communities.
Task 2: Arrange thematic workshops (lead organisations: UReg, INFN, UAM, UEdin)
The network will organize focused workshops to expand research expertise in lattice field theory across Europe and
address open challenges for hadronic physics in four themes:
1. Hadron spectroscopy and structure. The meeting will be organized by UReg, and will bring together experts in
lattice hadron spectroscopy and structure with other theoretical and experimental colleagues. The workshop will focus
on precision targets for next-generation calculations of nuclear structure, radiative transitions of hadrons and hadron
scattering calculations.
2. Hadrons under extreme conditions. The meeting will be arranged by the INFN nodes, bringing expertise from across
Europe in heavy-ion physics and linking this with lattice practitioners to map future research collaborations.
3. Hadrons in the standard model and beyond. The meeting will be organized by UAM. It will address future theory
precision requirements, including electro-weak interactions, to explore the limits of the Standard Model in hadron
experiments. In addition, candidate strongly interacting field theories that may be responsible for new physics will be
explored.
4. Numerical algorithms and computing for lattice hadron physics. The workshop will be organized by UEdin. The
meeting will bring together mathematicians in numerical analysis, experts in high-performance computing and lattice
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practitioners to explore and exchange new ideas in numerical algorithms for advanced Monte Carlo calculations and
solutions to sparse linear systems. A session on data analytics will be included in the programme.
Task 3: Develop software, data sharing and analytics methodologies (lead organization: TCD)
1. The network will help enable groups across Europe to share software systems, large-scale data-sets and data analysis
methods. This will require experts within the network to visit participating groups to train local researchers and enable
efficient use of data.
2. Based on the knowledge synthesis resulting from the workshops and visits between lattice research teams and external
experts, the network will report on future directions, open challenges and research opportunities that can exploit expertise
in lattice field theory across the European Research Area.

Participation per Partner
Partner number and short name

WP17 effort

15 - UREG

5.00

17 - UAM

3.00

27 - TCD

4.00

43 - UEDIN

5.00
Total

17.00

List of deliverables
Deliverable
Deliverable Title
Number14

Lead beneficiary

Type

Dissemination level

Due
Date (in
months)17

15

16

D17.1

Report on the status and
15 - UREG
future research directions

Report

Public

18

D17.2

Report on the status and
future research directions
for investigations of
30 - INFN
hadrons under extreme
conditions

Report

Public

18

D17.3

Report on the status and
future research directions
for investigations of
precision physics in
the Standard Model
17 - UAM
and studies of strongly
interacting quantum field
theories relevant for
physics beyond the SM

Report

Public

30

D17.4

Report on the status
and future research
directions of algorithms
for large-scale numerical
computing

43 - UEDIN

Report

Public

42

D17.5

White paper on the
near-future challenges
in lattice hadron
physics and the links

27 - TCD

Report

Public

36
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List of deliverables
Deliverable
Deliverable Title
Number14

Lead beneficiary

15

Type

16

Dissemination level

Due
Date (in
months)17

to other aspects of
phenomenology and
large-scale numerical
computing
Description of deliverables
D17.1- Report on the status and future research directions.
D17.2- Report on the status and future research directions for investigations of hadrons under extreme conditions.
D17.3-Report on the status and future research directions for investigations of precision physics in the Standard
Model and studies of strongly interacting quantum field theories relevant for physics beyond the SM.
D17.4-Report on the status and future research directions of algorithms for large-scale numerical computing.
D17.5-White paper on the near-future challenges in lattice hadron physics and the links to other aspects of
phenomenology and large-scale numerical computing.
D17.1 : Report on the status and future research directions [18]
D17.1- Report on the status and future research directions. Following the workshop on lattice structure and
spectroscopy, a report summarizing the status and future research directions will be compiled. The report will help
identify new collaboration opportunities within the Integrating Initiative. The report, co-ordinated by UReg will be
delivered in month 18 (month 18)
D17.2 : Report on the status and future research directions for investigations of hadrons under extreme conditions
[18]
D17.2- Report on the status and future research directions for investigations of hadrons under extreme conditions. A
report summarizing the status and future research directions for investigations of hadrons under extreme conditions
will be written. The report will help connect lattice calculations with open experimental questions in heavy-ion
collider physics. It will be co-ordinated by INFN and delivered in month 18 (month 18)
D17.3 : Report on the status and future research directions for investigations of precision physics in the Standard
Model and studies of strongly interacting quantum field theories relevant for physics beyond the SM [30]
D17.3-Report on the status and future research directions for investigations of precision physics in the Standard
Model and studies of strongly interacting quantum field theories relevant for physics beyond the SM. A report
summarizing the status and future research directions for investigations of precision physics in the Standard Model
and studies of strongly interacting quantum field theories relevant for physics beyond the SM will be published. The
report will help identify open questions and the requirements for addressing relevant experimental questions. The
report, co-ordinated by UAM, will be delivered in month 30 (month 30)
D17.4 : Report on the status and future research directions of algorithms for large-scale numerical computing [42]
D17.4-Report on the status and future research directions of algorithms for large-scale numerical computing. A report
summarizing the status and future research directions of algorithms for large-scale numerical computing will be
published. The report, co-ordinated by UEdin, will be delivered in month 30 (month 30)
D17.5 : White paper on the near-future challenges in lattice hadron physics and the links to other aspects of
phenomenology and large-scale numerical computing [36]
D17.5-White paper on the near-future challenges in lattice hadron physics and the links to other aspects of
phenomenology and large-scale numerical computing. A white paper defining near-future challenges in lattice hadron
physics and the links to other aspects of phenomenology and large-scale numerical computing will be written. The
paper will help guide future research and foster new collaborative links. The report, co-ordinated by TCD will be
delivered at the end of the project (month 36)
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Schedule of relevant Milestones
Milestone
number18

Milestone title

Lead beneficiary

Due
Date (in Means of verification
months)

MS23

Workshop on hadron
spectroscopy and structure.

27 - TCD

12

Proceedings of the workshop

MS24

Workshop on hadrons under
extreme conditions

27 - TCD

12

Proceedings of the workshop

MS25

Workshop on hadrons in the
standard model and beyond

27 - TCD

24

Proceedings of the workshop

MS26

Workshop on algorithms for
lattice field theory

27 - TCD

36

Proceedings of the workshop

MS27

Enhanced integration
of lattice field theory in
European hadron physics
community

36

Publication of white paper
reviewing future research
collaborations generated by
the network

27 - TCD
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Work package number 9

WP18

Work package title

NA7- Quark-Gluon Plasma characterisation with heavy flavour probes (Hf-QGP )

Start month

Lead beneficiary 10
1 End month

1 - CNRS
48

Objectives
Objectives
Heavy flavor (HF) quarks (charm and beauty) have been identified in the last years as a reliable mean to study the
properties of the Quark Gluon Plasma (QGP), which is created in ultra-relativistic heavy ion collisions at the LHC. The
reasons are the following: heavy quarks are produced in hard processes with very short formation time. They hence
experience the early phase of the QGP and the full evolution of the system. Additionally, the elementary production
processes can be calculated reliably. The comparison of experimental measurements with the results of transport
calculations provides information on the transport coefficients of the QGP and on the degree of thermalization of
heavy quarks in the system. Heavy quarks with large transverse momentum, which do not come to equilibrium, are
unique probes to study the parton energy loss mechanism in the QGP, and its dependence on the parton type and ass
(gluon vs. quark and light vs. heavy quarks, respectively). The perspective to characterize with high precision the
QGP properties with heavy flavor observables has motivated the High Luminosity Heavy Ion Phase (HL-HI) of the
LHC (starting with run-3 in 2021-2023, first ion run in November 2021), after the 2nd long shutdown of the LHC
facility (LS2 in 2019-2020), and the detector upgrade of the dedicated heavy-ion experiment (ALICE). The other major
LHC experiments (ATLAS, CMS and LHCb) will also provide excellent and complementary measurements (in term
of kinematic domains), thus providing an exhaustive set of precise new measurements. Before the HL-HI phase, still a
major advance in this field is expected thanks to the harvest of data from the 2nd and last Pb-Pb data-taking of the LHC
run-2 (November 2018). The joined effort of experimentalists and theorists is indispensable to assess our knowledge,
approve or refine chosen direction and define experimental priorities and the best analyzing strategies for the upcoming
high precision data.
On the theoretical side several approaches have been proposed which describe the few presently available open HF data
within the still large experimental uncertainties. They are based on quite different assumptions on the non-perturbative
interaction of heavy quarks with the QGP. The challenge for theory is to provide predictions for more differential
observables, including various kinds of heavy-flavour correlations, and to address the issue of possible collective
effects for heavy quarks in high-multiplicity collisions of small systems, like proton–proton and proton–nucleus. High
precision data, additional observables as well as a careful analysis of the open heavy flavor production in pp and pA
reactions are necessary to derive the fundamental properties (transport coefficients) of the QGP. Objective of the present
proposal is a systematic comparison of these different approaches in order to discriminate between them and to eliminate
uncertainties like details of the expansion of the QGP, initial state fluctuations or the influence of nuclear shadowing,
which influence the light hadron observables as well and can therefore be constrained independently. To this aim we will
develop a new interface between the experimental data and the results of the theoretical models. Presently in Europe five
theory groups have developed event by event generators including heavy quarks: Frankfurt (Greiner), Catania (Greco),
GSI (Bratkovskaya), FIAS (Bleicher), Nantes (Aichelin, Gossiaux, Werner)). This interface will allow us imposing on
the theoretical simulations the same acceptance cuts and event constraints (e.g. multiplicity) as on the experimental
data. Such an approach will reduce the systematic uncertainties and improve reliability when comparing theory with
experiment, thus allowing for a systematic interpretation of the open heavy flavor data in particular in the prospect of
the coming high precision data.
The second main objective is to advance the understanding of hidden charm and bottom mesons in ultra-relativistic
heavy ion reactions. The description of hidden HF production is even more challenging and significant experimental and
theoretical advances are required. The open questions include: up to which temperature can the different quarkonium
states survive in a QGP and how do these color neutral objects interact with the QGP? How important is recombination,
that a c(b) and a cbar (bbar) originating from different hard parton-parton interaction form later a hidden charm (bottom)
meson? How this recombination can be described in an expanding medium? How do quarkonia interact with the
expanding gas of hadrons? How constraining is the precise knowledge of the total charm (beauty) production crosssection? What are other experimental observables to constraint the models?
One of the main difficulties in this sector is the multi-disciplinary aspect of the problems. The competences of different
communities, which often speak a different language, are required. In order to understand how hidden HF mesons are
formed in an expanding QGP, people from lattice gauge groups have to work together with people who have developed
transport approaches and with those who are more familiar with the vacuum physics of hidden heavy mesons. In Europe,
the different competences of small university groups need to be gathered within a strong and efficient collaboration
to address efficiently the current challenges. These groups necessitate of dedicated funding to form interdisciplinary
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collaborations. Two workshops will be organized to bring the exports from the different communities together to discuss,
plan and develop a common multi-disciplinary approach to the problem. The participation of the young postdocs of the
network will be mandatory for carrying the knowledge from one laboratory to another, for seeding future collaborations
and fostering further progress.

Description of work and role of partners
WP18 - NA7- Quark-Gluon Plasma characterisation with heavy flavour probes (Hf-QGP ) [Months: 1-48]
CNRS, INFN
Co-leadership : INFN
Description of work (where appropriate, broken down into tasks), lead partner and role of participants
Spokespersons: Joerg Aichelin, Giuseppe Bruno
The NA will start by assigning tasks to working groups in view of the review paper. Both theoreticians and
experimentalists of different experiments will be nominated to coordinate each working group. Two working groups
“Open HF” and “Quarkonia” will be formed with both theorists and experimentalists as conveners.
Open heavy flavor: we will start with an assessment of the numerical models (Catania, Frankfurt, GSI and Nantes) that
describe the dynamical variables of open heavy flavor hadrons. The perspective is a) to identify key observables to
distinguish between the different non-perturbative theoretical models for the interaction of heavy quarks with the QGP,
used in the simulation approaches and b) to determine the parts which can be controlled by light quark observables (like
the expansion of the QGP, initial state fluctuations, etc.). On the experimental side, the INFN Padua group has taken the
coordination of the sub-group “Open HF” and the INFN Torino group that of the “Quarkonia” sub-group.
In parallel we develop a new interface between these theoretical approaches and the experimental data. The upcoming
high precision data and the presently analyzed correlation data require a new way to compare theory with experiment.
Ideally theory results should pass the same analyzing procedure as the experimental data, an approach that has been
successfully applied at lower colliding energies. Having the experimental and theoretical events available further
analyzing steps can be simultaneously applied to the experimental and theoretical data. By such an analysis agreement
and disagreement between theory and experiment will be systematically studied. It will be the task of the postdocs
employed by the network to establish such a data base and the interface.
Hidden heavy flavor: the theory for hidden heavy flavour production in heavy ion collisions is even more complex
and therefore less developed. It needs a multidisciplinary approach of different subfields to solve the questions at hand
which include the stability of quarkonia at high density and temperature, the recombination of c and cbars from different
primary vertices, their hadronization and their final interaction with hadronic matter. Significant progress can only be
expected from a common effort. The network workshops will bring the driving forces of the different subfields together.
The objective is that these workshops are seeds for future collaborations. In order to be successful the participants have
to share their knowledge and to define a common language. We count especially on postdocs to be the grain for such
collaborations. Special support will be dedicated to their participation. The second workshop, held two years after the
first, will give the opportunity to discuss the progress made and to refocus the tasks, considering the new experimental
results and/or the theoretical developments.
In the 3rd year we plan an assessment of the whole field of heavy hadrons in ultra-relativistic collisions in form of a
workshop at the ETC* where people from all experiments at LHC and RHIC as well as European and non-European
theorists of the concerned fields will be invited.

Participation per Partner
Partner number and short name

WP18 effort

1 - CNRS

15.00

30 - INFN

24.00
Total
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39.00

List of deliverables
Deliverable
Deliverable Title
Number14

Lead beneficiary

Type

Dissemination level

Due
Date (in
months)17

15

16

D18.1

Plan design for the
common strategy for the
extraction of the QGP
transport coefficients

1 - CNRS

Report

Public

10

D18.2

Talks delivered at the
workshop/meetings
1 - CNRS
published at the webpage

Report

Public

36

D18.3

Paper with
recommendation for
the dedicated heavy-ion
periods of LHC after
the 2nd Long Shutdown
for the different LHC
experiments

1 - CNRS

Report

Public

26

D18.4

"Theory database"

1 - CNRS

ORDP: Open
Research
Public
Data Pilot

36

Description of deliverables
D18.1 Plan design for the common strategy for the extraction of the QGP transport coefficients
D18.2 Talks delivered at the workshop/meetings published at the webpage
D18.3 Paper with recommendation for the dedicated heavy-ion periods of LHC after the 2nd Long Shutdown for the
different LHC experiments
D18.4- "theory database"
D18.1 : Plan design for the common strategy for the extraction of the QGP transport coefficients [10]
Co-leadership : INFN D18.1 Plan design for the common strategy for the extraction of the QGP transport coefficients,
which will be publicly available in the dedicated web page of the network (month 10)
D18.2 : Talks delivered at the workshop/meetings published at the webpage [36]
Co-leadership : INFN D18.2 Talks delivered at the workshop/meetings published at the webpage (month 12, 24 and
36)
D18.3 : Paper with recommendation for the dedicated heavy-ion periods of LHC after the 2nd Long Shutdown for the
different LHC experiments [26]
Co-leadership : INFN D18.3 Paper with recommendation for the dedicated heavy-ion periods of LHC after the 2nd
Long Shutdown for the different LHC experiments (month 26)
D18.4 : "Theory database" [36]
Co-leadership : INFN D18.4- Interface between the results of theoretical models and the LHC experimental data
(run-2 and run-3), which will allow comparing dynamically theoretical and experimental data. This approach will
be flexible as far as kinematical regions of interest, centralities and combination of correlations are concerned. The
framework would also allow retrieving the published experimental data from the HEPDATA repository (month 24
first part (theory database) and month 36 full framework).
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Schedule of relevant Milestones
Milestone
number18

Milestone title

Lead beneficiary

Due
Date (in Means of verification
months)

MS28

Assessment of the simulation
programs for open heavy
flavor observables

30 - INFN

12

Publication(s)

MS29

Readiness of the theory
database prototype

1 - CNRS

16

Available on website

MS30

Prototype of tool for datatheory comparison

30 - INFN

24

Available on website

MS31

Draft of strategy paper for
Run 3

30 - INFN

25

Draft ready for revision
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Work package number 9

WP19

Work package title

JRA1-Inter-experiment combination of heavy-ion measurements at the LHC (LHCCombine)

Start month

Lead beneficiary 10

1 End month

1 - CNRS

48

Objectives
Objectives
The first (2010-12) and second (2016-18) runs of the Large Hadron Collider at CERN provide a wealth of results from
heavy-ion collisions. With 25 times more energy, the quark-gluon plasma signatures observed at the Relativistic Heavy
Ion Collider (jet quenching, collective flow…) are again observed, and new probes become accessible (reconstructed
jets, b quark hadrons, electroweak bosons…). Surprisingly, LHC reveals that some of the features expected to arise
from the quark-gluon plasma in nucleus-nucleus (AA) collisions are also observed in proton-nucleus (pA) and even in
selected proton-proton (pp) collisions. The four large LHC collaborations, ALICE, ATLAS, CMS and LHCb, contribute
to this programme with very different and complementary capabilities, both in terms of angular coverage and particle
identification. Up to now, the collaborations worked very independently, in a healthy competition. We believe that
the time has come to improve communication between the four collaborations in the heavy-ion field, and establish an
LHC data-combination working group. These objectives can be split into two tasks: The animation of a common forum
(task 1) to ensure a regular communication between the four collaborations; and cross-experiment combination work
(task 2), such as detailed comparisons of techniques or optimized statistical combination of results, leading to common
publications.
Task 2 will be split in different projects in the first months of the project, after a kick-off meeting leading to a roadmap
(deliverable 1). The range of topics we want to span is as broad as possible. They will concern AA collisions, obviously,
as well as pA and pp (both for references and high-multiplicity studies, with the experiments having very different
bandwidth). Below are a few examples of actions we foresee, although there is no a priori restriction to the scope to
be covered:
• Constrain nuclear parton distribution function (nPDF): Combining the complementary measurements of electroweak
bosons in pPb collisions, at mid (ATLAS, CMS) and forward (ALICE, LHCb) rapidities, as well as di-jet measurements,
will provide the most precise constrains possible to nPDF modellers.
• Light-by-light scattering: An evidence (13 events leading to 4.4 sigmas), published in Nature by ATLAS, was based
on 2015 PbPb collisions. Combined with CMS, it would be a discovery (>5 sigmas). With the 2018 data, more precision
will be achieved and combining results will be key in reaching sensitivity to effects beyond the SM.
• Open charm cross section: Combining all measurements of hadrons containing charm quarks in the various acceptance
of the LHC experiments will allow assessing the total charm cross section, as well as its dependencies on broad ranges
of transverse momentum and rapidity, in pp, pPb and PbPb collisions. These are crucial ingredients to energy loss and
charmonium regeneration models, providing key information to the charm quark dynamics and QGP properties. Same
work will also be carried out for open beauty, though with lower precision because of limited statistics.
• Quarkonia: Another interesting example is the charmonium case, for which most of the expertise is based in Europe,
with the four experiments having very complementary acceptances. Combination for both the high-precision J/ψ and
the statistically challenging ψ(2S) would already provide better understanding of the balance of several effects on these
complicated probes (dissociation, recombination, energy loss, etc.). This last example is likely to serve as a proof-ofprinciple early in the project (it is to be noted that ALICE and LHCb already have common public notes about the
reference quarkonium cross sections in pp collisions). It also extends to bottomonia for which ALICE and CMS have
results at different rapidities.
These are only examples of activities that are likely to lead to publications. We do not limit ourselves to combine and
publish results, and other structuring actions are listed below.
This joint research activity is supported by more than 30 senior European researchers, essentially belonging to different
institutions and spanning a large area of expertise in heavy-ion collisions (heavy flavours, jets, electroweak bosons,
strangeness, correlations, ultra-peripheral collisions…). The majority of them are experimentalists belonging to the four
LHC large collaboration: ALICE, ATLAS, CMS and LHCb. They are convinced that the end of run 2 should see the
rise of a cross-experiment effort and are willing to contribute to LHC-Combine, in particular in participating to the
kick-off meeting.

Description of work and role of partners
Page 74 of 141

WP19 - JRA1-Inter-experiment combination of heavy-ion measurements at the LHC (LHC-Combine) [Months:
1-48]
CNRS, INFN, IFJ PAN, AGH UST
Description of work (where appropriate, broken down into tasks), lead partner and role of participants
Spokesperson: Raphaël Granier de Cassagnac
In order to start the activity, we ask for one postdoctoral position per experiment, for 12-18 months each (depending
on the candidate salary and experience). We will supplement each of these 1-year positions with 2-year local funds.
The postdoctoral fellows will thus spend continuously, during three years, a third of their time on cross-experiment
projects, the two other third being used to convey work in their collaboration, possibly in link with their combination
activities. Administered in local institutes, these four postdoc fellows will benefit from extended stays at CERN (or even
be permanently there) for a better connection between them, and with the individual collaborations. We believe that this
connection and commitment can only arise from a joint and focused source of funding, which H2020 is ideally positioned
to provide. To optimize the topical coverage, we envision a single call for applicants, and will form a committee to find
the best combination of four candidates. In order to raise the cross-experiment knowledge, we will encourage applicants
to consider a change of collaboration. To maximise the reach of the activity, they will also be chosen in different areas
of expertise. Ideally, this should determine by which institutions and advisors they will be administered (remembering
they will be relatively independent and often at CERN). The postdoc fellows will be enrolled as early as possible (all
during year 1), for at least three years, hence with a large overlap during the project.
Early 2019, right after the end of run 2, we will organize a kick-off community gathering at CERN, that will produce a
road map (deliverable 1), answering the question: what do we foresee as common work on the run 2 data? The postdocs
will then call for a monthly LHC-Combine forum to address the needs for common work, with the help of the community
and of their advisors. They will invite to these meetings whoever is needed, relying on the solid base of participating
institutes and people supporting this proposal, but also beyond. Once LHC-Combine actions are identified, we will
find manpower to convey the relevant studies. These actions include comparative studies, combination of results with
appropriate statistical methods, writing joint publications, etc. It is to be noted that, as in other combination working
groups, the production of uncertainty correlation matrices between measurements coming from different experiments
will be a substantial part of the work. The resulting unique and combined results will be useful for generator makers,
phenomenologists and theorists. Depending on the observable, their advice will also be required. Our connections with
several of them are well established and some already support strongly the current proposal.
The work will not be limited to actual combination of measurements. Comparing and discussing experimental methods
in detail seem crucial to better understand experimental results. On the jet front, for instance, the methods to subtract the
underlying event differ from an experiment to another, and a comparison leading to unifying (or sharing) the methods
will be beneficial. Concerning correlations, comparing in detail the implementation of various methods (cumulants,
scalar product, LYZ…) would also be interesting. Furthermore, the forum that we will initiate and animate has the
potential to become a unique place of discussion between the four collaborations on heavy-ion topics, including
comparison of methods, event selection, centrality or multiplicity definition, beam requests, etc. Consequently, these
activities will naturally have an impact on the beam, trigger and analysis strategies for runs 3 (2021-23) and 4 (2026-29)
of the LHC data taking. Ultimately, some of us would even like to explore the paradigm-shifting long-term idea of
performing cross-collaboration analyses… By the end of the project, we wish to write an outlook report paper on the
future of heavy-ion physics at the LHC for run 4 and beyond.
In all these processes, no collaboration internal rules will be violated. Discussions with the four management teams
already occurred to ensure their support, and they will be consulted as soon as specific needs to share internal material or
release official combined results as publications (or supplementary material) are identified. We expect that once started,
LHC-Combine will continue beyond H2020, with the full support of the collaborations. Finally, LHC-Combine will
have a crucial impact on the understanding of the medium created in heavy-ion collisions, as well as a structuring impact
on the community.

Participation per Partner
Partner number and short name

WP19 effort

1 - CNRS

18.00

30 - INFN

12.00

37 - IFJ PAN

24.00

45 - AGH UST

24.00
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Partner number and short name

WP19 effort
Total

78.00

List of deliverables
Deliverable
Deliverable Title
Number14

D19.1

Vivid forum

Lead beneficiary

Type15

Due
Dissemination level16 Date (in
months)17

1 - CNRS

Websites,
patents
filling, etc.

Confidential, only
for members of the
consortium (including 1
the Commission
Services)

D19.2

Road map

1 - CNRS

Report

Confidential, only
for members of the
consortium (including 6
the Commission
Services)

D19.3

Cross-experiment papers

1 - CNRS

Report

Public

48

D19.4

Outlook report paper

1 - CNRS

Report

Public

48

Description of deliverables
D19.1- Vivid forum
D19.2- Road map
D19.3- Cross-experiment papers
D19.4- Outlook report paper
D19.1 : Vivid forum [1]
D19.1- Vivid forum, with a dedicated website with an agenda, list of meetings, archived talks, etc. This lively forum
will evolve during the entire project, and even beyond. (month 1)
D19.2 : Road map [6]
D19.2- Road map, after the kick-off meeting (milestone #1), a short document will list the possible topics of joint
research on past data (run 1 and 2). Its release will follow shortly milestone #1 (month 6)
D19.3 : Cross-experiment papers [48]
D19.3- Cross-experiment papers We would consider LHC-Combine as “successful” if we release typically one joint
publication per postdoc, hence four on the duration of the project (for instance at month 12, 24, 36 and 48). By “joint”
we mean implying at least two collaborations (after month 12).
D19.4 : Outlook report paper [48]
D19.4- Outlook report paper This document should summarize our work and conclusion. Based on a critical
assessment of the four experiment capabilities, it should provide recommendations for run 4 and beyond in terms of
beam requests, trigger strategies, data handling and sharing, etc. (before month 48).

Schedule of relevant Milestones
Milestone
number18

Milestone title

Lead beneficiary

Due
Date (in Means of verification
months)

MS32

Kick-off

1 - CNRS

4
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The roadmap exists and the
website is up and running

Schedule of relevant Milestones
Milestone
number18

MS33

Milestone title

Publication

Lead beneficiary

1 - CNRS
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Due
Date (in Means of verification
months)
24

A first publication from at
least two collaborations is
submitted to a peer-reviewed
journal

Work package number 9

WP20

Work package title

JRA2- Fixed Target Experiments at the LHC (FTE@LHC)

Start month

Lead beneficiary 10
1 End month

1 - CNRS
48

Objectives
The study of collisions of high-energy hadron beams with fixed targets, including polarised and nuclear targets, has
the potential to significantly expand the range of fundamental physics phenomena accessible at hadron colliders. The
high-energy proton and ion beams of the LHC allow for the most energetic fixed-target experiment ever performed.
For 7 TeV proton (2.76 TeV per nucleon lead) beam, the center-of-mass energy is 115 GeV (72 GeV), in between
the nominal RHIC and SPS energies. The fixed-target mode operated at high luminosity, on the order of the inverse
femtobarn (nanobarn) in p-p (A-A) collisions, allows for an intensive study of rare processes, novel spin correlations,
dynamics at high momentum fraction (x), QCD phase transition, nuclear phenomena. Most of these phenomena are
not accessible otherwise. This Joint Research Activity (JRA) is motivated by physics questions related to quark and
gluon distributions in the nucleon and nuclei at large-x, including charm content of the proton and its connection with
astroparticle physics, quark and gluon Sivers effects and the proton spin, and novel hard probes of the quark-gluon
plasma (QGP) close to the QCD phase transition.
We plan to investigate and implement fixed-target experiments at the LHC with the ALICE and LHCb detectors and to
shape convincing physics cases for these novel projects to pave the way for a Letter of Intent submission within these
Collaborations. The most advanced proposals will be examined (gas target and crystal in ALICE and gas target in LHCb)
and interactions between experiments will be enforced by the project. Due to the larger transverse size of the LHC beam
at the injection with respect to the one at nominal energy, the storage cell must be openable to allow the passage of
the proton bunches in any condition. In order to study the movement system and its interference, the beam induced
charges, the wall coating and possible beam induced background, tests are foreseen at COSY. Different prototypes will
be implemented directly into the vacuum chamber of the already existing polarised gas target. Measurements will be
taken both with and without beam. Our aim is to develop new theoretical ideas, quantifying the phenomenological
opportunities offered by the two facilities and, using realistic simulations accounting for experimental possibilities and
limitations, to benchmark selected observables.

Description of work and role of partners
WP20 - JRA2- Fixed Target Experiments at the LHC (FTE@LHC) [Months: 1-48]
CNRS, FZJ, USC, INFN, NCBJ, WUT, LIP
Co-leadership : INFN
Description of work (where appropriate, broken down into tasks), lead partner and role of participants
Spokespersons: Pasquale Di Nezza, Cynthia Hadjidakis
In order to achieve these objectives, three tasks were defined:
1. Feasibility studies in ALICE,
2. Gas-target development in LHCb
3. Phenomenological and theoretical studies.
The activities related to these tasks will be performed within three working groups that will be coordinated by CNRS/
IPN-Orsay, INFN/Frascati and LIP/Lisboa, respectively. The manpower will be allocated to the following institutions:
CNRS, INFN, WUT, LIP, USC, NCBJ and FZJ. The EU requested support for the manpower effort for task 1 corresponds
to 36 months of postdoc and for task 2 to 32 months of postdoc. For task 3, it corresponds to 12 months of postdoc
and 35 months of Ph.D thesis (USC and NCBJ). The postdoc position and Ph.D thesis will be complemented by local
funding to provide at least a 2-years position for a postdoc and the full term position for a Ph.D thesis (3 or 4 years). This
manpower support is essential to achieve the proposed tasks and to ensure a coordinated work between the different
groups contributing to each working group. The activities of the three working groups will be reviewed during annual
meetings that will take place at CERN or in a participant institute.
For each task, we have defined several subtasks that consist of:
Task 1: feasibilities studies in ALICE
• Study on the gas-jet target implementation and study of the L3 magnetic field constraints on a polarised setup;
• Integration of a solid target internal to the beam pipe and study of its material budget;
Page 78 of 141

• Estimation of the detector performance with a vertex shifted from the nominal interaction point by using full
simulations and improvement of the tracking reconstruction code for shifted vertex;
• Full simulations of selected soft and hard processes with the ALICE setup.
Task 2: gas-target development in LHCb
• Design and construction of the unpolarised target for LHCb, including openable cell, Wake Field Suppressor and Gas
Feed System;
• Standalone tests on gas polarisation and dissociation according to the LHC requirements;
• Design of the new polarised gas target made of a new vacuum chamber and a compact Atomic Beam Source and
Target Diagnostic system;
• Full simulation for the detector performances with a vertex shifted from the nominal interaction point; Implementation
of the new trigger and tracking reconstruction code;
• Based on SMOG data, improvement and exploration of new methods for luminosity determination;
• Full simulations of selected hard processes with the LHCb setup.
Task 3: phenomenological and theoretical studies
• Threshold resummation for W production at large x in p-p collisions;
• Estimation of transverse single-spin asymmetries for novel processes;
• Impact of expected measurements in p-p collisions on gluon and charm distributions at high x;
• Impact of expected measurements in p-A collisions on nuclear pdfs, on gluon EMC effect in the nuclei and on the
violation of pQCD factorization at large x;
• Investigation on c production in heavy-ion collisions through the polarisation pattern of J/ψ from p-p to central PbA collisions;
• Study of Drell-Yan factorization breaking in Pb-A collisions.

Participation per Partner
Partner number and short name

WP20 effort

1 - CNRS

12.00

7 - FZJ

8.00

20 - USC

15.00

30 - INFN

24.00

35 - NCBJ

20.00

36 - WUT

24.00

39 - LIP

12.00
Total

115.00

List of deliverables

Type15

Due
Dissemination level16 Date (in
months)17

D20.1

Internal report to
the Collaboration
Mechanical integration of 1 - CNRS
an internal solid target in
ALICE

Report

Confidential, only
for members of the
consortium (including 24
the Commission
Services)

D20.2

Peer-reviewed paper.
Design of gas-jet
implementation in
ALICE

Report

Public

Deliverable
Deliverable Title
Number14

Lead beneficiary

36 - WUT
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18

List of deliverables
Deliverable
Deliverable Title
Number14

Lead beneficiary

15

16

Due
Date (in
months)17

Type

Dissemination level

Report

Confidential, only
for members of the
consortium (including 36
the Commission
Services)

Report

Confidential, only
for members of the
consortium (including 18
the Commission
Services)

Report

Confidential, only
for members of the
consortium (including 36
the Commission
Services)

D20.3

Software, simulations
and internal reports

D20.4

Internal report
Installation of the
unpolarised gas target
into LHCb

D20.5

oftwares, simulations and
internal reports Improve
track reconstruction,
30 - INFN
detector performances
and dedicated HLT
triggers in LHCb

D20.6

Internal reports Design of
the polarised gas target
30 - INFN
for LHCb

Report

Confidential, only
for members of the
consortium (including 48
the Commission
Services)

D20.7

Peer-reviewed paper
Phenomenology and
theory papers for high-x,
spin and QGP physics

Report

Public

1 - CNRS

30 - INFN

39 - LIP

48

Description of deliverables
D20.1 Internal report to the Collaboration Mechanical integration of an internal solid target in ALICE
D20.2-Peer-reviewed paper. Design of gas-jet implementation in ALICE
D20.3- Software, simulations and internal reports.
D20.4-Internal report Installation of the unpolarised gas target into LHCb
D20.5-Softwares, simulations and internal reports Improve track reconstruction, detector performances and dedicated
HLT triggers in LHCb
D20.6-Internal reports Design of the polarised gas target for LHCb
D20.7-Peer-reviewed paper Phenomenology and theory papers for high-x, spin and QGP physics
D20.1 : Internal report to the Collaboration Mechanical integration of an internal solid target in ALICE [24]
D20.1 Internal report to the Collaboration Mechanical integration of an internal solid target in ALICE (month 24)
D20.2 : Peer-reviewed paper. Design of gas-jet implementation in ALICE [18]
D20.2-Peer-reviewed paper. Design of gas-jet implementation in ALICE (month 18)
D20.3 : Software, simulations and internal reports [36]
Co-leadership : WUT D20.3- Software, simulations and internal reports. Improve track reconstruction and study
detector performances in ALICE for various target positions (month 36)
D20.4 : Internal report Installation of the unpolarised gas target into LHCb [18]
Co-leadership : FZJ D20.4-Internal report Installation of the unpolarised gas target into LHCb (month 18)
D20.5 : oftwares, simulations and internal reports Improve track reconstruction, detector performances and dedicated
HLT triggers in LHCb [36]
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D20.5-Softwares, simulations and internal reports Improve track reconstruction, detector performances and dedicated
HLT triggers in LHCb (month 36)
D20.6 : Internal reports Design of the polarised gas target for LHCb [48]
Co-leadership : FZJ D20.6-Internal reports Design of the polarised gas target for LHCb (month 48)
D20.7 : Peer-reviewed paper Phenomenology and theory papers for high-x, spin and QGP physics [48]
Co-leadership : USC, NCBJ D20.7-Peer-reviewed paper Phenomenology and theory papers for high-x, spin and QGP
physics (month 24,27,42 and 48)

Schedule of relevant Milestones
Milestone
number18

Milestone title

Lead beneficiary

Due
Date (in Means of verification
months)

MS34

Code for full simulation in
ALICE

1 - CNRS

27

Software released

MS35

Code for full simulation in
LHCb

1 - CNRS

15

Software released

MS36

Gas target and detector setup
ready for gas polarisation and 1 - CNRS
dissociation studies

27

Up and running
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Work package number 9

WP21

Work package title

JRA3-Precision Tests of the Standard Model (PrecisionSM)

Start month

Lead beneficiary 10
1 End month

9 - JGU MAINZ
48

Objectives
Objectives
Precision experiments at low energy, often called the Intensity Frontier of the Standard Model, entail measuring
parameters of SM with high precision thereby constraining the contributions of yet unknown non-standard interactions
and particles. While collider searches are best suited to look for heavy new particles, low-energy tests are sensitive to the
full range of new physics. The experimental programs that define the context of this proposal are: precise determination
of the muon anomalous magnetic moment (g-2)μ; extraction of the CKM matrix element Vud from beta decay, and of
the weak mixing angle from parity-violating electron scattering (PVES). The new physics reach of these tests of SM
is directly related to their precision which consists of the proper accuracy of the experiment, and that of theoretical
calculations of radiative corrections (RC). In all processes of interest for this package, the precision requires accounting
for the effects of the structure of hadrons in the kinematical regime where QCD is non-perturbative. This requirement
promotes dispersive methods as the main tool for calculating the hadronic structure effects. Based on very general
properties of scattering amplitudes and symmetries of QCD, dispersion relations use experimental data, and uncertainties
thereof straightforwardly propagate in the uncertainty of the calculated corrections. The use of dispersive methods for
evaluating hadron structure-dependent corrections is at heart of this JRA proposal, as it connects hadronic experiments
(meson production at colliders, electron and neutrino-scattering off fixed-target) to theory of SM radiative corrections
and to precise determination of parameters of the SM. Our goal is to include new experimental input in this dispersive
treatment and compare with independent data wherever possible. The key objectives of this WP are as follows:
Hadronic Vacuum Polarization (HVP) [Task 2.1] represents the largest uncertainty for the electroweak precision tests at
new colliders and its error of about 1% is still dominating the uncertainty of the SM prediction of (g-2)μ. The accuracy of
the ongoing Fermilab muon g-2 experiment requires a considerable reduction of the uncertainty of hadronic corrections.
The most precise evaluation can be obtained by a dispersion integral using experimental data for hadronic cross sections.
The required improvement in aμHVP will only be possible if issues like the details of the RC for the hadronic cross
section data used as well as systematic errors and correlations can be addressed successfully. It also requires a good
knowledge of the dynamics for hadronic final states. We will systematically compare the results with an independent
method to predict aμHVP by using Lattice QCD, which is the focus of DOE Muon g-2 Theory Initiative. We have
proposed and will pursue in this project a novel direct HVP determination in muon-electron elastic scattering or Bhabha
process at flavor factories. Feasibility studies of such an experiment at CERN have just started; it will require a new
level of precision for RC and multiple scattering effects. Hadronic Light-by-Light (HLbL) [Task 2.2] contribution to
(g-2)μ consists of the coupling of four photons by intermediate hadronic states. This object has complicated Lorentz
structure, so it is much more complicated that HVP which is given just by one dispersion relation. We will pursue the
proposed data driven approach based on developed dispersion relations, which use as the input differential distributions
of several hadronic and radiative processes. The goal is to minimize model dependencies in the predictions and to give
a reliable estimate of the experimental and theoretical uncertainties for HLbL contribution with the precision required
for the new g-2 measurement. The main contribution to HLbL is from the single-meson exchanges, which have as a
subpart the neutral pseudoscalar meson transition form factors. Relevant experiments are carried out and planned worldwide, and coordinating these efforts and providing knowledge data base for interpretation and use of the results is the
goal of this JRA.
Precise determination of the weak mixing angle with PVES and Vud from beta decay [Task 1.1]: the relevant corrections
are the electroweak (EW) boxes that involve an exchange of two gauge vector bosons V = γ, Z, W between the lepton
and the hadronic system of interest. While pure electroweak corrections (of which the γ-Z mixing, the analogue of
the vacuum polarization from the previous two tasks, is an important part) can be reliably evaluated at 10-4 level,
the accuracy of EW boxes calculations is more difficult to control. Recent works showed the importance of a reliable
calculation of the γZ-box for the extraction of the weak mixing angle from PVES on a free proton, which is the subject
of the P2@MESA experiment in Mainz. MESA will also use the C-12 target with the same detector system. The γW-box
is the main nonexperimental source of uncertainty in extracting Vud from nuclear β-decays. Since Vud is the dominant
contribution to the unitarity constraint of the first row of the CKM matrix, reducing the uncertainty of the γW-box is of
utmost importance. The dispersion integrals for the EW boxes require knowledge of γZ and γW interference inelastic
structure functions in the resonance region and beyond. Constructing this input in a close collaboration of theory and
experiment, and providing reliable and controlled uncertainty estimates of the EW boxes is the goal of this subproject.
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Determination of the neutrino properties [Task 1.2]: in accelerator-based experiments, meson and photon production
channels contribute a background for extraction of neutrino oscillation parameters. An ambitious experimental program
to test the three-generation paradigm, establish the order of mass eigenstates and investigate CP violation includes
existing (NOνA, T2K) and future (DUNE, T2HK) accelerator based experiments. The proposed combined theoretical
and experimental study of meson production with neutrino beam is a necessary ingredient to confirm hypothetic nonstandard neutrino oscillations within neutrino experiments, the results of the analysis will serve as input in the calculation
of the electroweak boxes and may prove crucial to better constrain calculations of nuclear matrix elements for neutrinoless double β decay experiments.

Description of work and role of partners
WP21 - JRA3-Precision Tests of the Standard Model (PrecisionSM) [Months: 1-48]
JGU MAINZ, INFN, UU
Description of work (where appropriate, broken down into tasks), lead partner and role of participants
Spokesperson: Mikhail Gorshteyn, Andrzej Kupsc
Task 1: Hadronic effects in precision tests of the weak sector of SM
Task 1.1 - Electroweak MAID (Mainz, Valencia) Extend the existing partial wave analysis of photo- and
electroproduction of π, η, K-mesons MAID https://maid.kph.uni-mainz.de/ to electroweak probes (π, η, K production
in PVES and ν-scattering), and to meson production from nuclei, and include multi-meson production channels (Mainz,
Cracow, TJNAF). The development of this analysis tool will strengthen the synergy between the electron scattering
program at Mainz and TJNAF, and the neutrino scattering program at Fermilab and J-PARC. Task 1.2 – New MC (Mainz,
Valencia, Fermilab) build weak MAID into the Monte Carlo event generators for short baseline neutrino experiments.
Task 1.3 - EW Boxes: (Mainz, UMass) Weak MAID will be embedded in a dispersive calculation of the γZ-box RC for
PVES and γW-box RC to beta decay. We will give calculations for a single nucleon (PVES experiment P2@MESA and
free neutron decay, respectively) and nuclear targets (PVES experiment C12@MESA and superallowed nuclear beta
decay). They will allow analyzing the precision tests of the SM for the running of the weak mixing angle and the CKM
matrix element Vud and CKM unitarity.
Task 2: Hadronic effects in precision tests of the electromagnetic sector of the Standard Model
We will coordinate efforts of EU researchers working on hadronic contributions to (g-2)μ by organizing meetings and by
contributing to DOE Muon g-2 Theory Initiative white books which are scheduled in parallel with anticipated Fermilab
results with increased precision. In particular we will provide a data base for low energy hadronic processes relevant
to (g-2)μ. T2.1 - HVP: Compilation of an annotated database for low-energy hadronic cross sections in e+e- collisions.
The database will contain information about the reliability of the data sets, their systematic errors, and the treatment
of RC. This project is supported by the Particle Data Group at the IPPP Durham (UU, INFN-Pisa, UL, USlaski, BINP,
Mainz, LAL UPS). Feasibility studies for the spacelike HVP determination by developing methods for RC and multiple
scattering effects with new level of precision. T2.2 - HLbL: On the experimental side this subtask includes preparation of
knowledge data base on the differential cross sections for the production and decay processes of mesons and production
of meson pairs relevant to HLbL. On the theory side various contributions to (g-2)μ will be studied to see how they
depend on the experimental constraints. This will be done using a variety of methods concentrating on Euclidean
methods (Lund, Giessen) and dispersive constraints (Mainz, Bern). The groundwork for a new comprehensive analysis
of the HLbL including the study of all theoretical asymptotic constraints and double counting issues at boundaries and
between different types of contributions (Lund, Giessen, Barcelona, Marseille, Bucarest, LPHNE) will be laid. This will
include comparison with lattice QCD, meson form factors, and other processes with off-shell photons. Meson transition
form factors and hadronic decays will be studied theoretically (UBO, UU, Lund, Prague, Orsay, Bern, Mainz, UAB,
FZJ).

Participation per Partner
Partner number and short name

WP21 effort

9 - JGU MAINZ

23.00

30 - INFN

14.00

41 - UU

6.00
Total
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43.00

List of deliverables
Deliverable
Deliverable Title
Number14

Lead beneficiary

Type

Dissemination level

Due
Date (in
months)17

D21.1

Electroweak MAID

9 - JGU MAINZ

Websites,
patents
filling, etc.

Public

18

D21.2

Report on spacelike
HVP in muon-electron
scattering at CERN vs
timelike HVP

30 - INFN

Report

Public

24

D21.3

Report on hadronic
corrections to precision
tests in the weak sector

9 - JGU MAINZ

Report

Public

48

D21.4

Database on hadronic
processes relevant for
HVP and HLbL

30 - INFN

ORDP: Open
Research
Public
Data Pilot

48

15

16

Description of deliverables
D21.1-Electroweak MAID
D21.2-Report on spacelike HVP in muon-electron scattering at CERN vs timelike HVP
D21.3-Report on hadronic corrections to precision tests in the weak sector
D21.4- Database on hadronic processes relevant for HVP and HLbL
D21.1 : Electroweak MAID [18]
D21.1-Electroweak MAID (month 18). For weak π,η production will be made accessible on the existing MAID
website, and computer code provided for download. This deliverable is also the Milestone 1, and will serve as input
for Milestone 3, new MC event generator. The formalism will be extended to kaon and multi-pion channels and to
nuclear targets, and will be directly applicable to the conditions of the actual short baseline neutrino experiments.
D21.2 : Report on spacelike HVP in muon-electron scattering at CERN vs timelike HVP [24]
D21.2-Report on spacelike HVP in muon-electron scattering at CERN vs timelike HVP (month 24). We will organize
a workshop on this topic, the Milestone 2.
D21.3 : Report on hadronic corrections to precision tests in the weak sector [48]
D21.3-Report on hadronic corrections to precision tests in the weak sector (month 48). It will incorporate the results
of this package to update EW boxes for extracting WMA from PVES, Vud from -decay, and neutrino oscillation
parameters from short baseline experiments.
D21.4 : Database on hadronic processes relevant for HVP and HLbL [48]
D21.4- Database on hadronic processes relevant for HVP and HLbL (month 48). It will allow updating the hadronic
contributions to the muon g-2 which we will include in the Muon g-2 theory report. A close cooperation with one
of the two Virtual Access projects within this proposal will be beneficial for this task. To monitor the progress
and enhance networking amongst the consortium throughout the funding period we plan to organize 3 workshops
common for T1 and T2.

Schedule of relevant Milestones
Milestone
number18

Milestone title

Lead beneficiary

Due
Date (in Means of verification
months)

MS37

Weak MAID

9 - JGU MAINZ

18
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Website up and running

Schedule of relevant Milestones
Milestone
number18

Milestone title

Lead beneficiary

Due
Date (in Means of verification
months)

MS38

HVP space- vs timelike HVP
workshop

9 - JGU MAINZ

24

Book of abstracts

MS39

New Pi production MC event
generator

9 - JGU MAINZ

42

Software released and
validated

MS40

Database for hadronic
processes relevant to HVP
and HLbL

9 - JGU MAINZ

42

First version of the website up
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Work package number 9

WP22

Work package title

JRA4-3D structure of the nucleon in momentum space (TMD-neXt)

Start month

Lead beneficiary 10
1 End month

30 - INFN
48

Objectives
Objectives
The exploration of the internal structure of hadrons is one of the core missions of hadronic physics. TMD-neXt will
join together a network of experimentalists and theorists with the aim of mapping the distributions of partons inside
hadrons in momentum space, including their dependence on spin. The complete three-dimensional information on
these distributions is encoded in Transverse-Momentum Dependent Parton-Distribution Functions (TMD PDFs). In
experimental observables, they are often combined with Transverse-Momentum Dependent Fragmentation Functions
(TMD FFs). During the last ten years, pioneering advances have opened up a broad vision of this multidimensional
landscape. The time has come to sharpen this vision and make a transition from an exploration phase to a precision phase.
TMD-neXt will open the way to the next-generation extractions of Transverse-Momentum Distributions (TMDs).
In the envisaged four years’ running of the work package, we will lay the cornerstones for precision mapping of partonic
structure in momentum space. In terms of concrete objectives, TMD-neXt plans to:
- increase the amount of data available for TMD studies,
- test the validity and limits of applicability of the TMD framework,
- extract TMDs from available data,
- extend the formalism in particular to gluon-dominated processes.
The successful completion of these objectives requires us to collect, analyze, interpret data of increasing quality and
quantity from several different experiments around the world (e.g., COMPASS, CMS, TJNAF, BELLE), as well as plan
new experimental measurements (e.g., EIC, fixed target at LHC). This endeavor calls for a close interaction between
experimentalists and theorists, which is at the heart of this research activity.

Description of work and role of partners
WP22 - JRA4-3D structure of the nucleon in momentum space (TMD-neXt) [Months: 1-48]
INFN, UCM, UPV/EHU, UOM, RUG
Spokesperson: Alessandro Bachetta
Task 1. Analysis of Drell-Yan data. The COMPASS collaboration will analyze unpolarized and polarized DY data,
suitable for the study of unpolarized TMDs and the Sivers polarized TMD in the range 4 GeV < Q < 9 GeV. Of particular
importance is the experimental verification of the sign-reversal property of the Sivers function in polarized Drell-Yan
processes, which is a crucial test of the validity of TMD factorization. First measurements have been presented in 2017
(http://arxiv.org/abs/arXiv:1704.00488). An increase in statistics is necessary to draw more stringent conclusions and
data taking is in progress. The lead institution in this subtask will be INFN (Torino), in collaboration with LIP (Lisbon)
and CEA/IRFU. TMD-neXt will provide support for 7 post-doc months, to be matched with money from the involved
institutions in order to guarantee at least one post-doc years.
One unit of personnel will be devoted to the data analysis of CMS DY data. With the high luminosity recorded at the
LHC run2 ( > 100 fb-1) a new region of phase space for the study of TMDs can be accessed: the region of highest
transverse momentum (>2-3 TeV) in di-jet production and DY production with 4 GeV < Q < 1-2 TeV. Special emphasis
will be put on the measurements from lowest and highest mass Q, in order to provide the largest possible lever arm to
study TMD evolution. The lead institution in this subtask will be the University of Montenegro, in collaboration with
DESY (Hamburg). TMD-neXt will provide support for 6 post-doc months, to be matched with money from the involved
institutions in order to guarantee at least one post-doc year.
DY data provide extremely useful information for TMD studies, but they are not sufficient: for instance, they provide
scarce information on the x dependence and the flavour dependence of TMDs. Moreover, to test the sign change of the
Sivers function, reliable TMD extractions based on semi-inclusive DIS data are essential.
Task 2. Analysis of semi-inclusive DIS data. The COMPASS collaboration is currently providing the largest data set
for the extraction of TMDs (http://arxiv.org/abs/arXiv:1709.07374), collected off deuteron targets. The collaboration
will carry out the analysis of liquid hydrogen data, with the support of one unit of personnel from TMD-neXt. These
data will be important also for a flavour decomposition of TMDs. Toward the end of the project, COMPASS plans
also measurements with transversely polarized deuteron (LiD) target. The lead institution in this subtask will be INFN
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(Trieste), in collaboration with CEA/IRFU. TMD-neXt will provide support for 10 post-doc months, to be matched with
money from the involved institutions in order to guarantee at least one post-doc year.
The CLAS12 collaboration will take data and analyze them in the most suitable way for TMD studies, after the recent
12GeV upgrade at TJNAF. Given the expected high statistics, multidimensional binning will be possible and provide
extremely useful information, in a region of kinematic variables complementary to that of the COMPASS experiment.
Polarized results from CLAS12 are expected towards the end of TMD-neXt, and in any case important steps toward the
start of these measurements will take place. The lead institution in this subtask will be INFN (Ferrara and Frascati) in
collaboration with TJNAF. TMD-neXt will provide support for 10 post-doc months, to be matched with money from
the involved institutions in order to guarantee at least one post-doc year.
The TMD observables in semi-inclusive DIS always involve the convolution of TMD PDFs and FFs. In order to take
full advantage of these invaluable data, independent information of fragmentation function should be retrieved by
measurements in electron-positron annihilation processes.
Task 3. Analysis of electron-positron data. The BELLE and BABAR experiments have accumulated an enormous
amount of data for e+e− collisions at Q2~100 GeV2. Some measurements related to TMDs have been presented in the
last years, essential for the extraction of polarized TMD FFs. For a reliable test of the TMD formalism, it is necessary
first of all to pin down unpolarized TMD FFs. One unit of personnel will be devoted to performing a fully differential
analysis of hadron multiplicities of BELLE data in e+e−. Further studies of azimuthal asymmetries at BABAR will be
performed. Measurements at BESIII will also be taken into consideration. The lead institution in this task will be the
University of the Basque Country, in collaboration with INFN. TMD-neXt will provide support for 6 post-doc months,
to be matched with money from the involved institutions in order to guarantee at least one post-doc year.
Task 4. Quark TMD extractions. All existing and upcoming data will be incorporated in extractions of unpolarized and
polarized TMD PDFs and FFs, based on full QCD analyses at the highest possible accuracy. These “global fits” represent
the next stage in TMD analysis (http://arxiv.org/abs/arXiv:1703.10157). They will lead to stringent tests of the validity
of the TMD framework and of its limits of applicability, including the crucial test of the sign-reversal property of the
Sivers function in polarized DY. Apart from the Sivers function, emphasis will be given to the transversity distribution
and to the Collins fragmentation function. The lead institution in this task will be INFN (Pavia, Torino, Cagliari), in
collaboration with Universidad Complutense Madrid, University of Regensburg, VU Amsterdam, INR Sofia, Imperial
College London. TMD-neXt will provide support for 6 post-doc months, to be matched with money from the involved
institutions in order to guarantee at least one post-doc year.
Task 5. Gluon TMD studies. Constraining gluon TMDs is a crucial step in our understanding of the 3D structure of
hadrons. In fact, the study of gluon TMDs is one of the main motivations pushing forward the design of the EIC, and
the proposal of a fixed-target experiment at LHC. However, the theoretical background needs to be improved in order
to make gluon TMD extractions possible. TMD-neXt will work out the proper framework to access unpolarized and
polarized gluon TMDs, considering in particular quarkonium production and jet-jet production in electron-proton or
proton-proton collisions. The universal, non-universal and possibly non-factorizing parts will be identified. Ways to
separate out the various types of contributions will be investigated. Quantitative estimates of observables will be made,
based on the existing limited knowledge on gluon TMDs. The lead institution in this task will be Rijksuniversiteit
Groningen, in collaboration with CNRS/CHPT, Eberhard Karls Universität Tübingen, VU Amsterdam, and INFN
(Cagliari). TMD-neXt will provide support for 6 post-doc months, to be matched with money from the involved
institutions in order to guarantee at least one post-doc year.
The outcomes of TMD-neXt (data, TMD extractions, analysis tools) will be made available to the public through online
databases and the dedicated “3DPartons” Virtual Access Work Package within this project.
From TMD-neXt studies, it will also be possible to estimate the impact of measurements at future experimental facilities,
such as the EIC, where multidimensional binning of unpolarized and polarized semi-inclusive TMD observables will be
possible, covering a kinematic range accessible only to a collider. This part of the studies will be done in coordination
with the next-DIS WP.

Participation per Partner
Partner number and short name

WP22 effort

18 - UCM

1.00

21 - UPV/EHU

6.00

30 - INFN

29.00

32 - UOM

6.00
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Partner number and short name

WP22 effort

33 - RUG

6.00
Total

48.00

List of deliverables
Deliverable
Deliverable Title
Number14

Lead beneficiary

Type

Dissemination level

Due
Date (in
months)17

15

16

D22.1

TMD data from DY,
SIDIS, e+e−

30 - INFN

Report

Public

48

D22.2

Parametrizations of TMD
30 - INFN
PDFs and FFs

Report

Public

48

D22.3

Estimates of quarkonium
33 - RUG
production in SIDIS

Report

Public

48

Description of deliverables
D22.1-TMD data from DY, SIDIS, e+e−
D22.2-Parametrizations of TMD PDFs and FFs
D22.3-Estimates of quarkonium production in SIDIS
D22.1 : TMD data from DY, SIDIS, e+e− [48]
D22.1-TMD data from DY, SIDIS, e+e− COMPASS will provide DY measurements in the range 4 GeV < Q <
9 GeV. CMS will provide DY measurements in the range 4 GeV < Q < 1-2 TeV. COMPASS will provide SIDIS
measurements off unpolarized proton and polarized deuteron targets. TJNAF will provide SIDIS measurements with
high statistics mainly in the high-x region. BELLE and BABAR will provide hadron multiplicities and azimuthal
modulations at Q~10 GeV (months 24, 36, 48).
D22.2 : Parametrizations of TMD PDFs and FFs [48]
D22.2-Parametrizations of TMD PDFs and FFs Unpolarized and polarized TMD PDFs and FFs will be extracted
using all available data from SIDIS, DY, and e+e− processes and made available to the public through the dedicated
“3DPartons” Virtual Access Work Package within this project (month 48)
D22.3 : Estimates of quarkonium production in SIDIS [48]
D22.3-Estimates of quarkonium production in SIDIS Quantitative estimates of observables sensitive to gluon TMDs
in quarkonium production in SIDIS will be made, particularly relevant for collider SIDIS experiments (month 48).

Schedule of relevant Milestones
Milestone
number18

Milestone title

Lead beneficiary

Due
Date (in Means of verification
months)

MS41

Optimization of COMPASS
setup for polarized deuteron
run

30 - INFN

21

COMPASS ready to start data
taking

MS42

Implementation of polarized
target at CLAS12

30 - INFN

15

Polarized target up and
running

MS43

Check compatibility of
TMD framework with data

30 - INFN

30

Compatibility of TMD fits
with data
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Schedule of relevant Milestones
Milestone
number18

Milestone title

Lead beneficiary

(especially sign-change of
Sivers function)

Page 89 of 141

Due
Date (in Means of verification
months)

Work package number 9

WP23

Work package title

JRA5-Generalized Parton Distributions (GPD-ACT)

Start month

Lead beneficiary 10
1 End month

1 - CNRS
48

Objectives
Objectives
The concept of Generalized Parton Distributions (GPDs) allows to study the structure of nucleons in terms of quarks
and gluons (partons) at a previously unexpected level. GPDs give information, for instance, on the correlation between
the transverse spatial distributions and longitudinal momentum distributions of the partons, thus providing a threedimensional mapping of the nucleon. They are related also to the orbital angular momentum contribution of partons to
the nucleon's spin. It is the objective of this WP to access GPDs experimentally through hard exclusive reactions such
as the lepto-production of a photon (“Deep Virtual Compton Scattering”, DVCS) or of a meson (“Deep Virtual Meson
Production”, DVMP) or in photo-production of a lepton pair (“Timelike Compton Scattering”, TCS). These exclusive
reactions have been measured in certain kinematical regions and one particular objective is the analysis of the numerous
data already collected these past years at COMPASS and TJNAF and not published. Thus, one of our objectives is the
analysis of DVCS with a recoil detector and DVMP at COMPASS, and of TCS and DVMP at TJNAF@6 GeV. Other
objectives are the preparation, data taking and analysis of new experiments for TJNAF@12GeV (DVCS on the neutron
and on light nuclei, TCS, Double DVCS, 2-hadron (pi-pi, pi-rho,etc…) or 2-photon production), as well as producing
projections for experiments to propose for EIC.
The final objective includes building models of GPDs (standard twist-2, but also twist-3 and transversity GPDs), using
also results on moments of GPDs to be obtained by lattice QCD calculations. Besides, improved studies, including higher
order and higher twist corrections, are planned of several processes listed above, providing complementary access to
GPDs. Both experimental and theoretical efforts will be combined in extraction of GPD information by fits to the data.

Description of work and role of partners
WP23 - JRA5-Generalized Parton Distributions (GPD-ACT) [Months: 1-48]
CNRS, CEA, INFN
Co-leadership : 26. UNIZG
Spokespersons: Silvia Niccolai, Kresimir Kumericki
1. GPD experiments at TJNAF@12 GeV. The study of the 3-dimensional structure of the nucleon by means of GPDs
is one of the main motivations driving the 12-GeV upgrade of TJNAF. The members of the IPN Orsay, CEA Saclay,
and INFN teams are heavily involved in all of the GPD-related experiments of the 12-GeV era, as spokespersons and/
or as detector developers, in the Halls A, B, and C. The experiments in the Halls A and C will be mainly devoted to
high-precision cross-section measurements for DVCS and exclusive pseudo-scalar meson production. Hall B will allow,
among others, measurements of different spin observables for DVCS and DVMP (beam and/or target asymmetries) for
different target types: proton, neutron (on a deuterium target), and light nuclei. The combination of all the measured
observables on proton and neutron will help the extraction of quark-flavor separated GPDs via model-independent fits.
In order to accomplish this experimental program, the groups are involved not only in the data taking and analysis,
but also in several technical projects: a neutron detector (CND) was recently constructed and successfully installed in
Hall B, and will be employed in neutron-DVCS measurements; a lead-tungsten electromagnetic calorimeter (NPS) for
the detection of photons and 0’s in a high-background environment is being developed for Hall C; R&D studies are
underway to design a recoil tracker for light nuclei (ALERT), to measure nuclear GPDs with CLAS12; upgrades to the
electronics of the hodoscope of the CLAS12 Forward Tagger need to be implemented to ensure good separation between
photons and leptons at very low polar angles, which is paramount for DVCS and DVMP experiments. The preparation
for the long-term future of this domain will be also ensured, with simulation work to produce projections for future
GPD experiments at the Electron-Ion Collider (EIC). This work, which will contribute to understand the contribution
of gluons to nucleon structure, will be done in synergy with the Next-DIS WP.
The leading institution for these tasks will be IPN Orsay that will receive 9.6 postdoc months from GPD-ACT.
2. Analysis of COMPASS data. A major part of the COMPASS program is dedicated to investigating the structure
of the nucleon by studying GPDs through DVCS and DVMP. The availability of muon beams with high energy and
opposite charge and polarization allows to disentangle different contributions to the ep cross section, and to reach
the real and the imaginary parts of the observables linked to the leading GPD, H. A measurement of the momentum
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transfer (t) dependence of the DVCS cross section will be done to study nucleon tomography. During 2016 and 2017,
COMPASS has collected data in a kinematic domain yet unexplored (0.005<xB<0.3), between the HERMES and
TJNAF experiments on one side, and the HERA collider experiments on the other side. The analysis of these data,
geared towards the extraction of DVCS and DVMP (0, Pi, Rho, Omega, Phi, J/psi) cross sections, will be carried out by
the Warsaw, CEA-Saclay, and Mainz groups. These teams will also be heavily involved in the preparation of the 2021
run, which will use a transversely polarized Li6D target and will be mainly devoted to exclusive mesons studies. The
lead institution of this effort will be CEA-Saclay, to which GPD-ACT will provide 9.6 post-doc months.
3. Building models, analysis of processes and extraction from data. On theory part, work involves building sensible
models of GPDs, including the likes of twist-3 and quark and gluon transversity GPDs, as well as establishing links
of GPDs to related theoretical objects like TDAs using comparison of forward vs backward meson lepto-production
(Ecole Polytechinque, LPT Orsay, CEA/Saclay). Further links should be established with double parton distributions
and with lattice results on GPD moments (UREG). Analysis of several important processes, providing complementary
access to GPDs, is divided among several participants: DVCS, including higher order and higher twist corrections
(Ecole Polytechnique, LPT Orsay, UREG, Uni Mainz), TCS, including finite momentum transfer and mass corrections
(NCBJ Warsaw), exclusive photo- and electro-production of two-particle system (NCBJ Warsaw, LPT Orsay, RBI
Zagreb), double DVCS (Uni Mainz), DVMP including higher-order corrections (RBI Zagreb), and DVCS off light nuclei
(Uni Perugia, including hired postdoc, where GPD-ACT funds will be matched to a total of two full postdoc years).
Building software packages for precision extraction of GPDs from data is also divided for redundancy (Uni Zagreb,
CEA Saclay, IPN Orsay). Some of this model and software building will be performed in the framework provided by
the complementary 3DPartons WP. Lead institution will be Ecole Polytechnique, which will ensure matching of GPDACT funds for two full postdoc years.

Participation per Partner
Partner number and short name

WP23 effort

1 - CNRS

19.20

24 - CEA

9.60

30 - INFN

9.60
Total

38.40

List of deliverables
Deliverable
Deliverable Title
Number14

Lead beneficiary

Type

Dissemination level

Due
Date (in
months)17

15

16

D23.1

Publication of
TJNAF@12GeV-Results
of GPD experiments

1 - CNRS

Report

Public

36

D23.2

Publication of
COMPASS results

24 - CEA

Report

Public

48

D23.3

Public software serving
GPD fit results

26 - UNIZG

ORDP: Open
Research
Public
Data Pilot

46

Description of deliverables
D23.1 Publication of TJNAF@12GeV-Results of GPD experiments
D23.2 Publication of COMPASS results
D23.3 Public software serving GPD fit results
D23.1 : Publication of TJNAF@12GeV-Results of GPD experiments [36]
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D23.1 Publication of TJNAF@12GeV-Results of GPD experiments: proton DVCS cross sections from Hall A, proton
TCS cross-section moments from CLAS12, neutron-DVCS beam spin asymmetries (Month 36).
D23.2 : Publication of COMPASS results [48]
D23.2 Publication of COMPASS results-Using the data taken in 2016-17 with a liquid hydrogen target, a recoil
detector, and polarized µ+ and µ- beams: sum and difference of DVCS cross section, with study of the slope of
dSigma_DVCS/dt and of the D term; Pi, Rho, Omega, Phi, J/psi cross section and evolution in W, Q2 and t. (Month
46)
D23.3 : Public software serving GPD fit results [46]
D23.3 Public software serving GPD fit results; to be made using also framework provided by 3DPartons WP, and to
be made available to community via WWW. Should serve results of global fits in both graphical and numerical form
(grids) (Month 46)

Schedule of relevant Milestones
Due
Date (in Means of verification
months)

Milestone
number18

Milestone title

MS44

Completion of TJNAF Hall-A
DVCS, and Hall-B TCS and 1 - CNRS
nDVCS analyses

36

Arxiv publication/
Conference presentation and/
or analysis note, due dates (in
months): 12, 24, 36

MS45

Publication of COMPASS t
dependence for DVCS and Pi
cross sections

1 - CNRS

24

Published paper

MS46

Construction of ALERT, NPS,
1 - CNRS
and FT-hodoscope electronics

48

TDR/prototype (DEM), due
dates (in months): 24, 48

MS47

Models for several classes of
GPDs and published studies
of GPD-related observables

36

Published papers

Lead beneficiary

1 - CNRS
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Work package number 9

WP24

Work package title

JRA6-Challenges for next generation DIS facilities (next-DIS)

Start month

Lead beneficiary 10
1 End month

24 - CEA
48

Objectives
Objectives
The Electron-Ion Collider (EIC) is the next generation hadron physics facility on our immediate horizon focused on
a range of critical questions in QCD that remain unanswered. The combination of extremely high luminosity (up to
1034 cm-2s-1), high polarisation and a wide range of centre-of-mass energies (20-200 GeV for e-p collisions and
10-125 GeV for e-Au) will provide the perfect conditions to search for the onset of gluon saturation, carry out nucleon
tomography across the full range of scales—from the quark-gluon sea to the valence regime—and study the effect of
the nuclear environment on a colour charge. Its detectors will meet the challenges of high spatial and timing resolution,
high efficiency and acceptance and the ability to discriminate between different particle types in these conditions. Our
WP is focused around the efforts of four European institutions, applying their respective expertise to the development
of the EIC physics case and the associated design and development of three critical elements of the detectors: highresolution vertexing, affordable, high-resolution tracking and particle identification at large momenta, underpinned by
a strong simulation effort to optimise the detector design for the physics goals.
1. High precision Monte Carlo (MC) simulations of the physics processes are essential to design the interaction region,
identify the optimal detector configurations and refine their parameters. The experimental success of the EIC depends
on the match between the detector capabilities and the physics requirements and on understanding and controlling
systematic effects to a degree comparable to, or better, than the statistical uncertainty. To this end, simulations will
focus on signatures of gluon saturation and on a number of exclusive and semi-inclusive processes that enable nucleon
tomography and the measurement of nuclear PDFs. This dedicated MC effort will define the development of tracking
and particle identification (PID) and forms the unifying backbone of this project.
2. Very low ion-back-flow detectors for tracking with TPC: modern time projection chambers (TPCs) used for charged
particle tracking in the upcoming sPHENIX experiment at the Brookhaven National Laboratory, or in the future EIC,
are designed to operate at high collisions rates. Their main limitation is the amount of positive ions, created during
the electron amplification processes that drift back from the readout detectors into the TPC's drift volume (ion backflow, or IBF). Minimising this becomes a priority of TPC design. Our WP proposes innovative modifications to a
Micromegas read-out detector. Micromegas detectors are parallel plate gas detectors which consist of two stages: a drift
stage coinciding with the TPC drift volume and an amplification stage where an intense electric field is generated by a
metallic micro-mesh positioned ~100μm from the readout pads. By integrating additional meshes into the design, we
aim to reduce IBF to levels as low as one-per-mille.
3. Photon detectors for particle identification using RICH: reconstruction of many reactions of interest at the EIC
depends on the ability to identify particles which cannot be distinguished kinematically at high momenta, such as pions
and kaons. In this kinematic regime, particle identification is most effectively achieved with ring-imaging Cherenkov
(RICH) detectors, whose performance crucially depends on the photon detection. Experiments at future facilities like the
EIC demand the combination of large acceptance with high resolution and the capability to work in a harsh environment,
characterised by strong magnetic fields, high rates and significant radiation. This work package proposes to apply
innovative technologies to develop cost-effective and radiation-damage resilient photon counters for high-performance
large-area RICH detectors. A practical solution carries potential impact on applied fields like Medical Imaging.
4. Depleted MAPS for tracking: the extremely high resolution required for vertex reconstruction in the EIC can be
achieved using silicon pixel sensors and our WP proposes to develop a prototype for central and forward / backward
tracking and vertexing. The project builds upon work funded by external sources (US EIC Detector R&D programme)
and will exploit the advantages of depleted MAPS technologies (DMAPS), where charge is collected by drift, not
diffusion, to simultaneously achieve both high spatial resolution and fast timing (~1 ns resolution). Timing is particularly
important in a double-polarized e-p collider where all combinations of spin orientations will be present in each fill.
The novelty of this proposal addresses the need to develop a low power (hence low mass), fast timing, digital tracking
solution which can provide bunch-by-bunch timing information.

Description of work and role of partners
WP24 - JRA6-Challenges for next generation DIS facilities (next-DIS) [Months: 1-48]
CEA, INFN, UOB, UGLASGOW
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Co-leadership : UGLASGOW
Description of work (where appropriate, broken down into tasks), lead partner and role of participants
Spokespersons: Daria Sokhan, Francesco Bossu
The work proposed within this WP can be broken down into four main tasks:
1. Monte Carlo Simulations (Lead: UGlasgow). MC tools, incorporating the latest knowledge of 3D parton distributions
and a realistic treatment of underlying sub-processes, radiative effects and hadronisation, will be developed together
with phenomenologist participants and used to simulate the defining physics cases. On the basis of this, studies of the
interaction region and full detector requirements will be performed, with specific focus on the optimisation of tracking
and PID detectors. The design of the RICH detectors and the DMAPS sensor will be finalised in close collaboration
with INFN and UOB. The MC tools developed can also be used in the analysis of future measurements from TJNAF
and COMPASS.
2. Very low ion-back-flow detectors for high-flux TPC (Lead: CEA-Irfu). CEA-Irfu’s Micro-Pattern Gaseous
(Micromegas) Detectors laboratory will lead the R&D of incorporating extra meshes on top of the amplification mesh
of a Micromegas detector in order to capture the ions produced during the avalanche process. Several prototypes of
IBF stopping devices will be integrated on top of a standard 12x12 cm² bulk-Micromegas detector and ~10 cm below
a drift electrode. A dedicated, versatile, small-size test bench will be designed to allow the integration of different IBF
stopping devices. The detector efficiency, spatial resolution and the IBF reduction will be studied as a function of the
gap between the first and extra meshes, their type and the operating high voltage. Tests will be conducted using an Xray gun, several radioactive sources and the Saclay muon telescope. A multi-channel pico-ammeter will be used to map
out IBF reduction between the meshes and in the drift volume.
3. Photon detectors for particle identification using RICH (Lead:INFN). The study of innovative and cost-effective
photon detectors will be based on solid state (SiPM) or large-area micro-channel plate (LAPP) sensors with dedicated
electronics for single or low photon counting. This electronics will be adapted from readouts in existing detectors and
will incorporate a dedicated front-end chip for the developed data-acquisition protocol. State-of-the-art devices will
be tested in the laboratory and at test beams and this will include a study of radiation effects on photon counting.
The project will identify methods of validating and improving detector performance, particularly regarding radiation
tolerance, temperature control, sampling vs digital readouts and optimisation of the micro-pixel pitch size. Hardware
or software filters for the chosen readout design will be developed and optimised for high time resolution and signal
quality. The performance of the photon detector will be assessed with small proof-of-principle RICH demonstrators,
constructed on the basis of MC simulations.
4. Depleted MAPS for tracking (Lead: UOB). Sensor specifications will be informed by simulation studies to find
the optimal pixel size and detector layer thickness to meet the required tracking performance. Optimisation of the
readout architecture for the desired timing resolution will be done in consultation with a chip designer at the Rutherford
Appleton Laboratory. The prototype will be fabricated in the TowerJazz modified 180 nm process, which incorporates
a deep planar n-type layer demonstrated to significantly improve depletion compared to the standard process. The
prototype sensor will then be fully characterised in the Birmingham Instrumentation Laboratory for Particle Physics
and Applications.

Participation per Partner
Partner number and short name

WP24 effort

24 - CEA

10.00

30 - INFN

11.00

42 - UOB

6.00

44 - UGLASGOW

16.00
Total
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43.00

List of deliverables
Deliverable
Deliverable Title
Number14

Lead beneficiary

Type

Dissemination level

Due
Date (in
months)17

15

16

D24.1

Optimisation of EIC
tracking, PID and
interaction region design

44 - UGLASGOW

Report

Public

18

D24.2

Publication on IBFstopping device

24 - CEA

Report

Public

24

D24.3

Prototype of photon
detector for EIC RICH

30 - INFN

Demonstrator Public

36

D24.4

EIC DMAPS prototype
and characterisation

42 - UOB

Demonstrator Public

48

Description of deliverables
D24.1-Optimisation of EIC tracking, PID and interaction region design
D24.2-Publication on IBF-stopping device
D24.3-Prototype of photon detector for EIC RICH
D24.4-EIC DMAPS prototype and characterisation
D24.1 : Optimisation of EIC tracking, PID and interaction region design [18]
D24.1-Optimisation of EIC tracking, PID and interaction region design (month 18): Monte Carlo simulations using
up-to-date and realistic generators for a range of physics reactions. These will be used to optimise the interaction
region, tracking and PID designs and result in a technical publication.
D24.2 : Publication on IBF-stopping device [24]
D24.2-Publication on IBF-stopping device (month 24): Construction and testing of several prototypes of IBFstopping devices, optimised through a series of tests. The results of this R&D programme will be collected and
discussed in technical publications.
D24.3 : Prototype of photon detector for EIC RICH [36]
D24.3-Prototype of photon detector for EIC RICH (month 36): The RICH and novel photon counter design will be
outlined in a technical report, followed by the development of the readout electronics and the construction of the
photon counter prototype using the chosen technology.
D24.4 : EIC DMAPS prototype and characterisation [48]
D24.4-EIC DMAPS prototype and characterisation (month 48): Optimisation studies will lead to a DMAPS prototype
sensor design, including its readout architecture. The prototype will be fabricated and fully characterised, which will
result in a paper submitted for publication.

Schedule of relevant Milestones
Milestone
number18

Milestone title

Lead beneficiary

Due
Date (in Means of verification
months)

MS48

EIC PID and tracking design

44 - UGLASGOW

18

Report available

MS49

IBF-stopping device
prototypes constructed

44 - UGLASGOW

15

Up and running

MS50

EIC RICH photon detector
prototype assembled

44 - UGLASGOW

36

Ready for beam
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Schedule of relevant Milestones
Milestone
number18

Milestone title

Lead beneficiary

Due
Date (in Means of verification
months)

MS51

First functional tests of the
EIC DMAPS chip

44 - UGLASGOW

31

Page 96 of 141

Chip can be powered and
responds as expected

Work package number 9

WP25

Work package title

JRA7-Light-and heavy-quark hadron spectroscopy (HaSP)

Start month

Lead beneficiary 10
1 End month

30 - INFN
48

Objectives
Objectives:
The spectrum of hadrons is composed of bound states of quarks and gluons. The distinctive property of confinement
in strong interactions, which are described by Quantum Chromo-Dynamics (QCD), prevents quarks and gluons from
appearing as free particles. A new generation of dedicated experiments in hadron physics has been proposed with the aim
of uncovering properties of strong interactions and specifically the mysteries of confinement. Some of these experiments
are already in operation and several more are planned for the near future in the main EU laboratories (CERN, Mainz,
Bonn, GSI) and abroad (TJNAF/US, BESIII/China, J-PARC/Japan, Belle/Japan). These new experiments will produce
an unprecedented amount of high-precision data that requires a level of sophistication in analysis never before achieved.
The challenge for the hadron physics community is to synergize the theoretical and experimental efforts to develop best
practices for analyzing and interpreting the complex experimental data, developing a sound analysis framework that
incorporates latest advances in theory and phenomenology and a set of tools to manipulate, analyze, and preserve the
data. Thus, the most advanced and innovative theoretical techniques (effective theories, analyticity constraints, unitarity
re-summations and dispersion relations, Lattice-QCD (LQCD) simulations and analysis, etc.) need to be fully developed
and applied for a solid interpretation of the experimental results. Observables need to be interpreted using robust methods
that rely only on the basic theoretical principles, and compared to the best solutions provided by the fundamental theory
of the strong interaction via LQCD or systematic effective field theory expansions. These goals can only be achieved
through a large-scale collaborative effort that takes full advantage of the expertise in hadron physics communities in
Europe and in the rest of the world. The HaSP network activity aims to coordinate the leading European institutions
active in hadron spectroscopy with the objective of making progress in: development of theoretical, phenomenological
and computational foundations for amplitude; establishment of best practices for accessing systematic uncertainties in
analysis of hadron reaction data and interpretation of physics results.

Description of work and role of partners
WP25 - JRA7-Light-and heavy-quark hadron spectroscopy (HaSP) [Months: 1-48]
INFN, UHEI, TUM, UCM, USAL, UVEG, UEDIN
Description of the work (where appropriate, broken down into tasks), lead partner and role of participants
Spokespersons: Marco Battaglieri, Juan Nieves
The networking activity of HS-HPH is divided in six main tasks:
Task1: Precision calculations in non-perturbative QCD (I): Effective Field Theories (EFT’s), analyticity and dispersion
relations: QCD symmetries at the hadron level can be used to construct EFT's able to describe the low energy hadronic
phenomenology. Dispersion relations provide rigorous constraints to theoretical predictions that can be used to obtain
accurate properties of excited states. Especially when combined with EFT’s, they provide a very powerful connection
between the Hadronic and QCD realms. Theoretical tools developed here will be employed/tested to analyze the data
used in Tasks 3 and 4.
T1.1-Development and application of EFTs: We will work within Chiral perturbation theory, Heavy Quark Effective
Theory or Quarkonium Non Relativistic EFTs, eventually supplemented with unitarization methods and dispersive
techniques, to set up a robust framework to study the spectrum, and in general the phenomenology of hadrons both in
the free space and in extreme environments. We will also investigate various systems to find out which of the resonances
reported by experiments could be just a consequence of triangular singularities.
T1.2-Hadron decays: We will investigate decays of heavy hadrons, looking for particular interacting hadron pairs in
the final state that might produce resonant states. Using Dalitz-plot based methods, EFT and dispersive techniques, we
shall also explore issues such as the exotic nature of resonances, isospin or CP violations.
Task2: Precision calculations in non-perturbative QCD (II): Effective Field Theories and Lattice QCD (LQCD): EFT
techniques complement very efficiently LQCD simulations, allowing to better control the needed extrapolations to
physical kinematics and covering regions of parameter space not yet reachable in the lattice.
Concerning systems made of two heavy quarks (generically called quarkonia) their study has witnessed an enormous
theoretical progress due to the use of EFTs (non-relativistic QCD, NRQCD, potential NRQCD, pNRQCD, BornOppenheimer EFT, BOEFT, ...) combined with significant advancements in LQCD calculations of hadronic observables
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allowing precision spectroscopy of exotic and excited states and the treatment of states above thresholds in coupledchannel scattering analyses. Heavy quarkonia provide also a clear signature in heavy-ion experiments and their
suppressed production is a hard-probe of the medium formed therein (e.g. bottomonium suppression has been already
observed in heavy-ion collisions at the LHC). Further progress will crucially depend on accurate LQCD determinations
of the relevant low-energy matrix elements.
T2.1-Hadron resonances, form factors, LECs, fundamental parameters of QCD and light nuclei spectroscopy: We aim
at studying Lattice-QCD (LQCD) simulations in finite volumes. Methods will be developed to deal with the extraction
of the properties of hadrons from the simulations. Results from Tasks 2 and 3 will be used when possible. Lattice
and Green's function MC simulations, combining chiral NN and 3N forces, will be also performed to study light and
medium-heavy nuclei.
T2.2-Computation of heavy-quark, hybrid and tetraquark potentials: We aim at computing on the lattice the relativistic
corrections to the heavy quark potential, and hybrid and tetraquark potentials as defined in pNRQCD/BOEFT for the
first time using unquenched LQCD.
T2.3-Computation of matrix elements for in medium quarkonium evolution: Quarkonium propagation and suppression
in the medium formed in heavy-ion collisions can be described in a similar EFT framework used to describe in-vacuum
properties of quarkonium-like systems. The low-energy dynamics is governed by in-medium correlators, which are
poorly known. A systematic study of these quantities may allow for the first time a QCD based determination of
quarkonium suppression in a medium at and outside thermal equilibrium.
Task3: Meson Spectroscopy analysis of new and exotic states: A large number of “exotic” experimental discoveries,
which did not fit the expectations of the quark model, as well as the unprecedented statistical precision have been
obtained by COMPASS, LHCb, BESIII, Belle and other experiments. These discoveries occur in the open and hidden
charm and bottom sectors, but some of them also correspond to the light quark sector. We propose to perform combined
Partial Wave Analyses (PWAs) of the same final state measured in different experiments, making use of the theoretical
tools developed in Task1 (all sub-tasks) and Task2 (in particular T2.1 and T2.2).
T3.1-Search for and study of light exotic mesons, charmonium and strangeonium: investigation of light mesons scalars
searching for quark configurations beyond and study of X, Y and Z states recently discovered at high energy electron
colliders.
T3.2-Spectroscopy of low-lying scalars, strange mesons and strangeonia: ELSA, MAMI, COMPASS and CLAS are
providing precise and abundant data on poorly known and understood scalar and strange-rich mesons. Complementary
information from experiments that make use of nuclear target can be used to constraint the sophisticated PWA in meson
spectroscopy.
Task4: Baryon Spectroscopy. Baryon resonance parameters (e.g. mass, width, pole position) have been extracted so far
by partial-wave analyses of scattering data. An intense effort has started to add information from photon-induced meson
production at ELSA, TJNAF and MAMI, from charmonium decays at BESIII and diffractive pp reactions at COMPASS.
The recent strong indications for a resonance around 2.4GeV in the 6-quark system are an important advance in the quest
for a deeper understanding of QCD and bound quark systems beyond the usual 3q and systems. Other experiments are
providing evidence for the existence of 4q (Belle, BaBar, BESIII, LHCb) and 5q (LHCb) systems. The same analysis
framework developed for Task3 will be used to extract resonance parameters adopting the state-of-the-art calculations
developed in Task1 (e.g Laurent-Pietarinen method).
T4.1-Resonance parameter determination: The combination of several experimental techniques adopted by the different
experiments will provide strong constraints to reaction models.
T4.2-Diffractive and annihilation production and exotic baryons. Complementary information will be obtained by
studying baryon resonance formation in electron (BESIII) and hadron (ALICE) colliders experiments.
T4.3-Dibaryon structure and parameter determination: Search for SU(3) partners of the d*(2380) dibaryon and study
of baryon-baryon interaction at MAMI, GSI and TJNAF. Investigation of dibaryons internal structure by systematic
measurements of the transition Form-Factors.

Participation per Partner
Partner number and short name

WP25 effort

12 - UHEI

1.00

13 - TUM

4.00

18 - UCM

1.00

19 - USAL

2.00
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Partner number and short name

WP25 effort

22 - UVEG

7.00

30 - INFN

12.00

43 - UEDIN

2.00
Total

29.00

List of deliverables
Deliverable
Deliverable Title
Number14

Lead beneficiary

Type15

Due
Dissemination level16 Date (in
months)17

D25.1

HaSP Combined
Analysis framework

30 - INFN

Websites,
patents
filling, etc.

Public

18

D25.2

Proceedings of the
general HS workshop

13 - TUM

Report

Public

36

D25.3

HaSP white paper

1 - CNRS

Report

Public

48

Description of deliverables
D25.1 – HaSP Combined Analysis framework
D25.2 – Proceedings of the general HS workshop
D25.3 – HaSP white paper
D25.1 : HaSP Combined Analysis framework [18]
D25.1 – HaSP Combined Analysis framework (month 18): We will develop a data common analysis framework that
making use of the theory progress of Tasks 1 and 2 will allow to determine (exotic) meson and baryon resonance
parameters (Tasks 3 and 4). Data provided by different experimental collaborations (LHCb, COMPASS, MAINZ,
TJNAF, BES, ALICE) filtered by the same final state will be analyzed in a combined analysis to constraint
parameters and provide a reliable extraction. The framework will be made available to all HaSP institutions during
the development phase and deployed to the whole hadron spectroscopy community at the end of the term.
D25.2 : Proceedings of the general HS workshop [36]
D25.2 – Proceedings of the general HS workshop (month 36) We plan to organize a general workshop to assess
progress in the HaSP WP activities and define best strategy to accomplish the proposed tasks. The meeting will be
open to external to receive feedback from other experts in hadron physics. The meeting outcome will be reported in
published proceedings
D25.3 : HaSP white paper [48]
D25.3 – HaSP white paper (month 48) At the end of the project a white paper reporting: i) progress per each Task, ii)
critical issues that need to be addressed, and iii) a roadmap to plan future actions will be produced and published.

Schedule of relevant Milestones
Milestone
number18

Milestone title

Lead beneficiary

Due
Date (in Means of verification
months)

MS52

Topical Workshop on
Theoretical aspects of
Hadron Spectroscopy and

30 - INFN

9
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Web site

Schedule of relevant Milestones
Milestone
number18

Milestone title

Lead beneficiary

Due
Date (in Means of verification
months)

Phenomenology (IFIC). Tasks
1 and 2

MS53

Topical Workshop on
Experimental Aspects of
Hadron Spectroscopy and
Phenomenology (UEdin).
Tasks 3 and 4

30 - INFN

18

Web site

MS54

General Workshop on
Hadron Spectroscopy and
30 - INFN
Phenomenology (TUM) Tasks
1, 2, 3 and 4

28

Workshop proceedings

MS55

School on Hadron
Spectroscopy and
Phenomenology

38

School proceedings

30 - INFN
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Work package number 9

WP26

Work package title

JRA8-Advanced ultra-fast solid STate detectors for high precision RAdiation
spectroscopy (ASTRA)

Start month

Lead beneficiary 10

2 - OEAW

1 End month

48

Objectives
Objectives:
ASTRA’s main objective is to develop beyond state-of-art advanced radiation detector systems, able to perform highprecision measurements of photons in a (very) broad energy range, capable to operate in different environments/
conditions. The development of such new, advanced, high-performance detector systems in terms of efficiency, stability,
linearity, energy resolution, compactness and acceptance is mandatory in hadron physics, and will allow to perform
measurements never done before, due to a lack of suitable detectors, with a huge impact in our understanding of the
fundamental laws of nature. Such systems will have a positive impact in nuclear and fundamental physics too, as well
as in many other applications (medicine, biology, safety) or scientific studies (astronomy and synchrotron radiation).
The recent developments by the participants, with world-wide recognized top-class performances, have already
realised detectors/sensors with suitable electronics, mechanics support structures as well as part of them in cryogenics
environment. The availability of facilities to characterize the whole detector system insures the perfect basis to fulfil
the ASTRA strategy to develop advanced detector systems for extreme precision measurements of radiation for a wide
energy range from a few keV to MeV.
Cadmium Telluride (CdTe) and Cadmium Zinc Telluride (CdZnTe) are very promising semiconductor materials for Xray and gamma ray detection. The high atomic numbers of the materials (ZCd=48, ZTe=52) provide a high quantum
efficiency in comparison with Si. The larger band-gap energy (Eg#1.5 eV, compared to Si Eg#1.1 eV) allows the
operation of the detector at room temperature. However, up to now, a considerable amount of charge loss in these
detectors resulted in a reduced energy resolution. Recently, significant technological advancements have been achieved
to improve the spectral properties and time resolution, based on the advances in the production of crystals and in the
design of electrodes and digital readout electronics.
Within ASTRA we will develop a versatile advanced detector system, from sensors and read-out electronics, to DAQ and
controls, namely compact large-area CdTe and CdZnTe detectors to perform high precision photon energy measurements
from 10-100 keV and up to the MeV range, respectively. It will also be possible to design pixelated readout for imaging
measurements.
Precision challenge ASTRA will deal with many challenges in hadron physics: precision X ray spectroscopy for exotic
atoms (going from kaonic helium to heavier kaonic atoms or different type of exotic atoms, like sigmonium atoms or
protonium); precision measurement of the charged kaon mass; precision measurements in hypernuclear spectroscopy.
Other type of precision experiments could also greatly benefit, for example: precision spectroscopy for quantum
mechanics studies via hadron physics (violation of the Pauli exclusion principle and signals coming from collapse of
wave function), nuclear precision spectroscopy and imaging.
Among the possible future applications of these detector systems in the field of hadron physics we mention a first
measurement of the 1s level (energy range around 30 keV) of kaonic helium, but also the possibility to go to heavier
kaonic (or other hadronic-type) exotic atoms (energies of hundreds of keV). Such measurements are important to make
progress in understanding the Quantum Chromo Dynamics in non-perturbative regime in the strangeness sector, in
particular the mechanism of chiral symmetry breaking, having an impact going from particle and nuclear physics to
astrophysics.
Without the ASTRA detectors these measurements are either impossible to be performed or very much limited in the
precision which could be reached.
Application challenge: the ASTRA detector systems will have applications in many sectors beyond hadron physics,
like high-rate, high-resolution spectroscopy with synchrotron light; nuclear medicine (gamma cameras, PET); material
science; biology; astrophysics measurements; positron annihilation spectroscopy in material research and inspection.

Description of work and role of partners
WP26 - JRA8-Advanced ultra-fast solid STate detectors for high precision RAdiation spectroscopy (ASTRA)
[Months: 1-48]
OEAW, UNIZG, CNR, INFN, POLIMI, UJ
Spokesperson: Johann Zmeskal
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Task 1: Development of CdTe detectors for an energy range from about 10 – 100 keV
The work will start with the development of high resolution CdTe crystal and mounting boards, which includes bonding
from the crystal to the boards. This work will be done at IMEM-CNR. The goal is to produce crystals with high efficiency
and good energy resolution in the energy range 10 - 100 keV. The prototype crystals will have an active area of up to
100 mm2 and a maximum thickness of 5 mm. Various prototypes of CdTe detectors will be realized in order to obtain
high energy resolution and low leakage current. The read-out electronics will be realized at LNF-INFN, SMI-Vienna
and PoliMi in cooperation with IMEM-CNR. The DAQ system will be developed at LNF-INFN, Jagiellonian Univ
and Univ. Zagreb. The produced prototypes will be tested with conventional nuclear sources in order to verify energy
resolution, efficiency, linearity stability, and timing performances. In particular, the effects of the detector temperature,
in the range -200/+20 °C, on linearity and energy resolution will be studied. Finally, the detectors will be tested directly
on beam (DANE and J-PARC), in order to characterize the detector response under typical working conditions and
under the influence of particle exposure, involving all participants.
Task 2: Development of CdZnTe detectors for an energy range from a few 10 keV to MeV
The development of high resolution CdZnTe crystal and mounting boards, which includes bonding from the crystal to the
boards, will done at IMEM-CNR. The goal is to produce crystals with high efficiency and good energy resolution in the
energy range up to MeV. The prototype crystals will have an active area of up to 100 mm2 and a maximum thickness up to
10 mm. Various prototypes of CdZnTe detectors will be realized in order to obtain high energy resolution and low leakage
current. The read-out electronics will be realized at LNF-INFN, SMI-Vienna and PoliMi in cooperation with IMEMCNR. The DAQ system will be developed at LNF-INFN, Jagiellonian Univ and Univ. Zagreb. The produced prototypes
will be tested with conventional nuclear sources in order to verify energy resolution, efficiency, linearity stability, and
timing performances. The effects of the detector temperature will be tested in the range -50/+20 °C, concerning linearity
and energy resolution. Finally, the detectors will be tested directly on beam (DANE and J-PARC), in order to characterize
the detector response under typical working conditions and under the influence of particle exposure

Participation per Partner
Partner number and short name

WP26 effort

2 - OEAW

16.00

26 - UNIZG

7.00

28 - CNR

7.00

30 - INFN

12.00

31 - POLIMI

8.00

38 - UJ

6.00
Total

56.00

List of deliverables
Deliverable
Deliverable Title
Number14

Lead beneficiary

15

Type

16

Dissemination level

Due
Date (in
months)17

D26.1

CdTe detector prototypes
2 - OEAW
with read-out electronics

Demonstrator Public

30

D26.2

Report on the
characterization of the
final CdTe detector
device

30 - INFN

Report

Public

48

D26.3

CdZnTe detector
prototypes with read-out
electronics

2 - OEAW

Demonstrator Public

30
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List of deliverables
Deliverable
Deliverable Title
Number14
D26.4

Report on the
characterization of the
final CdZnTe detector

Lead beneficiary

Type

Dissemination level

Due
Date (in
months)17

30 - INFN

Report

Public

48

15

16

Description of deliverables
D26.1-CdTe detector prototypes with read-out electronics
D26.2-Report on the characterization of the final CdTe detector device
D26.3-CdZnTe detector prototypes with read-out electronics
D26.4-Report on the characterization of the final CdZnTe detector.
D26.1 : CdTe detector prototypes with read-out electronics [30]
Co-leadership : PoliMi D26.1-CdTe detector prototypes with read-out electronics Various prototypes of CdTe
detectors (with a typical active area of 100 mm2 and 2 - 5 mm thickness) with integrated read-out electronics will be
produced (month 30).
D26.2 : Report on the characterization of the final CdTe detector device [48]
Co-leadership : OeAW D26.2-Report on the characterization of the final CdTe detector device Report on the
characterization of the final CdTe detector device with assessment about his capacity to perform high precision
measurements in hadronic physics (month 48).
D26.3 : CdZnTe detector prototypes with read-out electronics [30]
Co-leadership : PoliMi D26.3-CdZnTe detector prototypes with read-out electronics Various prototypes of CdZnTe
detectors (with a typical active area of 100 mm2 and 2 - 5 mm thickness) with integrated read-out electronics will be
produced (month 30).
D26.4 : Report on the characterization of the final CdZnTe detector [48]
Co-leadership : OeAW D26.4-Report on the characterization of the final CdZnTe detector. Report on the
characterization of the final CdZnTe detector with assessment about his capacity to perform high precision
measurements in hadronic physics (month 48).

Schedule of relevant Milestones
Milestone
number18

Milestone title

Lead beneficiary

Due
Date (in Means of verification
months)

MS56

CdTe crystal characterized

2 - OEAW

8

Measurements

MS57

CdTe selection criteria for
final device

2 - OEAW

26

Measurements

MS58

CdZnTe crystal characterized

2 - OEAW

8

Measurements

MS59

CdZnTe selection criteria for
final device

2 - OEAW

26

Measurements
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Work package number 9

WP27

Work package title

JRA9-Tracking and Ions Identifications with Minimal Material budget (TIIMM)

Start month

Lead beneficiary 10
1 End month

30 - INFN
48

Objectives
Objectives: The JRA we propose concentrate in a technological innovation in the field of tracking detectors for
experiments in the hadron physics area like the ALICE project at CERN, it is also easy to envisage possible applications
in the more general area of LHC particle physics experiments and in the low energy range ion tracking and identification
needed in the patient particle treatment in medical physics. Common needs to those applications is to combine at the
same time a precision tracking with energy loss measurement to be used for particle identification, and very low level
of crossed material to minimize multiple scattering. This should include also the easiness of the data readout produced
by the sensor to cope with the specific need of all the different applications.
MAPS (Monolithic Active Pixel Sensors), the detecting technology we propose to improve, born for commercial
applications like digital cameras, in the scientific realm are used for charged particle detection in particle and nuclear
physics field (STAR at BNL, ALICE at CERN and Mu3e at PSI). More recently they have been used in ion fragmentation
cross section measurements for hadrontherapy treatments improvement. Though most of the MAPS sensors operate
in digital mode (no signal amplitude available), some particle identification capabilities have been demonstrated by
some partners of the project exploiting the cluster size information. Sensors providing as output the signal amplitude
of fired pixels, would allow measurement per particle and greatly increase identification capabilities. However the
charge collection by diffusion due to the non depleted sensing region and its thickness limited to less than 20μm
are serious limiting factors. To overcome those hindrances we propose ground-breaking technological improvements
that would allow both fully depleting the sensing region and enlarging its thickness. This will be obtained by a new
sensing front end that will bias the charge collecting diode, the latter with the use of high resistivity silicon layer
substrates nowadays available in the standard silicon foundry processes. Those possibilities have been demonstrated by
the various developments that in recent years have taken place to provide the full depletion in MAPS, like in ALICE
ITS (Inner Tracking System) and Mu3e experiments. The Strasbourg partner also achieved full depletion over a few
tens of micrometers, the useful thickness for the TIIMM purpose, with small prototypes implementing 22μm pixel pitch
matrices in the Tower Jazz CMOS CIS 180 nm technology. A promising 298eV FWHM spectroscopic resolution at
5.9KeV energy X-ray photon per pixel has been obtained with at the same time an encouraging Radiation Hardness at
the level of for NIEL (Non Ionizing Energy Loss). Those promising results are the basis on wich we found our proposal.
The clear advantages of the proposed technological improvements are: faster and more efficient charge collection,
improved intrinsic radiation hardness, possibility to explore the tradeoff between fluctuations of the released charge
(Landau distribution) and the minimization of multiple scattering. In addition we foresee a scalable MAPS read-out
architecture, allowing an easy upgrade to a large size chip targeting a specific experiment, which includes an ADC
(Analog to Digital Conversion) to measure the charge collected per pixel appropriated for PID (Particle IDentification)
through measurement. In the project framework, the TIIMM activity is complementary to the one in the nextDIS
work package. With the approach of fully depleting a MAPS pixel sensor, using the same Tower Jazz 180 nanometers
technology, we aim the energy loss measurements for particle identification while nextDIS has the goal of the particle
arrival timing measurement at the nano second precision level.

Description of work and role of partners
WP27 - JRA9-Tracking and Ions Identifications with Minimal Material budget (TIIMM) [Months: 1-48]
INFN, CNRS, DKFZ, GSI
Description of work (where appropriate, broken down into tasks), lead partner and role of participants
Spokesperson: Eleuterio Spiriti
The work breakdown structure we propose is structured in five tasks to be assigned to the groups participating to the
project. The final goal of demonstrating particle identification capability of a precise tracking device with low crossed
material will be evaluated with the the final sensor test. Then the main activities we envisage are: definition of the needed
sensor characteristics (task 1), design of the sensors themselves (tasks 2 and 3) and testing of the performances (tasks
4 and 5). The role, potentially leading role, of the different groups can be mapped on the five tasks considering their
specific expertise and availability of tools and manpower. The initial task 1 to define the requirements of the sensors
will be mostly led by the partners conducting experiments at their facilities -INFN Frascati, DKFZ Heidelberg, TIFPA
Trento, GSI Darmstadt and the INFN group from Bari. The latter will also bring his large expertise gained in the ALICE
Page 104 of 141

ITS upgrade development. The German Cancer Center (DKFZ) of Heidelberg plays a key-role in broadening the impact
of TIIMM to fields more oriented towards the applications as for example hadrontherapy. Moreover the knowledge
gained by the Heidelberg group performing similar measurements with different type of pixel sensor (Timepix pixel
sensor from the Medipix collaboration at CERN), using both size and overall cluster charge for ions identification, will
be extremely useful in task 1, 4 and 5.
The two groups mainly in charge of the hardware development are CNRS Strasbourg and INFN Frascati groups. The
first one is the leading partner for the sensor design (tasks 2 and 3) thanks to their experience developed in designing
MAPS sensors in the last 20 years. This expertise is well demonstrated by their contribution, we list only the most
relevant, to the sensor design of the STAR experiment (RHIC at Brookhaven) vertex detector, the AIDA (European
approved project) telescope used in many different laboratories and their development work for the ALICE experiment
(LHC at CERN). The large microelectronic design team and the chips (sensors) specific test team with all the needed
tools developed for this purpose available in Strasbourg will allow the design and first test of the two sensors prototype
we plan in the project using the Tower Jazz CMOS CIS 180 nm technology well known in Strasbourg. To this activity
also the Frascati group will be partially involved providing a minor contribution to the architectural simulation and
silicon design in a close collaboration with the CNRS team.
The Frascati INFN group will have a leading role in the testing tool development (task 4) and use to measure the obtained
characteristics of the sensors and final device. This work has to take place in collaboration with the design team for the
development of the testing boards and for the data acquisition systems. Moreover also the GSI group will be involved
in the design of all the mechanical supports needed for the testing. The test activity is subdivided in two specific main
areas: the laboratory tests on the developed sensors to check their main functionalities and correspondence to the design
characteristics, then the much large area of the performances evaluation of the chips like particle detectors. While the
former activity will mainly involve the two groups in Strasbourg and Frascati with a minor contribution from the GSI
group, the latter area is mainly test on different particle beams and will involve the contribution of the entire project
team with different roles. We plan to test the sensors, at least the final device, on different particle beams to evaluate
the precision tracking at the level of few micrometers single point resolution and particle identification for electron,
protons, Pions and Kaons from 100 MeV to few GeV kinetic energy. A similar evaluation we plan to do also for the ions
in the medical physics application like: Helium, Litium, Boron, Berillium, Carbon, Nitrogen, Oxygen from 100MeV/
u to 1 GeV/u.
The final testing on beams (task 5) will involve activity in the data acquisition software preparation, data taking in
different laboratories, analysis and interpretation of the results with the related software development and simulations,
report and publications preparation. In this activity the four groups not strongly involved in the hardware preparation
activity will play an essential role. Indeed, the groups in Darmstadt, Heidelberg, Trento benefit of beams of various ion
types and energies and with the Bari group they have a large expertise in conducting mid-size experiments as the ones
needed to fully characterize TIIMM final multi-sensor device.

Participation per Partner
Partner number and short name

WP27 effort

1 - CNRS

4.40

5 - DKFZ

3.60

8 - GSI

4.00

30 - INFN

29.40
Total

41.40

List of deliverables
Deliverable
Deliverable Title
Number14
D27.1

Report on first prototype
performances.

Lead beneficiary

Type

Dissemination level

Due
Date (in
months)17

30 - INFN

Report

Public

30
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15

16

List of deliverables
Deliverable
Deliverable Title
Number14
D27.2

Report on PID
performances of final
device

Lead beneficiary

Type

Dissemination level

Due
Date (in
months)17

30 - INFN

Report

Public

48

15

16

Description of deliverables
D27.1-Report on first prototype performances.
D27.2- Report on PID performances of final device.
D27.1 : Report on first prototype performances. [30]
D27.1-Report on first prototype performances. The overall organization of the Work Package is mainly subdivided
in two stages. In the first stage of the project, the preparatory part of it, we will submit a first sensor prototype to
evaluate the different possible solutions to be investigated to obtain the final goal of the activity. The first deliverable
corresponds to the report on the first sensor prototype. It will include the specifications required by our scientific
goals, the description of the sensor design choices and the detector performances observed under various tests. The
results should confirm the validity of the initial technological choices made for the first prototype in comparison
to the specifications established at the project beginning. The report should also point to potential corrections or
improvements in view of the design of the second prototype. Consequently the date of the first deliverable is set to
month 30, after the completion of the first prototype tests but before the finalization of the design of the second sensor
prototype (month 30).
D27.2 : Report on PID performances of final device [48]
D27.2- Report on PID performances of final device. The second deliverable coincides with the work package
conclusion and is the final report, which will be issued on month 48. The document will review the results of tests
performed with the second prototype, in a multi plane sensing device to study the overall performances and to
compare them with the ones foreseen by the device simulations, with various beams and conditions. The status of
the simulation tools developed to explain and reproduce these performances will also be discussed. Finally, based
on these findings, the report will establish the potential of the technology for the main scientific goals of the project
tracking and identification of particles for hadron physics (month 48).

Schedule of relevant Milestones
Milestone
number18

Milestone title

Lead beneficiary

Due
Date (in Means of verification
months)

MS60

Definition of the first
prototype and final device
characteristics.

30 - INFN

9

Report

MS61

First prototype working and
characterized

30 - INFN

30

Report

MS62

Final device working and
characterized

30 - INFN

48

Report
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Work package number 9

WP28

Work package title

JRA10-Cryogenic Polarized Target Applications (CryPTA)

Start month

Lead beneficiary 10
1 End month

10 - UBO
48

Objectives
Objectives: There are central questions that remain to be answered within the Standard Model. Examples are how the
properties of strongly interacting particles can be understood from their fundamental constituents (quarks and gluons) or
why these constituents are confined to these particles. Spin, a fundamental property of a particle, plays an important role
in trying to understand these unresolved subjects. An ambitious spin program is therefore underway at the infrastructures
ELSA (Bonn) and MAMI (Mainz), where double polarization experiments with polarized beams on polarized protons
and deuterons (neutrons) targets are used to disentangle the complicated resonance spectra to learn how the elementary
particles form matter. The PANDA experiment at the FAIR facility does experiments with the aim of understanding
confinement, not just as a phenomenon but to comprehend it quantitatively from the theory of the strong force. New
experiments exploiting high-energy antiproton and ion beams will also elucidate the generation of hadronic masses
and by the use of an internal transverse polarized gas target the facility is well suited to measure single or double
spin asymmetries to determine nucleon structure observables. At high energies the COMPASS experiment at CERN
investigate, how the different constituents (quark flavors, gluons, sea-quarks, angular momentum) contribute to the spin
of the nucleons.
Technically, the polarized nucleons for these experiments are provided by polarized solid state targets, using the method
of Dynamic Nuclear Polarization (DNP) or internal Atomic Beam Source (ABS) polarized gas targets. The combination
of large angular acceptance nonmagnetic detector arrangements and frozen spin polarized solid state targets equipped
with internal superconducting holding coils, has led to a large number of measured double polarization observables at
ELSA, MAMI and TJNAF. However, the frozen spin technique has some systematic disadvantages such as the limited
beam intensity they can sustain, the time loss for repolarization and the need of a sophisticated moving system for
the external superconducting magnet for DNP and the detection system. To improve this class of experiments and to
overcome the drawbacks of the frozen-spin polarized target, especially to get rid of the external DNP magnet, we will
optimize the small low mass internal LTS (low temperature superconducting) coils to strengthen the magnetic field for
permanent DNP (“4-DNP continuous mode” target) while keeping the excellent angular acceptance and to gain the
luminosity of the existing target schemes. To get access to new polarization observables it is foreseen to add additional
small low mass superconducting coil schemes for individual polarization directions. In contrast to the above mentioned
detector and polarized target concepts, the PANDA detector will operate with a strong longitudinal magnetic field to
provide the measurement of charged particle trajectories with high resolution. To align the spins of the target nucleons in
other directions than the spectrometer field orientation, it is therefore necessary to shield the polarized gas target from the
magnetic field of the spectrometer coil. The development of a low mass HTS (high temperature superconducting) active
or passive shielding is the first step towards a transverse polarized gas target in PANDA. A polarization or magnetic
field direction off the beam axis then has to be provided by additional small superconducting coils inside the shielding
tubes. In spite of the different approaches, the superconducting structures of both subtasks have similar outer dimensions
and have to be as thin as possible to minimize the radiation length for penetrating particles. Our aim within the JRA
is to increase the field and homogeneity of the LTS DNP-coils up to 2.5 T and to reduce the thickness of the HTSstructures towards operational prototypes and to implement for both schemes small superconducting coils for individual
polarization directions under perpetration of the overall minimized thickness. State-of-the-art frozen spin targets for
detection systems with full angular acceptance running at ELSA, MAMI and TJNAF use a thin, superconducting coil
inside a 3He/4He dilution refrigerator either to maintain the polarization with a relaxation time in the order of several
hundred hours or in future, to build up the polarization during data taking. The outgoing particles have to punch through
this coil to be detected. In spite of the minimized wall thickness of the internal magnets, this limits kinematically
accessible region, especially for low momentum particles. The best technical option to overcome this drawback is to
detect them inside the target material itself, using a so called ’active target’. The scintillating target material has to be
polarized at cryogenic temperatures and the light has to be detected with dedicated electronics adopted to these extreme
conditions. A first functional prototype demonstrated in a test experiment in Mainz under beam conditions the feasibility
of this technique. The third task of our JRA is the development of active polarized targets at cryogenic temperatures and
the further implementation of this technology with new, improved prototypes. The overall objective of the JRA is hence
to develop future key technologies for new and innovative polarization experiments using polarized targets in Europe.

Description of work and role of partners
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WP28 - JRA10-Cryogenic Polarized Target Applications (CryPTA) [Months: 1-48]
UBO, JGU MAINZ, RBI
Description of work (where appropriate, broken down into tasks), lead partner and role of participants
Spokesperson: Hartmut Dutz
1. Development of low mass superconducting high field magnets. To achieve the required homogeneity (B/B < 10-4)
in an internal polarizing solenoid (thin, low mass, wt ~ 2 mm) the displacement of the thin sc-wire ( ~ 0.2 mm) has
to be less than a tenth of the wire diameter. This sets very demanding conditions on the winding technique. As first
step, we will refine the winding technique for thin superconducting wires in a collaborative R&D program to reach
the required magnet parameters and to build a first high field polarizing magnet. The magnet parameters will be set
in due considerations of the used target dilution refrigerator and the experimental constrains of the detector set-ups at
MAMI and ELSA. Then we intend to develop and design a combined low mass superconducting magnet system for
DNP and to maintain the nucleon spin in any arbitrary direction for data taking. This scheme for the first time will allow
to measure various (double) polarization observables in one setting and set-up at MAMI and ELSA. Recent studies
and simulations have shown that the concept of the internal high field polarizing magnet is under the assumption of a
given layer thickness scalable to moderate larger size solenoids ( ~ 30 cm). The scheme will be a major step forward for
particle tracking in nonmagnetic large acceptance detector systems. For this subtasks we request staff appropriations
for one Post-Doc-position, for 19 month for the leading Bonn group as well as contributions for durables and travels
for the involved institutions RUB (NMR for field measurements) and CUNI (field simulations and feasibility studies
for the tracking-coil application).
2. Development of low mass HTS active or passive shielding. High temperature superconductors offer new possibilities
as active or passive shield for polarized nuclear gas targets. First numerical calculations in the ‘Helmholtz-Institut
Mainz’ (HMI) have shown that high temperature super-conductors like YBCO or BSCCO are ideal materials to passively
shield a strong magnetic detector field. Simulations and test with different materials and different geometries will
be performed in the framework of this WP in order to find the optimum geometry and working point in terms of
a transversely polarized target. The use of high temperature superconducting materials in thin cylindrical layers to
shield magnetic fields is a demanding and challenging high-tech application of HTCS in terms of the sintering and
machining of the superconductors in nonstandard small geometries. For this task we request appropriations for durables
and consumables for the leading Mainz (HMI) group as well as contributions for travels for the involved institutions
UBO and JGU Mainz (HMI) (cold tests T < 2 K are planned at the UBO low temperature magnet test facility).
3. Detection of recoil particles in active polarized targets at cryogenic temperatures. The feasibility of this technique in
terms of material properties and degree of polarization has shown a promising perspective at the Institute of Nuclear
Physics (IKP) in Mainz as leading institution of this sub task. A first functional prototype was used successfully for
first tests in the MAMI beam with the ‘Crystal Ball’ detector system. However, new improved versions of the target
insert have to be produced and tested in cooperation with the Joint Institute for Nuclear Research in Dubna, Russia
to allow for faster cool down and higher degree of polarization. R&D activities have to be initiated together with
collaborative partners from CUNI to get a more transparent, highly polarizable material and to develop the electronics
for recoil particle detection at cryogenic temperatures. Another application of this technology would be to realize small
scintillating detectors for cryogenic conditions. These could be placed inside the polarizing coil, very close or even in the
liquid helium bath of the refrigerator, e.g. for the COMPASS experiment. For both tasks we request staff appropriations
for one Post-Doc-position for 9 month for the leading IKP group and 2 month for the CUNI group as well as contributions
for durables, consumables and travels for the involved institutions RUB, RBI (NMR measurements in the active target)
and CUNI (material studies).

Participation per Partner
Partner number and short name

WP28 effort

9 - JGU MAINZ

9.00

10 - UBO

20.00

25 - RBI

3.00
Total
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32.00

List of deliverables
Deliverable
Deliverable Title
Number14

Lead beneficiary

Type

15

16

Dissemination level

Due
Date (in
months)17

D28.1

Prototype of a low
mass, internal horizontal
polarizing solenoid

10 - UBO

Demonstrator Public

48

D28.2

Prototype of a HTSC
shield for a large
acceptance magnetic
detector

9 - JGU MAINZ

Demonstrator Public

48

D28.3

Prototype of a cryogenic
insert with active target
material

9 - JGU MAINZ

Demonstrator Public

48

Description of deliverables
D28.1-Prototype of a low mass, internal horizontal polarizing solenoid.
D28.2-Prototype of a HTSC shield for a large acceptance magnetic detector
D28.3-Prototype of a cryogenic insert with active target material.
D28.1 : Prototype of a low mass, internal horizontal polarizing solenoid [48]
D28.1-Prototype of a low mass, internal horizontal polarizing solenoid. The first deliverable base on the realization
of a thin low mass internal sc-polarizing magnet which will be implemented in the existing dilution refrigerator
to complete the “4 Pi continuous mode polarized solid target” and will lead to a thin large size sc.-high field
demonstrator magnet for large polarized target or comparable applications (month 48).
D28.2 : Prototype of a HTSC shield for a large acceptance magnetic detector [48]
D28.2-Prototype of a HTSC shield for a large acceptance magnetic detector. Towards a working HTSC shield the
deliverable of the second task will be a prototype (demonstrator) of the simulated HTSC-shield for a large acceptance
magnetic spectrometer like the PANDA-detector (month 48).
D28.3 : Prototype of a cryogenic insert with active target material [48]
D28.3-Prototype of a cryogenic insert with active target material. In this task the third deliverable will be an improved
active target insert for in beam tests and lead to the operation of the active target sample at cryogenic temperatures
with the Crystal Ball detector system (month 48).

Schedule of relevant Milestones
Milestone
number18

Milestone title

Lead beneficiary

Due
Date (in Means of verification
months)

MS63

High precision winding
machine for thin
superconducting wires

10 - UBO

9

Internal Report

MS64

Design concept of a low
mass, combined field
superconducting magnet
system

10 - UBO

27

Internal Report

MS65

Magnet field calculations
for PANDA low mass
superconducting passive
shielding

10 - UBO

27

Internal Report
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Schedule of relevant Milestones
Milestone
number18

Milestone title

MS66

Manufacture of prototype
10 - UBO
active targets for in beam tests

Lead beneficiary
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Due
Date (in Means of verification
months)
27

Internal Report

Work package number 9

WP29

Work package title

JRA11-Cryogenically cooled particle streams from nano- to micrometer size for internal
targets at accelerators (CRYOJET)

Start month

Lead beneficiary 10

1 End month

16 - WWU

48

Objectives
Objectives:
The objective of this JRA is to significantly develop the science and technology of cryogenically cooled target beam
sources for applications in present and planned complex internal-target experiments, which require target beams of
highest quality, such as PANDA@FAIR. In addition to hadron physics experiments, cryogenically cooled cluster/pellet/
microjet beams have recently been discovered to be perfectly suited as targets for laser-particle interaction. New and
innovative techniques will be addressed and developed within this project to allow for enhanced performance of present
and future infrastructures.
The comparably small cluster sizes of, e.g., 1-100 nm, of cluster beams make them ideally suited for internal storage
ring experiments, targets at electron accelerators, or laser-driven hadron accelerators. Nozzle production techniques will
be improved and extended with the aim to achieve higher target beam thicknesses and higher nozzle production yield.
Furthermore, measurements and developments will be initiated get cryogenic targets with highest performance, longterm stability, within known and suitable vacuum conditions. While hydrogen as target material is of primary interest,
also clusters from heavier gases will be investigated. This will be from highest interest to adapt the target optimally to
the requirements of the different experiments.
A key issue for laser-induced particle acceleration to multi-MeV kinetic energies is to build targets that can make use
of the high laser repetition rate (up to kHz), targets that contain only those elements to be accelerated (e.g. hydrogen),
and that have a limited density (to assure a high acceleration efficiency). A cheap and portable alternative to generate
MeV hadrons is the interaction of high-power laser pulses with a suitable cluster target. This represents one further
objective of this activity.
An additional goal of this JRA is to develop cryogenic droplet beam sources, both for hadron physics experiments
at storage rings, electron accelerators, and the exciting novel possibility to use them for intense laser-driven proton
acceleration. One focus will be the challenging generation of stable periodic droplet beams of cryogenic elements
hydrogen, for which a novel concept for a droplet injector is developed. Special issues are the avoidance of nozzle
clogging and the development of a nozzle alignment system to be used during cryogenic target operation.
Within this JRA it is planned to prepare a prototype for a real-time pellet tracking system which can predict the time
dependent position of an individual pellet in the target region. Such a device could be used for the accelerator beam
monitoring in a hadron physics accelerator or ion acceleration in laser generated relativistic plasmas. The production of
curtain shaped targets will be studied as well as cryogenic hydrogen fibers, which could be investigated with the help
of the pellet tracking equipment.
In pellet targets, a regular and mono-disperse stream of droplets is produced which freeze in vacuum to pellets. The main
focus is the production of small pellets with the diameters 10-15 µm. This requires the development of the techniques
for the nozzle fabrication and development of the new diagnostics system for measurement of the parameters of the
extra small pellets. New regimes for the production of target streams will be developed.

Description of work and role of partners
WP29 - JRA11-Cryogenically cooled particle streams from nano- to micrometer size for internal targets at
accelerators (CRYOJET) [Months: 1-48]
WWU, GSI, UU
Description of work (where appropriate, broken down into tasks), lead partner and role of participants
Spokesperson: Alfons Khoukaz
Cluster-jet beams: Improved techniques for the nozzle fabrication processes will be developed at WWU in cooperation
with INFN-GE. Improved nozzles will be tested with respect to the achievable target thickness by WWU, INFNGE,
GSI and SMI. The results from data obtained at WWU of cluster velocity and mass will be compared to calculations.
First in-beam tests are foreseen at COSY/FZJ to investigate the vacuum conditions and the performance of the target
in combination with an accelerator beam.
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At HHUD a target place at the 200+200 TW Arcturus laser facility for cryogenic targets will be prepared. Studies
on laser-induced hadron beam production will be performed. In parallel, numerical simulations of the laser-generated
plasmas are carried out on the super-computers of FZJ.
Cryogenic droplet beam target: A generator for cryogenic droplet beams will be provided by WWU and GUF and
hydrogen droplet beams will be characterized by laser-imaging techniques. Studies on the improvement of quality and
lifetimes of droplet beams will be performed at WWU and GUF to increase the success rate for droplets produced in
capillaries of ≈5 μm diameters from 20-30% to almost 100% by studies on clogging. Diagnostic systems for nozzle
clogging and droplet diameter, velocity, and space distribution will be developed.
A real-time pellet tracking system including fast pellet track finding algorithms will be developed at UU and applications
of real-time tracking for other pellet-like-objects will be investigated at UU. Attempts in making hydrogen fiber targets
(GUF, UU) are considered. Feasibility studies on a novel technique for droplet production by laser induced break up
of a hydrogen liquid jet will be done at UU.
Pellet beams: The new technology of the fine production of the small nozzles with diameters 6-10 µm will be developed
and tested. Regimes and parameters for the production of the mono-disperse pellets 10-15 µm will be studied. New
diagnostics system for observation small pellets will be developed and parameters of pellets will be measured.

Participation per Partner
Partner number and short name

WP29 effort

8 - GSI

9.00

16 - WWU

12.00

41 - UU

8.00
Total

29.00

List of deliverables

Type

Dissemination level

Due
Date (in
months)17

D29.1

Report on new nozzle
and beam production
techniques for high16 - WWU
performance cluster-jet,
droplet, and pellet targets

Report

Public

48

D29.2

Report on measurements
of ion acceleration using
laser-induced production

16 - WWU

Report

Public

48

D29.3

Report on a pellet
tracking system

41 - UU

Report

Public

48

Deliverable
Deliverable Title
Number14

Lead beneficiary

15

16

Description of deliverables
D29.1- Report on new nozzle and beam production techniques for high-performance cluster-jet, droplet, and pellet
targets
D29.2- Report on measurements of ion acceleration using laser-induced production
D29.3- Report on a pellet tracking system.
D29.1 : Report on new nozzle and beam production techniques for high-performance cluster-jet, droplet, and pellet
targets [48]
D29.1- Report on new nozzle and beam production techniques for high-performance cluster-jet, droplet, and pellet
targets (month 48) Detailed studies on the impact of the nozzle designs on the quality of the target beams will be
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performed and will deliver important information for the nozzle production. The required different nozzle designs,
individual production techniques will be developed for each kind of target type and reported in month 48.
D29.2 : Report on measurements of ion acceleration using laser-induced production [48]
D29.2- Report on measurements of ion acceleration using laser-induced production (month 48) Laser interaction
experiments on cryogenic cluster/droplet beams will be performed, first on hydrogen cluster and later on streams of
heavier gases. The information gained from these experiments will be a guide to optimum cluster/droplet properties to
produce high-quality laser-induced hadron beams and will be reported in month 48.
D29.3 : Report on a pellet tracking system [48]
D29.3- Report on a pellet tracking system. (month 48) A pellet tracking system to reconstruct the reaction vertex
in hadron-physics experiments in real-time will be developed and set into operation. Systematic studies on the
performance of this real-time pellet tracking will be performed and reported in month 48.

Schedule of relevant Milestones
Milestone
number18

Milestone title

Lead beneficiary

Due
Date (in Means of verification
months)

MS67

New production techniques
for cluster nozzles identified

16 - WWU

24

Successful produc-tion of new
nozzles. Measurements will
be performed

MS68

Setup of a droplet test device

16 - WWU

12

Successful operation of the
droplet generator

MS69

Improved pellet nozzle
production avoiding nozzle
blocking

16 - WWU

24

Laboratory proto¬types
prepared and tested
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Work package number 9

WP30

Work package title

JRA12-Spin for FAIR (SPINFORFAIR)

Start month

Lead beneficiary 10
1 End month

30 - INFN
48

Objectives
Objectives: The physics potential for studies with polarized antiprotons is enormous. The flag-ship experiment, DrellYan production, in double polarized proton-antiproton annihilation, will provide direct access to the transverse spin
structure of the nucleon. In this perspective the implementation of a double polarized proton-antiproton collider at the
coming FAIR facility, as a long-term upgrade, would open new and unique research opportunities for spin-physics with
polarized antiprotons.
So far no antiproton beams with sizeable polarization could be produced. It is the aim of the PAX Collaboration to
develop an efficient method for polarizing antiproton beams by in-situ build-up in a storage ring. The only viable way
to do this effectively is by “spin-filtering” by the repeated interaction of an antiproton beam with a polarized hydrogen
gas target in a cooler storage ring, selectively discarding more particles in one of the two spin states.
In the framework of the I3HP3 project, the PAX collaboration has successfully performed a spin-filtering measurement
with protons at the COSY-ring by using a transverse polarized hydrogen target. The COSY measurement, actually a
determination of the transverse spin-dependent polarization build-up cross section, proves that spin-filtering can be
considered as a method to polarize a stored beam and that the interpretation of the polarization build-up mechanism in
terms of the proton-proton interaction is valid. With the present JRA, PAX intends to make use of the unique environment
offered by the COSY ring to transfer this method to longitudinal polarization. This point is motivated by the fact that all
the different models for spin-filtering predict a significantly higher degree of polarization for the longitudinal case than
for the transverse one. For the optimization of the polarization buildup it is therefore necessary to study both cases in
conjunction. In addition, this approach represents the only way to obtain the relevant spin-dependent cross-sections for
producing polarized antiprotons. Afterwards the PAX collaboration is ready to perform the corresponding experiments
with antiprotons.

Description of work and role of partners
WP30 - JRA12-Spin for FAIR (SPINFORFAIR) [Months: 1-48]
INFN, FZJ
Description of work (where appropriate, broken down into tasks), lead partner and role of participants
Spokesperson: Paolo Lenisa
Implementation: The natural direction of the polarization in a storage ring is vertical with respect to the beam momentum;
longitudinal polarization requires the introduction of a dedicated magnet system: namely a Siberian snake by which the
spin-closed orbit at the target installed in the opposite straight section and about which the stored particles precess, is
oriented along the longitudinal direction. A Siberian snake has been ordered from Cryogenics LTD and finally delivered
to COSY in 2016. After commissioning the Siberian snake in the COSY ring, we plan to perform a longitudinal spinfiltering test with protons in the present JRA. For this purpose a new detector system has been realized in the framework
of this JRA, it will be implemented in the PAX interaction region at COSY and commissioned. The new detector system
will be compatible both with the longitudinal spin-filtering experiments at COSY and the following experiments with
antiprotons. It is also compatible with the possible future experimentation at FAIR with antiprotons. The rest of the
experimental apparatus necessary for the experiment: i.e., polarized atomic beam source and polarimeter, target chamber
and vacuum system has been already developed and commissioned in the previous JRAs.
Measurements and Data Interpretation: Two sets of measurements are foreseen. The first is devoted to the measurement
of the target polarization with the twofold goal of commissioning the new detection system and to provide an absolute
calibration for the target polarimeter. The second represented by the longitudinal spin-filtering measurements at COSY.
• The first measurements with the new detector system will address the determination of the target polarization when H
(or D) is injected into the storage cell. The task will be accomplished by making use of the single spin-asymmetries in
pd scattering. Scattered particles will be detected and identified by the new detector system surrounding the target cell.
The comparison between the polarization seen by the beam as measured by the detector with the sampled polarization of
the Breit-Rabi polarimeter will allow us to absolutely calibrate the polarimeter itself. The task will require a coordinated
effort of most of the groups involved in the JRA:
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• The longitudinal spin filtering measurement will require the use of the Siberian snake to assure the longitudinal
direction of the beam polarization at the polarized target place and of the new detection system to measure the induced
polarization at the beam. A possible scheme of the measurement cycle will be:
• Beam injection and preparation;
• Switching on of the polarized internal target and start of spin-filtering process:
• At the end of the cycle rapid inversion of the direction of the target polarization and measurement of the induced
polarization in the beam;
• Repetition of the measurement with opposite direction of the target polarization.
In parallel to the experiments, a theory team will be established to provide theoretical support for the spin-filtering
expe¬riments with protons at COSY, and its possible implication for antiprotons.
Lead partner and role of participants.
• INFN-FE is the lead partner and will manage the JRA. The Spokesperson of the JRA, Prof. Dr. Paolo Lenisa has a
long standing experience in the leadership of international collaborations. Presently he is Co-spokesperson of the PAX
and JEDI collaborations operating at FZJ.
• FZJ will be responsible for the beam developments.
• INFN-FE and FZJ will be responsible for the running of the polarized target and its polarimeter. INFN-FE and FZJ
possess large experience in spin-physics, ranging from po¬larized sources and targets to the leadership role in the
HERMES experiment at HERA-DESY, exploring the structure of the nucleon.
• INFN-FE will be responsible for the silicon detector system, making use of their expertise in detection systems.
• INFN-FE and FZJ will be responsible for spin-filtering measurement and data analysis.
• FZJ will be responsible for the theoretical investigations. The FZJ theory group has acknowledged competence in the
low energy spin physics of few body systems.

Participation per Partner
Partner number and short name

WP30 effort

7 - FZJ

25.00

30 - INFN

25.00
Total

50.00

List of deliverables
Deliverable
Deliverable Title
Number14

Lead beneficiary

Type15

Due
Dissemination level16 Date (in
months)17

D30.1

Report on snake and
detector commissioning

30 - INFN

Report

Public

12

D30.2

Report on beam and
polarization lifetimes and
30 - INFN
measurement of beam
and target polarization

Report

Public

24

D30.3

Report on longitudinal
spin-filtering studies

30 - INFN

Report

Public

36

D30.4

Report and data analysis
and interpretation

30 - INFN

Report

Public

48

Description of deliverables
The deliverables to be achieved in the present JRA are listed below:
D30.1-Report on snake and detector commissioning
D30.2- Report on beam and polarization lifetimes and measurement of beam
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D30.3- Report on longitudinal spin-filtering studies
D30.4- Report and data analysis and interpretation
D30.1 : Report on snake and detector commissioning [12]
D30.1-Report on snake and detector commissioning First annual report including report on snake and detector
commissioning (month 12).
D30.2 : Report on beam and polarization lifetimes and measurement of beam and target polarization [24]
D30.2- Report on beam and polarization lifetimes and measurement of beam and target polarization Second annual
report including report on beam and polarization lifetime and measurement of beam and target polarization (month
24).
D30.3 : Report on longitudinal spin-filtering studies [36]
D30.3- Report on longitudinal spin-filtering studies Third annual report including report on spin-filtering study with
longitudinal polarization (month 36).
D30.4 : Report and data analysis and interpretation [48]
D30.4- Report and data analysis and interpretation Fourth annual report including report on data analysis and
theoretical interpretation of the spin-filtering test with longitudinal polarization (month 48).

Schedule of relevant Milestones
Milestone
number18

Milestone title

Lead beneficiary

Due
Date (in Means of verification
months)

MS70

Detector commissioned

30 - INFN

12

Detector installed in COSY
and running as expected.

MS71

Snake commissioned

30 - INFN

12

Snake installed and COSY
and performing as expected.

MS72

Measurement of target
polarization and beam
polarization accomplished

30 - INFN

24

Target and beam polarization
measured by the new detector
system, validated by the
analysis group

MS73

Predictions for spin-filtering
30 - INFN
with longitudinal polarization

24

Report controlled and
validated by the Analysis
group

MS74

Spin-filtering test with
longitudinal polarization
completed

36

Polarization buildup
measured as expected.
Analysis validated by analysis
group.

30 - INFN
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Work package number 9

WP31

Work package title

JRA13-Polarized Electrons, Positrons and Polarimetry (P3E)

Start month

Lead beneficiary 10
1 End month

1 - CNRS
48

Objectives
Objectives: Experimental discoveries in nuclear, hadron and particle physics are enabled by developments in accelerator
and detector technologies. Facilities such as MAMI and MESA in Mainz, CEBAF 12 GeV and JLEIC in Newport
News herald a new age for precision hadron physics. In order to optimally harness the discovery potential of these new
facilities, the P3E Joint Research Program aims at pushing further the intensity frontier of polarized electron/positron
sources and the precision frontier of electron polarimetry on the basis of novel methods and innovative technologies
developed by the P3E partners.
The interest in both polarized and unpolarized intense positron beams for the experimental investigation of the physical
world ranges from the macroscopic molecular scale accessible at eV energies down to the most elementary scale of
fundamental symmetries probed with hundreds of GeV lepton beams. The production of high-quality polarized positron
beams relevant to these many applications is one concern of the P3E project which will benefit facilities including but
not limited to ALTO, MAMI, MESA, CEBAF, and JLEIC. It relies on the demonstrated PEPPo method developed by
IPNO and TJNAF that is the efficient polarization transfer from a polarized electron beam to the positrons generated by
the Bremsstrahlung radiation of the beam in a high Z target. The performance of this technique is limited only by the
initial beam polarization and intensity. In addition, the modest initial energy of the required electron beam (> 5 MeV)
makes PEPPo applicable at essentially any polarized electron beam facility.
The capabilities of polarized electron source are the initial driver of the PEPPo scheme for polarized positron beams.
The availability of intense polarized electron source will correspondingly boost the intensity of the positron beam as
well as the demands with respect to the production target. The objective of this task that will develop at TJNAF is to
explore promising technologies for the extension of the charge lifetime of today’s polarized GaAs photoelectron guns
from tens to thousands of Coulombs. This includes: the minimization of the ion damage effects via improved photogun vacuum quality and/or larger laser spot size; the minimization of the ion production rate by operating with higher
photo-gun voltage and/or increased quantum efficiency of the photocathode. Achievements in that matter will benefit
any facilities operating polarized electron beams.
Application of the PEPPo technique for a high intensity polarized positron beam at ALTO, MAMI, MESA, CEBAF
and JLEIC involve similar electron beams in the 10-150 MeV energy range. Therefore, the production, collection and
shaping schemes of the positron beam are common to all these facilities while the final stage of the source depends on
the designated application. Our objective is to define and optimize the production of slow (for solid state and atomic
physics) and fast positrons (for hadronic physics) on the basis of simulations and crucial experiments. The effort of the
IPNO partner will focus on the simulation of the electron conversion target configuration, the collection of positrons,
and their moderation or shaping for acceleration.
The high electron beam intensity put severe constraints on the target, particularly with respect to the received high
thermic load. Furthermore, such a material stress happens in a radiative environment where the fatigue limits of the target
materials do not apply any more. Therefore, material tests in such an environment are required and foreseen at MAMI.
The goal is to understand and control the target material behaviour under exposure to a high peak energy deposition
density (PEDD) comparable to the expected load at future high-intensity facilities. At MAMI, the UUH and JGU partners
together with IPNO and TJNAF will investigate the long-term sustainability of heavily stressed target materials. The
successful conduct of this R&D will benefit implementation of positron beams at any electron facility, especially CEBAF
and JLEIC where the availability of polarized positron beams would significantly enhance the scientific reach.
Precision experiments with polarized electrons and positrons require the best possible measurement of the polarization.
The current state of the art is an uncertainty of 0.6% for 1.165 GeV electrons achieved using the combination of a
conventional Møller polarimeter and a Compton polarimeter for the Q-weak parity violation experiment at TJNAF.
Future parity violation experiments such as P2 at the MESA accelerator in Mainz aim for a knowledge of the polarization
with an uncertainty on the 0.1% level at much lower beam energies. This requires a new approach in the form of a HydroMøller Polarimeter. Here the cross-section asymmetry in electron-electron (Møller) scattering is used to access the beam
polarization. Atomic hydrogen at cryogenic temperatures is magnetically trapped in a very strong (7T) field, leading to
almost complete polarization of the bound electrons, thus eliminating systematic effects due to target polarization. To
prevent recombination to molecular hydrogen, the cell walls need to be covered in suprafluid helium, necessitating a
3He/4He dilution cryostat. Detecting the outgoing electron pair requires a tracker tailored to the very special operating
conditions close to a high field, high power beam and cryogenic environment. Background from electrons scattering off
residual gas in the beam pipe can be suppressed by reconstructing the electron interaction vertex inside the trap volume,
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which in turn defines strict requirements on the tracker in terms of pointing resolution. At the relevant energies, this
resolution is dominated by multiple Coulomb scattering in the detector and passive material, necessitating an extremely
low mass detector. The further concern of the P3E project is the design of this detector based on the High Voltage
Monolithic Active Pixel Sensors technology developed by the JGU partner.

Description of work and role of partners
WP31 - JRA13-Polarized Electrons, Positrons and Polarimetry (P3E) [Months: 1-48]
CNRS, JGU MAINZ, UHAM
Co-leadership : JGU Mainz
Description of work (where appropriate, broken down into tasks), lead partner and role of participants
Spokesperson: Eric Voutier
High intensity polarized electron source: aligned with the on-going research program at TJNAF to build intense polarized
electron sources this task focuses on performing proof of concept experiments and model benchmarking simulations to
limit ion production in high voltage DC photo guns and suppress the subsequent deleterious effects of ion bombardment
on photocathode quantum efficiency. Experimental tests will take place at the Upgrade Injector Test Facility (UITF) of
TJNAF coming into operation in 2018. These studies will support the feasibility report for the construction of a high
polarization high intensity electron source.
High intensity polarized positron source (IPNO leading partner): this task is decomposed into a simulation and an
experimentation sub-task respectively led by IPNO and UHH, both reinforced by PhD students funded in the frame
of this proposal. Simulations will progress successively through the different elements of the positron source for an
optimized operation of the system: the positron production in correlation with the target configuration; the collection
of positrons; the decelerating or bunching structure. The 10-150 MeV electron beam at MAMI will be used to generate
high PEDD within a short time (few days), to produce short-term temperature rise of 100°-200°, and even to overload
the material. The resulting structure, hardness and deformation of the materials will be analyzed with laser scanning
methods. Several materials (Ti-alloys, Wf, Cu) with different thicknesses and surface preparations and with/without
thermic contact will be studied. The experiments will be prepared and accompanied by simulations with FLUKA and
GEANT4. These studies will combine together to constitute a feasibility report.
High precision electron polarimetry (JGU leading partner): this task consists in the design of the detector system for
Hydro-Møller Polarimeter using high-voltage monolithic active pixel sensors (HV-MAPS). It is led by the JGU team
which will be further reinforced by a post-doctoral position funded in the frame on this proposal. This novel technique
provides fast, high resolution sensors, fully integrated on a 50 µm thick silicon chip. In the context of the Mu3e, PANDA
and ATLAS experiments we have developed a series of prototype HV-MAPS sensors, which have shown excellent
performance in terms of efficiency, time resolution, and noise and radiation hardness. We will develop a design of the
Hydro-Møller detector based on HV-MAPS, including geometry, mechanics, powering, signal routing, cooling and track
reconstruction algorithms, leading to a technical design report.

Participation per Partner
Partner number and short name

WP31 effort

1 - CNRS

19.20

9 - JGU MAINZ

9.60

14 - UHAM

9.60
Total
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38.40

List of deliverables
Deliverable
Deliverable Title
Number14

Lead beneficiary

Type

Dissemination level

Due
Date (in
months)17

15

16

D31.1

D31.1-Feasibility Report
for an Intense Polarized
Electron Source

1 - CNRS

Report

Public

48

D31.2

D31.2-Feasibility Report
for an Intense Polarized
Positron Source

1 - CNRS

Report

Public

48

D31.3

Technical Design Report
for the polarimeter
detector

9 - JGU MAINZ

Report

Public

48

Description of deliverables
D31.1-Feasibility Report for an Intense Polarized Electron Source
D31.2-Feasibility Report for an Intense Polarized Positron Source
D31.3-Technical Design Report for the polarimeter detector
D31.1 : D31.1-Feasibility Report for an Intense Polarized Electron Source [48]
D31.1-Feasibility Report for an Intense Polarized Electron Source (month 48): Document summarizing the
modeling and experimental developments for predicting and minimizing the ion bombardment of high polarization
photocathodes in DC high voltage guns to allow sustained operation at milli-ampere intensities.
D31.2 : D31.2-Feasibility Report for an Intense Polarized Positron Source [48]
D31.2-Feasibility Report for an Intense Polarized Positron Source (month 48): Document describing the design of the
slow and fast positron source as supported by the simulation results and the measurements relative to the production
target.
D31.3 : Technical Design Report for the polarimeter detector [48]
D31.3-Technical Design Report for the polarimeter detector (month 48): Document outlining the technical design of
the Hydro-Møller polarimeter detector including geometry, sensor specifications, mechanics, and cooling, powering,
readout architecture and reconstruction software.

Schedule of relevant Milestones
Milestone
number18

Milestone title

Lead beneficiary

Due
Date (in Means of verification
months)

MS75

Ion damage simulations

1 - CNRS

24

Benchmark model
simulations against
experimental results

MS76

Charge lifetime experiments

1 - CNRS

36

Publication (arXiv or peer
reviewed journal) and/or
Conference presentation

MS77

Simulation package of the
positron source

1 - CNRS

42

Appropriate operation of
the software, due dates (in
months): 12, 24, 42

MS78

Simulation package of the
target stress

1 - CNRS

39

Appropriate operation of the
software and cross-check with
respect to experimental data,
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Schedule of relevant Milestones
Milestone
number18

Milestone title

Lead beneficiary

Due
Date (in Means of verification
months)
due dates (in month): 12, 30,
39

MS79

GEANT4 simulation package
1 - CNRS
of the polarimeter detector
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18

Appropriate operation of the
software

Work package number 9

WP32

Work package title

JRA14-Micropattern Gaseous Detectors for Hadron Physics (MPGD_HP)

Start month

Lead beneficiary 10
1 End month

30 - INFN
48

Objectives
Objectives: There are currently many open fundamental questions and puzzles in physics, which require input or
progress in hadron physics. One example is the transverse-momentum dependent inner structure of the proton, which,
apart from being a fundamental question of QCD itself, is relevant for many analyses at proton colliders such as the
LHC. Another example is the proton radius puzzle, where a very large discrepancy between its determination from
elastic electron scattering and a new result from the spectroscopy of muonic hydrogen is yet unexplained. Possible
explanations range from uncertainties in the extrapolation of the electric form factor towards zero momentum transfer
to new physics beyond the standard model. A third example is the question of the existence of exotic bound states of
quarks and antiquarks, a plethora of which is predicted by QCD, but very few have been unambiguously identified until
now. Progress towards answering these questions requires new or upgraded accelerator facilities as well as detectors
with improved capabilities in tracking, identification of charged particles, photon detection and timing in the picosecond
region. A coherent effort towards these goals by world experts in MPGDs is proposed in this JRA. Its research tasks have
important connections with existing and future facilities in hadron physics: MPGDs are being considered as baseline
solution for tracking and photon detection in many of the new experiments at TJNAF, RHIC, EIC or FAIR. Our research
on stability and performance of these devices will have an impact on all these efforts. Within this application, there
are important synergies with the Next-DIS Work Package, which is examining the requirements for EIC physics, and
the TIIMM Work Package, which is studying complementary detector concepts for these goals. Our contribution to
the proton radius puzzle, which is also the focus of a networking activity within this application, the PREN Work
Package, will be the simulation and optimization of a TPC for measuring the proton radius via elastic scattering of highenergy muons at CERN. The detection technologies for which this JRA will lay the foundations will have widespread
applications also outside physics, from homeland security and medical physics, to elemental mapping of biological,
cultural and industrial samples. The proposed activities are organized in four tasks.
Description of work and role of partners
WP32 - JRA14-Micropattern Gaseous Detectors for Hadron Physics (MPGD_HP) [Months: 1-48]
INFN, OEAW, GSI, UBO, TUM, CEA, UAVR, UGLASGOW
Co-leadership : UBO
Description of work (where appropriate, broken down into tasks), lead partner and role of participants
Spokespersons: Bernhard Ketzer, Fulvio Tessarotto
1. Compact micro-pattern TPC for high-rate experiments. Goal: Prepare foundations for 3D continuous tracking with
minimal material budget in environments with extremely high intensities and track densities.
TPCs with gas amplification in micropattern gaseous detectors provide the possibility to perform tracking and
identification of charged particles in a continuous fashion, delivering a 3D data stream of interactions. The subtasks
involve the investigation of the properties of MPGD components at very high rates or local charge densities in terms
of charge transport, ion backflow, possible instabilities and aging. In order to optimize the performance we intend to
develop numerical simulations for MPGDs with the power to make quantitative predictions. The developed detector
prototypes will be characterized in particle beams and intense sources in order to optimize their performance. Detector
vessels with very low material budget in combination with ultra-thin solenoid magnet structures will be developed in
cooperation with the JRA CryPTA (H. Dutz et al.). A possible application is the tagged DIS Experiment aiming to
measure pions and kaons structure functions in the valence regime using the 12 GeV beam at TJNAF. It needs a highrate, low material budget TPC to track low momentum charged spectator and recoil hadrons (including momenta < 400
MeV/c). The high expected luminosity (1037 cm-2 s-1) implies background rates above 100 MHz. This development
is essential to optimize the spectator particle tagging measurement at the EIC too. Another application is the upgrade
of the CBELSA/TAPS experiment at the ELSA facility in Bonn, where a compact low material-budget TPC combined
with a thin solenoid will greatly enhance the physics reach of the experiment by extending it to final states containing
charged particles.
2. Active target TPC. Goal: Develop TPC which acts as an active target and at the same time performs tracking of
low-energy recoil particles from interactions in the active volume. Active-target TPCs filled with H2 or He gas are
an extremely powerful and at times the only way to reconstruct very low-energy recoil particles from interactions of
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beam particles with the atoms of the detector medium, which acts as a target at the same time. Possible applications
are the new proposal for elastic muon-proton scattering at the COMPASS experiment at CERN and the AMADEUS
experiment at DAFNE, Frascati. The challenge at the COMPASS experiment is to reconstruct the recoil proton in the
background of a high-intensity wide muon beam. At values of the squared momentum transfer of the order of , the
kinetic energy of the proton is only #300 keV, corresponding to a range less than one cm. We intend to perform detailed
simulations of the setup including beam-induced noise, space-charge effects, etc. at different gas pressures from 1 to
20 bar in order to define the granularity of the readout structure. The energy resolution will be optimized by studying
detectors with and without gas amplifications and the associated low-noise readout electronics. A collaboration with
the Proton Radius European Network (PREN) on the impact of this technology for the solution of the proton charge
radius puzzle is being established.
3. Photon detectors for PID. Goal: Develop a modular hybrid MPGD (Micromegas + THGEM or GEMs) with highgranularity readout elements for the detection of single photons in harsh environment.
GEMs with CsI coating, used by PHENIX HBD, and Hybrid Micromegas + THGEM photon detectors, used by
COMPASS RICH-1, are valid and cost-effective gaseous technologies for photon detection covering large areas.
Hadron PID requirements for the EIC detector and other RICH applications however go beyond the established photon
detector performance.We will develop and test a modular hybrid MPGD with miniaturized readout elements, high
photosensitivity, minimal dead area and an architecture suppressing the ion back-flow. The detector will be optimized for
the very far UV (140-170 nm) range and for operating with CF4, in a windowless RICH configuration. The performance
with different radiator-amplification gases will be compared and photoelectron collection and detection efficiencies will
be studied. A limiting element of the present generation of gaseous photon detectors is the CsI photoconverter: despite
being more robust than all other commonly used photoconverters, its sensitivity to exposure to air and its reduced lifetime
(degradation after integration of few mC/cm2 of charge) make its use unsuited for high rate applications. The properties
of graphite-rich nano-crystalline diamond, recently discovered by participants of this JRA, suggests the possibility to
replace CsI with a more performing photoconverter. The potentialities of graphite-rich nano-crystalline diamond grains
and the robustness of photoconverters based on it will be thoroughly investigated.
4. Very fast timing/tracking by Micromegas-based Cherenkov photons detectors. Goal: establish a new tracking
technology based on sub-100 ps timing resolution and high rate capability. The possibility to achieve sub-100 ps
time resolution in Micromegas-inspired gaseous detectors has recently been demonstrated. This may open the way
to the advent of new trackers, using timing as dominant information or combining precise timing and traditional
high-resolution position information in an original manner. For the EIC tracking/timing this technology is extremely
appealing. We will design, build and test detectors based on this new operation principle, in different configurations,
including tests in a high-rate and harsh environment. Together with the consolidation and optimization of the original
architecture we will investigate other options for the photocathode material, including graphite-rich nano-crystalline
diamond grains, and explore alternative electron sources for fast timing detectors too.

Participation per Partner
Partner number and short name

WP32 effort

2 - OEAW

3.00

8 - GSI

4.50

10 - UBO

12.00

13 - TUM

5.50

24 - CEA

5.50

30 - INFN

14.50

40 - UAVR

6.00

44 - UGLASGOW

3.00
Total
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54.00

List of deliverables
Due
Date (in
months)17

Deliverable
Deliverable Title
Number14

Lead beneficiary

Type

D32.1

Minipad Modular PD

30 - INFN

Demonstrator Public

36

D32.2

Fast Cherenkov
Micromegas Detector

24 - CEA

Demonstrator Public

42

D32.3

A small-scale prototype
of the high-rate TPC

13 - TUM

Demonstrator Public

48

D32.4

Simulation results on
energy ranges and
resolutions in active
target TPC

10 - UBO

Report

Public

48

D32.5

Publication of the
diamond-based
photoconverter
performance in gaseous
PDs

30 - INFN

Report

Public

48

15

16

Dissemination level

Description of deliverables
D32.1-Minipad Modular PD
D32.3-Fast Cherenkov Micromegas Detector
D32.3-A small-scale prototype of the high-rate TPC
D32.4-Simulation results on energy ranges and resolutions in active target TPC
D32.5-Publication of the diamond-based photoconverter performance in gaseous PDs
D32.1 : Minipad Modular PD [36]
D32.1-A prototype of the Minipad Modular PD (Task 3). Delivery: month 36.
D32.2 : Fast Cherenkov Micromegas Detector [42]
D32.2-A prototype of the Fast Cherenkov Micromegas Detector (Task 4). Delivery: month 42.
D32.3 : A small-scale prototype of the high-rate TPC [48]
D32.3-A small-scale prototype of the high-rate TPC (Task 1). Delivery: month 48.
D32.4 : Simulation results on energy ranges and resolutions in active target TPC [48]
D32.4-Simulation results on energy ranges and resolutions in active target TPC (Task 2). Delivery: month 48
D32.5 : Publication of the diamond-based photoconverter performance in gaseous PDs [48]
D32.5-Publication of the diamond-based photoconverter performance in gaseous PDs (Task 3) (month 48)

Schedule of relevant Milestones
Milestone
number18

Milestone title

Lead beneficiary

Due
Date (in Means of verification
months)

MS80

Design of prototype high-rate
TPC

10 - UBO

24

CAD production drawings

MS81

Investigation of beaminduced noise

10 - UBO

27

Report

MS82

Diamond-based photocathode
10 - UBO
QE in gas

30

Submission of journal article
to International Peer Review
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1.3.4. WT4 List of milestones
Milestone
Milestone title
number18

WP
Lead beneficiary
number9

Due
Date (in Means of verification
months)17

MS1

Signature of the
Consortium agreement

WP1

1 - CNRS

1

Final version released

MS2

Kick-off meeting

WP1

1 - CNRS

4

Contents on DISCO website

MS3

Workshops

WP1

1 - CNRS

24

Contents on DISCO website,
due dates (in months) : 12, 24

MS4

Mid-term review

WP1

1 - CNRS

24

EC Report

MS5

Presentations at
NuPECC

WP1

1 - CNRS

48

Invitations from NuPECC,
due dates (in months) : 6, 12,
18, 24, 30, 36, 42, 48

MS6

Preparation of
periodical reports

WP1

1 - CNRS

48

Reports delivered to EC, due
dates (in months) : 18, 36, 48

MS7

DISCO-WEB existent

WP2

30 - INFN

6

Pilot Web-site working

MS8

DISCO-youtube
channel started

WP2

30 - INFN

14

DIS You-tube channel
accessible

MS9

Preparation of the
Workshop “Present and
future perspectives in
WP2
Hadron Physics in the
21st Century”

30 - INFN

29

Invitations sent

MS10

Repository of
soft¬ware components
and analysis tools

11 - RUB

18

Software released

MS11

Reweighting of nPDFs
including new LHC
data

24

Publications and presentations
in conferences, and software
released and validated by a
user group

MS12

Dipole cross section
from resummed
JIMWLK evolution

WP13

20 - USC

24

Publications and presentations
in conferences, and software
released and validated by a
user group

MS13

TMD factorization at
small x for 3 final-state WP13
particles

20 - USC

24

Publications and presentations
in conferences

MS14

Completion of the
calculation of multiparticle correlations in
the dilute limit of the
CGC

WP13

20 - USC

24

Publications and presentations
in conferences

MS15

Delivery of D14.1

WP14

39 - LIP

8

Software in public repository

MS16

Delivery of D14.3

WP14

39 - LIP

24

Report released

MS17

Development of a
dedicated website

WP15

1 - CNRS

6

Access availability

WP12

WP13

20 - USC
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Milestone
Milestone title
number18

WP
Lead beneficiary
number9

Due
Date (in Means of verification
months)17

MS18

Conventions

WP15

1 - CNRS

45

Convention, due dates (in
months): 3, 24, 45

MS19

Meetings

WP15

1 - CNRS

33

Targeted workshop
organization, due dates (in
months) : 15, 33

MS20

First data taking by
WASA@GSI/FAIR
searching for nn˄

WP16

9 - JGU MAINZ

24

Experiment completed

MS21

Design report for
antihyperons in nuclei
ready

WP16

9 - JGU MAINZ

30

Software report released and
validated.

MS22

SIDDHARTA-2
progress report

WP16

9 - JGU MAINZ

30

Report on SIDDHARTA-2

MS23

Workshop on hadron
spectroscopy and
structure.

WP17

27 - TCD

12

Proceedings of the workshop

MS24

Workshop on hadrons
under extreme
conditions

WP17

27 - TCD

12

Proceedings of the workshop

MS25

Workshop on hadrons
in the standard model
and beyond

WP17

27 - TCD

24

Proceedings of the workshop

MS26

Workshop on
algorithms for lattice
field theory

WP17

27 - TCD

36

Proceedings of the workshop

MS27

Enhanced integration
of lattice field theory
in European hadron
physics community

WP17

27 - TCD

36

Publication of white paper
reviewing future research
collaborations generated by
the network

MS28

Assessment of the
simulation programs
for open heavy flavor
observables

WP18

30 - INFN

12

Publication(s)

MS29

Readiness of the theory
WP18
database prototype

1 - CNRS

16

Available on website

MS30

Prototype of tool for
WP18
data-theory comparison

30 - INFN

24

Available on website

MS31

Draft of strategy paper
for Run 3

WP18

30 - INFN

25

Draft ready for revision

MS32

Kick-off

WP19

1 - CNRS

4

The roadmap exists and the
website is up and running

24

A first publication from at
least two collaborations is
submitted to a peer-reviewed
journal

MS33

Publication

WP19

1 - CNRS
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Milestone
Milestone title
number18

WP
Lead beneficiary
number9

Due
Date (in Means of verification
months)17

MS34

Code for full
simulation in ALICE

WP20

1 - CNRS

27

Software released

MS35

Code for full
simulation in LHCb

WP20

1 - CNRS

15

Software released

MS36

Gas target and detector
setup ready for gas
polarisation and
dissociation studies

WP20

1 - CNRS

27

Up and running

MS37

Weak MAID

WP21

9 - JGU MAINZ

18

Website up and running

MS38

HVP space- vs timelike
WP21
HVP workshop

9 - JGU MAINZ

24

Book of abstracts

MS39

New Pi production MC
WP21
event generator

9 - JGU MAINZ

42

Software released and
validated

MS40

Database for hadronic
processes relevant to
HVP and HLbL

WP21

9 - JGU MAINZ

42

First version of the website up

MS41

Optimization of
COMPASS setup for
polarized deuteron run

WP22

30 - INFN

21

COMPASS ready to start data
taking

MS42

Implementation of
polarized target at
CLAS12

WP22

30 - INFN

15

Polarized target up and
running

MS43

Check compatibility
of TMD framework
with data (especially
sign-change of Sivers
function)

WP22

30 - INFN

30

Compatibility of TMD fits
with data

MS44

Completion of TJNAF
Hall-A DVCS, and
Hall-B TCS and
nDVCS analyses

WP23

1 - CNRS

36

Arxiv publication/
Conference presentation and/
or analysis note, due dates (in
months): 12, 24, 36

MS45

Publication of
COMPASS t
dependence for DVCS
and Pi cross sections

WP23

1 - CNRS

24

Published paper

MS46

Construction of
ALERT, NPS, and FThodoscope electronics

WP23

1 - CNRS

48

TDR/prototype (DEM), due
dates (in months): 24, 48

MS47

Models for several
classes of GPDs and
published studies
of GPD-related
observables

WP23

1 - CNRS

36

Published papers

MS48

EIC PID and tracking
design

WP24

44 - UGLASGOW

18

Report available
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Milestone
Milestone title
number18

WP
Lead beneficiary
number9

Due
Date (in Means of verification
months)17

MS49

IBF-stopping device
prototypes constructed

WP24

44 - UGLASGOW

15

Up and running

MS50

EIC RICH photon
detector prototype
assembled

WP24

44 - UGLASGOW

36

Ready for beam

MS51

First functional tests of
the EIC DMAPS chip

WP24

44 - UGLASGOW

31

Chip can be powered and
responds as expected

MS52

Topical Workshop on
Theoretical aspects of
Hadron Spectroscopy
and Phenomenology
(IFIC). Tasks 1 and 2

WP25

30 - INFN

9

Web site

MS53

Topical Workshop
on Experimental
Aspects of Hadron
Spectroscopy and
Phenomenology
(UEdin). Tasks 3 and 4

WP25

30 - INFN

18

Web site

MS54

General Workshop on
Hadron Spectroscopy
and Phenomenology
(TUM) Tasks 1, 2, 3
and 4

WP25

30 - INFN

28

Workshop proceedings

MS55

School on Hadron
Spectroscopy and
Phenomenology

WP25

30 - INFN

38

School proceedings

MS56

CdTe crystal
characterized

WP26

2 - OEAW

8

Measurements

MS57

CdTe selection criteria
for final device

WP26

2 - OEAW

26

Measurements

MS58

CdZnTe crystal
characterized

WP26

2 - OEAW

8

Measurements

MS59

CdZnTe selection
criteria for final device

WP26

2 - OEAW

26

Measurements

MS60

Definition of the first
prototype and final
device characteristics.

WP27

30 - INFN

9

Report

MS61

First prototype working
WP27
and characterized

30 - INFN

30

Report

MS62

Final device working
and characterized

WP27

30 - INFN

48

Report

MS63

High precision winding
machine for thin
WP28
superconducting wires

10 - UBO

9

Internal Report

MS64

Design concept of a
low mass, combined

10 - UBO

27

Internal Report

WP28
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Milestone
Milestone title
number18

WP
Lead beneficiary
number9

Due
Date (in Means of verification
months)17

field superconducting
magnet system

MS65

Magnet field
calculations for
PANDA low mass
superconducting
passive shielding

WP28

10 - UBO

27

Internal Report

MS66

Manufacture of
prototype active targets WP28
for in beam tests

10 - UBO

27

Internal Report

MS67

New production
techniques for cluster
nozzles identified

WP29

16 - WWU

24

Successful produc-tion of
new nozzles. Measurements
will be performed

MS68

Setup of a droplet test
device

WP29

16 - WWU

12

Successful operation of the
droplet generator

MS69

Improved pellet nozzle
production avoiding
nozzle blocking

WP29

16 - WWU

24

Laboratory proto¬types
prepared and tested

MS70

Detector commissioned WP30

30 - INFN

12

Detector installed in COSY
and running as expected.

MS71

Snake commissioned

30 - INFN

12

Snake installed and COSY
and performing as expected.

MS72

Measurement of
target polarization
and beam polarization
accomplished

WP30

30 - INFN

24

Target and beam polarization
measured by the new detector
system, validated by the
analysis group

MS73

Predictions for
spin-filtering
with longitudinal
polarization

WP30

30 - INFN

24

Report controlled and
validated by the Analysis
group

MS74

Spin-filtering test
with longitudinal
polarization completed

WP30

30 - INFN

36

Polarization buildup
measured as expected.
Analysis validated by analysis
group.

MS75

Ion damage simulations WP31

1 - CNRS

24

Benchmark model
simulations against
experimental results

MS76

Charge lifetime
experiments

WP31

1 - CNRS

36

Publication (arXiv or peer
reviewed journal) and/or
Conference presentation

MS77

Simulation package of
the positron source

WP31

1 - CNRS

42

Appropriate operation of
the software, due dates (in
months): 12, 24, 42

MS78

Simulation package of
the target stress

WP31

1 - CNRS

39

Appropriate operation of the
software and cross-check with
respect to experimental data,

WP30
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Milestone
Milestone title
number18

WP
Lead beneficiary
number9

Due
Date (in Means of verification
months)17
due dates (in month): 12, 30,
39

MS79

GEANT4 simulation
package of the
polarimeter detector

WP31

1 - CNRS

18

Appropriate operation of the
software

MS80

Design of prototype
high-rate TPC

WP32

10 - UBO

24

CAD production drawings

MS81

Investigation of beaminduced noise

WP32

10 - UBO

27

Report

MS82

Diamond-based
WP32
photocathode QE in gas

10 - UBO

30

Submission of journal article
to International Peer Review
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1.3.5. WT5 Critical Implementation risks and mitigation actions
Risk
Description of risk
number

WP Number

Proposed risk-mitigation measures

1

Change of management team
member or WP Coordinator WP1
during the project (low)

Anticipate potential staff changes in the project
management and hire suitable replacements as
soon as possible

2

Withdraw of participant/s
(medium)

Other partners will take over the responsibility of
the task(s) and/or new partners will be included
in the project. It is possible that some delay in the
tasks could occur.

3

Organization of the
Workshop on the topic
“Present and future
perspectives in Hadron
Physics in the 21st Century”,
which is proposed to be
WP2
held in the third year of
the project, depends on
the availability of the
hosting structure and hosting
organization (low)

Organization of the workshop will be realized in
the beginning of the fourth year of the project:
Consequently the Proceedings will be realized in
the second half of the fourth year.

4

The participating groups
have large experience in
international collaborations
and in the fields of this
networking activity. The
projects to achieve the high
data reduction are ambitious
and require innovative
concepts beyond state of
the art. In view of the high
success rate achieved by the
groups. (low)

WP12

The experts of the different participating groups
will connect by virtual meetings to detect risks
early. In case of failure of certain planned
concepts, alternative solution will be worked out.

5

Existing data from the LHC
constrain nPDFs too weakly
or are inconsistent with
existing analyses (low)

WP13

Propose other observables to be measured in
future runs at the LHC that could be constraining
or verify the found inconsistencies

6

Existing observables on
particle correlations in small
systems cannot distinguish
WP13
the hydrodynamic from the
microscopic CGC description
(low)

Propose alternative observables, or consistency
checks for both explanations

7

Lack of availability of
computer resources for
generation of reference
data samples and survey of
observables (low)

WP14

Application for computing time at high
performance computing centres outside
participating institutions

8

Delay on agreement on
reference model (low)

WP14

If no agreement reached, use existing MonteCarlo event generator

9

Delay on producing survey
results (medium)

WP14

Reduce scope of survey

WP1
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Risk
Description of risk
number

WP Number

Proposed risk-mitigation measures

10

Proton Radius Puzzle solved
before 2019 (low)

WP15

One experiment alone can not “solve” the puzzle.
We would still have to understand the issues with
other techniques, and learn from the discrepancy.

11

Part of the experiments
delayed (low)

WP16

Concentrate on development of theoretical

12

Workshops cannot be
organized for planned dates
(low)

WP17

Planning for workshops will be reviewed
regularly by the management group of the workpackage

13

Balance of expenditure
on secondments and
visitors does not match
goal of linking both lattice
community internally
and broader theory and
experimental community
(low)

WP17

Budget allocation and spending on travel within
and external to the network will be reviewed
every six months by the WP management group

14

Delay in the LHC operations,
e.g. in the hypothesis of a
prolongation of the Long
Shutdown phase 2. The
probability of a cancellation
or delay of the approved PbPb ion run, scheduled at the
end of 2018 is extremely
low. The risk of delay or
WP18
change in the schedule for
the first ion run with High
Luminosity (in 2021) is
low. The above level of
likelihood is assessed from
current experience with LHC
operations (maximum 2
weeks delay except at the
LHC start-up)

In case of change of schedule (delay) for the
first ion run with High Luminosity: - extend the
preparation of LHC HI-IL runs - focus on pp
collisions at very high multiplicity, to study if and
how a small QGP droplet can be formed

15

Lack of work force for
the development of the
theory of the hidden heavy
flavor mesons as well as for
performing the transport
calculations. The network
WP18
has not the means to fund
these activities. The progress
will depend on that the
funding by other institutions
will continue on the present
level (low)

Optimizing the time frame for the deliverables and
milestones associated with these activities

LHC delays (low)

Though the recent history shows that LHC is now
working in a steady mode, one cannot exclude an
accident. Should this happen, the HonExComb
work will focus on existing data, and adapt to the
new schedule.

16

WP19
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Risk
Description of risk
number

WP Number

Proposed risk-mitigation measures

17

Lack of involvement of
the collaborations in crossexperiment work (medium)

WP19

We believe that one of the impediment to crosscollaboration activity until now has been the lack
of manpower, particularly in the “smaller” heavyion collaborations. The HonExComb postdocs we
ask for will be dedicated to the task and likely to
entice others to contribute.

18

Performance, feasibility and
design study (low)

WP20

In case performance from feasibility studies did
not reach the expected features, a minimal physics
programme is still acceptable.

19

Phenomenological and
theoretical studies (low)

WP20

Increase in phenomenological and theoretical
studies will lead to an improved understanding of
the framework.

20

Construction of the
unpolarised target cell for
LHCb (low)

WP20

No showstoppers emerged from the interactions
with the LHC experts. It is possible, if this were to
happen, to perform similar measurements without
the storage cell.

21

Lack of coordination
between experimental
groups/facilities providing
data, and theory groups
performing calculations of
RC for precision tests of SM
(low)

WP21

Three workshops are planned before deadlines for
the deliverables. They will allow for coordinating
efforts and setting priorities to achieve the goals.
The recently signed cooperation agreement
between Mainz and Fermilab will permit regular
mutual visits between the two institutions at a
reduced cost.

22

A development of partial
wave analysis for multimeson production is an
ambitious task. Only special
cases are considered in a
model-dependent way. New
data of high precision and
detalization exist and wait
to be analyzed in a general
framework and with the
use of dispersive methods
(medium)

WP21

The Mainz and Cracow parts of the consortium
are associated with the Joint Physics Analysis
Center at TJNAF which develops new analysis
methods for baryon and meson spectro-scopy.
Cracow group has experience with two-pion
channel. The Mainz-Cracow-TJNAF cooperation
will permit to achieve the most by coordinating
efforts.

23

Failure to obtain the expected
WP22
experimental data (low)

The involvement of different experiments
will guarantee that a sufficient amount of
measurements will be available

24

Insufficient resources
to carry out all foreseen
analyses (low)

WP22

Focus on the observables that appear to be
more relevant, seek an increase in support from
experimental collaborations

25

Insufficient precision of
experimental data (low)

WP22

Interaction with other WPs to improve hardware
and to improve treatment of systematic errors
through MC simulations

26

Failure of theoretical
framework (medium)

WP22

Increase in theoretical efforts and interactions
will lead to an improved understanding of
the framework. Continue with considering
observables where framework holds.

27

Delays or run-time
reductions in the schedule

WP23

Delays or cuts in the accelerator schedule would
impact the TJNAF GPD program by reducing
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Risk
Description of risk
number

28

WP Number

Proposed risk-mitigation measures

of the TJNAF accelerator
(medium)

the statistics collected during the time frame of
the WP, compared to the expected projections.
However, reducing the number of kinematic
bins can mitigate the issue, without affecting
strongly the physics conclusions that can be drawn
from the data. This is especially true for new
measurements, such as TCS and nDVCS, for
which basically no results exist as of today

Little or no progress to reach
approval for the EIC (low).

WP24

Developments within this WP will benefit
near-future projects such as sPHENIX at BNL,
upgrades to TJNAF and ALICE at CERN. The
risk is low — the EIC has been through a large
number of reviews with very positive results
and the US National Academies assessment is
expected imminently.

WP25

The HaSP Common Analysis Framework will be
developed while theoretical inputs and data from
different experiments are collected and filtered in
a common format. The framework will be shared
using a public repository (e.g. Github) allowing
all institutions participating to HaSP to contribute
and test it in the very early stage.

WP25

Attendees of HaSP general ws (M3) and school
(M4) will be requested to provide a contribution
for the WP in advance. The WP will be mainly
based on this material, available well in advance.

29

Delay Common Analysis
Framework deployment
(low)

30

Delay in HaSP whitepaper
(WP) publication (low)

31

The growing of CdTe crystals
does not involve high risk
WP26
(low)

V-I measurements

32

The growing of CdZnTe
crystals does not involve
high risk (low)

WP26

V-I measurements

33

The realization of strip
and pixel structures might
involve some critical steps
which need attention (low)

WP26

Test measurements

34

Failure in the production of
sensors at Tower Jazz silicon WP27
foundrey (low)

We propose from the beginning two submissions
to mitigate the risk.

35

Development of low mass
superconducting high field
magnets: The main risk is
to overestimate the thermal
properties of the carrier of
the coil and the resin of the
windings. (low)

WP28

In case of a failure we will take a step back to
proven parameters (well-established materials and
resins). A cooperation with the manufacturer of
low temperature glue is envisage to find out the
best solutions.

36

Development of low mass
HTS active or passive
shielding: Up to now it
is an open question as to

WP28

To minimize the risk a close cooperation with
a HTSC manufacturer is already stipulated to
achieve state-of-the art parameters.
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Risk
Description of risk
number

WP Number

Proposed risk-mitigation measures

WP28

The intention of the sub-project is to maximize
the actual achievable target polarization in plastic
scintillators. This will substantially improve the
quality of planned scattering experiments. Slightly
lower values will not call them into question. In
the meanwhile, preliminary test in our existing
apparatus have shown the principal feasibility
of running read out electronics components at
temperatures below 4.2 K.

WP29

Start of target beam studies using self-made
nozzles of not optimized geometry, which will
lead to important information on the required
nozzle designs and will have a significant impact
on the production techniques.

how thin a HTSC-material
can be sintered into a
cylindrical shape to fulfill
our requirements. (low)

37

Detection of recoil particles
in active polarized targets
at cryogenic temperatures:
Since high variety of exiting
target material preparation
techniques offer broad
development potentialities,
the most critical aspect is
the time consuming material
preparation. (low). The
second enterprise is the
development of an optical
and electronic readout chain
capable of operation at
cryogenic temperatures.
(low)

38

Delay of systematic studies
on cluster/pellet/droplet
beams due to not fully
optimized cluster/pellet/
droplet nozzle production
techniques, i.e. process
reliability (low)

39

Pellet diagnostic studies
delayed due to not foreseen
problems in the operation of
WP29
the pellet tracking system in
combination with a running
pellet target experiment (low)

Test of pellet tracking subsystems in an early
phase under realistic conditions, e.g., in
combination with mechanical vibrations caused by
vacuum pumps.

40

The performance of the
longitudinal spin-filtering
test is conditional to the
commissioning of the
Siberian snake in COSY
(low)

WP30

The siberian snake has been tested on a test bench.
Should a first commissioning test in COSY not
be successful, additional beamtime will be asked
to complete the task and to learn how to properly
operate the system.

41

The performance of the
longitudinal spin-filtering
test is conditional to the
accomplishment of the beam
and polarization lifetimes in
the ring (low)

WP30

The proper conditions for spin-filtering test have
been already accomplished for the test with
transverse polarization. Should the conditions not
be accomplished, a revision of the COSY vacuum
system will be required.

42

The performance of the
longitudinal spin-filtering
test is conditional to the
commissioning of the
detector (low)

WP30

The detector has been already commissioned on
a test bench. If the first commissioning present
some problems, additional beamtime will be
asked.
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Risk
Description of risk
number

WP Number

Proposed risk-mitigation measures

43

Unavailability of UITF beam
for experimental studies
WP31
(low)

Move experiments at the CEBAF injector

44

Unavailability of MAMI
beam for target tests (low)

WP31

Move beam tests to different site (DESY, Frascati)

45

Unavailability of MAMI
beam for polarimeter detector WP31
tests (low)

Move beam tests to different site (DESY, Frascati,
Orsay, PSI etc.)

46

Failure in correctly
measuring the diamond
photoconverter (low)

Campaign of measurements in different conditions
on various substrates and samples performed by
world experts.

WP32
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1.3.6. WT6 Summary of project effort in person-months
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WP20

WP21

WP22

WP23

WP24
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WP27

WP28

WP29

WP30

WP31

WP32

Total Person/
Months per
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WP20

WP21

WP22
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WP24
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WP26

WP27

WP28

WP29

WP30

WP31

WP32

Total Person/
Months per
Participant
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0

0

0

0

0

8

32 - UOM

0

0

6

0

0

0

0

0

0

0

0

0

0

6

33 - RUG

0

0

6

0

0

0

0

0

0

0

0

0

0

6

34 - Nikhef

0

0

0

0

0

0

0

0

0

0

0

0

0

12

35 - NCBJ

20

0

0

0

0

0

0

0

0

0

0

0

0

20

36 - WUT

24

0

0

0

0

0

0

0

0

0

0

0

0

24

37 - IFJ PAN

0

0

0

0

0

0

0

0

0

0

0

0

0

36

38 - UJ

0

0

0

0

0

0

6

0

0

0

0

0

0

6

39 - LIP

12

0

0

0

0

0

0

0

0

0

0

0

0

36

40 - UAVR

0

0

0

0

0

0

0

0

0

0

0

0

6

6

41 - UU

0

6

0

0

0

0

0

0

0

8

0

0

0

14

42 - UOB

0

0

0

0

6

0

0

0

0

0

0

0

0

6

43 - UEDIN

0

0

0

0

0

2

0

0

0

0

0

0

0

7

44 - UGLASGOW

0

0

0

0

16

0

0

0

0

0

0

0

3

19

45 - AGH UST

0

0

0

0

0

0

0

0

0

0

0

0

0

24

115

43

48

38.40

43

29

56

41.40

32

29

50

38.40

54

944.10

Total Person/Months

Page 139 of 141

1.3.7. WT7 Tentative schedule of project reviews
Review
number 19

Tentative Planned venue
timing
of review

RV1

20

On site or BXL

RV2

48

On site or BXL

Comments, if any
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1.3.8. WT8 Summary of transnational / virtual access provision per installation
Installation
Access provider
short name

Short name of
20
Short name
infrastructure number

Access costs
Installation
country
21
code

Type of
22
access

Unit of
access

Min.
quantity of
On the
Unit cost (€)
access to basis of UC
be provided

23

As actual
costs

Estimated
number
of users

Estimated
number of
projects

1 - CNRS

NLOAccess

1

NLOAccessIPNO

FR

VA

200000

3 - UCL

NLOAccess

2

NLOAccessCP3

BE

VA

100000

4 - CERN

CERN

1

CERN

CH

TA-uc

1h

0

3000.0

0

100

15

7 - FZJ

COSY

1

COSY

DE

TA-uc

Beam-hour

90

1600.0

144000

112

32

8 - GSI

GSI

1

SIS18

DE

TA-uc

Beam hour

113.1

1450.0

164000

80

10

9 - JGU MAINZ

MAMI

1

MAMI

DE

TA-uc

Beam hour

112.32

1750.0

196560

110

16

10 - UBO

FTD/ELSA

1

FTD

DE

TA-uc

1 AU

88

1400.0

123200

200

40

24 - CEA

CEA

1

3DPartons

FR

VA

29 - FBK

ECT*

1

ECT*

IT

TA-uc

Access-day

94

1900.0

178600

380

48

30 - INFN

LNF

1

DAFNE

IT

TA-uc

Beam hour

80

2500.0

200000

220

60

270000
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Table with the history of changes

Version
1.1

Date
17/04/2019

1.2

14/09/2020

Change
1.3.3 WT3 Work package descriptions
The description of the WP8 TA6 Transnational access to ECT* has been implemented by
the justification for not having used the data of the last two years.
The table 3.4.b of the proposal “Other direct costs” items was modified.
The justifications of the costs for the following beneficiaries:
1-CNRS, 2-OEAW, 5-DKFZ, 6-FAIR, 7-FZJ, 8-GSI, 9-JGU-MAINZ, 10-UBO, 11-RUB,
12-UHEI, 13-TUM, 15-UREG, 16-WWU, 17-UAM, 18-UCM, 19-USAL, 20-USC, 21UPV/EHC, 22-UVEG, 23-JYU, 24-CEA, 25-RBI, 26-UNIZG, 27-TCD, 28-CNR, 30INFN, 31-POLIMI, 32-UOM, 33-NCBJ, 37-IFJ PAN, 38-UJ, 39-LIP, 41-UU, 42-UOB, 43UEDIN, 44-UGLASGOW have been given in the table 3.4.1 of the Part B of Annex I
4.1.1 Description of the legal entities and their main tasks : INFN-FI added
4.1.2 Other Involved Institutions : 67. The University of Firenze replaced by the University
of Molise
The table 3.4.b “Other direct costs” was completed with information for the new
beneficiary 45-AGH UST.
The table 3.4.b “Other direct costs”, section “Other travel”, is modified for the following
beneficiaries: 1-CNRS, 15-UREG, 20-USC, 23-JYU, 29-FBK, 30-INFN, 35-NCBJ, 37-IFJ
PAN, 38-UJ.
The table 4.1.1 “Description of the legal entities and their main tasks” was modified for the
partner 30-INFN: its participation and EC funds in JRA1-LHC-Combine were added. In the
table 4.1.1, informations for INFN-TO was completed by its participation and EC funds in
NA7-Hf-QGP; INFN-CA was completed by its participation and EC funds in JRA1-LHCCombine; a new institute, INFN-PD: Istituto Nazionale di Fisica Nucleare-Sezione di
Padova, was added.
The table 4.1.1 “Description of the legal entities and their main tasks” was modified for the
partner 37-IFJ PAN: its participation and EC funds in JRA1-LHC-Combine were added.
The table 4.1.1 “Description of the legal entities and their main tasks” was completed with
description of the new beneficiary 45-AGH UST.
The table 4.2 “Third parties involved in the project” was completed for the third parties of
the partner 21-UPV/EHU and the partner 29-FBK.
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PART B – Section 1. Excellence

1.

EXCELLENCE

1.1

OBJECTIVES

The objectives of this action are to federate leading experimental and theoretical groups in EU in order to carry out
new fundamental and applied research studies at the frontier of our current knowledge of the strong interaction, the
force that binds together quarks and gluons and, ultimately, forms the visible baryon matter of our universe. The
underlying quantum field theory that describes the strong interaction, quantum chromodynamics (QCD), has an
extremely rich dynamical content (asymptotic freedom, confinement, approximate chiral symmetry, non-trivial
vacuum topology…). This translates into a very diverse many-body phenomenology at various limits: at high
temperatures the Quark-Gluon-Plasma (QGP), at large quark densities the colour superconductivity, at very low
parton fractional momenta the colour glass condensate (CGC), etc. Also, many of the fundamental parameters of
the Standard Model (SM) like the strong coupling constant, the quark masses, the matrix elements of the CabibboKobayashi-Maskawa mixing (CKM) are also directly connected to QCD. A good understanding of the interaction
between light-, heavy-quarks, and gluons is crucial for searches of physics beyond the SM. The study of QCD is
mostly carried out through electron-positron (e+e-), lepton-proton (e-p, mu-p), electron-nucleus (e-A), protonproton (p-p), antiproton-proton, proton-nucleus (p-A), antiproton-nucleus and nucleus-nucleus (A-A) collisions at
low (<20 GeV) and high (>20 GeV) center-of-mass (c.m.) energies in world-class experimental facilities for which
Transnational Access (TA) is requested.
The overall objectives of this action are to significantly advance in the resolution of many open fundamental
problems connected to the physics of the strong interaction such as:
1) Searches of physics beyond the SM via high-precision measurements and calculations of low-energy
QCD observables [Work-Packages: JRA-PrecisionSM, NA-LatticeHadrons, JRA-P3E. Facilities: TA-COSY,
TA-MAMI]
2) Solving the proton radius puzzle [Work-Packages: NA-PREN. Facilities: TA-MAMI, TA-CERN]
3) Understanding exotic hadron states lying outside the current quark-model classification: multi-quark,
quark-gluon hybrid, and other new meson/baryon/onia systems [Work-Packages: JRA-HaSP and
NA-LatticeHadrons. Facilities: TA-ELSA, TA-MAMI, TA-GSI, TA-CERN]
4) Solving the neutron star hyperon puzzle [Work-Package: NA-THEIA. Facilities: TA-GSI, TA-CERN]
5) Understanding the spin of nucleons from the underlying quark and gluon degrees of freedom
[Work-Packages: JRA-SpinForFAIR, JRA-TMD-neXt, JRA-GPD-ACT, JRA-next-DIS, JRA-FTE@LHC.
Facilities: TA-COSY, TA-MAMI, TA-ELSA, TA-GSI, TA-CERN]
6) Precise understanding of the parton structure of the nucleon via collinear parton distribution functions
(PDFs), generalized parton distribution functions (GPDs) and transverse momentum dependent parton
distribution functions (TMDs) [Work-Packages: NA-Small-x, JRA-FTE@LHC, JRA-TMD-Next, JRA-GPDACT, JRA-next-DIS, VA-3DPartons. Facilities: TA-CERN]
7) Understanding the high gluon density structure and QCD evolution at small parton fractional
momentum in the proton & nuclei [Work-Packages: NA-Small-x, JRA-next-DIS, Facilities: TA-CERN]
8) Precise understanding of the parton distributions functions in the nucleus [Work-Packages: NA-Small-x,
JRA-next-DIS, JRA-FTE@LHC, JRA-LHC-Combine, VA-NLOAccess. Facilities: TA-CERN]
9) Precise characterization of QGP properties via well-calibrated perturbative probes (jets, heavyquarks, and quarkonia) produced in p-p, p-A, A-A collisions [Work-Packages: NA-Jet-QGP, NA-Hf-QGP,
JRA-LHC-Combine, JRA-FTE@LHC, NA-LatticeHadrons, VA-NLOAccess. Facilities: TA-CERN]
The physics studies described above require parallel advances in state-of-the-art detectors and electronics, as well
as novel beams and targets for the associated electron, proton, and nuclear collisions.
The main goals in the instrumentation axis are:
10) Development of new (solid-state, silicon, gas) detectors for advanced tracking, photon detection, and
particle identification under varied experimental conditions [Work-Packages: JRA-ASTRA, JRA-next-DIS,
JRA-TIIMM, JRA-MPGD_HP. Facilities: TA-GSI, TA-CERN]
11) Development of new high-bandwidth data collection and distributed data analysis algorithms
[Work-Packages: NA-FAIRnet. Facilities: TA-CERN]
12) Development/Optimization of new high-intensity polarized e+/- and p/pbar beam sources
[Work-Packages: JRA-SpinForFAIR, JRA-P3E. Facilities: TA-CERN, TA-GSI, TA-COSY]
13) Development/Optimization of new polarized and unpolarized (cluster, pellet, microjet and gascollider) targets [Work-Packages: JRA-SpinForFAIR, JRA-FTE@LHC, JRA-CryPTA, JRA-CRYOJET.
Facilities: TA-COSY, TA-GSI, TA-CERN]
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The specific objectives, organized around the following three pillars: (i) low- and (ii) high-energy frontier studies,
and (iii) instrumentation, are as follows:
Low-Energy Frontier
- JRA-PrecisionSM: Precise determination of the muon anomalous magnetic moment (g-2)μ; the CKM matrix
element Vud from beta decay, and the weak mixing angle from parity-violating electron scattering. Associated
novel constraints (or discovery) of physics beyond the SM.
- NA-PREN: Address the “proton-radius puzzle” via combined data-theory analyses of new results in atomic
spectroscopy (laser spectroscopy of Hydrogen molecules and molecular ions, muonic atoms, He+ ions,
positronium, and muonium) and very-low momentum transfer (Q2) lepton-proton elastic scattering at various
energies.
- NA-LatticeHadrons: Development of combined software, data sharing, and methodologies in lattice QCD
theory across Europe along 4 axes: (i) hadron spectroscopy and structure, (ii) hadrons under extreme conditions,
(iii) hadrons in the SM and beyond, (iv) novel numerical algorithms and computing for lattice hadron physics.
- JRA-HaSP: Development of a common data-theory analysis framework to determine exotic hadrons
properties (new mesons and baryons, onia, dibaryon, multi-quark, glueballs, hybrids...) by fitting new
experimental data (MAMI, TJNAF, BESIII, COMPASS, LHCb and ALICE at CERN) to lattice QCD and
effective-field-theory predictions.
- NA-FAIRnet: Multi-prong improved data selection (trigger-detector-less data acquisition, deadtime-free frontend electronics, Field Programmable Array (FPGA) based online selection) plus distributed physics analysis
(partial wave analysis of resonances, and multi-particle correlations) for rare signal events under high
background conditions (multi-PByte/month) in anti-p-p, anti-p-A, and A-A collisions for the PANDA and CBM
experiments at the future FAIR facility.
- NA-THEIA: Address the “neutron stars hyperon puzzle” (contradiction between the observation of 2-solarmasses neutron stars and microscopical predictions of a softening of the nuclear equation-of-state due to the
presence of strange-quark hadrons) through combined theoretical and experimental studies of (anti)hypernuclei
and bound strange-meson systems produced in hadronic collisions at various c.m. energies.
High-Energy Frontier
- VA-NLOAccess: Extension of the well-known MadGraph automated on-line code for the novel computation
of perturbative QCD cross sections in high-energy hadronic collisions (i) at next-to-leading- order (NLO)
accuracy, (ii) using meson and heavy-ion beams, and (iii) for quarkonia final-states.
- VA-3DPartons: Development of a new combined framework to extract generalized (GPDs) and transverse
momentum-dependent (TMDs) parton distributions, with higher-order fixed and twist corrections, from fits to
experimental e-p and p-p data (handled in a Rivet-like format).
- JRA-GPD-ACT: Extraction of GPDs from new high-precision QCD analyses of novel high-statistics e-p and
p-p measurements at fixed-target and collider energies.
- JRA-TMD-neXt: Extraction of unpolarized and polarized TMDs and parton fragmentation functions (FFs)
from new high-precision QCD analyses of novel high-statistics measurements at e+e-, e-p and p-p at fixed-target
and collider energies.
- JRA-next-DIS: Development of new Monte Carlo tools and studies of benchmark channels, for e-A collisions
at future deep-inelastic experiments (Electron-Ion Collider, EIC). Optimisation of associated detector designs for
high-resolution tracking, vertexing, photon, and PID.
- NA-Small-x: Extraction of high-precision nuclear parton distribution functions (nPDF) through global fits
including the latest LHC p-A and A-A data. Extension of current gluon-saturation calculations (CGC, BFKL,
TMD...) to NLO accuracy with resummation corrections, for observables with three jets and with heavy-quarks.
Calculation of multi-particle correlations issuing from initial-state PDF effects to separate them from final-state
hydrodynamic effects in small systems (p-p, p-A collisions).
- JRA-FTE@LHC: Development of novel gas-target techniques to be able to carry out the most energetic
fixed-target collisions ever performed in the lab, using the LHC beams at ALICE and LHCb. Evaluation of the
novel expected constraints on PDFs at high-x in the proton and nucleus, parton spin dynamics, as well as QGP
properties via unique quarkonia measurements.
- NA-Jet-QGP: Development of novel experimental and theoretical techniques for jet physics in A-A collisions,
providing a reference implementation of jet interactions in a QGP via a full heavy-ion Monte Carlo (MC) event
generator. Definition of new observables and development of new tools (based on quark/gluon jet substructure
variables via machine-learning techniques) with increased sensitivity to the physical mechanisms involved in jetQGP interactions.
- NA-Hf-QGP: Extraction of QGP transport coefficients from new high-precision theoretical calculations and
experimental measurements of the production of open and closed heavy flavour (HF) quarks (charm and beauty)
in A-A collisions at the LHC. Accurate measurements of total c-cbar, b-bbar cross sections in p-p, p-A and A-A
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collisions. Development of a new data-theory interface (with a Rivet-like standard format) to compare event-byevent experimental results to MC predictions.
- JRA-LHC-Combine: Combination of key LHC (ALICE, ATLAS, CMS, LHCb) measurements in p-p, p-A,
and/or A-A collisions to achieve high-precision constraints on nuclear PDFs, QGP properties, SM parameters,
and/or searches of physics beyond the SM. Examples include gauge bosons and jets differential cross sections to
constrain nPDF, light-by-light scattering to constrain new physics (axion) searches, open charm or bottom
hadron cross sections to determine QGP transport coefficients...
Instrumentation
- JRA-MPGD_HP: Development (up to the prototype stage) of new gas detectors with improved capabilities in
tracking, charged particle identification, photon detection, and timing in the picosecond region, capable of
operating under very high beam intensity conditions.
- JRA-TIIMM: Development of new silicon detectors based on Monolithic Active Pixel Sensors (MAPS) for
high-precision tracking, and energy loss measurement for advanced particle identification.
- JRA-ASTRA: Development of beyond state-of-art radiation detectors based on semiconductors (Cadmium
Telluride, Cadmium Zinc Telluride) able to perform high-precision measurements of X-ray and gamma-ray
photons in different environments/conditions.
- JRA-CryPTA: Production of polarized nucleon targets (at the prototype level) using solid state materials
combined with superconducting high-field magnets and the Dynamic Nuclear Polarization method.
- JRA-CRYOJET: Development of cryogenically-cooled cluster/pellet/microjet sources to be used as targets in
a variety of collision setups (storage ring experiments, electron accelerators, or laser-driven hadron accelerators).
- JRA-SpinForFAIR: Optimization of the polarization of protons and antiprotons beams and targets for the
GSI/FAIR storage ring.
- JRA-P3E: Optimization of high-intensity polarized electron and positron beam sources, and full design of the
Hydro-Møller polarimeter detector using high-voltage monolithic active pixel sensors (HV-MAPS).

1.2

RELATION TO THE WORK PROGRAMME

STRONG-2020 is focused on the work programme topic INFRAIA-01-2018-2019 of the Research and Innovation
action “Research Infrastructures for hadron physics.” This activity must provide and facilitate access to key
research infrastructures in Europe for studying the properties of nuclear matter at extreme conditions,
turning advances in hadron physics experimentation into new applications. It must present a long-term
sustainable perspective on the integration of relevant facilities and related resources.
STRONG-2020 offers open access to six world-class experimental facilities (COSY, MAMI, LNF, ELSA,
GSI/FAIR and CERN). Additionally, the European Center for Theoretical Physics ECT* in Trento will play a
crucial role in fostering innovative theoretical developments in hadron physics in close synergy with
experimentalists. FAIR and LHC-HL are included in the ESFRI roadmap list. GSI/FAIR, ALICE at LHC and
ECT* are recommended in the NuPECC Long Range Plan. Two complementary Virtual infrastructures (VA) will
provide access to automated tools generating open-source scientific codes. Innovative technical developments will
be performed in collaboration with the Joint Institute for Nuclear Research (JINR) in Dubna. In the frame of the
future NICA project at JINR, strong synergies exist with FAIR and are supported by NuPECC. Joint theoretical and
technical programmes will be performed with high-level Institutes outside Europe: TJNAF, BNL, Fermilab and the
future Electron-Ion Collider (EIC) in the United States, with J-PARC for the next generation BELLE-II experiment
in Japan, with IHEP for the BESIII experiment in Beijing in China. Collaboration agreements are being considered
between STRONG-2020 and various partners outside the European Union. The role of fourteen JRAs will be to
enhance the access to the infrastructures through challenging theoretical, experimental and high-level technology
developments leading to strong advance in hadron physics and new industrial applications. Seven Networking
Activities will initiate and foster new collaboration actions within TAs, VAs and JRAs. Besides, STRONG-2020 is
complementary to another EU integrating activity, ENSAR2. Two of its infrastructures (GSI/FAIR and ECT*) will
offer access to both hadron and nuclear physics, based on different, even though related, scientific objectives.

1.3

CONCEPTS AND METHODOLOGY

(a) Concept
Overall concept
One of the cornerstones of Particle Physics methodology, at the very basis of its success, is the reductionist
approach in the search for the most fundamental building blocks of Nature. All interactions of the Standard Model
(SM) have been built using this approach. Under the generic name of hadron physics, research on the low- or highenergy structure of hadrons, the phase diagram of QCD both at high temperatures and large baryon densities, and
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related topics, aims to unveil the mechanisms that Quantum Field Theories like QCD deploy to build the first and
higher levels of complexity. Due to its rich dynamical content, QCD is a perfect theory to study this behaviour.
Besides, QCD plays a key role during the development of the early Universe, in the creation of stars, the synthesis
of the chemical elements in the cosmos, the structure of compact stars, etc. Most importantly, almost all visible
mass of the Universe is created dynamically by the strong force that leads, as well, to other emergent phenomena.
The strong interaction is intimately connected to a broad sweep of other physical problems in strongly coupled,
complex systems in Particle and Condensed-matter Physics, as well as in searches for physics beyond the SM. For
these reasons, apart from its extremely interesting genuine aspects, the field of strong interaction is crucial for
enabling progress in other fields like Nuclear, Particle and High-Energy Physics, Cosmology or Astrophysics, etc.,
as well for many nearby research fields.
STRONG-2020 sets in as a structured enterprise to address the many open challenges of QCD-driven physics, in
theory and in experiment within present facilities. This structure provides, at the same time a framework for
planning the future of the field, with impact in the global strategies. The project is extremely timely in the sense
that many experiments at research facilities like CERN, BNL, TJNAF, MAMI, GSI are delivering a large amount
of data but, at the same time, several strategic decisions will need to be taken in the next 4-5 years for which
structured discussion is urgent. The field is at a crossroads where priorities will need to be fixed defining the future
of hadron studies and that of the whole community: the future of the heavy-ion program at CERN after Long
Shutdown 4 in 2029; the start-up of FAIR in 2025; the possible construction of an electron-ion collider in the
United States or CERN to name only a few.
The top priorities of the STRONG-2020 proposal are:
- to ensure the optimal exploitation of present facilities, in terms of access, exploitation of data and
organization, by defining a set of coordinated TAs and VAs actions that form the backbone of
STRONG-2020;
- to interpret the scientific results and set a platform for discussion for the future priorities, via a set of welldefined and complementary NAs and JRAs in which the experimental and theoretical communities meet
and exchange;
- to study the technological needs, by dedicated research and development JRAs, to put these priorities to
work experimentally;
- to transfer the findings to the society in terms of:
• education of young researchers as the future experts for many applications like for example medical
applications;
• application of the technology developed for commercial products and
• communication of the research results to society.
Integration of Research Infrastructures
STRONG-2020 benefits from a number of selected, leading European Research Infrastructures of excellent quality,
ranging from test facilities for instrumentation development such as CERN-PS or ELSA to full-fledge experimental
facilities providing top-quality beam delivery and support to hadron physicists, such as CERN, COSY, GSI,
MAMI, and LNF. They complement each other in the energy range and physics probes they provide. They operate
accelerator facilities and experiments frequented from a large international community. The TA provides not only
access to the infrastructures but in addition a platform where the experiment collaborations meet and develop new
ideas for future facilities like the international FAIR accelerator complex, the Electron Ion Collider in the USA or
the low energy MESA accelerator. Our proposal provides a natural structure that bridges the gap between the
design and realization of high-impact experiments and the necessary development of novel detectors and their tests.
It is worth mentioning that the influence of STRONG-2020 reaches overseas with significant contributions to
unique research infrastructures such as TJNAF and BNL (United States), IHEP (China), etc. A shining example of
global cooperation and the important role of our proposal is portrayed in the JRA-next-DIS, which aims at
structuring the European collaboration and contribution towards the future electron-ion collider, which is being
considered at either TJNAF or BNL in the United States.
In addition, the TA to ECT* (TA-ECT*) complements the infrastructure service of this proposal by high-level
scientific exchanges and training among the whole hadron physics community. The workshops and scientists
hosted at ECT* provide the forefront ideas necessary to bring to life experiments not only in Europe but
worldwide. The two Virtual Accesses VA-NLOAccess and VA-3DPartons are European-led unique tools in
support of various work packages of STRONG-2020. They provide open-access to computer codes necessary for
the phenomenology of heavy ion reactions and studies of the quark-gluon plasma and for nucleon structure
investigation like the tomography programs worldwide.
National and international research and innovation activities
Creating bridges with national and international research programs represents an important step not only to fulfil
the tasks of STRONG-2020 but also to help embedding its core facilities and scientific results into the global
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scientific panorama. To achieve this goal, the potential links of the WPs with on-going activities external to
STRONG-2020 were identified. In many cases, a connection has already been established by including key
institutes as direct WP participants. This strategy focuses on two directions:
- strengthening the link with institutions whose research program is proximal to STRONG-2020 but not directly
related;
- finding partners whose scientific goal is more oriented towards applications in different fields (as medicine,
chemistry, engineering, etc.)
Feeding the inputs from this exchange of information into the project will certainly improve the products of all
WPs and help disseminating the findings to a much broader scientific audience beyond the hadron physics
community.
As the transnational access facilities represent the central point of STRONG-2020, it is clear that one of the most
important benefits stemming from this strategy will be to expand the access to new scientific communities and
harmonize the cooperation with sister facilities. Connections to applied research can also lead to potential links
with Small and medium-sized enterprises (SMEs).
(b) Methodology
Research infrastructures are at the core of the proposed integrated activity STRONG-2020, with links to all aspects
of the proposal (Section 3.1.6). They have been selected because of the excellence of their research programme and
according to complementarity in particle beam. They provide the particle accelerators with which experimental
data for the exploration of the strong interaction are produced. For example, heavy ion beams in the selected
infrastructures GSI, the future FAIR and CERN cover each a large but different and complementary area of the
QCD phase diagram in terms of achievable temperatures and densities in order to study matter under extreme
conditions. Moreover, ECT* and the different networks of STRONG-2020 foster the emergence of novel physics
ideas and programs for the interpretation of the data and for new high-impact experiments at the European research
infrastructures receiving TA funds for access. New strong interaction studies experiments as for example at the
future FAIR facility or at the future Electron Ion Collider can only be realized by new detector technologies
allowing for higher interaction rates and higher experimental resolution. On the other hand, the necessary
technological improvement for current state-of-the-art detectors, as required by the strong interaction studies, is the
basis for the JRAs proposed here. It can only be realized by the availability of beam test facilities allowing for the
development of new state-of-the-art instrumentation for the next generation experiments to be conducted in Europe
and abroad.
Two Virtual Access provide innovative tools generating scientific open-source codes for high-energy frontier
studies.
For the Joint Research and Networking Activities we have followed a bottom-up approach in order to foster
new ideas and new collaborations, beyond the existing ones, and reshaping the European Hadron Physics
landscape in the spirit of the Integrated Activities. This procedure has resulted in the comprehensive and coherent
set of actions grouped in the three pillars of the proposal.
Low-Energy Frontier
Determining the low-energy structure of hadrons and more exotic states like dense baryonic matter, including dense
stars, needs of a multidisciplinary combination of different experimental and theoretical techniques. While
“solving” QCD in the low-energy regime is only possible with intensive numerical lattice calculations, effective
field theories provide a very versatile tool to understand the dynamics at work.
To make progress in these subjects, STRONG-2020 will setup NA to (i) exchange information and best practices
within European lattice experts to make connections with experimentally measurable quantities; (ii) attack two of
the main puzzles in recent years in Physics, namely the neutron star puzzle and the proton radius puzzle, by
gathering together experimental and theory experts in hadronic physics with experts in astroparticle physics and
atomic physics respectively; (iii) determine the best practices for data acquisition systems, exploring, in particular
the combined used of CPU+GPU, in high-rate conditions at future FAIR experiments. STRONG-2020 will also
setup two JRA to (i) measure with good precision parameters of the SM where departure from expectations can be
found in hadron observables and (ii) to develop the most precise tools to study hadron spectroscopy both
experimentally and using effective field theories and lattice calculations.
High-Energy Frontier
High-energy colliders are needed to study the high-temperature phase of QCD as well as to determine the partonic
structure of hadrons and nuclei. The LHC and, in the near future, the HL-LHC will provide exceptional conditions
for high-temperature studies as well as the partonic structure of hadrons and nuclei. Present and future leptonproton/ion colliders provide the best tools at present for a (3D) tomographic study of the hadrons. In both domains,
STRONG-2020 aims to i) improve the theoretical concepts, develop the tools and make access to them in terms of
7
824093 - STRONG-2020 – Part B

PART B – Section 1. Excellence

open access software and virtual access platforms; and ii) develop the required frameworks in terms of
instrumentation and analysis techniques.
To determine the partonic structure of the hadrons and nuclei, STRONG-2020 will setup a NA that gathers the
main European experts in the structure of the hadron in the small-x region, the most relevant at high-energies. Two
JRA will determine with unprecedented precision the 3D structure of the hadron. The relevant theoretical tools will
be included in a Virtual Access platform (VA-3DPartons) that will permit a boost in these lines of research. This
information will be used for the planning of the next generation DIS facilities centered on another JRA
(JRA-next-DIS).
Present state-of-the-art description of the heavy-ion collisions at colliders relies on 3D+1 viscous hydrodynamics
with a very fast thermalization time. Understanding the mechanism of thermalization, and setting the initial
conditions for the hydrodynamical evolution need the 3D information of the structure of the colliding nuclei that
will be obtained from the aforementioned activities. A good characterization of the medium properties will be
possible thanks to a NA forging new tools to exploit all possibilities with jet observables and a NA that will study
the case of heavy flavour. These activities will benefit from the Virtual Access activity (VA-NLOAccess) that will
provide the tools to make NLO calculations of these observables. To exploit LHC possibilities as much as possible
two JRA will i) combine the results and provide common analyses of different LHC experiments and ii) explore the
possibilities of using the LHC beams for fixed-target experiments to be implemented in ALICE and LHCb
experimental set-ups.
Instrumentation
The WP dedicated to the various aspects of instrumentation aim at combining excellence and innovation in
their specific field as well as to broaden their application to impact not only neighbouring topics but also aspects of
applied physics and technology.
The instrumentation JRAs are one of the keys to bridge theoretical WPs with the activities carried on at the core
facilities. From one side, they will provide new tools, which will help breaking the current limitations in
experimental hadron physics. On the other hand, the techniques and instruments developed within these WPs
may be implemented in the facilities infrastructures to improve their performances and widen their applications,
attracting more users.
The Management Team (MAN) will ensure the overall coordination of the project and the links with the
European Commission. The dedicated Dissemination and Communication (DISCO) WP will promote and
realise targeted dissemination, exploitation of results and communication activities.
Gender dimension
The STRONG-2020 project will pay special attention to the gender dimension in all the research, dissemination
and communication activities. The women’s access to the involved infrastructures and equipment will be equal,
within the radioprotection rules, for all genders. The same work and employment conditions will be promoted,
independently from sex.
We shall use, whenever illustrating scientific principles, objectives and results of STRONG-2020, gender neutral
examples, being aware of the fact that the way scientific principles are illustrated can send unintended cultural
messages about who should participate in the field.
In addition, in our education and dissemination activities resulting from our innovative research program
addressed to schools, public and policy makers (presented more in detail in DISCO WP) we shall promote
gender balance in the choice of speakers and in the presentations and interviews of the researchers, for example in
our Newsletter. We also plan to realize a more detailed case study, for the first time, of the gender
dimension issue in the specific field of the strong interaction physics, in order to propose and promote innovative
policies having as potential impact a more balanced equilibrium in recruiting women and men to this field and to
diminish the existing disparity in scientific education and later employment.

1.4

AMBITION

The ambition of STRONG-2020 is to provide significant advances in our understanding of the strong interaction
through an efficient and coherent synergy of selected experimental, theoretical, and instrumentation work packages
(WP), combined with world-class accelerator facilities, aiming at solving many fundamental open issues in various
key directions described in the Objectives section. Such studies will have impact beyond the physics of the strong
interaction per se, fostering progress in many other particle physics and astrophysics areas. For example, in direct
searches of new heavy particles at the LHC, a precise understanding of parton densities at high fractional momenta
in the proton (high-x) is a cornerstone element. In indirect searches of new physics, a control of virtual low-energy
QCD corrections is relevant to high-precision measurements of the (g-2)-factor of the muon, searches for electric
dipole moments, parity violation experiments etc. Hadron properties play also an important role in other precision
SM studies such as in the neutrino sector (mass hierarchy measurements, CP-violation...). A good knowledge of the
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equation-of-state of ultra-dense baryonic matter is also fundamental to understand the very recent gravitationalwave results emerging from neutron star collisions.
The advances provided by access activities in research infrastructures, as well as through low- and high-energy, and
instrumentation JRAs and NAs, as well as the innovation potential of the instrumentation activities of
STRONG-2020 are detailed hereafter.
1.4.1

Research Infrastructures

Accelerator research infrastructures within STRONG-2020 are recognized as providing particle collisions with
outstanding beam parameters to some of the most ambitious experimental programs worldwide in fields ranging
from the low to the high-energy frontiers. This requires a continuous development of the available particle beam
intensities, polarization and energy and the associated accelerator technology. Moreover the selection of
infrastructure complement each other and allow for the exploration of specific strong interaction physics questions
with different probes, such as electromagnetic probes at the electron machines (MAMI, ELSA, LNF) or hadronic
probes at the hadron machines (COSY, GSI, CERN). Let us mention for instance at low-energy the groundbreaking
projects of high-precision physics led by MAMI with its worldwide unique continuous wave electron beam with
85% polarization and up to 100 µA beam current. The new electron accelerator MESA at low energy and with a
novel, energy recovering acceleration and deceleration process is under construction at MAMI. The COSY facility
is the worldwide best machine for stored polarized protons and deuterons up to several GeV where recently a
record long spin depolarization time has been achieved and which has contributed enormously to accelerator
development for the future FAIR facility. At GSI, beams of all known stable isotopes from proton beams up to
fully ionized Uranium can be accelerated and stored in storage rings from several keV energy for atomic physics to
the coulomb barrier for nuclear physics up to energies of several GeV per nucleon for hadron physics and from
several ions per second up to the space charge limit of the beam. The ongoing construction of the new GSI/FAIR
facility will provide for the first time very high-intensity antiproton (PANDA) and ion (CBM) beams.
At the high-energy frontier, the study of the partonic structure of protons and nuclei as well as a novel state of
strongly-interacting matter, the quark-gluon plasma, is performed at CERN with its highest-energy LHC collider.
These infrastructures operate for a large international user community, and are already universally known to
provide excellent quality of user support in terms of technical infrastructure and other services in order to conduct
high-impact research. STRONG-2020 will further improve this quality of access and service, and therefore has the
ambition to preserve the high level of excellence of our research infrastructure.
The accelerator infrastructures are complemented by the theory center ECT*. A year around series of workshops
brings together the world-wide community of strong-interaction physicists in theory and experiment and allows for
intense exchange with the local scientists at ECT*. It is the only such center in Europe and it is known globally to
be at the forefront of contemporary developments in theoretical hadron physics, promoting exchanges and training
of talent young scientists and strengthening interactions between the experimental and theoretical research.
The two Virtual Accesses (VA-NLOAccess and VA-3DPartons) are European-led unique tools in support of
various work packages of STRONG-2020. They provide open-access to state-of-the-art computer codes necessary
for the high-precision phenomenology of heavy ion reactions and studies of the quark gluon plasma as well as for
nucleon and nuclei parton structure research. These codes will allow users to perform global analysis of data, and is
mandatory for high-profile experimental programs at CERN, but also abroad at TJNAF and at the future electronion collider EIC.
1.4.2

Low-Energy Frontier

State of the art
Fully understanding the structure of hadrons and, ultimately, the mechanism of confinement is an essential
ingredient of many particle physics studies, with connections to fundamental physics sectors such as neutrino
physics, precision tests of the SM, search for new physics, astrophysics, etc. Interestingly, in the last years, several
puzzles have appeared in the low-energy frontier of strong interaction physics, such as the proton-radius puzzle, the
discoveries of a wealth of new exotic hadrons, the X, Y, Z states, and the observation of compact stars with sizes
much larger than expected, related with the behavior of strangeness in the QCD equation of state at large baryon
chemical potential. At the same time, important progresses on the theoretical side have sustained these
experimental developments. Especially relevant are the developments of increasingly precise calculations based on
effective field theories (EFT) and lattice QCD. STRONG-2020 warrants advances in all these directions.
Ambition
STRONG-2020 will address the following points, expecting to produce significant advances at the low energy
frontier:
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- Determination of the role of strangeness in the low-temperature equation of state of QCD through a network of
complementary experimental and theoretical studies of hypernuclei properties. This has an enormous impact in
astrophysics due to its connection to limits for neutron star masses as observed recently by gravitational waves of
a binary system (NA-THEIA)
- Systematic study of the proton radius in different experimental conditions and extending it to the studies of the
deuteron and other nuclei. Is the proton radius puzzle a hint for exciting new physics beyond the standard model
or some other effect? A cross-disciplinary network will be put in place to solve this important question
(NA-PREN)
- Production of a common data-theory analysis framework to determine the properties of exotic hadrons measured
by different experiments with new theoretical techniques to be developed, both in Effective Field Theory and
lattice QCD (JRA-HaSP and NA-LatticeHadrons)
- Determination of hadronic quantum corrections for low energy precision experiments for indirect searches for
new physics beyond the standard model, as well as input for neutrino scattering (JRA-PrecisionSM). Precise
information from lattice QCD calculations (NA-LatticeHadrons) will be produced.
- Design of new trigger algorithms and analysis techniques for next-generation experiments in exotic hadron
states and excited strange hadrons spectroscopy, as well as in studies of matter under extreme conditions of
baryon density (with implications in astrophysical studies using the new observational tools provided by
gravitational waves) at the upcoming FAIR accelerator facility with its stored and cooled antiproton and ion
beams (NA-FAIRnet).
1.4.3

High-Energy Frontier

State-of-the-art
The LHC is the highest-energy collider in the world providing proton and nuclear collisions at unprecedented
energies and luminosities compared to previous machines. Proton and nuclear parton densities are therefore open to
study in a much wider kinematical range, both in virtuality and fractional momenta x. At the same time, the higher
temperatures produced at the LHC and the access to rarer probes as jets, heavy-flavor or electro-weak bosons,
provide new ways to characterize the properties of the quark gluon plasma. Most importantly, the LHC has opened
exciting new lines of research in “small systems” (proton-proton, proton-nucleus) where the building up of
collectivity appears most clearly, with strong synergies with lepton-proton/ion machines. The future Electron Ion
Collider (EIC) in the United States is being considered for doubly-polarized electron and ion beams, allowing to
extract the partonic structure of proton and nuclei with excellent precision. The discussion and planning of new
LHeC/FCC-eh DIS projects at CERN at much higher energies is part of the ongoing EU particle physics strategy
discussion, within the wider FCC studies that include also proton and heavy-ion collisions at energies 7 times larger
than those of the LHC.
Ambition
A large amount of data is now available from experiments at LHC, RHIC, TJNAF including proton, heavy-ion and
deep-inelastic scattering. A consistent combination of all data measurements and developments of theoretical tools
for their physical interpretation are required. The abundant surprises in strong-interaction physics found in the last
years, such as e.g. the possible parton collective dynamics observed in small systems (p-p, p-A) at the LHC; the
apparent large degree of thermalization of heavy quarks in the QGP; the modification in the observed jet
substructure by the quark gluon plasma; the first glimpse on transverse spin structure from the first measurements
of TMDs and GPDs; are still lacking satisfying explanations. The STRONG-2020 project will address the
following issues, expecting to produce significant advances:
- The best determination to date of the 3D-structure of the nucleon in momentum (JRA-TMD-neXt) and
configuration (JRA-GPD-ACT) spaces, producing, at the same time, the analysis tools to estimate the upcoming
opportunities at future facilities (VA-3DPartons, JRA-next-DIS). The best determination of the partonic
structure of the nucleon and nuclei in the region of large momentum fraction (JRA-FTE@LHC) and small
momentum fraction (NA-Small-x, JRA-FTE@LHC), thanks to novel theoretical tools (including NLO and nonlinear corrections), to analyze precise future data. These analyses, at present and future facilities, will directly
impact the analysis of the future LHC heavy-ion program and the exploration of the physics potential of the EIC
and LHeC/FCC-eh projects.
- A cross talk between the different LHC experiments (JRA-LHC-Combine), supported by the management of
the four collaborations, will lead to unprecedented constraints on key p-p, p-A and A-A observables.
NA-Jet-QGP will make full use of the most modern tools of jet substructure analysis, expected to provide the
best constraints to the jet evolution in a QCD medium and the characterization of its transport properties,
eventually computed in lattice QCD (NA-LatticeHadrons). The experiment-theory collaboration on the
interpretation and planning of heavy flavor data (NA-Hf-QGP) will help solving long-standing problems in the
field as the participation of charm in the collective flow of the medium. The access to automatized state-of-the-art
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perturbative QCD tools (VA-NLOAccess), going beyond leading-order precision and p-p collisions will boost
these studies, paving the way for the planning of future facilities and experiments in the 2030s and beyond.
These activities will help to identify the best strategy for the future experiments at the High Luminosity LHC phase
in Run3 and Run4, the EIC in the United States, the upcoming FAIR facility, as well as novel (LHeC, FCC)
colliders being discussed for the future at CERN.
1.4.4

Instrumentation

The breakthrough in experimental hadron physics calls for improved or completely new technological tools. The
scientific ambitions of STRONG_2020 will translate into advances in the fields of detectors and collisions beams
and targets.
Each instrumentation WP is connected to different measurements of fundamental strong interaction physics and is
led by some of the expert world-recognized scientists in their field, eventually contributing to qualitative and
quantitative improvements of the services provided by the accelerator research infrastructures.
1. Detectors: these JRAs will include progresses both in terms of performances and detection concepts.
(i) (JRA-MPGD_HP) Development of tracking and PID technique in high-intensity environments with
TPCs and of a modular hybrid MPGD for single-photons detection (PID and timing) in harsh environment
(relevant for JRA-next-DIS, NA-PREN, NA-Small-x).
(ii) (JRA-TIIMM) Combine the MAPS (Monolithic Active Pixel Sensors) detecting technology with a
high precision tracking and energy loss measurement to be used for PID (connected to experiments in
JRA-next-DIS).
(iii) (JRA-ASTRA) Development of ultra-fast detector systems for high-precision gamma and x-ray events in
a broad energy range (connected to the activities in NA-THEIA).
2. Collision beams and targets: these JRAs will focus on developing innovative methodologies for producing
high-quality targets and polarized beams.
(i) (JRA-CRYOJET) high-quality cryogenically cooled target beam sources for applications in present and
planned complex internal-target experiments (of relevance for activities in JRA-FTE@LHC).
(ii) (JRA-SPINFORFAIR) Development of an efficient method for polarizing antiproton beams by in-situ
build-up in a storage ring (important for the study in JRA-TMD-neXt, NA-FAIRnet).
(iii) (JRA-P3E) Optimization of high-intensity polarized electron and positron beam sources, full design of the
Hydro-Møller polarimeter detector using high-voltage monolothic active pixel sensors (HV-MAPS) (of
relevance for activities in JRA-next-DIS, JRA-GPD-ACT, JRA-TMD-neXt, JRA-PrecisionSM)
(iv) (JRA-CryPTA) Production of polarized solid state targets for MAMI, GSI/FAIR, ELSA and potentially
CERN, combining the use of ultra-thin superconducting coils, high-temperature superconductors and the
method of Dynamic Nuclear Polarization (DNP). This JRA has not only impact for search and study of hadron
resonances at MAMI or FAIR, but also for nucleon structure studies at MAMI, GSI/FAIR, ELSA and CERN.
Ultra-thin superconducting coils have a potential for medical applications (connected to JRA-HaSP,
NA-FAIRnet, JRA-TMD-neXt, NA-PREN).
1.4.5

Innovation potential

One of the keywords of STRONG-2020 is innovation. This is not only reflected in the scientific goals, but also in
the approaches and methodologies selected to reach them. All beneficiary institutions participating to this project
are in direct contact with innovation offices. History has proven that very often revolutionary breakthroughs in
technology have come either from fundamental science discoveries “without apparent application” or from
developing techniques and tools necessary to achieve such discoveries. The central role played by TAs in this
project ensures a link of all WPs (not only those dedicated to instrumentation) with potential applications beyond
the hadron physics world. This is further supported by ongoing activities at all accelerator facilities that are
connected to societal (medical, industrial...) applications.All breakthroughs stemming from STRONG-2020 will be
also advertised on the DISCO web-site and using all the other disseminations tools (workshops, press realizes, etc.).
This strategy will help creating a network with the industries outside the standard academic channels.
Developments for innovation at short- and/or mid-term are expected in:
 Diagnostic tools in medicine (PET) from NA-FAIRnet and JRA-ASTRA
 Hadrontherapy for tumor treatment from JRA-TIIMM
 Line-scan cameras technology from JRA-CRYOJET
 Micro-scale particles handling from JRA-CRYOJET
 3D-magnets technology in collaboration with CryoVAC GmbH from JRA-CryPTA
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2.

IMPACT

2.1

EXPECTED IMPACT

There are several burning questions in the physics of the strong interaction such as the nature of confinement linked
to the 3D-structure of hadrons, the origin of exotic hadronic states, the properties of hot and dense nuclear matter or
even the existence of a saturation regime of dense gluonic matter at high energy. In STRONG-2020 we aim for
making significant advances and for answering these questions. This will lead in addition to a profound impact not
only for the physics of strong interaction, but far beyond. For instance, it is mandatory to understand QCD in order
to evaluate the background in direct or indirect searches of physics beyond the standard model. Many more
examples exist in the fields of astrophysics, as well as in new theoretical directions involving strongly coupled
complex systems, both in particle and condensed matter physics.
Moreover, STRONG-2020 will have a lasting and crucial impact by enabling an optimal access to European
infrastructures and leading a coherent effort of theoretical and experimental groups towards research objectives that
meet the most important open challenges in the physics of strong interaction. All these goals, of utmost importance
to understand Nature at the most fundamental level, will be complemented with progress at the instrumentation and
applied physics level with multiple potential impacts as discussed in more detail below.
2.1.1

Impact of Transnational Access to Research Infrastructures

STRONG-2020 will have an important impact for users of the infrastructures for which Transnational Access is
proposed. Access of scientists to state-of-the-art infrastructures is one of the core missions of STRONG-2020,
which will provide immediate and large impact to fundamental strong interaction physics research, fostering also
the application of its associated technologies to society. In terms of accelerator facilities, the benefit for the
European landscape stems from the fact, that none of the European countries has infrastructures that provide the
full palette of particle species, energies, and intensities but rather only a part of it. Such an excellent network of
research infrastructures, that is unparalleled in the world, will bring advantages for the European user as compared
to the international landscape and will in addition attract users from abroad. Fruitful collaborations can thereby
emerge where joint international efforts benefit from the complementarity of the existing facilities worldwide.
In addition to the network for Transnational Access to excellent infrastructures, we propose here to intensify the
impact on users through managerial structures in STRONG-2020. A dedicated Facility Coordination Panel (FCP)
will improve access for experienced users, help to identify new users, and generally improve the quality of the
Transnational Access.
A further new and innovative element is that provided by two Virtual Access projects that will provide open-access
to scientific computer codes for the analysis and the interpretation of experimental data in many fields of strong
interaction physics. In the same way as the transnational access to infrastructures serves as a meeting point for
experimentalists and theorists and thereby as a condensation nucleus for new ideas, the virtual accesses will bring
people together and foster new ideas for new software tools for the analysis and theoretical interpretation of
experimental data.
Scientific Impact
A further aspect of intensified synergy of the STRONG-2020 proposal arises from the careful selection, balance,
and coordination of the Research and Development projects. This is planned in order to improve the quality of the
research infrastructures and the instrumentation equipment of the experiments. It is foreseen that novel experiments
will be performed at our various research infrastructures. For example, the recent “proton radius puzzle” can be
solved by more accurate electron-proton elastic experiments at MAMI and elsewhere, measuring at even lower
momentum transfer. Another example is the study of the equation-of-state of ultra-dense baryon matter and the
existence and location of the critical point in the phase diagram of the strong interaction. This key question will be
attacked by combined experiments at GSI, CERN, and the future FAIR facility. Measurements of hadron
spectroscopy and new hadronic states will be performed at different energies at MAMI, MESA, COSY, CERN, and
will be substantially enhanced by the upcoming stored and cooled antiproton beams at FAIR. The scientific impact
is given in more details below. Finally, it is through scientific exchanges fostered by ECT* that breakthrough are
expected in our field, either from ideas of new experiments to be proposed to the STRONG-2020 research
infrastructures, or from the crucial phenomenology achieved by encouraging discussions between the experimental
and theoretical communities.
Technological Impact
The ability for users to access test facilities will lead to high-impact developments of novel detectors for the next
generation of experiments from the low to the high-energy frontiers. Moreover, the developments in the field of
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detector technology and accelerator science are continuously transferred to industry. The selected infrastructures
are used by industry to develop new technologies. A classic example is the development of a very successful cancer
irradiation facility using proton and carbon beams at GSI. Since then, it has developed into a patient treatment
center in Heidelberg and is being copied worldwide. Other past examples for the role of the STRONG-2020
infrastructures include tests for layout technology in chip production at MAMI, or irradiation of electronics for
satellites and the Mars mission at GSI for ESA. Further details on the instrumentation impact of STRONG-2020 are
given below.
2.1.2

Impact on Low-Energy Frontier

The low-energy frontier of the strong interaction is the one where the effects of confinement and gluon-selfinteraction are most difficult and most prominent. At the same time, the low-energy frontier is a field of high
precision both for strong interaction observables as well as hadronic corrections to precision standard model
observables. The role of STRONG-2020 and the European infrastructures is instrumental since it will bring
together theorists and experimentalists for an ambitious and varied program within VA-, JRA- and NA-projects.
The most prominent “puzzles” will be attacked and high impact is expected on advancing and solving these
puzzles. For theoretical approaches, numerical ab-initio calculations of QCD on the lattice (LatticeQCD) comprise
in principle the best, usually unique, computational tool to solve QCD in the non-perturbative low-energy regime.
STRONG-2020 will embed LatticeQCD field theory more deeply into the European hadron physics community
(through NA-LatticeHadrons and JRA-HaSP). These actions will largely impact the precision of the
computations to be confronted with experimental data for hadron spectroscopy, nucleon structure and hadronic
correction to indirect searches for physics beyond the standard model. Another approach comes through systematic
expansion in effective field theory.
Precise computations, in lattice or effective field theories confronted with experimental observables, will strongly
impact the field of hadron spectroscopy, in particular to unravel the precise structure of exotic states (JRA-HaSP)
and allow unprecedented precision tests of the SM with hadronic observables (JRA-PrecisionSM).
STRONG-2020 will strongly impact two of the main puzzles that have appeared in the last years, the proton radius
puzzle and the neutron star puzzle. The proton radius will be precisely determined by new theory-data
multidisciplinary analyses, including results from hadron physics and atomic spectroscopy (NA-PREN). New
measurements and theoretical analysis of hypernuclei will constrain the equation of state of QCD matter relevant
for compact objects such as neutron stars (NA-THEIA).
Fast data acquisition systems are essential to avoid bottlenecks in the next generation of experiments. New systems
will be put in place and applied to the particular needs of PANDA and CBM experiments at FAIR (NA-FAIRnet)
2.1.3

Impact on High-Energy Frontier

STRONG-2020 will be instrumental in allowing European scientists to stay at the forefront of the high-energy
regime in the physics of the strong interaction. The access to top European infrastructures will simultaneously
gather and strengthen the community with a common and interleaved involvement of theorists and experimentalists
for most of the proposed working packages. Anticipated impacts result from an ambitious and varied program.
Several of its key aspects are specified below. STRONG-2020 features a multi-prong approach, through diverse
VAs, JRAs and NAs, in order to fully probe the partonic structure of proton and nuclei in a multi-dimensional
phase space: from low to high momentum fraction parton density functions (NA-Small-x, JRA-next-DIS), spin
densities (JRA-next-DIS) and even 3D parton densities (JRA-GPD-ACT, JRA-TMD-neXt, JRA-next-DIS). It
will also make available the state-of-the-art perturbative QCD tools (VA-NLOAccess). Such a complete and
complementary approach will have a definite impact on one of the key issues in the physics of the strong
interaction, namely to fully understand the partonic densities in hadrons and nuclei. One of the proposed networks
(NA-Jet-QGP) will bring together theory and experimental experts in the field of jet-QGP interaction and jet
reconstruction in nuclei collisions. It will provide a coherent and synergetic effort for clarifying the microscopic
structure and degrees of freedom of the QGP with jets measurements. Another network (NA-Hf-QGP) aims at
tackling heavy flavour (HF) observables used for characterizing QGP properties and constraining models: it will
rely on the involvement of most European experts for (i) measuring HF hadrons in ultra-relativistic heavy-ion
collisions and (ii) modelling HF hadron production in event-by-event generators. Such optimal combination of
expertise will be necessary for assessing the current knowledge, defining experimental priorities and preparing
analysis strategies for the upcoming high precision data on HF production in nuclei collisions. It is foreseen that the
implementation of innovative algorithms for particle reconstruction and tagging in such dense and challenging
track environments will be extremely valuable for other fields facing similar challenges in topology recognition and
involving machine-learning techniques.
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STRONG-2020 will also establish the first LHC data-combination working group (JRA-LHC-Combine) on the
QGP characterization and involving all four major LHC experiments aiming at cross-experiment combination
studies. This will have an impact in important measurements that can better constrain the limits of (or discover)
new physics phenomena (such as the proposed light-by-light measurement combination in ultraperipheral ion-ion
collisions). The development of innovative LHC experimental setups (JRA-FTE@LHC) in order to obtain the
most energetic fixed-target collisions ever carried out will have a long-lasting impact in terms of physics, as no
other experiment can access the corners of phase space (e.g. in the high-x PDFs, rare quarkonia production, or
polarized spin densities) that such fixed-target configuration can reach. The activities of STRONG-2020 will also
have an impact on the ongoing strategy discussion on the future of particle physics in EU and world-wide, as well
as the corresponding involvement of the European laboratories.
2.1.4

Impact on instrumentation and innovation capacity

All JRA linked to instrumentation address the most difficult challenges in experimental hadron physics in a
complementary way. However, there are contact points between them, which will allow combining single
deliverables in a homogeneous and coherent product. The outcomes of these JRA will not only provide the tools
and methodology for reaching new cutting-edge results in hadron physics but will also provide possible upgrades
for the TA accelerator facilities (including beams and targets). This has the potential not only to improve the
quality of the core facilities, making them even more competitive within the global accelerator community, but also
of attracting new users.
Furthermore, the collaborations between many of the participant institutes and industries or start-ups will create a
strong synergy, bringing benefits for the society some of which are presently hard to foresee. The technological
sectors that can be most directly impacted by this program are life sciences (especially the medical applications),
environmental challenges, information technology, and safety. In more detail:
Detectors JRAs:
(i) JRA-MPGD_HP will work on two important tools from which many experiments in hadron physics will
benefit: improving the generic performances of TPC detectors (tracking and PID in high-intensity environments)
and developing modular hybrid MPGD for the detection of Cherenkov photons for PID and timing.
(ii) JRA-TIIMM will deliver a new generation of detectors, which combine the MAPS (Monolithic Active PIxel
Sensors) technology for particle tracking with energy deposition information. This type of detector will find
applications in many large hadron physics experiments (like ALICE at CERN and STAR at BNL) but also in
various areas of nuclear physics and, beyond physics, in the medical field of radiotherapy with hadrons.
(iii) JRA-ASTRA will develop beyond state-of-art advanced radiation detector systems for photons in a very
broad energy range and able to operate in different environment/conditions. These detectors will find applications
also in medical fields as well as safety and astronomy.
Collision beams and targets JRAs:
(i) JRA-CryPTA will build a technological bridge between two methodologies for producing polarized targets.
The outcome will benefit all polarization experiments in Europe (e.g. PANDA at GSI-FAIR). The required
technological advances will be achieved in collaboration with a SME.
(ii) JRA-CRYOJET will develop an improved nozzle production technique for the production of cryogenicallycooled targets. This will benefit present and planned complex internal-target experiments. Additionally, it can
advance laser driven acceleration, potentially leading to tabletop facilities for ion and neutrons beams. This JRA
will require the collaboration with several SME and has the potential to lead to commercial products.
(iii) JRA-SPINFORFAIR will aim at producing antiproton beams with a longitudinal polarization. The study
will be performed at COSY and once the technique has been optimized, the apparatus will be installed at GSIFAIR.
(iv) JRA-P3E will focus on optimizing the high-intensity polarized electrons and positron beam sources. Within
this activity, it will design Hydro-Møller Polarimeter detector based on the HV-MAPS (High Voltage Monolithic
Active Pixel Sensors) technology.
2.1.5

Environmental and socially important impacts

The technology of radiation detectors, accelerator science, and computing currently used in the physics of the
strong interaction have an enormous impact by their application in medicine, electronics production, information
technology, among others. The infrastructures allow for the education and hands-on training of physicists and
engineers in these fields in the framework of Master and PhD theses and postdoc positions. The infrastructures in
cooperation with the associated universities train highly qualified experts in fields, which are of utmost importance
to society in Europe.
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The broad variety of topics tackled in STRONG-2020 creates the bases for multidisciplinary collaborations that
stretch well beyond the hadron physics world. All TA facilities are involved in activities that promote the transfer
of knowledge, technological innovation and, more in general, the development of the regions. The strong link with
applications and industries has a socioeconomic impact in different aspects: it leads to the training and employment
of highly qualified personnel and it opens possibilities of creating new spin-offs companies.
The most important societal benefits will be related to technological advances and medical applications. Possible
applications are also foreseen within safety, by improving the detection of radioactive materials.
2.1.6

Barriers/obstacles

None that can be foreseen.

2.2

MEASURES TO MAXIMISE IMPACT

2.2.1

Dissemination and exploitation of results

The Management (MAN) Team and the coordinator of the DISCO Work Package dedicated to Dissemination and
Communication will ensure the efficient diffusion and exploitation of the results produced by the Consortium.
Scientific results will be discussed within Work Packages, specific workshops and conferences, as well as
STRONG-2020 general meetings. In addition, a large number of participants and, in particular, PhD students and
young researchers involved in the consortium will benefit from the access to the high-level experimental,
theoretical, and virtual facilities (CERN, GSI, LNF...), and their own associated dissemination teams.
The STRONG-2020 dedicated website and YouTube channel will further disseminate information toward the
scientific community, public, industry, policy makers, universities, and schools. The scientific results of all WPs
activities will be published in refereed international journals, and in international conference proceedings.
Proceedings of the Workshop “Present and future perspectives in Strong Interaction Physics in the 21st Century”
will be submitted for publication in an international peer-reviewed journal. The exploitation of innovative technical
results and industrial applications developed in STRONG-2020 will be followed and managed ensuring efficient
protection of Intellectual Property Rights (IPR). The principles for dissemination and exploitation of the
STRONG-2020 results will comply with the rules of Horizon2020 and will be detailed in the Consortium
Agreement.
2.2.2

Research data management

Data formats and exploitation
Strong-interaction physics experiments very often generate convoluted, multi-parameter data sets from the complex
hadronic final-states produced in energetic particle collisions. Raw data delivered by the detectors are transformed -through data calibration, alignment, reconstruction and analysis procedures-- into properly-calibrated “physics
objects” (a list of 4-momenta with an associated collision vertex, identified as a given final-state particle: lepton,
quark (jet), hadron, gauge boson,...) Any given physics collision event thus consists of a list of “physics objects”
(whose data format often follows the standards defined by the community: HepMC, HepEvt, Rivet,…) that can be
identically simulated with appropriate Monte Carlo event generators. A few Work Packages plan to develop new
data-theory interfaces, using standardized data formats of common use within the broad high-energy community, in
order to facilitate and improve the theoretical interpretation of the experimental results. The final published
scientific results often consists on physics distributions (histograms, tables) of well-defined observables constructed
from the analysis of the reconstructed data physics objects and unfolded to correct for any instrumental effect. The
experimental collaborations submit these final physics results in appropriate formats (YAML or JSON files) to the
open-access Durham High Energy Physics Database (HEPData) repository of scattering results
(https://www.hepdata.net/). The STRONG-2020 projects have access to the data formats and databases using the
standards developed within international large-scale particle physics collaborations working in the research
infrastructures. In the case of large international collaborations, any specific rules of each experiment will be
respected. The final published data results will be thereby all made publicly accessible.
Data curation and preservation
Long term preservation at various levels of abstraction is an essential objective of the processing framework and
strategy allowing future collaborations and wider scientific communities to access and to re-analyse the collected
experimental and simulated data. The research infrastructures provide long-term support and the appropriate
software (virtual machines) used to process the data, including exhaustive documentation of the analysis
procedures.
Open source software
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Two complementary Virtual Access of STRONG-2020 (NLOAccess and 3Dpartons) will offer collaborative opensource scientific codes. Similarly, new or updated event generators and data-theory interfaces developed within
various STRONG-2020 JRAs and NAs will be made available as open-source code. Outreach and training
activities for users will be provided.
Strategy for knowledge measurement and protection
High-energy experiments at CERN have committed to release high-quality open-data from the LHC allowing the
scientific community and the general public to reassess the published results or to analyse data for educational
purpose. STRONG-2020 will favour open access publishing (gold model) and self-archiving (green model). Both
standards are widely used by the hadron physics community. The SCOAP3 agreement, signed between institutes,
libraries and funding agencies allows covering the publication costs. The self-archiving of scientific papers will be
encouraged through the open repositories such as ArXiv.org or CERN Document Server (CDS).
2.2.3

Actions undertaken to disseminate the knowledge derived from the project

Within STRONG-2020 the following communication activities will be realized in order to promote the project and
its results, tailored to the needs of different target audiences:
a) Activities with impact on the scientific community of specialists in strong interaction physics will be
carried out through the diffusion and promotion of publications resulting from STRONG-2020, by searching and
identifying new research collaborations and funding opportunities, and through participation in scientific
dissemination events. In this context, a Workshop on “Present and future perspectives in Strong Interaction Physics
in the 21st Century”, to be held in the third year of the project, will be organized. The Workshop will have the aim
to foster new collaborations among participants, to identify new proposals. A STRONG-2020 Newsletter for the
participants to the project will be published every three months, which will contain: articles which disseminate the
results, the calls for transnational access activities, the work opportunities (PhD, postdoctoral, and other contracts)
resulting from the project.
b) Activities with impact on the wider scientific community, such as: publications of general findings of the
project, in journals with high impact factor (Nature publishing group, Science, Phys. Rev. Lett., etc.); participation
to conferences and workshops attended by a broad scientific audience; investigation of dissemination channels
offered by participating Institutions (periodicals, streaming…).
c) Activities to communicate the results and to raise the awareness of the general public towards the
project. Our institutions have an excellent history of outreach and engagement with the general public through
publication of popular science articles and organization of dedicated events such as: “Open Lab”, “International
Schools of Physics - INSPYRE” (for students coming from all over Europe), “Incontri di Fisica” (for high-school
teachers), “Women in Science Day”, as well as stages for high school and University students. Participation to the
“Open Labs” and “European Researchers’ Nights” events in all involved countries with dedicated activities,
including visits to the research infrastructures, will be promoted. Channels as New Scientist, physics blog,
newspapers, science-dedicated TV channels to disseminate the results will be addressed. A dedicated website for
dissemination activities of the project will be set up. We also plan to record the presentations of the WP leaders of
STRONG-2020 to be streamed in dedicated channels (as YouTube, with a dedicated channel).
d) Special activities dedicated to potential partners in industry: technical reports with STRONG-2020
technological/instrumentation developments of potential applied research interest will be prepared and distributed
to a list of industrial partners. Visits to the labs and research infrastructures will be organized. Meetings/symposia
with persons in charge of R&D in industries will be promoted. Representatives of various industries will be invited
to the workshop “Present and future perspectives in Strong Interaction Physics in the 21st Century”.
e) Special activities dedicated to policy makers: documents summarizing the importance of STRONG-2020
project and its findings, to be distributed at national, European and international levels will be prepared; policymakers will be invited to dedicated events and to visits organized in the research infrastructures; European and
national policy makers will be invited to participate to the workshop “Present and future perspectives in Strong
Interaction Physics in the 21st Century”.
2.2.4

Gender Equality Measures

STRONG-2020 pays special attention to gender equality measures. Equal opportunities and consideration will be
guaranted. Women will be strongly encouraged to participate to the managerial structures. The scientists will have
the same work and employment conditions, independently of gender. The access to the various infrastructures and
facilities will be the same for men and women. STRONG-2020 will strive at enhancing the balance between
genders by welcoming applications to PhD and postdoctoral positions from female researchers.
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2.2.5

Attracting Future Generations of Scientists

STRONG-2020 will promote a series of actions directed towards attracting future generations of scientists, such as:
- Visits to schools to present the results of the research and how to become a researcher
- Organization of visits to the research infrastructures and laboratories from schools
- Organization of training periods in the institutes for high-school students
- Organization of specific events dedicated to girls, such as women in science days in the participating
institutes to attract girls towards science
- Publication of dedicated articles and interviews of researchers participating in STRONG-2020 in the public
web-site of STRONG-2020, in social media and high-school journals
- Participation of researchers from STRONG-2020 to science festivals organized by schools
- Realization of videos to be posted on youtube and publicized to the school network dedicated to the results
of the STRONG-2020 research and how to become a researcher
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3.

IMPLEMENTATION

3.1

WORK PLAN

3.1.1

Overall structure of the work plan

The purpose of the Integrating Activity STRONG-2020 is to integrate and structure the community of scientists
working in the field of hadron physics through the best use of existing research infrastructures and the development
of new ones. The work plan is structured in thirty-two Work Packages, which are listed in Table 3.1a. In Section
3.1.6 a Pert chart gives a graphical presentation of the inter-relations between the Work Packages, which are the
components of the project. The work plan consists in seven Transnational Access Activities, two Virtual Access
Activities, seven Networking Activities and fourteen Joint Research Activities. Furthermore, two specific WPs take
care, respectively, of the “Management and Coordination” of the project and of “Communication and Outreach”.
The seven research infrastructures offering access are five European accelerators facilities, plus, for the first time in
a Hadron Physics Initiative, the CERN complex of accelerators. The seventh infrastructure is the European Centre
for Theoretical Physics and Related Areas ECT*. The particle accelerators have unique performances not only in
Europe, but worldwide and take advantage of frontier equipments, and high-quality services. Most of the scientists
and the front-line research lines active in Europe in hadron physics are involved in STRONG-2020. This large
hadron community is deeply rooted in Europe thanks to the three successful HadronPhysics projects in FP6 and
FP7, which favored initially the integration giving Europe a leading role in the field.
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3.1.2

Timing of the different work packages and their components (Gantt chart)

Work package number
Work package acronym
Work package title
TASKS/Subtasks

1
MAN
Project Management and Coordination

1.1 Signature of the Consortium agreement
1.2 Kick-off meeting
1.3 Workshops
1.4 Mid-term review
1.5 Presentations at NuPECC
2.1 Preparation of periodical reports
Work package number
Work package acronym
Work package title
TASKS/Subtasks

Q1
1
2

Year 1
Q2
Q3

Q1

Year 2
Q2 Q3

3
5

5
6

Q4

5

3
4
5

Q1

Year 2
Q2 Q3

Q1

Year 3
Q2
Q3

Q4

5

Q1

5
6

Year 4
Q2 Q3

5

Q4

5
6

2
DISCO
Dissemination and Communication
Q1

1.1 Coordinate and promote dissemination of STRONG-2020 and its findings
1.2 Manage internal communication for dissemination
1.3 Coordinate and promote external communication to targeted audience
Work package number
Work package acronym
Work package title
TASKS/Subtasks

Q4

Year 1
Q2 Q3 Q4
1

Q4

Q1

Year 3
Q2 Q3

Q4

Q1

Year 4
Q2 Q3

Q4

3
2

12
FAIRnet
NA1-QCD physics at GSI/FAIR
Q1

1. Frontend, DAQ and Online
1.1 Data source, switching network and data reduction
2. Demonstrator
2.1 Setup detectors/FEE, DAQ and SODAnet at FZJ
2.1 FLES demonstrator at GSI (FAIR phase 0)
3. Data analysis challenge
3.1 Develop high level analysis tools
3.2 Repository for online and analysis tools
4. Education and outreach
4.1 Workshops, schools, outreach projects

Year 1
Q2
Q3

Q4

Q1

Year 2
Q2 Q3

Q4

Q1

Year 3
Q2 Q3

Q4

Q1

Year 4
Q2 Q3

Q4

1
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Work package number
Work package acronym
Work package title
TASKS/Subtasks

13
Small-x
NA2-Small-x Physics at the LHC and future DIS experiments
Year 1
Q1 Q2 Q3 Q4 Q1

Year 2
Q2 Q3

1. Nuclear PDFs
1.1 Perform a reweighting analysis of nuclear PDFs with LHC data
1.2 Produce a new nuclear PDF set
2. New NLO-based precision phenomenology in CGC and BFKL
2.1 Resummed NLO CGC evolution equations and comparison with
forward pA data
2.2 Establish the connection between the CGC formulation at NLO and
resummations in BFKL
3. TMDs at small-x
3.1 Establish (or disprove) TMD factorization for processes with three
final-state particles
3.2 Establish (or disprove) TMD factorization at NLO, starting with the
simplest processes, e.g. for photon+jet
3.3 Develop the phenomenology for processes sensitive to the linear
polarization of gluons
4. Multi-particle Correlations & Thermalization
4.1 Combine calculations of initial and final state multi-particle
correlations
4.2 Establish the initial state for kinetic theory or hydrodynamical
calculations from the CGC

14
Jet-QGP
NA3-Quark-Gluon Plasma characterisation with jets
Year 1
Q1 Q2 Q3
1. Reference implementation of jet-QGP dynamics in a full heavy-ion
1
simulation
2. Identification of jet substructure observables sensitive to specific
scales/features of jet-QGP interaction

Q4

Q1

Year 3
Q2 Q3

Q4

Q1

Year 4
Q2 Q3

Q4

1

2

3

4

Work package number
Work package acronym
Work package title
TASKS/Subtasks

Q4

Q1

Year 2
Q2 Q3

Q4

Q1

Year 3
Q2 Q3

Q4

Q1

Year 4
Q2 Q3

Q4

1
2
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Work package number
Work package acronym
Work package title
TASKS/Subtasks

15
PREN
NA4-Proton Radius European Network
Q1

1. PREN-Collaboration
1.1 Development of a dedicated website
2. PREN-Meetings
2.1 Conventions
2.2 Targeted workshops

Year 1
Q2 Q3

Q4

Q1

Year 2
Q2 Q3

Q4

1

Q1

Q4

Q1

Year 4
Q2 Q3

Q4

1

2

2

2

3

3

Work package number
Work package acronym
Work package title
TASKS/Subtasks

16
THEIA
NA5-Strange Hadrons and the Equation-of-State of Compact Stars
Year 1
Year 2
Q1 Q2 Q3 Q4 Q1 Q2 Q3
1. Precision study of A=3 Hypernuclei (hypertriton and nn)
2. Antihyperons in nuclei
3.Theoretical and experimental studies of bound mesonic systems

17
LatticeHadrons
NA6-Hadron physics from lattice quantum field theory
Year 1
Q1 Q2 Q3 Q4
1. Workshop on spectroscopy and structure
1.1 Host workshop
1
2. Workshop on hadrons under extreme conditions
2.1 Host workshop
2
3. Workshop on hadrons in the Standard Model and beyond
3.1 Host workshop
4. Workshop on algorithms and computing for lattice hadron physics
4.1 Host workshop
5. Building European collaborations with lattice hadron physics
researchers
5.1 Prepare white paper outlining new research opportunities

Year 3
Q2 Q3

Work package number
Work package acronym
Work package title
TASKS/Subtasks

Q1

Year 2
Q2 Q3

Q4
1

Year 3
Q2 Q3

Q1

Q4

Q1

Year 4
Q2 Q3 Q4

2
3

Q4

Q1

Year 3
Q2 Q3

Q4

Q1

Year 4
Q2 Q3

Q4

3
4

5
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Work package number
Work package acronym
Work package title
TASKS/Subtasks

18
Hf-QGP
NA7-Quark-Gluon Plasma characterisation with heavy flavour probes
Year 1
Year 2
Q1 Q2 Q3 Q4 Q1 Q2 Q3
1. Interpretation of LHC results development of the necessary theory and preparation of next run
1.1 Interpretation of LHC results
1.2 Preparation for HI-IL LHC runs
1.3 Theory developments
1
2. Interactive Framework for Theory-Data comparison
2.1 Theory data-base development
2
2.2 Retrieving of and matching to Experimental Data
3. Meeting & workshop
3.1 Network meetings
3.2 Ordinary workshop at ECT*

19
LHC-Combine
JRA1-Inter-experiment combination of heavy-ion measurements at the LHC
Year 1
Year 2
Q1 Q2 Q3 Q4 Q1 Q2 Q3
1
1. Animation of a forum
2
2. Cross-experiment combination work

Q4

Q1

Year 3
Q2 Q3

Q4

Q1

Year 4
Q2 Q3

Q4

Q1

Year 4
Q2 Q3

Q4

4

3

Work package number
Work package acronym
Work package title
TASKS/Subtasks

Q4

Q1

Year 3
Q2 Q3

Q4
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Work package number
Work package acronym
Work package title
TASKS/Subtasks

20
FTE@LHC
JRA2-Fixed Target Experiments at the LHC
Q1

Year 1
Q2 Q3

Q4

1. Feasibility studies in ALICE
1.1 Gas-jet target implementation
1.2 Solid target implementation and study of its material budget
1.3 Full simulations of selected processes with the ALICE setup
2. Gas-target development in LHCb
2.1 Design and construction of the unpolarised target
2.2 Design of a new polarized gas target
2.3 Luminosity determination improvement based on SMOG data
2.4 Full simulations of selected processes with the LHCb setup
3. Phenomenological and theoretical studies
3.1 Transverse single-spin asymmetry for novel processes
3.2 Gluon and charm distribution in the proton at large x
3.3 Drell-Yan factorization breaking in Pb-A collisions

Work package number
Work package acronym
Work package title
TASKS/Subtasks

Q1

Year 2
Q2 Q3

Q4

Q1

Year 3
Q2 Q3

Q4

Q1

Year 4
Q2 Q3

Q4

Year 3
Q2 Q3

Q4

Q1

Year 4
Q2 Q3

Q4

1

2

21
PrecisionSM
JRA3-Precision Tests of the Standard Model

Year 1
Q1 Q2 Q3
1. Hadronic effects in precision tests of the weak sector of the Standard Model
1.1 Extraction of WMA from PVES and Vud from -decay
1.2 Determination of neutrino properties with short baseline neutrino
scattering
2. Hadronic effects in precision tests of the electromagnetic sector of
the Standard Model

Q4

Q1

Year 2
Q2 Q3

Q4

Q1

1
3
2

4
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Work package number
Work package acronym
Work package title
TASKS/Subtasks

22
TMD-neXt
JRA4-3D structure of the nucleon in momentum space
Year 1
Q1 Q2 Q3

1. Analysis of Drell-Yan data
1.1 Analysis of Drell-Yan@COMPASS
1.2 Analysis of Drell-Yan@CMS
2. Analysis of semi-inclusive DIS data
2.1 Analysis of SIDIS@COMPASS (unpolarized)
2.1 Analysis of SIDIS@COMPASS (polarized deuteron)
2.2 Analysis of SIDIS@CLAS12 (polarized)
3. Analysis of electron-positron data
3.1 Analysis of multiplicities@BELLE
3.2 Analysis of azimuthal modulations@BABAR
4. Quark TMD extractions
4.1 Extraction of unpolarized and polarized TMD PDFs and FFs
5. Gluon TMD studies
5.1 Study of factorization in gluon-dominated processes
5.2 Identification of observables best sensitive to gluon TMDs
5.3 Estimates for quarkonium production in SIDIS

Work package number
Work package acronym
Work package title
TASKS/Subtasks

Q4

Q1

Year 2
Q2 Q3

Q4

Year 3
Q2 Q3

Q1

Q4

Q1

Year 4
Q2 Q3

Q4

Q1

Year 4
Q2 Q3

Q4

1
2
2

3
3

23
GPD-ACT
JRA5-Generalized Parton Distributions
Q1

1.1 Study of GPDs with TJNAF @12 GeV
1.2 Study of GPDs with COMPASS
1.3 Building GPD models, analysis of processes and extraction from data

Year 1
Q2 Q3

Q4
1

Q1

Year 2
Q2 Q3

Q4
1, 3
2

Q1

Year 3
Q2 Q3

Q4
1

3

4
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Work package number
Work package acronym
Work package title
TASKS/Subtasks

24
Next-DIS
JRA6-Challenges for next generation DIS facilities
Year 1
Q1 Q2 Q3

Q4

1. Monte Carlo
Study of interaction region, PID and tracking design
2. Very low ion-back-flow detectors for high-flux TPC
Prototypes design, construction and testing
3. Photon detectors for particle identification using RICH
Photon counter prototype
4. Depleted MAPS for tracking
Sensor prototype design, construction and evaluation

25
HaSP
JRA7-Light-and heavy-quark hadron spectroscopy
Year 1
Q1 Q2 Q3
1. Precision calculations in non-perturbative QCD (I)
1.1 Development and application of EFTs
1
1.2 Hadron decays
1
2. Precision calculations in non-perturbative QCD (II)
2.1 Study of hadron resonances, form factors, LECs, etc
1
2.2 Computation of heavy-quark, hybrid and tetraquark potentials
1
2.3 Computation of m.e. for in medium quarkonium evolution
1
3. Meson Spectroscopy analysis of new and exotic states
3.1 Search for and study of light exotic mesons, charmonium and
strangeonium
3.2 Spectroscopy of low-lying scalars, strange mesons and strangeonia
4. Baryon and multi-baryon Spectroscopy
4.1 Resonance parameter determination
4.2 Diffractive and annihilation production and exotic baryons
4.3 Dibaryon structure and parameter determination

Q1

Year 2
Q2 Q3

Q4

Q1

Year 3
Q2 Q3

Q4

Q1

Year 4
Q2 Q3

Q4

Q1

Year 4
Q2 Q3

Q4

1
2
2
3
4

Work package number
Work package acronym
Work package title
TASKS/Subtasks

Q4

Q1

Year 2
Q2 Q3

Q4

Q1

Year 3
Q2 Q3

Q4

3
3

4
4

3
3
3

4
4
4

2
4

2

3

2

3

4

2
2
2

3
3
3

4
4
4
25

824093 - STRONG-2020 – Part B

PART B – Section 3. Implementation

Work package number
Work package acronym
Work package title
TASKS/Subtasks

26
ASTRA
JRA8-Advanced ultra-fast solid STate detectors for high precision RAdiation spectroscopy
Year 1
Year 2
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1
1. CdTe detector system with integrated electronics
1.1 Realisation and test of a first CdTe ptototype
1
1.2 Realisation and test of the final CdTe detector system
2
2. CdZnTe detector system with integrated electronics
2.1 Realisation and test of a first CdZnTe ptototype
3
2.2 Realisation and test of the final CdZnTe detector system
2

Work package number
Work package acronym
Work package title
TASKS/Subtasks

27
TIIMM
JRA9-Tracking and Ions Identifications with Minimal Material budget
Year 1
Year 2
Q1 Q2 Q3 Q4 Q1 Q2 Q3
1. Sensors and final device requirements definition
1.1 Sensors and final device requirements definition
1
2. Sensors design
2.1 Design of the first and second sensor prototypes
3. Production of the sensors
2
3.1 Production of the first and second sensor prototypes
4. Preparation of the test set-up
4.1 Preparation of the first sensor test set up
4.2 Preparation of the final device test set up
5. Testing and reporting of results
5.1 Report on the first prototype obtained performances
5.2 Testing of the second prototype (multisensor device)
5.3 Report on the possibilities for PID from the results

Q4

Q1

Year 3
Q2 Q3

Q4

Q1

Year 4
Q2 Q3

Q4

Year 3
Q2 Q3

Q4

Q1

Year 4
Q2 Q3

Q4

3
2
3
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Work package number
Work package acronym
Work package title
TASKS/Subtasks

28
CryPTA
JRA10-Cryogenic Polarized Target Applications
Q1

Year 1
Year 2
Q2 Q3 Q4 Q1 Q2 Q3 Q4

1. Development of low mass superconducting high field magnets
1.1 High precision winding machine for thin superconducting wires
1.2 Manufacture and test of a small size low mass polarizing solenoid with high
homogeneity
1.3 Design manufacture and cold test of a prototype low mass, combined field
superconducting magnet system
1.4 Magnet field design studies for a low mass large sc. tracking solenoid
2. Development of low mass superconducting passive shielding
2.1 Magnet field calculations for PANDA low mass superconducting passive
shielding
2.2 Design and Manufacture of prototype HTSC shields and test at cryogenic
temperatures
3. Detection of recoil particles in active polarized targets at cryogenic temperatures
3.1 Design studies for polarized, scintillating target material
3.2 Prototypes of a scintillating target stacks with electronic readout
3.3 Prototype of a new cryogenic insert with active target material
Work package number
Work package acronym
Work package title
TASKS/Subtasks

Year 3
Q1 Q2 Q3 Q4 Q1

1

2

3

2
4

29
CryoJet
JRA11-Cryogenically cooled particle streams from nano-to micrometer size for internal targets at accelerators
Year 1
Year 2
Year 3
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

1. Cluster-Jet Beam Studies
1.1 New nozzle production techniques
1.2 Studies on jet beams: highest performance and cluster formation
1.3 Laser-induced particle acceleration (H2 clusters and heavier gases)
2. Cryogenic droplet beam target
2.1 Studies on droplet nozzles designs and efficiency
2.2 Measurements on long term stability
2.3 Investigations on high performance
3. Pellet Source Studies
3.1 Development and studies with new pellet diagnostic systems
3.2 New nozzle and pellet production techniques

Year 4
Q2 Q3 Q4

Q1

Year 4
Q2 Q3 Q4

1

2

2
3
27
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Work package number
Work package acronym
Work package title
TASKS/Subtasks

30
SPINFORFAIR
JRA12-Spin for FAIR

1. Snake commissioning and beam preparation
1.1 Snake commissioning with EDDA polarimeter
1.2 Beam lifetime and polarization lifetime studies
2. Detector commissioning
2.1 Detector installation and commissioning
3. Measuerements
3.1 Measurement of beam and target polarization
3.2 Spin filtering with longitudinal polarization
4. Theoretical Investigations and Data Interpretation
4.1 Theoretical investigations
4.2 Data interpretation

Year 1
Q1 Q2 Q3 Q4

Q1

Year 2
Q2 Q3

Q4

Q1

Year 3
Q2 Q3

Q4

Q1

Year 4
Q2 Q3 Q4

Q1

Year 4
Q2 Q3 Q4

2

1

31
P3E
JRA13-Polarized Electrons, Positrons and Polarimetry
Year 1
Q1 Q2 Q3 Q4
1. High Intensity Polarized Electron Source
1.1 Modelling of photocathode quantum efficiency
1.2 Proof-of-concept experimentation
2. High Intensity Polarized Positron Source
2.1 Simulation of positron production, collection, deceleration
3
2.2 Target stress simulation and experimental analysis
4
3. High Precision Electron Polarimetry
3.1 Simulation of the polarimeter detector
3.2 Technical design of the polarimeter detector

3
5
4

Work package number
Work package acronym
Work package title
TASKS/Subtasks

Q1

Year 2
Q2 Q3

Q4

Q1

Year 3
Q2 Q3

Q4

1
2
3

3
4

4

5

28
824093 - STRONG-2020 – Part B

PART B – Section 3. Implementation

Work package number
Work package acronym
Work package title
TASKS/Subtasks

32
MPGD_HP
JRA14-Micropattern Gaseous Detectors for Hadron Physics
Year 1
Q1 Q2 Q3 Q4
1. Compact micro-pattern TPC for high-rate experiments
1.1 Numerical simulations for MPGDs
1.2 Development of prototype TPC for high rates
2. Active target TPC
2.1 Active target TPC
3. Photon detectors for PID
3.1 Construction of a Minipad Modular PD
3.2 Test of diamond-based photoconverters
3.3 Test of windowless RICH PD prototype
4. Very fast timing by Micromegas-based Cherenkov PDs
4.1 Fast Cherenkov MM
3.1.3

Q1

Year 2
Q2 Q3

Q4

Q1

Year 3
Q2 Q3

Q4

Q1

Year 4
Q2 Q3 Q4

Graphical presentation of the components, inter-relations
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Relations between the Networking and Joint Research Activities with the Transnational and Virtual Accesses
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3.2

MANAGEMENT STRUCTURE, MILESTONES AND PROCEDURES

3.2.1

Management structure and procedures

The management procedures are appropriate to the large scale and complexity of STRONG-2020. They are based
on the experience of large international collaborations.
Fig. 3.2.1 shows a schematic layout of the STRONG-2020 organisational structure.
Governing Board (GB)
The Governing Board is the decision-making and arbitration body of the Consortium. It is composed of one
representative per participant, indicated in Form A2.4 of the Grant Agreement Preparation Forms as “The person in
charge of scientific and technological aspects of the project”. The GB is chaired by an elected participant
representative.
The GB provides critical feedback to the management concerning the overall progress of the project including the
working plan, budget, withdrawal of involvement of new participants. The GB interacts with the community at
large.
Meetings of the GB will be organized every year by the GB chair and the management team.
Coordination Board (CB)
Each Work Package will have a coordinator and internal steering committee to manage and coordinate activities.
The CB is composed of all Work Package coordinators and the management team. The CB will monitor the
progress and the overall coherence of the STRONG-2020 activities and provide feedback to the management and to
the community. The CB is chaired by an elected WP coordinator. Meetings of the CB will be organized by the
management team on a yearly basis.
Executive Board (EB)
The EB will be composed of 9 members representing the scientific community and nominated by the Coordinator.
The EB will be chaired by the Coordinator and work in close collaboration with the management team. The role
of the EB is to foster and monitor the implementation of the project.
Coordinator/Management Team (MT)
The Coordinator is the representative of the project and the sole contact person with the European Commission.
The coordinator is, on behalf of the Consortium, responsible for all scientific and administrative coordination of the
project.
The Coordinator will be assisted by the MT consisting of the Deputy Coordinator (nominated by the Coordinator),
Manager, Financial Officer and Administrative Assistant. CNRS administrative services will be involved and
provide additional support whenever necessary.
The Coordinator and the MT will meet on a regular basis and closely monitor the implementation of the project.
Facility Coordination Panel (FCP)
The role of the FCP will be to reinforce the links with real and virtual infrastructures. It will be composed of
representatives of the Transnational Access, Virtual Access and large collaborations within and outside Europe and
chaired by the Coordinator. The FCP will make recommendations for allocation of financial support in the
framework of STRONG-2020 taking into account the procedures and rules of the local Programme Advisory
Committees and the scientific excellence criteria. The FCP will meet twice a year to consider requests for
Transnational and Virtual Access of STRONG-2020.
Dissemination Board (DB)
The dissemination management will be performed through the dedicated WP DISCO. The DB will be chaired by
the DISCO coordinator and is composed of 10 members nominated by the Executive Board and representative of
different domains within STRONG-2020, industrial partners and an expert in science dissemination and
communication. The DB will work in close collaboration with the Management Team.
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The community at large will be involved in the project implementation and in the monitoring of the progress
through the proposed organisational structure. The decisions will be taken by the management bodies and
communicated to the participants.
Decision-making mechanism and Consortium Agreement
Decisions relative to the implementation of the work programme of the WPs will be taken by their respective
coordinators. Issues relative to the overall progress of the project will be discussed by the EB and GB.
The Consortium Agreement (CA) is an agreement between the Coordinator and the participants forming the
Consortium. The CA is subject to the condition that the Grant Agreement (GA) enters into force. The purpose of
the CA is to specify the organisation of the work between the participants, to organize the management of the
project and to define rights and obligations of the participants, supplementing with the provisions of the GA. The
CA will specify the responsibilities of the participants and the terms of reference of the GB and EB, including the
relevant decision making mechanism and voting procedures. The CA deals, in particular, with the procedures for
resolution of conflicts. Changes in the composition of the Consortium are foreseen in the CA.
Innovation management
In many STRONG-2020 Work Packages, the deliverables require a direct collaboration with industrial partners and
can lead to potential innovative applications. The innovation actions will be led by a dedicated member of the EB.
A representative of the industrial partners will be selected as a member of the Dissemination Board. Special
activities dedicated to potential partners in industry will be proposed by the DISCO coordinator.

Figure 3.2.1. Schematic layout of the STRONG-2020 organisational structure
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3.3

CONSORTIUM AS A WHOLE

3.3.1

Consortium Description

The Consortium includes forty-four participants, either Universities or Research Institutions, embracing fourteen
Member States of the European Union (50% of all Member States), one International European Interest
Organization (IEIO) and one EU candidate country. In addition to these sixteen participants other twenty-one
countries host the “Other Involved Institutions (OII)”, Institutions participating to the activities of the project,
without benefiting of EU funds (see list in Section 4). Nine of the OIIs are located in European Member States, thus
bringing the total number of EU Member States involved in the project to twenty-three (82%). Other participating
Institutions belong to either EU candidate countries, or are members of the European Economic Area. Some OIIs
are classified as “International Cooperation Partner Countries (ICPCs)”. Finally, the OIIs involve Institutions from
Iceland, Japan, Switzerland and the United States. The overall participation to the project includes therefore thirtysix countries.

3.3.2

Consortium Coordination

The success of the project relies on an overarching coordination and in a succession of steps within a definite
strategy. The first step consisted in the implementation of a Steering Committee (SC). The SC is composed of nine
members chosen to broadly represent the three fields combined in the project (i.e., hadron physics with leptonic,
hadronic and relativistic heavy-ion probes), as well as experiments and theory. The SC is chaired and coordinated
by the Project Coordinator. In STRONG-2020 the SC is composed by Nora Brambilla (TUM, Germany), David
d’Enterria (CERN, Switzerland), Carlo Guaraldo (INFN, Italy), Boris Hippolyte (CNRS, France), Tord Johansson
(UU, Sweden), Frank Maas (JGU Mainz, Germany), Franck Sabatié (CEA, France), Carlos Salgado (USC, Spain)
and Chiara La Tessa (TIFPA, Italy). The SC strategy for selecting the projects has been to focus on the innovation
potential, in terms of ground-breaking objectives, novel concepts, advanced technologies, taking as well as into
account the scientific background and specific expertise of the proponents.
The selection started from the Transnational Access facilities – which are the backbone of the Integrating Activities
– most of them already participants in previous projects. CERN has been included, the role of COSY and ELSA
reconsidered and GSI/FAIR involvement increased. Two complementary Virtual Access facilities have been
included for the first time in the domain. For the Networking and Joint Research Activities, a bottom-up approach
has been followed, in order to foster new ideas and new collaborations.
The SC suggested possible mergers of the proposals covering similar or complementary subjects, encouraging
different groups to work together. Finally, the budget allocation has been an iterative process with the aim to
consolidate the priority choices, taking as well into account the result of the merging processes.

3.3.3

Key areas of expertise, roles and consortium complementarity

The STRONG-2020 participants have long-standing experience in participating to European Union calls for
Integrating Activities since the first one in hadron physics in FP6 and then for other two successful projects in FP7.
The participants have an active involvement either in cutting-edge theoretical research or in on-going and under
construction experiments both in Europe and abroad (USA, Japan, China). Some projects of the Proposal are very
challenging due to the very demanding specifications which represent a clear progress beyond state-of-art.
However, the track record of each proponent institution, the rich portfolio of technical skills and excellence in
theoretical research are a guarantee of success. The expertise of each participant is described in Section 4. In Fig.
3.3.6 the key areas of expertise characterizing the Proposal, together with the corresponding contribution of each
participant and as well as showing their the complementarity in realizing the Work Packages of the project, are
shown.

3.3.4

Industrial/commercial involvement

The potential applications of the deliverables in the industrial/commercial fields have been assessed for all WPs,
and in particular for those dedicated to instrumentations.
The development of high-performance detections systems for a variety of radiation types in a broad energy range
can attract the interest of SMEs involved in many sectors including spectroscopy, safety and medical applications.
The latter includes nuclear medicine, diagnostics (as PET) and hadrontherapy for cancer treatment.
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The software and hardware required for producing cryogenically cooled-target beam sources with the technique
proposed in the project, will find applications in industrial developments especially for handling micro-scale
particles. Additionally, the new nozzle production techniques could open the way for improved nozzle systems in
industrial use, e.g. fuel injection, which could also lead to marketable solutions. Application might be the use in
efficient car engines or for nuclear fusion reactors by optimized fuel injection techniques. The development of
active polarized targets at cryogenic temperatures required the involvement of SMEs specialized in high precision
winding techniques for superconducting magnets in ultrahigh vacuum applications.
In many cases, the deliverables proposed by the participants already require a direct collaboration with SMEs
involved in electronics, mechanics, superconducting magnet systems production, cryogenics and integrated
systems.
Industrial/commercial applications can also stem from the WP participants which are already oriented on applied
research and thus can exploit their existing collaborations with SMEs.

3.3.5

Other countries

Swiss participants in STRONG-2020
ETH Zurich and PSI are key players in laser spectroscopy of hydrogen molecules H 2, D2, T2, He atoms,
positronium and muonium (NA4-PREN). ETH Zurich is also involved in lattice hadron calculations
(NA6-LatticeHadrons).
University of Basel is giving an essential contribution for the common issues Front-end, DAQ, On-line between
CBM and PANDA at FAIR (NA1-FAIRnet).
University of Bern is working, on the theory side, on contributions to (g-2) using dispersive constraints
(JRA3-PrecisionSM).
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Figure 3.3.6. Key areas of expertise characterizing the Proposal, with the corresponding contribution of each participant and as well as showing their the
complementarity in realizing the Work Packages of the project
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3.4 RESOURCES TO BE COMMITTED
3.4.1 ‘Other direct costs’ items (table 3.4b)

1-CNRS
Cost (€)
Travel and subsistence for transnational access

Justification

Other travel

464.200,00

Equipment

0,00

Participation to workshops and contacts with
other beneficiaries; meetings, exchange of
people, regular trips to CERN.

Other goods and services

209.500,00

Organization of workshops, conferences,
multiproject run submissions to Tower Jazz
silicon foundry.

Access costs

14.000,00

Provision of virtual access

Total

687.700,00

Cost (€)

2-OEAW
Travel and subsistence for transnational access

Justification

11.000,00

Participation to workshops, conferences,
meetings, beam time.

Other goods and services

20.000,00

Electronic components, prototypes,
laboratory consumables

Total

31.000,00

Other travel
Equipment

4-CERN
Travel and subsistence for transnational access

Cost (€)

160.000,00

Justification
Support to users (subsistence for 15 projects
with an estimated number of 100 users and
1330 person-days, CERN per-diem = 120
EUR/day). USER travel expenses will not be
reimbursed with this budget

Other travel
Equipment
Other goods and services
Total

160.000,00
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5-DKFZ
Cost (€)
Travel and subsistence for transnational access

Justification

Other travel
Equipment
Other goods and services

2.000,00

Total

2.000,00

6-FAIR
Cost (€)
Travel and subsistence for transnational access
Other travel

Electronic
components,
laboratory consumables

prototypes,

Justification

32.172,00

Participation to workshops, conferences,
meetings

Equipment
Other goods and services
Total

32.172,00

Cost (€)

7-FZJ
Travel and subsistence for transnational access

73.808,00

Other travel

28.792,00

Equipment

12.652,00

Justification
112 user * 6 days * 70 Euro/day = 47040
Euro
112 trips * 239 Euro/trip = 26768 Euro
USP 6 persons*4*458 Euro travel (10992
euro - TA1); Participation to workshops,
conferences, meetings
Equipment maintenance

Other goods and services
Total

8-GSI
Travel and subsistence
trans-national access

115.252,00

Cost (€)
for

Other travel

204800
63.000,00

Justification
1760 person days, 160 travels; Assuming 80
Euros/day and 400 Euros/travel
Conferences, workshops, meetings, test
beam participation.

Equipment
Other goods and services

17.000,00

Total

284.800,00

Material costs (consumables) for
production of new components
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9-JGU MAINZ
Cost (€)
Travel and subsistence for trans158.740,00
national access

Other travel

214.612,00

Justification
(1538 user-days x 80 EUR/day) + (300
EUR/trip x 119 trips)
Travel Costs Selection Panel (4012 euroTA2); Annual Workshops of THEIA,
meetings and organization of school for
young
scientists;
participation
at
conferences; external visitors;

Equipment
Other goods and services

14.000,00

Total

387.352,00

10-UBO
Cost (€)
Travel and subsistence for trans110.000,00
national access

Other travel

56.240,00

Equipment

10.000,00

Other goods and services

12.000,00

Total

188.240,00

11-RUB
Cost (€)
Travel and subsistence for transnational access

Scintillators, wavelength-shifter,
avalanche photo diodes for cryogenic
active target insert

Justification
1000 user-days x 70 €/day + 200 return-trips
x 200 €/trip
Link liaison for user support, including costs
for:
– USP meetings and Allocation Committee
meetings;
– introduction courses in computer and
network
infrastructure;
– individual instructions in data analysis
frameworks;
– individual safety courses (31440 euro TA4); Participation to workshops and
contacts with other beneficiaries; meetings.
Superconducting wire, glue, mechanical
parts, winding machine
Students schools and final workshop

Justification

Other travel

59.300,00

Participation to workshops, schools,
exchange of people, contacts with other
beneficiaries, travel expenses for students
and senior scientists

Equipment

8.000,00

NMR-electronics

Other goods and services
Total

67.300,00
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12-UHEI
Cost (€)
Travel and subsistence for transnational access
Other travel

Justification

14.028,00

Equipment

Participation to workshops,
exchange of people, meetings.

schools,

NMR-electronics

Other goods and services
Total

14.028,00

13-TUM
Cost (€)
Travel and subsistence for transnational access

Justification

37.200,00

Participation to workshops, conferences,
meetings, beam time.

Other goods and services

8.000,00

Organization of workshops

Total

45.200,00

Other travel
Equipment

15-UREG
Cost (€)
Travel and subsistence for transnational access
Other travel

Justification

43.000,00

Exchange of people, participation
workshops, conferences, meetings.

to

Equipment
Other goods and services
Total

43.000,00

16-WWU
Cost (€)
Travel
and
subsistence for transnational access
Other travel
Equipment
Other goods
services
Total

5.300,00

and

32.000,00

Justification

Exchange of people, participation to workshops, conferences,
meetings.

Material costs (consumables) for production of new components

37.300,00
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17-UAM
Cost (€)
Travel and subsistence for transnational access
Other travel

Justification

31.000,00

Exchange of people, participation
workshops, conferences, meetings.

to

Equipment
Other goods and services
Total

31.000,00

18-UCM
Cost (€)
Travel and subsistence for transnational access
Other travel

Justification

21.600,00

Participation to workshops, conferences,
meetings.

Equipment
Other goods and services
Total

21.600,00

19-USAL
Cost (€)
Travel and subsistence for transnational access

Justification

14.800,00

Participation to workshops, conferences,
meetings.

Other goods and services

6.000,00

Organization HaSP school

Total

20.800,00

Other travel
Equipment

20-USC
Cost (€)
Travel and subsistence for transnational access
Other travel

16.000,00

Justification

Participation to workshops, conferences,
meetings.

Equipment
Other goods and services
Total

16.000,00
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21-UPV/EHC
Cost (€)
Travel and subsistence for transnational access
Other travel

Justification

3.800,00

Participation to workshops, conferences,
meetings.

Equipment
Other goods and services
Total

3.800,00

22-UVEG
Cost (€)
Travel and subsistence for transnational access

Justification

60.200,00

Participation to workshops, conferences,
meetings.

Other goods and services

5.000,00

Organization of workshops

Total

65.200,00

Other travel
Equipment

23-JYU
Cost (€)
Travel and subsistence for transnational access
Other travel

16.000,00

Justification

Participation to workshops, conferences,
meetings.

Equipment
Other goods and services
Total

16.000,00

24-CEA
Cost (€)
Travel and subsistence for
trans-national access

Justification

Other travel

24.800,00

Participation to workshops, conferences, meetings.

Equipment

20.000,00

High voltage supplies, X-ray gun, and pico-ammeter

Other goods and services

20.000,00

Production of detector prototypes, organization of
workshops and conferences .

Access costs

16.000,00

Provision of virtual access

Total

80.800,00
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25-RBI
Cost (€)
Travel and subsistence for transnational access

Justification

Other travel

12.000,00

Participation to workshops, conferences,
meetings.

Equipment

8.000,00

Frequency generator, counter for NMR

Other goods and services
Total

20.000,00

26-UNIZG
Cost (€)
Travel and subsistence for transnational access

Justification

12.000,00

Participation to workshops, conferences,
meetings, beam test.

Other goods and services

4.000,00

Laboratory consumables

Total

16.000,00

Other travel
Equipment

27-TCD
Cost (€)
Travel and subsistence for transnational access
Other travel

Justification

29.000,00

Participation to workshops, conferences,
meetings.

Equipment
Other goods and services
Total

29.000,00

28-CNR
Cost (€)
Travel and subsistence for
trans-national access

Justification

Other travel

4.000,00

Participation to workshops, conferences, meetings.

Other goods and services

16.000,00

Electronic components, detector components, prototypes

Total

20.000,00

Equipment

824093 - STRONG-2020 – Part B

42

PART B – Chapter 3. Implementation

29-FBK
Cost (€)
Travel and subsistence for trans177.120,00
national access
Other travel

2.000,00

Justification
(1.900 visitor-day x 90 euro/day) + (61 trips
x 100 euro/trip)
Participation to workshops, conferences,
meetings

Equipment
Other goods and services
Total

179.120,00

30-INFN
Cost (€)
Travel and subsistence for trans160.000,00
national access

Other travel

250.952,00

Justification
(2.000 user days x 70 euro/day) + (200 trips
x 100 euro/trip)
Organization of the meetings of the
Dissemination board (once per year); travel
budget of the Dissemination manager; costs
for invitation of speakers for INSPYRE
school;
participation
to
workshops,
conferences, meetings.

Equipment
Other goods and services

27.000,00

Total

437.952,00

31-POLIMI
Cost (€)
Travel and subsistence for transnational access

Realization of the videos; organization of
schools, conferences, workshops; electronic
components,
prototypes,
laboratory
consumables

Justification

6.000,00

Participation to workshops, conferences,
meetings.

Other goods and services

7.000,00

Electronic
components,
laboratory consumables

Total

13.000,00

Other travel
Equipment

32-UOM
Cost (€)
Travel and subsistence for transnational access
Other travel

prototypes,

Justification

3.800,00

Participation to workshops, conferences,
meetings.

Equipment
Other goods and services
Total

3.800,00
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35-NCBJ
Cost (€)
Travel and subsistence for transnational access
Other travel

Justification

16.000,00

Participation to workshops, conferences,
meetings.

Equipment
Other goods and services
Total

16.000,00

37-IFJ PAN
Cost (€)
Travel and subsistence for transnational access
Other travel

Justification

26.500,00

Participation to workshops, conferences,
meetings.

Equipment
Other goods and services
Total

26.500,00

38-UJ
Cost (€)
Travel and subsistence for transnational access

Justification

10.000,00

Participation to workshops, conferences,
meetings.

Other goods and services

4.000,00

Laboratory consumables

Total

14.000,00

Other travel
Equipment

39-LIP
Cost (€)
Travel and subsistence for transnational access

Justification

27.800,00

Participation to workshops, conferences,
meetings.

Other goods and services

30.000,00

Organization of annual meetings

Total

57.800,00

Other travel
Equipment
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41-UU
Cost (€)
Travel and subsistence for transnational access

Justification

64.000,00

Participation to workshops, conferences,
meetings.

Other goods and services

32.000,00

Material costs (consumables) for
production of new components.

Total

96.000,00

Other travel
Equipment

42-UOB
Cost (€)
Travel and subsistence for transnational access
Other travel

Justification

Equipment
Other goods and services

50.000,00

Total

50.000,00

43-UEDIN
Cost (€)
Travel and subsistence for transnational access

DMAPS
prototype
fabrication.

submission

Justification

46.800,00

Exchange of people, participation
workshops, conferences, meetings.

Other goods and services

5.000,00

Organization of topical workshop

Total

51.800,00

Other travel

for

to

Equipment

44-UGLASGOW
Cost (€)
Travel and subsistence for transnational access

Justification

11.600,00

Participation to workshops, conferences,
meetings.

Other goods and services

10.000,00

Organization of workshops

Total

21.600,00

Other travel
Equipment

824093 - STRONG-2020 – Part B

45

PART B – Chapter 3. Implementation

45-AGH UST
Cost (€)
Travel and subsistence for transnational access
Other travel

12.500,00

Justification

Participation to workshops, conferences,
meetings.

Equipment
Other goods and services
Total

12.500,00
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4.

Members of the Consortium

4.1

PARTICIPANTS

4.1.1 Description of the legal entities and their main tasks
Part. Participant
No.
organization name
1
Centre National de la
Recherche Scientifique

Short name

Short description

CNRS

CNRS is a public research organisation under the administrative supervision of French Ministry for
Research, and the largest research organisation in Europe. The CNRS runs research units as well as jointly
administered units “JRUs” (1400 in total) like universities or other research organisations located throughout
France and some of them abroad. It covers all scientific fields (from high energy and nuclear physics to
social sciences). Within the CNRS, the institute IN2P3 (Institut National de Physique Nucléaire et Physique
des Particules) is responsible for research in particle physics, nuclear physics and astroparticle physics (19
laboratories). The participating IN2P3 institutions are involved in the most important international
collaborations in the domain of hadron physics.
CNRS has specific roles in MAN, VA1-NLOAccess, NA2-Small-x, NA4-PREN, NA7-Hf-QGP, JRA1LHC-Combine, JRA2-FTE@LHC, JRA4-TMD-neXt, JRA5-GPD-ACT, JRA7-HaSP, JRA9-TIIMM and
JRA13-P3E.
CNRS has the responsibility of MAN (Barbara Erazmus), VA1-NLOAccess (Jean-Philippe Lansberg), NA4PREN (Dominique Marchand, Randolf Pohl) NA7-Hf-QGP (Joerg Aichelin, Giuseppe Bruno), JRA1-LHCCombine (Raphaël Granier de Cassagnac), JRA2-FTE@LHC (Pasquale Di Nezza, Cynthia Hadjidakis),
JRA5-GPD-ACT (Silvia Niccolai, Kresimir Kumericki) and JRA13-P3E (Eric Voutier).

Centre de Physique
Théorique

CNRS/IN2P3/CPHT

EC funds in MAN, VA1-NLOAccess, NA2-Small-x, NA4-PREN, NA7-Hf-QGP, JRA1-LHC-Combine,
JRA2-FTE@LHC, JRA4-TMD-neXt, JRA5-GPD-ACT, JRA7-HaSP, JRA9-TIIMM and JRA13-P3E.
The theoreticians at CNRS/IN2P3/CPHT are specialized in various aspects of QCD, ranging from nucleon
structure to quark-gluon plasma. CPHT brings together researchers whose activities cover a broad spectrum
of physics, both in its fundamental and applied aspects. The CPHT is a joint research unit (UMR 7644) of
the National Center for Scientific Research (CNRS) and the Ecole Polytechnique. It is located on the site of
the École Polytechnique in Palaiseau.
CNRS/IN2P3/CPHT has specific roles in NA2-Small-x, JRA4-TMD-neXt and JRA5-GPD-ACT.
EC funds in NA2-Small-x, JRA4-TMD-neXt and JRA5-GPD-ACT.
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Institut
Pluridisciplinaire
Hubert CURIEN

CNRS/IN2P3/IPHC

The CNRS/IN2P3/IPHC, joint research unit under co-supervision of the CNRS and the University of
Strasbourg is an example of a successful multi-disciplinary field where research teams from different
scientific cultures (ecology, physiology and ethology, chemistry and physics subatomic) develop high-level
multidisciplinary programs based on scientific instrumentation.
CNRS/IN2P3/IPHC has specific roles in JRA9-CRyPTA.

Institut de Physique
Nucléaire Orsay

CNRS/IN2P3/IPNO

EC funds in JRA9-CRyPTA.
The IPNO laboratory was founded in 1956 on the initiative of Irène and Frédéric Joliot-Curie. It is a joint
research unit of the French National Centre for Scientific Research (CNRS, mother organisation of the
French National Institute of Nuclear Physics and Particle Physics/IN2P3) and Paris-Sud University. In
Paris-Sud University, hadron physics both experimental and theoretical takes place over three laboratories:
Institut de Physique Nucléaire (IPN), Laboratoire de l'Accélérateur linéaire (LAL) and Laboratoire de
Physique Théorique (LPT). IPNO hosts 350 researchers, engineers and technicians. It is a major player at
national and international level with collaborations on large instruments in Europe, USA and Japan. The
lab has experimental activities in nuclear and hadron physics, astroparticles physics, radiochemistry,
interdisciplinary research and also hosts a theory group. It has research and development activities in the
domain of detection, electronics and particle accelerators. IPNO has a strong historical background in
hadron physics with past contributions to the RHIC (PHENIX), the SPS (NA38, NA50) and TJNAF (G0)
programmes. The high Energy Physics group is currently involved in the HADES (PANDA) experiments at
SIS (FAIR), in Hall A, B, C experiments at TJNAF, and in the ALICE experiment at the LHC. The lab is
hosting a Tier-2 for the ALICE experiment. The ALICE IPNO group has been involved in the construction of
the first station of the muon tracker, and is currently deeply committed to the upgrade of the muon tracker
front end electronics. The group has a strong expertise in physics analyses of open heavy flavors and
quarkonia observables.
CNRS/IN2P3/IPNO has specific roles in VA1-NLOAccess, NA2-Small-x, NA4-PREN, NA7-Hf-QGP, JRA2FTE@LHC, JRA5-GPD-ACT, JRA13-P3E and JRA14-MPGD_HP.
CNRS/IN2P3/IPNO has the responsibility of VA1-NLOAccess (Jean-Philippe Lansberg), NA4-PREN
(Dominique Marchand, Randolf Pohl), JRA2-FTE@LHC (Cynthia Hadjidakis, Pasquale Di Nezza), JRA5GPD-ACT (Silvia Niccolai, Kresimir Kumericki) and JRA13-P3E (Eric Voutier).
EC funds in VA1-NLOAccess, NA2-Small-x, NA4-PREN, NA7-Hf-QGP, JRA2-FTE@LHC, JRA5-GPD-ACT,
JRA13-P3E and JRA14-MPGD_HP.
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Laboratoire Kastler
Brossel

CNRS/IN2P3/LKB

It is a research laboratory specializing in fundamental physics of quantum systems.
CNRS/IN2P3/LKB has specific roles in NA4-PREN.

Laboratoire LeprinceRinguet

CNRS/IN2P3/LLR

EC funds in NA4-PREN.
The Leprince-Ringuet laboratory is involved in two areas of research that support each other from a
conceptual and technical point of view: very high energy gamma astronomy and particle physics.
CNRS/IN2P3/LLR has specific roles in JRA1-LHC-Combine.
CNRS/IN2P3/LLR has the responsibility of JRA1-LHC-Combine (Raphaël Granier de Cassagnac).

Laboratoire de Physique
Corpusculaire de Caen

CNRS/IN2P3/LPCCaen

EC funds in in JRA1-LHC-Combine.
The main activity of the LPC concerns basic research: it is a question of studying the properties of the forces
at work in atomic nuclei in order to understand the mechanisms responsible for their formation.
CNRS/IN2P3/LPC-Caen has specific roles in NA4-PREN.

Laboratoire de Physique
Théorique

CNRS/IN2P3/LPT

EC funds in NA4-PREN.
LPT is a joint research unit of the French National Centre for Scientific Research (CNRS, mother
organisation of the French National Institute of Nuclear Physics and Particle Physics/IN2P3) and Paris-Sud
University. In Paris-Sud University, hadron physics both experimental and theoretical takes place over three
laboratories: Institut de Physique Nucléaire (IPN), Laboratoire de l'Accélérateur linéaire (LAL) and
Laboratoire de Physique Théorique (LPT). The activities in particle physics are focused on the fundamental
interaction of the elementary constituents of matter (described by the Standard Model) as well as the physics
beyond the Standard Model. These works have strong connections with current and forthcoming
experiments, especially those in surrounding laboratories (LAL and IPN).
CNRS/IN2P3/LPT has specific roles in NA2-Small-x and JRA5-GPD-ACT.

Laboratoire de Physique
Théorique et de Hautes
Energies

CNRS/IN2P3/LPTHE

EC funds in JRA5-GPD-ACT.
The Laboratory of Theoretical and High Energy Physics (LPTHE) is a Joint Research Unit of Sorbonne
University and of the CNRS. It is affiliated with the CNRS Institute of Physics (INP). It comprises 19 CNRS
researchers and 10 university professors. The scientific activity at LPTHE is centered on the unifying
principle of Quantum Field Theory, both in its most theoretical aspects and in its applications.
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Laboratoire de Physique
Subatomique et des
Technologies Associées

CNRS/IN2P3/LPTHE has specific roles in NA3-Jet-QGP.
CNRS/IN2P3/Subatech SUBATECH is a research laboratory co-operated by the Ecole des Mines de Nantes, the Institut National de
Physique Nucléaire et de Physique des Particules (IN2P3) of CNRS, and the Université de Nantes. The core
research activities at SUBATECH revolve around nuclear physics and nuclear chemistry, in their
fundamental and applied aspects, as well as their experimental and theoretical incarnations. Subatech hosts
about 180 people among them 60 researchers and has two major research axes: Radiochemistry, which
investigates radioactivity and trace elements metrology and includes an analysis service (SMART), and
Physics. Here the major research activities are centered around studies of the quark gluon plasma through
high energy heavy ion collisions at LHC with the ALICE detector, of ultra-high energy cosmic rays revealed
by using radio detection, of nuclear waste management and nuclear reactor monitoring techniques, of radioisotopes production for medical applications, of material non-destructive analyses, of sensors development
for robotics and of Liquid Xenon technology used for medical imaging as well as for the dark matter quest.
Subatech host as well a theory division, internationally known for its approaches to simulate heavy ion
reactions on the computer.
CNRS/IN2P3/Subatech has specific roles in MAN and NA7-Hf-QGP.
CNRS/IN2P3/Subatech
has
the
responsibility
NA7-Hf-QGP (Joerg Aichelin, Giuseppe Bruno).

of

MAN

(Barbara

Erazmus)

and

EC funds in MAN and NA7-Hf-QGP.
Spokesperson

WP1

Spokesperson: Barbara Erazmus (CNRS)
Curriculum Vitae of Barbara Erazmus

Academic education with degree:
1985 – 1988 GANIL, PhD in Nuclear Physics
May 1992 University of Nantes, Doctor Habilitated
Professional career since the completion of studies:
May – September 1983 Assistant at Institute of Physics, Technical University of Lodz (Poland) General
Relativity and Gravitation
December 1988 - Chargé de Recherche at CNRS (Laboratory of Nantes)
October 1998 - Directeur de Recherche at CNRS
October 2008 - Directeur de Recherche classe 1 at CNRS
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October 2016 - Directeur de Recherche classe exceptionnelle at CNRS
September 2011 – December 2014 - Scientific Associate, long-term visitor at CERN
Responsibilities
1996 - 2002 Project Leader, Silicon Strip Detector SSD for STAR experiment at RHIC (United-States)
2002 - 2005 Deputy Director of the Laboratory SUBATECH (Nantes)
2005 - 2006 Chargé de mission at CNRS/ IN2P3 in charge of Hadron Physics
2006 - 2007 Déléguée scientifique at CNRS/ IN2P3 in charge of Hadron Physics
2007 - 2011 Deputy Scientific Director of IN2P3 in charge of Hadron Physics, Theory, relations with
universities
2006 - 2007 Scientific Coordinator at l’Agence nationale de la Recherche (ANR)
Distinctions
Chevalier Grade of the French Legion of Honour (2016)
Scientific Activities
-

Study of heavy-ion collisions at relativistic energies at RHIC (Brookhaven) in the STAR experiment
and at LHC (CERN) in the ALICE experiment

-

Author of circa 350 publications, 40 oral presentations

-

Member of 13 international conference organization committees (50-800 participants),

-

Chair of plenary sessions at EPS HEP conferences (2013, 2015, 2017)

-

Supervisor of 11 PhD Thesis and 3 postdocs

Participation in International Bodies
-

RHIC§AGS User’s Executive Committee (United States) Member elected (2004-2007)

-

I3HP Integrated Infrastructure Initiative Hadron Physics Study of Strongly Interacting Matter Steering
Committee (2007-2009)

-

Committee of Visitors for the Office of Nuclear Physics at DOE Office of Science United States (2010)

-

Editorial Board of the ALICE Collaboration at LHC CERN Deputy chair (2011 – 2014)

-

Scientific Information Policy Board CERN (2011-2014)

-

Danish Council for Independent Research Peer Review College Natural Sciences, Chair of the
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International Review Panel Physics and Astronomy (2011 -2014)
-

Spanish Government Excellence Initiative (2015), Expert

-

European FP7 Program, Expert

-

European Marie Skłodowska-Curie Action, Expert

Currently
-

European Physical Society Board of the High Energy Particle Physics Division (chair)

-

Academia Europaea - The Academy of Europe Section Physics & Engineering Sciences

-

International Council for Science Officer of the Executive Board (Treasurer)

-

Scientific Advisory Board of the Helsinki Institute of Physics

-

FLARE evaluation panel (Swiss National Science Foundation)

-

Scientific Advisory Board of the National Institute for Subatomic Physics Nikhef Amsterdam

Recent relevant publications:
-

V.M. Shapoval, B. Erazmus, R. Lednicky, Yu. M. Sinyukov. Extracting λscattering lengths from heavy
ion collisions. arXiv:1405.3594 [nucl−th] Phys. Rev. C 92, 034910 (2015)

-

B. Abelev, L. Aphecetche, A. Baldisseri, V. Barret, N. Bastid, et al.. Charged jet cross sections and
properties in proton−proton collisions at TeV. Physical Review D, American Physical Society, 2015,
91, pp.112012. .

-

B. Abelev, L. Aphecetche, A. Baldisseri, V. Barret, N. Bastid, et al.. Charged jet cross sections and
properties in proton−proton collisions at TeV. Physical Review D, American Physical Society, 2015,
91, pp.112012. .

-

J. Adam, G. Conesa Balbastre, J. Faivre, C. Furget, R. Guernane, et al. Inclusive, prompt and
non−prompt J/ψ production at mid−rapidity in Pb−Pb collisions at 2.76 TeV. Journal of High Energy
Physics, Springer, 2015, pp.51. .
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Spokesperson

WP10

Spokesperson: Jean-Philippe Lansberg (CNRS)
Curriculum Vitae of Jean-Philippe Lansberg
Generalities: After postdocs at École Polytechnique (France), Heidelberg (Germany) and Stanford (USA),
Jean-Philippe Lansberg has been hired by CNRS in 2010. He is an expert in perturbative QCD and in
phenomenology of strong interactions, in particular in the production of heavy-quark bound states. He is the
deputy head of the Theoretical Physics group at IPN Orsay (28 members). I have recently supervised 5
postdocs, 3 PhD students and 6 Master students. He is the Spokesperson of the AFTER@LHC study group:
50+ researchers from 30 laboratories (after.in2p3.fr). He has delivered about 40 oral communications on this
project since 2010. He recently edited a special issue in “Advances in High Energy Physics” on the Physics
at a fixed-target experiment with the LHC beams. Since 2017, he is a named member of the board of the P2I
department of Paris-Saclay U. (1500 researchers), of the Orsay Inter-Laboratory Council (800 researchers).
He has been in 2012 - 2015 an elected member of IPNO laboratory council (300 researchers). Since 2015, he
is a Member of the ”Physics” study group of the CERN initiative ”Physics Beyond Colliders”
(AFTER@LHC representative); in 2015-2017, he has been member of the working group 2 for the writing of
the NUPECC Long Range Plan; in 2012-2015, he has been convener of the working group ”Future upgradeprograms and experiments” of the European network ”Sapore Gravis” of I3 HadronPhysics and of the
working group ”Electron-Ion Collider and Future experiments” of the French research network PH-QCD. In
2011-2012, he has been member of the working groups “Quark Gluon Plasma” and “Nucleon Structure and
QCD at High energy” of the IRFU-IN2P3 10-year prospects.
Position: CNRS Permanent Researcher
Cursus:
2005: PhD in Sciences, University of Liège (Highest Distinction)
2002: Master (DEA) in Sciences, University of Liège (Highest Distinction)
2000: « Licences » in Physical Sciences, University of Liège (Highest Distinction)
Positions held:
· Since 2010: CNRS Researcher, staff member at IPNO, Paris-Sud U. and Paris-Saclay University
· 2009-2010: Post-doctoral researcher (Centre of Theoretical Physics of École Polytechnique)
· 2008-2009: BAEF post-doctoral researcher (Theory group of SLAC – Stanford U.)
· 2007-2008: Post-doctoral researcher (Institute of Theoretical Physics of the Heidelberg U.)
· 2005-2007: Post-doctoral researcher (Centre of Theoretical Physics of École Polytechnique)
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· 2000-2005: IISN researcher at the Liège University (Fundamental Theoretical Physics Group)
Other professional experiences:
· Co-organiser of 15 international workshops in 2004, 2008, 2010, 2011, 2013, 2014, 2015 and 2016;
· Editor of 4 proceedings, 2 published by the American Institute of Physics, 1 by Nuclear Physics B (Proc.
Suppl.) and 1 by Few Body Systems as well as of a special issue in Advances in High Energy Physics and
one topical collection in Few Body Systems;
· Teacher (M2) for the High Energy Physics Joint Master Program ETH Zürich - École Polytechnique Paris
Publications:
112 publications (4000+ citations): 5 reviews, 40 articles in peer reviewed journals (5 submitted), 62 articles
in peer reviewed conference proceedings.
5 relevant publications:
1. The automated computation of tree-level and next-to-leading order differential cross sections, and their
matching to parton shower simulations. J. Alwall, R. Frederix, S. Frixione, V. Hirschi, F. Maltoni, O.
Mattelaer , H. -S. Shao, T. Stelzer, P. Torrielli, M. Zaro. Published in JHEP 1407 (2014) 079
2. HELAC-Onia 2.0: an upgraded matrix-element and event generator for heavy quarkonium physics. HuaSheng Shao. Published in Comput.Phys.Commun. 198 (2016) 238-259
3. Towards an automated tool to evaluate the impact of the nuclear modification of the gluon density on
quarkonium, D and B meson production in proton–nucleus collisions. Jean-Philippe Lansberg, Hua-Sheng
Shao
Published in Eur.Phys.J. C77 (2017) no.1, 1
4. Upsilon Production at Fermilab Tevatron and LHC Energies. P. Artoisenet, John M. Campbell, J.P.
Lansberg, F. Maltoni, F. Tramontano. Published in Phys.Rev.Lett. 101 (2008) 152001
5. Production of J/ψ+ηc versus J/ψ+J/ψ at the LHC: Importance of Real α5s Corrections. Jean-Philippe
Lansberg, Hua-Sheng. Published in Phys.Rev.Lett. 111 (2013) 122001
5 relevant previous projects or activities:
1. ECT* Workshop: “New Observables in Quarkonium Production”: 29 February - Mar 4, 2016, ECT*,
Trento, Italy
2. Editing of the topical collection “New Observable in Quarkonium ” in Few Body Systems by J.P.
Lansberg, T. Dahms, E.G. Ferreiro, C. Pisano (15 peer-reviewed articles)
3. Construction of the MADGRAPH and NLOAccess Portals
4. MadGraph School on Collider Phenomenology, 23-27 November 2015, Shanghai JiaoTong University,
Shanghai, China
5. MIAPP Program “Probing the quark-gluon plasma with collective phenomena and heavy quarks” 27
August - 21 September 2018, MIAPP, Munich, Germany
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Description of any significant infrastructure and/or any major items of technical equipment, relevant
to the proposed work:
1. MADGRAPH Portal: http://madgraph.phys.ucl.ac.be Webportal allowing for the computation of tree
level cross section of Standard Model production process;
2. HELAC-ONIA code allowing for the computation of tree level cross section of any quarkonium
production process including multiple quarkonium production;
3. Computing system of IPN Orsay and of theory group including the equivalent of 400 CPUs;
4. NLOAccess portal http://nloaccess.in2p3.fr

If operational capacity cannot be demonstrated at the time of submitting the proposal, describe the
concrete measures that will be taken to obtain it by the time of the implementation of the task.
1. The MADGRAPH Portal will be cloned and made available from the NLOAccess portal;
2. HELAC-ONIA will be made available from this portal;
3. The NLOAccess portal will allow for nuclear PDF usage with MADGRAPH;
Spokesperson

WP15

Curriculum Vitae of Dominique Marchand
Academic education with degree
1992
BSc in Physics, Université Blaise Pascal, Clermont Ferrand, France
1994
MSc in Corpuscular Physics, Université B. Pascal, Clermont-Ferrand, France
Scientific degrees
1994-1998 Ph.D. in Corpuscular Physics, Université B. Pascal / CEA Saclay - Nuclear Physics Department
(SPhN), “Calculation of radiative corrections in Virtual Compton Scattering - Absolute energy measurement
of TJNAF (Hall A) electron beam through a magnetic method : the ARC project“.
Professional career since completion of studies
Since 2000 CNRS researcher, IPNO, Université Paris-Sud, Orsay, France
1999-2000 Temporary lecturer and research assistant, Univ. Paris-Sud, IPNO, Orsay, France
1998-1999 Postdoctoral Fellow (HaPHEEP network), Department of Subatomic and Radiation Physics,
Ghent University, Belgium.

55
824093 - STRONG-2020 – Part B

PART B – Section 4: Members of the Consortium

Other
2001-2009
Tutorials in Physics, Université Paris-Sud, Orsay, France
2005-2006
Lecturer in Physics, Université Paris-Sud, Orsay, France
2016- Chargé de mission at the Institut National de Physique Nucléaire et de Physique des Particules
(CNRS/IN2P3) for higher education.
2015- Member of the Scientific Committee of the annual Summer School “De l'infiniment grand à
l'infiniment petit“ dedicated to Bachelor students.
201-2015
Co-coordinator of the ElectroMagnetic Processes working group within the PANDA
international collaboration.
2010-2015
Representative of the High Energy Physics group (~35 pers.) at IPN Orsay.
Most important publications, services or achievements
1. “Feasibility studies of time-like proton form factors at PANDA at FAIR“, the PANDA Collaboration (B.
Singh et al.), Eur. Phys. J. A52 (2016) 10, 325.
2. “Proton-electron elastic scattering and the proton charge radius“, G.I. Gakh, A. Dbeyssi, E. TomasiGustafsson, D. Marchand, V.V. Bytev, Physics of Particles and Nuclei Letters 10 (2013) 5, 393.
3. “G0 Electronics and Data Acquisition (Forward-Angle Measurements)”, D. Marchand et al., Nuclear
Instruments and Methods in Physics Research A 586 (2008) 251.
4. “Strange-quark contributions to parity-violating asymmetries in the forward G0 electron-proton scattering
experiment“, D.S. Armstrong et al. (collaboration G0), Physical Review Letters 95 (2005) 092001.
5. “QED Radiative Corrections to Virtual Compton Scattering”, M. Vanderhaeghen, J.M. Friedrich, D.
Lhuillier, D. Marchand, L. Van Hoorebeke, J. Van de Wiele, Phys. Rev. C 62 (2000) 025501 (39p.)
Previous projects or activities relevant to this proposal
1. “A new platform for research and applications with electrons: the PRAE project“ where the proton
charge radius experiment “ProRad“ will be performed, D. Marchand on behalf of the PRAE
collaboration, Proccedings of the 23rd International Baldin Seminar on High Energy Physics Problems,
EPJ Web Conf., 138 (2017) 01012.
2. Radiative corrections to VCS; Electron beam absolute energy measurement at TJNAF for Hall A: the
ARC project reaching a 10-4 accuracy (PhD).
3. Electromagnetic Calorimeter: contribution to the design and the test of the 120 prototype for the barrel
part of the PANDA electromagnetic calorimeter. “Tests of optical glues for the PANDA electromagnetic
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calorimeter“, A. Dbeyssi et al., Nuclear Instruments and Methods in Physics Research A 722 (2013) 8286.

4. G0 parity violation experiment at TJNAF (Hall C) – E91-017 : responsible for the front end electronics
system developed at IPNO and associated to half of the detector. Data analysis.
Spokesperson

WP18

Curriculum Vitae of Joerg Aichelin
Generalities: Distinguished professor (professeur classe exceptionelle) at the University of Nantes, before
Full Professor and Associate Professor, postdoc in Oak Ridge National Laboratory, Cyclotron Laboratory of
the Michigan State University and at the University of Heidelberg, thesis at the University of Heidelberg in
1982.
Member of the Academia Europea, Fellow of the Institute of Physics (London), adjunct Fellow of the
Frankfurt Institute of Advanced studies.
- 2004-2009 Member of the Program Advisory Committee of the Gesellschaft für Schwerionenforschung
(GSI) Darmstadt, Germany,
- 2012-2016 President of the committee for financing the nuclear and high energy theory in France
- 2012-2016 Member of the "Conseil national des Universités" (CNU), section 29,
- since 2013 Member of the scientific advisory board for accelerator project NICA in Dubna/ Russia,
- 2013 Member of the review panel to evaluate the heavy-ion activities of the Department of Energy (DOE)
USA
- Until 2014 head of the theory group of SUBATECH
My research is centered on the interpretation of the results of heavy ion collisions from low energy (50
AMeV) up to the highest energies available. This includes the development of programs, which simulate the
heavy ion collisions on a computer, the development of the theory of transport and of microscopic processes,
which are needed for these programs. It includes as well the development of the theory which is needed to
understand the experimental results.
167 talks at international conferences,
259 publications (with 9200 citations (INSPIRE))
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Spokesperson

WP19

Spokesperson: Raphaël Granier de Cassagnac (CNRS)
Curriculum Vitae of Raphaël Granier de Cassagnac
Degrees:
2014: Habilitation to conduct researchers, Université Pierre et Marie Curie, Paris.
2000: PhD in Particle Physics, Université Pierre et Marie Curie, Paris.
1995: Degree from École Centrale Paris.
Professional career since the completion of studies:
2000: CNRS permanent position, research officer
2015: Promoted to Research Director
Service to the community
2016+: President of the CNRS section 01 (particle, nuclear and astro-particle physics)
2013: Member of DOE comparative review
2006-12: Member of the CNRS section 03
2010-11: CMS heavy-ion convener
Conference organization:
2017: EPS-HEP heavy ion session convener (also ICHEP in 2010)
2016: Heavy-flavour workshop, Leiden.
2010-14: Hot quarks conferences (3 editions).
Various international advisory committee, incl. Quark Matter 2012 and 2016.
Main Research Fields:
Quark-Gluon Plasma with emphasis on:
 Quarkonia and heavy flavours (PHENIX, CMS)


Electroweak bosons (CMS)

Publication Record (inspire-hep)
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Total number of publications in refereed journals:
contributions)
Total number of citations in refereed journals:
H-Index:

850 (9 PHENIX + 19 CMS with personal
89387 (1500+ on the 19 CMS papers)
145 (more than 20 with personal contributions)

Five recent relevant publications (RGdC):
- A. Andronic et al, Heavy-flavour and quarkonium production in the LHC era: from proton–proton to
heavy-ion collisions, EPJC76 (2016) 107, arxiv:1506.03981, 179 citations.
- CMS collaboration, Study of Z boson production in PbPb collisions at √sNN = 2.76 TeV, PRL 106 (2011)
212301, arXiv:1102.5435, 116 citations.
- CMS collaboration, Suppression of non-prompt J/ψ, prompt J/ψ, and Y (1S) in PbPb collisions at √sNN =
2.76 TeV, JHEP 1205 (2012) 063, arXiv:1201.5069, 358 citations.
- CMS collaboration, Indications of Suppression of Upsilon excited states in PbPb collisions at a nucleonnucleon centre-of-mass energy of 2.76 TeV, PRL 107 (2011) 052302, arXiv:1105.4894, 208 citations
- CMS collaboration, Study of W boson production in pPb collisions at √sNN = 5.02 TeV, PLB750 (2015)
565, arxiv:1503.05825, 47 citations.
Previous projects connected to the subject of this proposal
- SaporeGravis: several of us were members of the SaporeGravis network, under HP7.
- Three physicists supporting this proposal received ERC grants to perform first heavy-ion analyses in their
experiments (André Mischke on ALICE, Giulia Manca on LHCb, RGdC on CMS).
Spokesperson

WP20

Curriculum Vitae of Cynthia Hadjidakis
Generalities:
C. Hadjidakis is a CNRS associate researcher at IPN Orsay. She has been hired by CNRS in 2008 after
postdocs at LNF in Frascati (Italy) and Subatech in Nantes. She has an expertise on heavy-ion and protonnucleus collisions, in particular for the measurements of quarkonium production. She has also previously
worked at CLAS/TJNAF and HERMES/DESY experiments where she has studied the internal structure of
the nucleon with Deep Inelastic Scattering experiments. She is now working in the ALICE Collaboration at
the LHC and she is mainly involved on quarkonium production with the Muon Spectrometer. She has
contributed to the publication of several papers and supervised master and Ph.D students on these subjects.
She is Deputy Project Leader of the Muon Tracking Chambers since 2013. She was convener of the working
group « Cold Nuclear Matter » of the EU HP3 Sapore Gravis network and is now convener of the working
group « Prospectives on strong interaction observables » of the French GDR PH-QCD network. She has
started to discuss the Physics at a fixed-target experiment with the LHC beams in a paper published on
Physics Report in 2013. She contributes to the AFTER@LHC study group and, in particular, she edited a
Special Issue on this topic in « Advances in High Energy Physics ». The corresponding studies were
presented in the working groups « Fixed Target » and « QCD » of the CERN Physics Beyond Collider study
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group that started in fall 2016. She is currently studying a fixed-target implementation in ALICE.
Position: Senior CNRS Researcher
Cursus:
2003: PhD in Sciences, University of Paris Diderot
1999: Master (DEA) in Sciences, University of Paris Diderot
1997: Licence in Physical Sciences, University of Paris Diderot
Positions:
Since 2008: Senior CNRS Researcher (Chargée de Recherche Classe Normale), staff member at IPNO,
Paris-Saclay
University:
2007-2008: Post-Doctoral researcher, Subatech, Nantes
2003-2007: Post-Doctoral researcher, Laboratori Nazionali di Frascati (Italy)
Publications:
325 publications: 4 publications in peer reviewed journals related to the AFTER@LHC study group, more
than 150 publications with ALICE in peer reviewed journals, 2 reviews.

List of up to 5 relevant publications relevant to the call content:
1. Physics Opportunities of a Fixed-Target Experiment using the LHC Beams, S.J Brodsky, F. Fleuret,
C. Hadjidakis and J.P. Lansberg, Published in Phys.Rept. 522 (2013) 239
2. Observation of channeling for 6500 GeV/ c protons in the crystal assisted collimation setup for LHC,
W. Scandale et al., Phys.Lett. B758 (2016) 129-133
3. A Gas Target Internal to the LHC for the Study of pp Single-Spin Asymmetries and Heavy Ion
Collisions, C. Barschel, P. Lenisa, A. Nass and E. Steffens, Adv.High Energy Phys. 2015 (2015)
463141
4. Feasibility Studies for Single Transverse-Spin Asymmetry Measurements at a Fixed-Target
Experiment Using the LHC Proton and Lead Beams (AFTER@LHC), D. Kikola et al., Few Body
Syst. 58 (2017) no.4, 139
5. Heavy-ion Physics at a Fixed-Target Experiment Using the LHC Proton and Lead Beams
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(AFTER@LHC): Feasibility Studies for Quarkonium and Drell-Yan Production, B. Trzeciak et al.,
Few Body Syst. 58 (2017) no.5, 148
List of up to 5 relevant previous projects or activities, connected to the subject of this proposal:
1. CERN Physics Beyond Collider
https://indico.cern.ch/event/644287/

Annual

Workshop,

21-22

November

2017,

CERN:

2. AFTER@LHC week, June 19-23 2017, IPN Orsay: https://indico.cern.ch/event/617910/
3. CERN Physics Beyond Collider
https://indico.cern.ch/event/523655/

Kickoff

Workshop,

6-7

September

2017,

CERN:

4. Workshop on “Opportunities with internal gas target at the LHC”, 4-5 July 2016, CERN:
https://indico.cern.ch/event/518578/

5. Editing of the Special Issue « Physics at a Fixed-Target Experiment Using the LHC Beams » in
Advances in High Energy Physics by J.P. Lansberg, G.Cavoto, C. Hadjidakis, J. He, C. Lorcé and B.
Trzeciak: https://www.hindawi.com/journals/ahep/si/354953/
Spokesperson

WP23

Curriculum Vitae of Silvia Niccolai
Current/past positions
1997-1998: Associate to INFN Genova, INFN Genova, Italy
1999-2003: Research and Teaching Assistant, the George Washington University, United States
2003: Post-doctoral Associate, CEA-Saclay SPhN, France
2003-2006: Post-doctoral Associate, CNRS, France
2006: Director of Research, CNRS, France
Education
1993-1999: "Laurea" in Physics, Universita di Genova, Italy
1999-2003: PhD in Physics, The George Washington University, United States
2014: Habilitation as Full Professor
Publications: More than 170 publications in refereed journals, 11 of which as leading author (2 review
articles), and the rest as co-author with the CLAS, HPS and G0 Collaborations.
Conferences: 24 invited talks (among which, plenary talks at INPC 2017 and EuNPC 2015), 8 contributed
talks, in international conferences and workshops. Several seminars and presentations at local and
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international level.
Mentorships: One PhD student has graduated in 2015, another has just started his PhD. Supervision of
several
Master and Undergraduate projects.
Spokesperson

WP31

Spokesperson: Eric Voutier (CNRS)
Curriculum Vitae of Eric Voutier
Academic education with degree
1985
Diplôme d’Etudes Approfondies en Physique, Université Claude Bernard, Lyon (France)
1984
Maîtrise de Physique, Université Claude Bernard, Lyon (France)
1983
Licence de Physique, Université Claude Bernard, Lyon (France)
1979 - 1983 Undergraduate studies, Université Claude Bernard, Lyon (France)
Scientific degrees
2005
Habilitation in Physics, Université Joseph Fourier, Grenoble (France)
1989
Ph.D. in Physics, Université Claude Bernard, Lyon (France)
Professional career since completion of studies
Since 2008 Director of Research
1990 - 2008 Chargé de Recherche
Other
2012 - 2014
2011 - 2014
Hadrons
2007 - 2010
2003 - 2006

Member of the User Group Board of Directors of TJNAF
Director of the Groupement de Recherche Quantum Chromodynamics and the Physics of

Director of the Groupement de Recherche Physics of the Nucleon
Member of the Scientific Council of the Laboratoire de Physique Subatomique et de
Cosmologie de Grenoble (France)
Member of the Laboratory Council of the Laboratoire de Physique Subatomique et de
Cosmologie de Grenoble (France)
2001 - 2003 Member/Chair of the Coordinating Committee of the Hall A Collaboration of TJNAF
Most important publications, services or achievements
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1. Basic Instrumentation for Hall A at TJNAF, (Hall A Collaboration) J. Alcorn et al. Nuclear Institute and
Meth. In Phys. Res. A 522 (2004) 294
2. Deeply virtual Compton scattering off the neutron, (Hall A Collaboration) M. Mazouz et al. Phys. Rev.
Lett. 99 (2007) 242501
3. Probing the high momentum component of the deuteron at high Q2, (Hall A Collaboration) W.U. Boeglin
et al. Phys. Rev. Lett. 107 (2011) 262501
4. Production of highly polarized positrons using polarized electrons at MeV energies, D. Abbott et al. Phys.
Rev. Lett. 116 (2016) 214801
5. First exclusive measurement of deeply virtual Compton scattering off 4He: toward the 3D tomography of
nuclei, (CLAS Collaboration) M. Hattawy et al. Phys. Rev. Lett. 119 (2017) 034204
Previous projects or activities relevant to this proposal
1 Co-Chair of the Positron Working Group of TJNAF (ongoing)
2 Head of the Subatomic Physics experimental program at the PRAE facility of Orsay (ongoing)
3 Spokesperson of the E12-11-105 experiment (PEPPo) at TJNAF
4 Spokesperson of the E08-024 experiment (4He-DVCS) at TJNAF
5 Spokesperson of the E03-106 experiment (n-DVCS) at TJNAF
2

Österreichische
Akademie der
Wissenschaften

OeAW

The Stefan Meyer Institute (SMI) of the Austrian Academy of Sciences has a long-standing experience on
experimental subatomic physics. Its activity includes three main topics: matter-antimatter symmetry, hadron
physics and advanced instrumentation. For the experimental tasks SMI has laboratories and technical
infrastructures specialized in cryogenics, high-precision mechanics and vacuum technologies. SMI is
involved in experiments at CERN/AD, PSI (Switzerland), LNF-INFN (Italy), TRIUMF (Canada), KEK and
JPARC (Japan).
OeAW has specific roles in JRA8-ASTRA and JRA14-MPGD_HP.
OeAW has the responsibility of JRA8-ASTRA (Johann Zmeskal).
EC funds in JRA8-ASTRA and JRA14-MPGD_HP.

Spokesperson

WP26

Spokesperson: Johann Zmeskal (OeAW)
Curriculum Vitae of Johann Zmeskal
Education
1986 PhD at the University of Vienna
Title: “Experimentelle Untersuchung der resonanten dμd-Molekülbildungsrate im Temperaturbereich 2563
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150 K”
Professional Career/Academic Career
1979-1986
Scientific, technical employee at the Institute for Medium Energy Physics
1987 Senior Scientist at the Stefan Meyer Institute for subatomic Physics
2007
Privatdozent at the University of Vienna (Habilitation, Venia Legendi)
Main Research Topics


Muon-catalysed fusion experiments at PSI and TRIUMF: Experiments to study muon-catalysed
fusion in hydrogen isotope mixtures. First experimental proof at PSI that one muon can catalyse
more than 150 fusion cycles.



Exotic atoms as probe for strong interaction effects in low-energy QCD, with experiments performed
at PSI and CERN-AD (Switzerland), TRIUMF (Canada), KEK and J-PARC (Japan), DANE - LNF
(Italy) and GSI Helmholtzzentrum (Germany), with major contribution to low-energy QCD.



Published more than 300 scientific articles, h-index: 26 (web of knowledge database)

Research Activities and 5 Relevant Projects/Activities
1997 – 2005 Member of the DEAR Executive Board
2002 – 2006 Member of the Program Advisory Committee, RIKEN/RAL
2007 – 2009 Member of the Program Advisory Committee, ML-PAC – RIKEN-RAL
2009 – 2011 Member of the Program Advisory Committee, ML-PAC – RIKEN Nishina Centre
2004 – 2008 Responsible of SMI activities in HadronPhysics (EU-FP6): Joint Research Activity
(JRA7: Internal Targets and JRA10: SIDDHARTA)
2009 – 2011 Spokesperson JRA24: JointGEM in HadronPhysics2 (EU-FP7)
2009 – 2011 Member of the PANDA speakers committee
2012 – 2014 Spokesperson JRA24: JointGEM in HadronPhysics3 (EU-FP7)
2015
Spokesperson E57 experiment at J-PARC
Referee for international peer-reviewed journals (2-3 per year), Co-Organizer and Co-Chairman of a
conference series: “International Conference of Exotic Atoms and Related Topics - EXA”
Teaching and Supervision
Lecturer at the University of Vienna (e.g. “Detector and detector systems for nuclear and particle physics”),
supervision of Master and PhD theses
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Awards/Prizes
1992 Erich Schmid-Preis of the Austrian Academy of Sciences
Five relevant publications
1. J. Zmeskal: From kaonic atoms to kaonic nuclei: A search for antikaon-mediated bound nuclear
systems, Progress in Particle and Nuclear Physics 61, (2008), 512-550
2. K. Suzuki, P. Bühler, S. Fossati, J. Marton, M. Schafhauser, J. Zmeskal: Development of
SciFi/CheFi detector with SiPM readout, NIM A 620 (2009) 75-77
3. L. Fabbietti, J. Zmeskal et al.: The PANDA GEM-based TPC prototype, NIM A 628 (2011) 204
4. SIDDHARTA Collaboration: M. Bazzi, J. Zmeskal et al.: X-ray transition yields of low-Z kaonic
atoms produced in Kapton, Nucl. Phys. A 916 (2013) 30-47
5. C. Sauerzopf, L. Gruber, K. Suzuki, J. Zmeskal, E. Widmann: Intelligent Front-end Electronics for
Silicon photodetectors (IFES), NIM A 819 (2016) 163
3

Université Catholique de
Louvain

UCL

The School of Mathematics and the School of Physics of the UCL offer expertise at the frontiers of both
fundamental and applied research, reflecting on the infinitely small and the infinitely large.
UCL has specific roles in VA1-NLOAccess.

4

European Organization
for Nuclear Research

CERN

EC funds in VA1-NLOAccess
CERN is home to the world’s largest particle physics laboratory, where physicists and engineers probe the
fundamental structure of the universe. They use the world's largest and most complex scientific instruments
to study the basic constituents of matter – the fundamental particles. The particles are made to collide
together at close to the speed of light. The process gives the physicists clues about how the particles interact,
and provides insights into the fundamental laws of nature. Founded in 1954, CERN laboratory sits astride the
Franco-Swiss border near Geneva. It is one of Europe's first joint ventures and now has 21 member states.
CERN laboratory employs about 2,400 full-time and 1,500 part-time employees, and hosts some 10,000
visiting scientists and engineers, from 608 universities/research facilities and 113 countries.
CERN has the responsibility of TA7-CERN (David d’Enterria).
EC funds in TA7-CERN.
65

824093 - STRONG-2020 – Part B

PART B – Section 4: Members of the Consortium

5

Deutsches
DKFZ
Krebsforschungszentrum
Heidelberg

The German Cancer Research Center is a national cancer research center based in Heidelberg, Germany. It is
a member of the Helmholtz Association of German Research Centres, the largest scientific organization in
Germany. Its main research programs are Cell Biology and Tumour Biology, Structural and Functional
Genomics, Cancer Risk Factors and Prevention, Tumour Immunology, Innovative Cancer Diagnostics and
Therapy, Infection and Cancer and Translational Cancer Research.
DKFZ has specific roles in JRA9-TIIMM.

6

Facility for Antiproton
and Ion Research in
Europe GMBH

FAIR

EC funds in JRA9-TIIMM.
Adjacent to the existing accelerator complex of the GSI Helmholtz Centre for Heavy Ion Research in
Darmstadt (Germany), the Facility for Antiproton and Ion Research (FAIR) substantially expands research
goals and technical possibilities. It provides worldwide unique accelerator and experimental facilities
allowing for a large variety of unprecedented forefront research in hadron, nuclear and atomic and plasma
physics as well as applied sciences.
FAIR has specific roles in NA1-FAIRnet.

7

Forschungszentrum
Jülich GMBH

FZJ

EC funds in NA1-FAIRnet
The Forschungszentrum Jülich (FZJ) is one of the largest national research institutions in Germany. FZJ
embeds the Institute for Nuclear Physics (IKP), which operates the cooler synchtrotron and storage ring
COSY. For the FAIR project it manages the antiproton part and is responsible for the construction of the
HESR ring.
FZJ has specific roles in JRA2-FTE@LHC, JRA7-HaSP and JRA12-SPINFORFAIR.
FZJ has the responsibility of TA1-COSY (Dieter Grzonka).

8

Gsi Helmholtzzentrum
für
Schwerionenforschung
GMBH

GSI

EC funds in TA1-COSY, JRA2-FTE@LHC, JRA7-HaSP and JRA12-SPINFORFAIR.
GSI is one of the world leading facilities for hadron physics experiments at particle accelerators. For many
years, the Institute is strongly involved in the development and operation of cryogenic targets for internal
beam experiments, i.e. for experiments at HESR/FAIR. For these activities several laboratories and a
powerful infrastructure including technical support are available. In detail a cluster-jet target equipped with
diagnostic tools is available for tests with cluster-jet beams from heavier gases.
GSI has specific roles in NA7-Hf-QGP, JRA7-HaSP, JRA9-TIIMM, JRA11-CRYOJET and JRA14MPGD_HP.
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GSI has the responsibility of TA5-GSI (Yvonne Leifels).

9

Johannes GutenbergUniversitat Mainz

JGU MAINZ

EC funds in TA5-GSI, NA7-Hf-QGP, JRA7-HaSP, JRA9-TIIMM, JRA11-CRYOJET and JRA14MPGD_HP.
Research at the Institute for Nuclear Physics centers on the structure and the interaction of elementary
particles, especially on the understanding of the so-called strong force and its implications on nuclear and
particle physics. The Mainzer Microtron MAMI, an electron accelerator for energies of up to 1,5 GeV, is the
core of experimental investigations. In addition a new low energy, high intensity electron accelerator called
MESA is being setup within the institute. MESA is based on a unique concept for recovering a part of the
energy that is required for accelerating the electron beam. Scientists working at the Institute for Nuclear
Physics are also related to the Helmholtz Institute Mainz (HIM) which represents a Link between the
University Mainz and GSI/FAIR. Additionally, scientists at the Institute of Nuclear Physics are working on
the theoretical description and interpretation of the experimental results and on external experiments in
Darmstadt (GSI), Geneva (CERN), Beijing (BES) and Tsukuba (BELLE).
JGU Mainz has specific roles in NA4-PREN, NA5-THEIA, NA6-LatticeHadrons, JRA3-PrecisionSM,
JRA5-GPD-ACT, JRA7-HaSP, JRA10-CryPTA and JRA13-P3E.
JGU Mainz has the responsibility of TA2-MAMI (Achim Denig), NA4-PREN (Dominique Marchand,
Randolf Pohl), NA5-THEIA (Josef Pochodzalla) and
JRA3-PrecisionSM (Mikhail Gorshteyn,
Andrzej Kupsc).

Spokesperson

WP15

EC funds in TA2-MAMI, NA4-PREN, NA5-THEIA, NA6-LatticeHadrons,
JRA7-HaSP, JRA10-CryPTA and JRA13-P3E.
Curriculum Vitae of Randolf Pohl

JRA3-PrecisionSM,

Academic education with degree
1997
Diploma in Physics, TU Munich, Germany
Scientific degrees
2016
Habilitation in Physics, Ludwig Maximilians University, Munich, Germany
1997-2001
Ph.D. in Physics, ETH Zurich, Switzerland
Professional career since completion of studies
Since 2016
Associate Professor for Experimental Atomic Physics, JGU Mainz
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2011 – 2016
2010 / 11
2005 – 2010
2001 – 2005
Other
2014
2013
2012
2011
2012 + 2016
2011
2012-2015
Society

Independent ERC Research Group Leader, Max-Planck Institute of Quantum Optics, (MPQ)
Garching, Germany
Temporary W3 Professor of Physics, LMU, Munich, Germany
Postdoc, MPQ Garching, Germany
Postdoc, Paul-Scherrer-Institute (PSI), Switzerland

Fellow of the APS
Francis M. Pipkin Award of the APS, Topical Group on Precision Measurement and
Fundamental Constants
Gustav-Hertz-Prize of the German Physical Society (with A. Antognini, ETH)
ERC Starting Grant
Co-Organizer of the “Proton Radius Workshop” at ECT* in Trento, Italy
Co-Organizer of the “Workshop on Cascade Effects in Muonic Atoms”, PSI; Switzerland
Representative of the MPQ Scientific Staff on the Scientific Council of the Max Planck

Most important publications, services or achievements
1. Beyer, L. Maisenbacher, A. Matveev, R. Pohl, K. Khabarova, A. Grinin, T. Lamour, D.C. Yost, T.W.
Hänsch, N. Kolachevsky, and Th. Udem, ”The Rydberg constant and proton size from atomic hydrogen”,
Science 358, 79 (2017).
2. R. Pohl, F. Nez, L. M. P. Fernandes, F. D. Amaro, F. Biraben, J. M. R. Cardoso, D. S. Covita, A. Dax, S.
Dhawan, M. Diepold, A. Giesen, A. L. Gouvea, T. Graf, T. W. Hänsch, P. Indelicato, L. Julien, P.
Knowles, F. Kottmann, E.-O. Le Bigot, Y.-W. Liu, J. A. M. Lopes, L. Ludhova, C. M. B. Monteiro, F.
Mulhauser, T. Nebel, P. Rabinowitz, J. M. F. dos Santos, L. A. Schaller, K. Schuhmann, C. Schwob, D.
Taqqu, J. F. C. A. Veloso, A. Antognini : "Laser spectroscopy of muonic deuterium", Science 353, 669
(2016)
3. Antognini, F. Nez, K. Schuhmann, F.D. Amaro, F. Biraben, J.M.R. Cardoso, D. Covita, A. Dax, S.
Dhawan, M. Diepold L. Fernandes, A. Giesen, A. Gouvea, T. Graf, T.W. Hänsch, P. Indelicato, L. Julien,
C.-Y. Kao, P.E. Knowles, F. Kottmann, E. Le Bigot, Y.-W. Liu, J.A.M. Lopes, L. Ludhova, C.M.B.
Monteiro, F. Mulhauser, T. Nebel, P. Rabinowitz, J.M.F. dos Santos, L. Schaller, C. Schwob, D. Taqqu,
J.F.C.A. Veloso, Jan Vogelsang and R. Pohl, "Proton structure from measurement of 2S-2P transition
frequencies of muonic hydrogen", Science 339, 417 (2013).
4. C.G. Parthey, A. Matveev, J. Alnis, R. Pohl, Th. Udem, U.D. Jentschura, N. Kolachevsky, and T.W.
Hänsch, ”Precision Measurement of the Hydrogen-Deuterium 1S– 2S Isotope Shift”, Phys. Rev. Lett.
104, 233001 (2010).
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5. R. Pohl, A. Antognini, F. Nez, F.D. Amaro, F. Biraben, J.M.R. Cardoso, D. Covita, A. Dax, S. Dhawan, L.
Fernandes, A. Giesen, T. Graf, T.W. Hänsch, P. Indelicato, L. Julien, C.-Y. Kao, P.E. Knowles, E. Le
Bigot, Y.-W. Liu, J.A.M. Lopes, L. Ludhova, C.M.B. Monteiro, F. Mulhauser, T. Nebel, P. Rabinowitz,
J.M.F. dos Santos, L. Schaller, K. Schuhmann, C. Schwob, D. Taqqu, J.F.C.A. Veloso and F. Kottmann,
"The size of the proton", Nature 466, 213 (2010).
Previous projects or activities relevant to this proposal
1. Muonic hydrogen HFS measurement, CREMA Collaboration, since 2016
2. Muonic helium Lamb shift measurement, CREMA Collaboration, 2013/14
3. Muonic hydrogen/deuterium Lamb shift measurements, CREMA Collaboration, 2009
4. Hydrogen and Deuterium spectroscopy, MPQ Garching, 2006-2017
Spokesperson

WP16

Spokesperson: Josef Pochodzalla (JGU Mainz)
Curriculum Vitae of Josef Pochodzalla
Academic education with degree:
1980-1981:
Diploma thesis, Max Planck Institute of Nuclear Physics, Heidelberg
1976-1983:
Study of physics at the University of Heidelberg
Scientific degrees:
1991: Habilitation in Physics, University of Frankfurt
1983: Ph.D. in Experimental Physics, Max Planck Institute of Nuclear Physics, Heidelberg
Professional career since the completion of studies:
Since 2000:
C3-Professor of Experimental Physics, JGU
1996-2000:
Member of research stuff, Max-Planck-Institute of Nuclear Physics, Heidelberg
1992-1996:
Heisenberg fellow, GSI Darmstadt
1984-1986:
Research Scientist, NSCL Michigan State University, East Lansing, USA
1984-1985:
DFG research fellow, Michigan State University, East Lansing, USA
1981-1983:
Ph.D. research, Max Planck Institute of Nuclear Physics, Heidelberg
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Service to the community:
Since 2018:
Member of the PRC Editorial Board
Since 2016:
Member of the international J-PARC Program Advisory Committee
Since 2000:
Group leader, COMPASS, Mainz
Since 2000:
Member of collaboration and member of publication board, PANDA
Since 1997:
Spokesman, WA89 Collaboration
2009-2015:
Spokesperson of the EU-Network SPHERE
2012-2016:
Co-Editor of “Recent Progress in Strangeness and Charm Hadronic and Nuclear Physics”
Nucl. Phys. A 954, 1–2 (2016) and “Special Issue on Progress in Strangeness Nuclear
Physics” Nucl. Phys. A 881, 1-2 (2012)
2008-2009:
Co-editor of the PANDA Physics Book
2000:
Co-author of Letter of Intent: Construction of a GLUE/CHARM Factory at GSI
1999-2000:
Member of Working Groups on Long-Term Perspective of GSI, GSI Darmstadt
since 2005:
Reviewer for Department of Energy (USA), Japan Society for the Promotion of Science
(Japan), Czech Science Foundation (Czech Republic), Fonds zur Förderung der
wissenschaftlichen Forschung (Österreich)
Since 1987:
Referee for several journals, e.g. Nature, Phys. Rev. Lett., Phys. Lett.
2005-2007:
Member of Fachbereichsrat, Dept. of Physics, Mathematics and Information Science
2009-2013:
Managing Director of Institute of Nuclear Physics
Conference organization:
Since 2009:
Co-organizer of NUFRA conference series
2006:
Chair, HYP2006, Mainz, Germany
Since 2006:
member of International Advisory Committee of HYP conference series
2005:
International Advisory Committee, COMPASS Week, Prague
2001, 2004:
International Advisory Committee, SQM2001/2004, Frankfurt/Cape Town
1995:
Chair, Phase Transitions in Small Systems, GSI Darmstadt
Main Research Fields:
-

Nucleon structure with electromagnetic probes (MAMI, COMPASS@CERN)

-

Strange baryons in nuclei, hypernuclei (A1@MAMI, HYPHI@GSI, PANDA@FAIR, J-Lab)

List of 5 recent relevant publications:
1.

Observation of 4H Hyperhydrogen by Decay-Pion Spectroscopy in Electron Scattering. A. Esser, S.
Nagao, F. Schulz, P. Achenbach, C. Ayerbe Gayoso, R. Böhm, O. Borodina, D. Bosnar, V. Bozkurt, L.
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Debenjak, M. O. Distler, I. Friščić, Y. Fujii, T. Gogami, O. Hashimoto, S. Hirose, H. Kanda, M. Kaneta,
E. Kim, Y. Kohl, J. Kusaka, A. Margaryan, H. Merkel, M. Mihovilovič, U. Müller, S. N. Nakamura, J.
Pochodzalla, C. Rappold, J. Reinhold, T. R. Saito, A. Sanchez Lorente, S. Sánchez Majos, B. S.
Schlimme, M. Schoth, C. Sfienti, S. Širca, L. Tang, M. Thiel, K. Tsukada, A. Weber, and K. Yoshida
(A1 Collaboration) Phys. Rev. Lett. 114, 232501 (2015)
2.

Antihyperon potentials in nuclei via exclusive antiproton-nucleus reactions. Alicia Sanchez Lorente,
Sebastian Bleser, Marcell Steinen, Josef Pochodzalla. Phys. Lett. B 749, 421-424 (2015)

3.

Study of doubly strange systems using stored antiprotons. The PANDA Collaboration (submitted by J.
Pochodzalla). Nucl. Phys. A 954, 149–160 (2016)

4.

Spectroscopy of the neutron-rich hypernucleus 7He from electron scattering. T. Gogami et al.
(HKS(TJNAF E05-115) Collaboration) Phys. Rev. C 94, 021302(R) (2016)

5.

Formation of hypernuclei in heavy-ion collisions around the threshold energies, A. S. Botvina, K. K.
Gudima, J. Steinheimer, M. Bleicher, and J. Pochodzalla Phys. Rev. C 95, 014902 (2017)

List of 5 relevant previous projects or activities
Leader of the Hypernuclear Activity in PANDA, principal investigator at HIM
Member of the HypHI Collaboration at GSI
Since 2018:
Member of the PRC Editorial Board
Since 2016:
Member of the international J-PARC Program Advisory Committee
2009-2015:
Spokesperson of the EU-Networking Activity SPHER
Spokesperson

WP21

Curriculum Vitae of Mikhail Gorshteyn
Generalities:
Member of the Nuclear Theory group at Mainz University. He is an expert in dispersion relations for various
hadronic processes and application thereof to calculations of radiative corrections to precision tests of the
Standard Model at low energy.
List of most relevant publications:
1. Model-dependence of the γZ dispersion correction to the parity-violating asymmetry in elastic epscattering, M. Gorchtein, C.J. Horowitz and M.J. Ramsey-Musolf, Phys. Rev. C84 (2011) 015502 (64
citations)
2. Dispersion γZ-box correction to the weak charge of the proton, M. Gorchtein, C.J. Horowitz,
Phys.Rev.Lett. 102 (2009) 091806 (58 citations)
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3. Theory uncertainty in extracting the proton’s weak charge: white paper, M. Gorchtein, J. Erler, T. Hurth,
H. Spiesberger, K. Kumar, M.J. Ramsey-Musolf, H.B. Meyer, e-Print: arXiv:1311.4586 [hep-ph]
4. How strange is pion electroproduction?, M. Gorchtein, H. Spiesberger, Phys.Lett. B752 (2016) 135
5. Measurement of the e+e−→π+π− cross section between 600 and 900 MeV using initial state radiation,
(BESIII Collaboration), M. Ablikin et al., Phys. Lett B754 (2016) 629. (83 citations)
6. The Muon (g-2) Theory Value: Present and Future, T. Blum et al., e-Print: arXiv:1311.2198 [hep-ph] (166
citations)
7. Anomalous magnetic moment of the muon in a dispersive approach. V.Pauk, M. Vanderhaeghen
Phys.Rev. D90 (2014) 113012 (72 citations)
10

Rheinische FriedrichWilhelms-Universitat
Bonn

UBO

The University of Bonn operates the Electron Stretcher Accelerator facility (ELSA) which provides
polarized and unpolarized beams up to an energy of 3.5 GeV. ELSA offers two beam areas which are
equipped with photon tagging systems. The groups at ELSA have a long experience in the development and
operation of complex detector systems. The two major experimental devices are the combination of the
detectors Crystal Barrel/TAPs (CB) and the combination of the detectors BGO/Open Dipole (BGO-OD).
UBO has specific roles in JRA7-HaSP, JRA10-CryPTA, JRA13-P3E and

JRA14-MPGD_HP.

UBO has the responsibility of TA4-ELSA (Hartmut Schmieden), JRA10-CryPTA (Hartmut Dutz) and
JRA14-MPGD_HP (Bernhard Ketzer, Fulvio Tessarotto).
EC funds in TA4-ELSA, JRA7-HaSP, JRA10-CryPTA and JRA14-MPGD_HP.
Spokesperson

WP28

Spokesperson: Hartmut Dutz (UBO)
Curriculum Vitae of Hartmut Dutz
Education
1974 – 1978
1978
1989
1993

Vocational training as electronics engineer in process control (Energieanlagenelektroniker).
Final vocational exam by the Chamber of Industry and Commerce (equivalent to a B.S. level
electronics engineer).
Physics Diploma Degree with Polarized Target Engineering, Physics Department, Bonn
University, Germany. Thesis Adviser: Prof. K.H. Althoff.
Ph.D. (Dr. rer. nat.) in Intermediate Energy Physics, Bonn University, Germany, Thesis
Adviser: Prof. K.H. Althoff.
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Employment
1978 – 1985
1986 – 1987
1988 – 1993
1993 – 1999
Since 1999
Bonn”.
1993

Part-time electronics engineer at Rasselstein AG, Andernach, Germany.
Research and Development work at Heraeus, New Ceramic Materials Department, Hanau,
Germany.
Staff Scientist, Physics Department, Bonn University.
Staff Scientist, Bonn University, Research and Development Section (FF&E), Jülich
National Laboratory (COSY), Jülich, Germany.
Staff Scientist, Physics Department, Bonn University, project leader “Polarisiertes Target
Visiting Scientist, Stanford Linear Accelerator (SLAC) (4-months leave of absence).

List of 5 publications:
1. A new frozen-spin target for 4 π particle detection; Ch. Bradtke et al., NIM A 436 (1999) 430-452.
2. First Measurement of the Gerasimov-Drell-Hearn Integral for 1H from 200 to 800 MeV; Ahrens et
al. (GDH- and A2-Collaborations); Phys. Rev. Lett. 84, 022003 (2001).
3. First measurement of the Gerasimov-Drell-Hearn sum rule for 1H from 0.7 to 1.8 GeV at ELSA; H.
Dutz et al. (GDH-Collaboration); Phys. Rev. Lett. 91, 192001 (2003).
4. Well-established nucleon resonances revisited by double-polarization measurements; A. Thiel et al.;
Phys. Rev. Lett. 109 (2012) 102001.
5. Internal magnet developments for polarized targets at Bonn; M.
http://www.polarisiertes-target.physik.uni-bonn.de/pub/meet/bornstein.pdf
Spokesperson

WP32

Bornstein;

(2014)

Curriculum Vitae of Bernhard Ketzer
Academic education with degrees:
1987–1994 University studies, Technische Universität München, Germany
1994Degree Dipl.-Phys. Univ., Technische Universität München, Germany
1998 Degree Dr. rer. nat., Technische Universität München, Germany
Professional career since the completion of studies:
1999 – 2002
Research Fellow, CERN, Switzerland
2002 – 2007
Scientific Associate, TU München, Germany
2008 – 2013
Junior Principal Investigator, Cluster of Excellence Universe, TUM
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Since 2014

Professor for experimental and hadron physics, Univ. Bonn, Germany

Main Research Fields: Structure and spectroscopy of hadrons, instrumentation
Recent relevant publications:
1. M. Berger et al., Nucl. Instr. Meth. A 869, 180 (2017)
2. F. Böhmer et al., Nucl. Instr. Meth. A 737, 214 (2014)
3. B. Ketzer, Nucl. Instr. Meth. A 732, 237 (2013)
4. P. Abbon et al., Nucl. Instr. Meth. A 577, 455 (2007)
5. B. Ketzer et al., Nucl. Inst. Meth. A 535, 314 (2004)
Relevant previous projects or activities
1. I3HP3: JointGEM
2. I3HP2: JointGEM
3. I3HP: Fast gas detectors
11

Ruhr-Universitaet
Bochum

RUB

The Ruhr-University Bochum has two experimental and two theoretical groups, exclusively working in
hadronic physics. The antiproton project at FAIR was initiated from here. The expertise of the theory group
on the analysis, modeling and theoretical study of partonic distributions is internationally well known. RUB
is the world leader in design and construction of polarized solid state targets. The experimental hadron
physics group has a long history of analysis of experimental data. In addition the group was involved in the
construction and operation of electromagnetic calorimeters at CERN, ELSA (Crystal Barrel) and at SLAC
(Babar). It has a leading role in the construction of the electromagnetic calorimeter for PANDA at FAIR.
Also analyses of data from BESIII, CLAS and Crystal Barrel as well Monte Carlo simulations for PANDA
are performed. An emphasis is on partial wave analysis. A lab for pupils is available for outreach activities.
Activities for school girls are performed frequently.
RUB has specific roles in NA1-FAIRnet, JRA7-HaSP and JRA10-CryPTA.
RUB has the responsibility of NA1-FAIRnet (Fritz-Herbert Heinsius).
EC funds in NA1-FAIRnet, JRA7-HaSP and JRA10-CryPTA.
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Spokesperson

WP12

Curriculum Vitae of Fritz-Herbert Heinsius
Education
-

2002 Habilitation and venia legendi, University of Freiburg.

-

1993 Dr. rer. nat., University of Hamburg.

-

1988 Diploma, University of Hamburg.

-

1982-88 Physics studies at University of Hamburg.

Employment
-

Scientific Associate [2005 – 2006] CERN, Geneva, Switzerland

-

Research Scientist [2003 – 2006] Fakultät für Physik, Univ. of Freiburg

-

Research Scientist [2001 – 2003] Physikalisches Institut, Univ. of Bonn

-

Research Scientist [1996 – 2001] Fakultät für Physik, Univ. of Freiburg

-

Research Scientist (Feodor Lynen fellowship) [1993 – 1996] University of California, Berkeley,
USA

-

Research Scientist [1988 – 1993] I. Institut für Experimentalphysik, Univ. of Hamburg, Germany

Current Position
-

Research Scientist [2006 – present], Experimentalphysik I, Ruhr-Universität Bochum, Bochum,
Germany

Research areas
-

Search for gluonic excitations (glueballs and hybrids), charmonium spectroscopy, light-quark
spectroscopy, two-photon physics, spin structure of the nucleon, detector development, front-end
electronics, data acquisition.

Collaborations
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-

PANDA collaboration for antiproton physics at FAIR [2006-present],

-

BES collaboration at Beijing, COMPASS experiment at CERN [1997-present], CAST experiment at
CERN
[2003-2006], HERMES experiment at DESY [1997-2000], PS185 experiment at CERN [19962006],
Crystal Barrel experiment at CERN [1988-present], Crystal Ball experiment at DESY [1986-1989]

Previous projects/activities
Fritz-Herbert Heinsius is currently system manager of the electromagnetic calorimeter for PANDA. He
participated as activity leader under FP7 in the Hadronphysics2 work package SciFi. He has experience in
on- and offline software, front-end electronics, data acquisition as well as data analysis.
List of 5 relevant publications
1. Technical Design Report for PANDA Electromagnetic Calorimeter (EMC). By PANDA
Collaboration (W. Erni et al.). arXiv:0810.1216 [physics.ins-det]
2. Physics Performance Report for PANDA: Strong Interaction Studies with Antiprotons. By PANDA
Collaboration (M.F.M. Lutz et al.). arXiv:0903.3905 [hep-ex].
3. The Fast read-out system for the MAPMTs of COMPASS RICH-1. By COMPASS RICH Upgrade
Group Collaboration (P. Abbon et al.). Nucl.Instrum.Meth. A595 (2008) 204-207.
4. Evidence of Two Resonant Structures in e+e-π+π-hc. By BESIII Collaboration (M. Ablikim et al.)
Phys.Rev.Lett. 118 (2017) 092002.
5. Observation of a New Narrow Axial-Vector Meson a1(1420). By COMPASS Collaboration (C.
Adolph et al.). Phys.Rev.Lett. 115 (2015) 082001.
12

Ruprecht-KarlsUniversitaet Heidelberg

UHEI

The Heidelberg University is a public research university in Heidelberg, Germany. Associated with 56 Nobel
prize winners, the University places an emphasis on research. Modern scientific psychiatry,
psychopharmacology, psychiatric genetics, environmental physics and modern sociology were introduced as
scientific disciplines by Heidelberg faculty. The Faculty of Physics and Astronomy comprises the Kirchhoff
Institute of Physics, the Institute of Physics, Theoretical Physics, Environmental Physics and Theoretical
Astrophysics. Its main research interests are Biophysics, Complex Quantum Systems condensed matter
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systems at ultra-low temperatures and matter waves, particle physics calorimetry and trigger processor
development for the ATLAS and H1 particle detectors and Technical Computer Science.
UHEI has specific roles in NA1-FAIRnet and JRA7-HaSP.

13

Technische Universitaet
Muenchen

TUM

EC funds in NA1-FAIRnet and JRA7-HaSP.
The TUM experimental group has a broad experience in building and operating high-precision tracking
detectors based on Silicon and GEM technology. The large-size triple GEM detectors developed and built for
COMPASS by the TUM group in cooperation with CERN are the first large-size GEM detectors used in a
high-rate particle physics experiment. The development of fast readout electronics is another key
competence of the group. The TUM experimental group is also involved in the design and simulation of the
PANDA detector. The theory group T39 at TUM has a long-standing expertise in developments and
applications of Chiral Effective Field Theory (chiral perturbation theory, chiral SU (3) dynamics), with
special focus on antikaon-nucleon and -nuclear systems in close communication with experiments.
TUM has specific roles in NA4-PREN, JRA7-HaSP and JRA14-MPGD_HP.

14

Universitaet Hamburg

UHAM

EC funds in NA4-PREN, JRA7-HaSP and JRA14-MPGD_HP.
Founded in 1919, it is the biggest research and education institution in Northern Germany and one of the
most extensive universities in Germany. The University boasts numerous interdisciplinary projects in a broad
range of subjects and an extensive partner network with leading institutions on a regional, national and
international scale. Besides Climate, Earth, Environment, further successful key research areas include:
Photon and Nanoscience, Manuscript Cultures, Neurosciences, Infection Research / Structural Systems
Biology, Particle Physics, Astrophysics and Mathematical Physics, and Health Economics.
UHAM has specific roles in JRA13-P3E.

15

Universitaet Regensburg

UREG

EC funds in JRA13-P3E.
The UREG theory group has a long-standing expertise in quantum chromo dynamics, lattice QCD, and
hadron physics. The activities include hardware design and application software.
UREG has specific roles in NA6-LatticeHadrons and JRA5-GPD-ACT.

16

Westfaelische
Wilhelms-Universitaet

WWU

EC funds in NA6-LatticeHadrons and JRA5-GPD-ACT.
The Institut für Kernpysik of the Westfälische Wilhelms-Universität Muenster, Germany, is strongly
involved in hadron physics experiments at particle accelerators. One major task of this institute is the
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Muenster

development and operation of cryogenic targets for internal beam experiments as well as at electron
accelerators, i.e. for HESR/FAIR, MAMI, and MAGIX@MESA. In addition, targets for laser-cluster
interactions are currently in preparation. For these activities several laboratories and a powerful
infrastructure including technical support are available. A complete cluster-jet target installation, fully
equipped with diagnostic tools, is available for the studies for jet nozzle developments and tests.
WWU has specific roles in JRA11-CRYOJET.
WU has the responsibility of JRA11-CRYOJET (Alfons Khoukaz).
EC funds in JRA11-CRYOJET.

Spokesperson

WP29

Spokesperson: Alfons Khoukaz (WWU)
Curriculum Vitae of Alfons Khoukaz
Education
1992
Diploma in Physics at University of Münster
1993 – 1996
PhD thesis, University of Münster
Translated title: “Investigation of the production of charged pion pairs in the proton proton scattering”
2002
Habilitation at University of Münster
Title of habilitation: "Near Threshold Production of Mesons in Hadronic Interactions"
Academic career
1994 – 1999
Postdoctoral fellow at University of Münster, group of Prof. Dr. R. Santo
1997
Guest scientist at the Uppsala University, Sweden, group of Prof. Dr. B. Höistad
1999 – 2000
Postdoctoral fellow (C1) at University of Münster, group of Prof. R. Santo
2000 – 2003
Akademischer Rat at University of Münster
2003 – 2011
Akademischer Oberrat at University of Münster
Since 2011
Akademischer Direktor at University of Münster
2002 – 2009
Privatdozent at University of Münster
Since 2009
Apl. Professor of Physics at University of Münster
Research activities and up to five relevant projects or activities
1991 – 2007
COSY-11 experiment (meson and hyperon production; development of the cluster jet target)
1997 – 1999
PROMICE/WASA experiment (threshold production of mesons at CELSIUS)
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since 1997
ANKE experiment (meson and hyperon production; development of the cluster jet target)
since 2004
PANDA experiment (investigation of exotic and charmonium states at HESR/FAIR;
development of the cluster jet target for PANDA)
since 2005
WASA-at-COSY experiment (meson production and decay studies at COSY; responsible for
the pellet target at WASA-at-COSY)
since 2015
BESIII experiment (investigation of exotic and charmonium states at BEPCII/Beijing)
since 2015
MAGIX experiment (precision experiments at MESA/Mainz; precursor experiments at
MAMI)
since 2016
CryoFlash project at the ARCTURUS-Laser of the University of Düsseldorf
2005 – 2008
Participation in the HadronPhysics I3 JRA7 “Internal Targets”
2009 – 2011
Spokesperson of the HadronPhysics2 FP7 JRA19 “FutureJet”
2012 – 2014
Spokesperson of the HadronPhysics3 FP7 JRA20 “FutureJet”
Five relevant publications
1. A. Khoukaz, D. Bonaventura, S. Grieser, A.-K. Hergemöller, E. Köhler, A. Täschner: „Twodimensional visualization of cluster beams by microchannel plates”; Nucl. Instrum. Meth. A 735
(2014) 12-18.
2. A. Täschner, E. Köhler, H.-W. Ortjohann, A. Khoukaz: „Determination of hydrogen cluster
velocities and comparison with numerical calculations”; J. Chem. Phys. 139 (2013) 234312.
3. A. Täschner, E. Köhler, H.-W. Ortjohann, A. Khoukaz: „High density cluster jet target for storage
ring experiments”; Nucl. Instrum. Meth. A 660 (2011) 22-30.
4. H.J. Stein et al.,: “Determination of target thickness and luminosity from beam energy losses”; Phys.
Rev. ST-AB 11 (2008) 052801
5. A. Khoukaz, T. Lister, C. Quentmeier, R. Santo, C. Thomas: “Systematic Studies on Hydrogen
Cluster Beam Production”; Eur. Phys. J. D 5 (1999) 2, 275-281
17

Universidad Autonoma
de Madrid

UAM

The research activities carried out at the Department of Physics of UAM include different areas: theoretical
particle physics, experimental particle physics, nuclear physics, cosmology, astroparticles and fundamental
quantum mechanics.
UAM has specific roles in NA6-LatticeHadrons.

18

Universidad
Complutense de Madrid

UCM

EC funds in NA6-LatticeHadrons.
It is a public research university located in Madrid, and one of the oldest universities in the world. The
Department of Theoretical Physics I organizes the teachings of these areas of knowledge: classic and
79

824093 - STRONG-2020 – Part B

PART B – Section 4: Members of the Consortium

quantum mechanics, theory of fields and particle physics, statistical mechanics, gravitation and cosmology,
mathematics for physicists and quantum physics.
UCM has specific roles in JRA4-TMD-neXt and JRA7-HaSP.

19

Universidad de
Salamanca

USAL

EC funds in JRA4-TMD-neXt and JRA7-HaSP
The University of Salamanca is a Spanish higher education institution and the oldest founded university in
Spain. The Faculty of Sciences and Mathematics specializes in the professional and scientific development
within the fields of mathematics, physics, geology, computer science engineering, statistics and geological
engineering.
USAL has specific roles in JRA7-HaSP.

20

Universidad de Santiago
de Compostela

USC

EC funds in JRA7-HaSP.
The Galician Institute for High Energy Physics (IGFAE) of the University of Santiago de Compostela has a
profile research focused on Particle, Astroparticle and Nuclear Physics, with both theoretical activities and
participation in experimental programs like the LHCb experiment at the LHC at CERN, the Auger
experiment, the NEXT experiment and several nuclear physics experiments like R3B at FAIR or nTOF at
ISOLDE. The institute has 30 permanent members, with 7 full professors. At present, the particle physics
phenomenology group is formed by six theoretical physicists (plus two emeritus), 3 postdocs and 5 PhD
students, with activities in QCD perturbation theory applied to high energy hadronic and nuclear processes,
non-perturbative techniques applied to dense astrophysical objects and nuclear structure, and
phenomenology of high-energy hadronic and nuclear collisions. The Institute was recognised in 2016 as
Unidad de Excelencia María de Maetzu by the Spanish government.
USC has specific roles in NA2-Small-x and JRA2-FTE@LHC.
USC has the responsibility of NA2-Small-x (Nestor Armesto, Tuomas Lappi).
EC funds in NA2-Small-x and JRA2-FTE@LHC.

Spokesperson

WP13

Spokespersons: Néstor Armesto (USC)
Curriculum Vitae of Néstor Armesto
Generalities: Néstor Armesto is a professor of theoretical physics at the University of Santiago de
Compostela (USC) since March 2010. His research spans different aspects of QCD in high energy collisions,
in particular the application of perturbative techniques to the description of both hadrons and nuclei and their
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collisions and the initial stages of the matter created in heavy-ion collisions, and of the observables in the
final state of such collisions to characterise the produced deconfined state of matter, the quark-gluon plasma.
He got his PhD in physics at the USC in 1995, made postdoctoral stays in LPT Orsay and at DESY in 19961998, worked as professor of atomic, molecular and nuclear physics at the University of Córdoba in the
period 1998-2002, then held a contract as fellow at CERN in 2003-2004, to get a contract as Ramón y Cajal
researcher in Santiago de Compostela during the period 2005-2009 until he became professor of theoretical
physics. He was a member of the ALICE Collaboration at CERN from 2006 to 2014. He is at present PI of
the national grant FPA2014-58293-C2-1-P, and has been PI of other 13 European, National and Galician
grants.
Recent relevant publications:
• T. Altinoluk, N. Armesto, G. Beuf, A. Kovner and M. Lublinsky, Quark correlations in the Color Glass
Condensate: Pauli blocking and the ridge, Phys. Rev. D 95 (2017) no.3, 034025 [arXiv:1610.03020 [hepph]].
• T. Altinoluk, N. Armesto, G. Beuf, and A. Rezaeian, Diffractive Dijet Production in Deep Inelastic
Scattering and Photon-Hadron Collisions in the Color Glass Condensate, Phys. Lett. B 758 (2016) 373
[arXiv:1511.07452 [hep-ph]].
• T. Altinoluk, N. Armesto, G. Beuf, A. Kovner and M. Lublinsky, Heavy quarks in proton-nucleus
collisions - the hybrid formalism, Phys. Rev. D 93 (2016) no.5, 054049 [arXiv:1511.09415 [hep-ph]].
• N. Armesto, H. Paukkunen, J. M. Penín, C. A. Salgado and P. Zurita, An analysis of the impact of LHC
Run I proton–lead data on nuclear parton densities, Eur. Phys. J. C 76 (2016) no.4, 218 [arXiv:1512.01528
[hep-ph]].
21

Universidad del Pais
Vasco/Euskal Herriko
Unibertsitatea

UPV/EHU

The Universidad del País Vasco/Euskal Herriko Unibertsitatea (UPV/EHU) has a consolidated expertise in
the experimental and phenomenological analysis of SIDIS, e+e− annihilation and pp collision data.
UPV/EHU has specific roles in JRA4-TMD-neXt.

22

Universitat de Valencia

UVEG

EC funds in JRA4-TMD-neXt.
The University of Valencia (UVEG) participates through its joint research institute, Instituto de Fisica
Corpuscular (IFIC), counting roughly 200 researchers, engineers and technicians. Its main subjects of
research range from nuclear physics to high energy physics. In addition to this, UVEG has received the HR
Excellence in Research Award.
UVEG has specific roles in JRA5-GPD-ACT and JRA7-HaSP.
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UVEG has the responsibility of JRA7-HaSP (Marco Battaglieri, Juan Nieves)

Spokesperson

WP25

EC funds in JRA5-GPD-ACT and JRA7-HaSP.
Curriculum Vitae of Juan M. Nieves
Academic education with degree:
1988 Diploma in Theoretical Physics (University Valencia)
1992 PhD in Hadron and Nuclear Physics (University Valencia)
Scientific degrees: Senior Scientist at Instituto de Física Corpuscular (IFIC), joint UVEG-CSIC research
centre
Professional career since the completion of studies:
05/2008-Present Senior Scientist at IFIC
12/1995-04/2008 Lecturer at University of Granada
07/1995-11/1995 Postdoctoral Research fellow at IFIC
04/1992-06/1995 Postdoctoral Research fellow at University of Southampton
01/1989-12/1991 PhD fellow at IFIC
Main Research Fields: Hadron and nuclear dynamics at intermediate energies. Quark and hadron degrees of
freedom. Analyticity and coupled-channels unitarity. Non-perturbative methods: Effective theories based on
chiral and heavy quark spin-flavour symmetries. Exotic hadron states, hidden flavour molecular states,
kinematical singularities, Non-perturbative QCD corrections to weak matrix elements. Neutrino-nucleus
interactions and neutrino oscillations.
Recent relevant publications: papers (published) 195 (7284 citations), h-index 50, 100+ 19, 50+ 31. More
than 65 talks at International Workshops and conferences
Some publications in the period 2008-2017:
- LHCb pentaquark as a D ^̅ (* ) Σ_c-D ̅^(* ) Σ_c^* molecular state, Roca, L.; Nieves, J.; Oset, E.;
PHYSICAL REVIEW D92 (2015) 094003-6 páginas. [118 citations]
- Consequences of heavy-quark symmetries for hadronic molecules, Guo, F.-K.; Hidalgo-Duque, C; Nieves,
J.; Valderrama-Pavón, M.; PHYSICAL REVIEW D88 (2013) 054007 -5 páginas. [139 citations]
- Combining heavy quark spin and local hidden gauge symmetries in the dynamical generation of hidden
charm baryons, Xiao, C.W.; Nieves, J.; Oset, E.; PHYSICAL REVIEW D88 (2013) 056012-20 páginas.
[91 citations]
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- The nucleon axial mass and the MiniBooNE quasielastic neutrino-nucleus scattering problem, Nieves, J.;
Ruiz-Simo, I.; Vicente-Vacas, M. J.; PHYSICS LETTERS B707 (2012) páginas: 72-75. [180 citations]
- Neutrino energy reconstruction and the shape of the charged current quasielastic-like total cross section,
Nieves, J.; Sanchez, F.; Ruiz-Simo, I; Vicente-Vacas, M.J.; PHYSICAL REVIEW D85 (2012) 113008 -9
páginas. [82 citations]
- Heavy quark spin symmetry partners of the X (3872), Nieves, J.; Valderrama-Pavón, M.; PHYSICAL
REVIEW D86 (2012) 056004-18 páginas. [80 citations]
- Inclusive charged-current neutrino-nucleus reactions, Nieves, J.; Ruiz-Simo, I.; Vicente-Vacas, M. J.;
PHYSICAL REVIEW C83 (2011) 045501-19 páginas. [191 citations]
- Couplings in coupled channels versus wave functions in the case of resonances: Application to the two 
(1405) states, Yamagata-Sekihara, J.; Nieves, J.; Oset, E. PHYSICAL REVIEW D83 (2011) 014003-15
paginas. [70 citations]
- Couplings in coupled channels versus wave functions: Application to the X (3872)
resonance,Gamermann, D.; Nieves, J.; Oset, E.; Ruiz-Arriola, E; PHYSICAL REVIEW D81 (2010)
014029-14 paginas. [162 citations]
- S-wave charmed baryon resonances from a coupled-channel approach with heavy quark symmetry,
García-Recio, C.; Magas, V. K.; Mizutani, T.; Nieves, J; Ramos, A; Salcedo, L.L.; Tólos, L.; PHYSICAL
REVIEW D79 (2009) 054004-24 pags. [113 citations]
Relevant previous projects or activities
Since 2002, PI of five Spanish three-year research projects on Hadron and Nuclear Physics.
Member of Theory Advisory Group of PANDA
Co-organizer of the ECT* Workshops: “The Charm and Beauty of Strong Interactions” (2017), “Resonances
in QCD” (2005).
Co-organizer of the Workshops: Hadron Dynamics (Almuñecar, 2008), Chiral 2010 (Valencia, 2010), Nstar
2013: (Peñíscola, 2013), 1st Hadron Spanish Network Days and Spanish-Japanese JSPS Workshop (Valencia
2015)
Member of the research team of the projects: Study of Strongly Interacting Matter. UE FP7 Programme:
European Community-Research Infrastructure Integrating Activity, contracts 227431 and 283286.
23

Jyvaskylan Yliopisto

YJU

The Department of Physics at the University of Jyväskylä has a broad research profile concentrating on
nuclear, particle and condensed matter physics. Experimental research is done at the local accelerator
laboratory and at experiments at CERN (ALICE, ISOLDE) and in the future at FAIR. The QCD theory
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group has two full professors, and close to 10 PhD other researchers, specializing in QCD perturbation
theory applied to high energy and nuclear processes, and to the phenomenology of heavy ion collisions.
YJU has specific roles in NA2-Small-x.
YJU has the responsibility of NA2-Small-x (Nestor Armesto, Tuomas Lappi).

Spokesperson

WP13

EC funds in NA2-Small-x.
Curriculum Vitae of Tuomas Lappi

Generalities: Tuomas Lappi is a professor of physics at the University of Jyväskylä. His research
spans different aspects of QCD in high energy collisions. In particular his expertize is saturation
physics in the Color Glass Condensate formalism, and the classical field description of the early
stages of heavy ion collisions. He obtained his PhD in theoretical physics at the University of
Helsinki in 2005, and was for 2 years a postdoc at Brookhaven Nat. Lab. (2005-2007) and IPhT
Saclay, CEA (2007-2009) before moving to Jyväskylä, where he was an Academy of Finland
research fellow and University lecturer before being appointed as a full professor in 2018. He holds
and ERC-CoG grant from 2016 to 2021.
Recent relevant publications:
• B. Ducloué, H. Hänninen, T. Lappi and Y.Zhu, Deep inelastic scattering in the dipole picture at
next-to-leading order, Phys. Rev. D 96 (2017) no.9, 094017.
• B. Ducloué, T. Lappi and Y. Zhu, Single inclusive forward hadron production at next-to-leading
order, Phys. Rev. D 93 (2016) no.11, 114016.
• T. Lappi and H. Mäntysaari, Direct numerical solution of the coordinate space BalitskyKovchegov equation at next to leading order, Phys. Rev. D 91 (2015) no.7, 074016.
• T. Lappi, Azimuthal harmonics of color fields in a high energy nucleus, Phys. Lett. B 744 (2015)
315.
24

Commissariat a
l’Energie Atomique et
aux Energies
Alternatives

CEA

CEA is a public research organisation established for research, development and innovation in the field of
energy, information, health, technologies and fundamental research. It is a prominent player in the European
Research Area and is involved in setting up collaboration projects with many partners around the world.
Within Irfu, as part of the CEA missions, the Nuclear Physics Division (SPhN) is leading experimental and
theoretical fundamental research in nuclear physics. SPhN activities are gathered around four research axes,
among them the hadronic physics laboratory, which does experimental research at CERN/COMPASS and
TJNAF, and QCD phenomenology. Moreover, SPhN is largely implicated in the definition of the future of
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hadronic physics, especially in the EIC project.
CEA has specific roles in NA2-Small-x, VA2-3DPartons, NA4-PREN,
JRA5-GPD-ACT, JRA6-Next-DIS and JRA14-MPGD_HP.

JRA4-TMD-neXt,

CEA has the responsibility of VA2-3DPartons (Hervé Moutarde) and JRA6-Next-DIS (Daria Sokhan,
Francesco Bossu).

Institut de Recherche sur
les lois Fondamentales
de l’Univers, Saclay

Institut de Physique
Théorique

CEA-IRFU

CEA-IPhT

EC funds in VA2-3DPartons, NA4-PREN, JRA4-TMD-neXt, JRA5-GPD-ACT,
JRA6-Next-DIS
and JRA14-MPGD_HP.
The IRFU (Institut de Recherche sur les lois fondamentales de l’Univers, formerly known as DAPNIA) is
responsible for experimental and theoretical research in hadron, particle and nuclear physics, astrophysics
and instrumentation. IRFU plays a leading role in hadronic physics with teams carrying research at CERN
(COMPASS and ALICE) and TJNAF (CLAS and CLAS12). The IRFU groups have a large technical
potential for innovative R&D in detector technology (Micromegas, calorimetry, etc.) in electronics and
computing.
CEA-IRFU has the responsibility of VA2-3DPartons (Hervé Moutarde) and
JRA6-Next-DIS
(Daria Sokhan, Francesco Bossu).
The Institute of Theoretical Physics (IPhT) is a basic research laboratory located in Saclay, France. The
research conducted at IPht aims to better understand the laws that govern our universe and its organization.
They cover almost all the major topics of modern theoretical physics: elementary particles, quantum gravity
and string theory,
Cosmology, physics of quantum solids, statistical physics and non-equilibrium systems, complex biological
systems and links between physics and mathematics. IPhT includes about fifty permanent physicists, about
thirty PhD students and postdocs, and a dozen support staff. It constantly welcomes many visitors.
CEA-IPhT has specific roles in NA3-Jet-QGP.

Spokesperson

WP11

Spokesperson: Hervé Moutarde (CEA)
Curriculum Vitae of Hervé Moutarde
Academic education with degree:


2000-03: Centre de Physique Théorique (Ecole Polytechnique) and Laboratoire de Physique
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Théorique (Université Paris-Sud). PhD in lattice QCD.


1999-00: University of Cambridge (UK), Master of Mathematics (Part III of the Mathematical
Tripos).



1997-00: Ecole Centrale de Paris. Diplôme d’Ingénieur de l’Ecole Centrale de Paris.

Scientific degrees:


2015: Habilitation à Diriger des Recherches (HDR), Université Paris-Sud.

Professional career since the completion of studies:


2008-18 CEA, Direction de la Recherche Fondamentale (DRF), Institut de Recherche sur les lois
fondamentales de l’Univers (IRFU), Département de physique Nucléaire.



2003-08 CEA, Direction des Applications Militaires.

Main Research Fields:
Study of the nucleon structure, with an emphasis on the phenomenology of Generalized Parton Distributions
(GPD). Interface between perturbative and nonperturbative QCD. Nonperturbative methods of QCD (lattice
QCD, Dyson-Schwinger, Bethe-Salpeter and Faddeev equations, etc.). Numerical analysis. Ill-posed
problems. Software architecture. Scientific computing.
Recent relevant publications:
- N. Chouika et al., Covariant extension of the GPD overlap representation at low Fock states, Eur. Phys. J.
C77 (2017) 906.
- N. Stefanis et al., Round table: Nucleon tomography. What can we do better today than Rutherfod 100
years ago?, EPJ Web Conf. 137 (2017) 01003.
- K. Kresimir et al., GPD phenomenology and DVCS fitting: entering the high-precision era, Eur. Phys. A52
(2016) 157.
- C. Mezrag et al., From Bethe-Salpeter wave functions to Generalized Parton Distributions, Few Body Syst.
57 (2016) 729.
- B. Berthou et al., PARTONS: PARtonic Tomography Of Nucleon Software. A computing platform for the
phenomenology of Generalized Parton Distributions, arXiv:1512.06174.
Relevant previous projects or activities
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- Head of the Nucleon Structure Laboratory (LSN).
- PI of the PARTONS project (funded by ANR between 2012 and 2016).

- Member of the CLAS Collaboration operating at TJNAF between 2008 and 2017.
Spokesperson

WP24

Curriculum Vitae of Francesco Bossu
Generalities
Permanent staff member of Irfu/DPhN at CEA and co-spokesperson of this WP, currently involved in the
study of deeply virtual exclusive processes with the CLAS12 experiment at TJNAF. In the past, he has been
part of ALICE and LHCb experiments at the Large Hadron Collider, focusing on the study of heavy flavour
hadron and electroweak boson production in proton-nucleus collisions with the aim at studying the structure
of parton densities at very small momentum fraction. He has covered roles of responsibility both on the
coordination of analysis working group and on detector activities.
Relevant publications:
- “Measurement of J/ψ and D0 production in pAr collisions at √sNN= 110 GeV”, The LHCb Collaboration,
LHCb-CONF-2017-001
-

“W and Z boson production in p-Pb collisions at √sNN = 5.02 TeV”, J. Adam et al. [ALICE
Collaboration]. JHEP 1702, 077 (2017)

- “Study of prompt D0 meson production in pPb collisions at √sNN=5 TeV”, Roel Aaij et al. [LHCb
Collaboration], JHEP 1710 (2017) 090
- “Prompt and nonprompt J/ψ production and nuclear modification in pPb collisions at √sNN=8.16 TeV”,
R. Aaij et al [LHCb Collaboration], Phys.Lett. B774 (2017) 159-178
- “Production of inclusive Υ(1S) and Υ(2S) in p-Pb collisions at √sNN = 5.02 TeV”, B. B. Abelev et al.
[ALICE Collaboration]. Phys. Lett. B 740, 105 (2015)
Relevant projects / activities:
- Coordinator of the LHCb working group on ions and fixed target physics analysis.
- System Run Coordinator of the ALICE muon spectrometer.

- Coordinator of the ALICE Physics Analysis Group on heavy-flavour decay muon physics.
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25

Ruder Boskovic Institute

RBI

The Rudjer Boskovic Institute, Zagreb Croatia (RBI) performs joint research activities with University of
Tuzla, Tuzla, Bosnia Herzegovina (UTU). RBI is the oldest Croatian national institute for basic research in
natural sciences, and consists of 15 independent units for basic and applied research in physics, chemistry,
biology, biomedicine and information sciences. The heavy ions research laboratory of RBI is collaborating
with various groups at GSI, KVI, LNL, and LNS. The RBI group is involved in R&D and construction of
modern time-of-flight detectors within the FOPI/GSI and CBM/FAIR collaborations. The group has acquired
expertise in mechanical and electrical design of RPC counters and in large scale production procedures. The
RBI-NMR group has experience, knowledge and infrastructure available in/of: high precision continuous
wave NMR and is involved in experiments at MAMI (Crystal Ball).
RBI has specific roles in JRA5-GPD-ACT, JRA7-HaSP and JRA10-CryPTA.

26

Sveuciliste u Zagrebu

UNIZG

EC funds in JRA5-GPD-ACT, JRA7-HaSP and JRA10-CryPTA.
The Department of Physics, Faculty of Science, and University of Zagreb is the leading regional centre for
scientific research and university-level educational program in the field of physics. The main research topics
of the group at the accelerator facilities in Europe are investigations of properties of nucleons and nuclei in
electron scattering experiments (MAMI, Mainz), investigations low energy QCD properties using exotic
atoms (DAFNE, Frascati) and studies of neutron absorption in nuclei of astrophysical and technological
importance (CERN, Geneva). In the laboratory at the Department of Physics in Zagreb the group is preparing
and testing the detectors for the experiments at these facilities.
UNIZG has specific roles in JRA5-GPD-ACT and JRA8-ASTRA.
UNIZG has the responsibility of JRA5-GPD-ACT (Silvia Niccolai,

Spokesperson

WP23

Kresimir Kumericki).

EC funds in JRA5-GPD-ACT and JRA8-ASTRA.
Curriculum Vitae of Kresimir Kumericki
Current/past positions
1993-2003: Research and Teaching Assistant, University of Zagreb, Croatia
2005: Guest Researcher (NFR Fellowship), University of Oslo, Norway
2005-2006: Guest Researcher, University of Regensburg, Germany
2003-2011: Assistant Professor, University of Zagreb, Croatia
2011+: Associate Professor, University of Zagreb, Croatia
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Education
1988-1993: BSc Physics, University of Zagreb, Croatia
1993-1996: MSc Physics, University of Zagreb, Croatia
1996-1998: PhD Physics, University of Zagreb, Croatia
Publications: 31 paper published in journals, out of which 27 in WoS-indexed (CC) journals (16_Q1, 5_Q2,
3_Q3, 3_Q4; average IF=3.83); 22 contributions to proceedings; 4 popularization papers.
Citations: inSPIRE-HEP (most relevant database for high-energy physics): 1627 total (h=16), out of which
1125 to published journal papers (h=14); Web of Science: 519 (h=11), Google Scholar: 1578 (h=16).
Conferences: 27 talks at international conferences and workshops, out of which 17 invited (1 keynote, 1
plenary) Referee Physical Review D, Journal of Physics G, Fizika, European Physical Letters Projects PI or
local coordinator for two international (DFG, FP7) and two Croatian (MZOS, HRZZ) projects
Mentorships 1 PhD in work, 10 diploma theses
Teaching: Lecturer for 7 undergraduate, 2 graduate courses, and 4 summer school courses.
Memberships: Croatian physical society

Selected publications and projects
1. Krešimir Kumericki, Simonetta Liuti, and Hervé Moutarde. GPD phenomenology and DVCS fitting. Eur.
Phys. J., A52(6):157, 2016
2. A. Accardi et al. Electron Ion Collider: The Next QCD Frontier. Eur. Phys. J., A52(9):268, 2016
3. Krešimir Kumeriˇcki, Dieter Müller, and Morgan Murray. HERMES impact for the access of Compton
form factors. Phys. Part. Nucl., 45(4):723–755, 2014
4. Elke-Caroline Aschenauer, Salvatore Fazio, Krešimir Kumeriˇcki, and Dieter Müller. Deeply Virtual
Compton Scattering at a Proposed High-Luminosity Electron-Ion Collider. JHEP, 09:093, 2013
5. Matter and interactions at accelerators and in universe. Project no. 8799 of Croatian Science Foundation,
studying also physics of hadrons (PI: K. Kumeriˇcki), 2014-2018
27

The Provost, Fellows,
Foundation Scholars &

TCD

Trinity College Dublin is Ireland’s leading research university. The School of Mathematics contains
expertise in theoretical physics, including string theory, quantum field theory and lattice quantum
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the Other Members of
Board of the College of
the Holy & Undivided
Trinity of Queen
Elizabeth near Dublin

chromodynamics. The University has an Athena Swan Bronze award and joined the League of European
Research Universities (LERU) in 2017. The lattice QCD research group has significant expertise in hadron
physics, and research focusses on hadron scattering, hadron properties at finite temperature, renormalisation
and QED effects in precision hadron physics. The group has international collaborative links with research
teams in Europe and the US.
TCD has specific roles in NA6-LatticeHadrons.
TCD has the responsibility of NA6-LatticeHadrons (Michael Peardon).
EC funds in NA6-LatticeHadrons.

Spokesperson

WP17

Spokesperson: Michael Peardon (TCD)
Curriculum Vitae of Michael Peardon
Academic education with degree:
1992-95: Ph.D. University of Edinburgh: Thesis “Monte Carlo simulations of Lattice QCD”
1991-92: Part III of the Mathematical Tripos, University of Cambridge
1988-91: M.A. in Natural Sciences (Class I), University of Cambridge
Professional career since the completion of studies:
2016-17:
On sabbatical leave from Trinity College Dublin at the University of Cambridge.
2008-Present: Associate Professor, School of Mathematics, Trinity College Dublin
2007-2008:
On sabbatical leave from Trinity College Dublin at the Thomas Jefferson National
Accelerator Laboratory
2000-2007:
Lecturer, School of Mathematics, Trinity College Dublin.
1999-2000:
Postdoctoral Research Associate, Department of Physics, University of California,
San Diego
1997-1999:
Postdoctoral Research Associate, High-Performance Computing Centre,
Forschungszentrum Jülich.
1995-1997:
Postdoctoral Research Associate, University of Kentucky.
Main Research Fields: Lattice QCD and algorithms for Monte Carlo computations.
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5 recent relevant publications:
1. F. Knechtli, M. Guenther and M. Peardon, “Lattice Quantum Chromodynamics: Practical
Essentials,” Book (SpringerBriefs in Physics) published by Springer (2017).
2. G. Cheung et. al., “Excited and exotic charmonium, Ds and D meson spectra for two light quark
masses from Lattice QCD,” JHEP 1612 (2016) 089.
3. G. Moir, M. Peardon, S. Ryan, C. Thomas, D. Wilson, “Coupled-channel D-pi, D-eta and Ds-Kbar
scattering from Lattice QCD,” JHEP 1610 (2016) 011.
4. D. Shcherbakov, M. Erhardt, J. Finkenrath, M. Guenther, F. Knechtli and M. Peardon, “Adapted
nested force-gradient integrators: the Schwinger model case”.
5. B. Chakraborty, C. Davies, J. Koponen, G. Lepage, M. Peardon, S. Ryan, “Estimate of the hadronic
vacuum polarisation disconnected contribution to the anomalous magnetic moment of the muon
from lattice QCD,” Phys. Rev. D93 (2016) 074509.
Relevant previous projects or activities

28

Consiglio Nazionale
delle Ricerche

CNR

-

Member of the International Advisory Committee for the XXII, XXIV and XXV symposiums on
Lattice Field Theory.

-

Member of the Local Organising Committee for Confinement 2018.

-

Co-chair of the LOC of the XXIII International Symposium on Lattice Field Theory (Lattice 2005).

-

Local PI for TCD’s partnership in HPC-LEAP (FP7 European Joint Doctorate) programme.

-

Invited speaker at 7 international conferences and invited lecturer at 3 research schools in the last
five years.

-

PI on research grants from PRACE, Enterprise Ireland, Irish Research Council, Science Foundation
Ireland and the European Commission (under FP7 and H2020).

The Consiglio Nazionale delle Ricerche (CNR) is a national public organization, which has the duty to carry
out, promote, circulate, transfer and enhance scientific and technological research activities in the main
sectors of growth knowledge and of its applications for the scientific, technological, economic and social
development of the country. It covers all scientific fields, with the exception of nuclear and particle physics
covered by INFN. The CNR is under the supervision of Italian Ministry of University and Research.
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CNR has specific roles in JRA8-ASTRA.

Istituto dei Materiali per
l'Elettronica ed il
Magnetismo

CNR-IMEM

EC funds in JRA8-ASTRA.
The “Istituto dei Materiali per l'Elettronica ed il Magnetismo (IMEM)”is one of the institutes of the
Consiglio Nazionale delle Ricerche with branches located in Genova, Trento and Torino. It is one of the
world leading facilities for growing CdTe and CdZnTe crystals. For these activities several laboratories and
a powerful infrastructure including technical support are available. The major activities deal with
investigating properties of materials of new generation including semiconductors, magnetic and
superconducting materials, nanostructures on metallic surfaces, molecular and hybrid materials engineered
at different length scales.
CNR-IMEM has specific roles in JRA8-ASTRA.

29

Fondazione Bruno
Kessler

FBK

EC funds in JRA8-ASTRA.
FBK, formaly runs several scientific institutions in the area of Trento, among them the European Centre for
Theoretical Studies in Nuclear Physics and Related Areas (ECT*) and the Centre for Scientific and
Technological Research (FBK-irst).
FBK has the responsibility of TA6-ECT* (Jochen Wambach).

30

Istituto Nazionale di
Fisica Nucleare

INFN

EC funds in TA6-ECT*.
INFN (http://home.infn.it/en/) is the most important Italian research organisation dedicated to the study of
the fundamental constituents of matter, and conducts theoretical and experimental research in the fields of
nuclear, sub-nuclear and astro-particle physics. Fundamental research in these areas requires the use of
cutting-edge technologies and instrumentation, which INFN develops in its own laboratories and in
collaboration with industrial partners. The institute is strongly involved into technology transfer to high-tech
industrial firms. With its about 300 staff personnel and as many external visitors/year, the Laboratori
Nazionali di Frascati (LNF) is the biggest laboratory of INFN and is hosting the DAFNE electron-positron
collider, a Beam Test Facility, as well as various other facilities.
INFN has specific roles in DISCO, NA6-LatticeHadrons, NA7-Hf-QGP, JRA1-LHC-Combine,
JRA2-FTE@LHC, JRA3-PrecisionSM, JRA4-TMD-neXt, JRA5-GPD-ACT, JRA6-Next-DIS, JRA7-HaSP,
JRA8-ASTRA, JRA9-TIIMM, JRA12-SPINFORFAIR and JRA14-MPGD_HP.
INFN has the responsibility of DISCO (Catalina Curceanu), TA3-LNF (Carlo Guaraldo /Catalina Curceanu),
NA7-Hf-QGP (Joerg Aichelin, Giuseppe Bruno), JRA2-FTE@LHC (Pasquale Di Nezza, Cynthia
92
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Hadjidakis), JRA4-TMD-neXt (Alessandro Bacchetta), JRA7-HaSP (Marco Battaglieri, Juan Nieves), JRA9TIIMM (Eleuterio Spiriti) and JRA12-SPINFORFAIR (Paolo Lenisa).

Istituto Nazionale di
Fisica Nucleare –
Sezione di Bari

INFN-BA

EC funds in DISCO, TA3-LNF, NA6-LatticeHadrons, NA7-Hf-QGP, JRA1-LHC-Combine,
JRA2-FTE@LHC, JRA3-PrecisionSM, JRA4-TMD-neXt, JRA5-GPD-ACT, JRA6-Next-DIS, JRA7-HaSP,
JRA8-ASTRA, JRA9-TIIMM, JRA12-SPINFORFAIR and JRA14-MPGD_HP.
The INFN section of Bari was founded in 1972. It is located within the Physics Department “M. Merlin” of
the University “Aldo Moro” and Polytechnics of Bari and operates in strict synergy with the Physics
Department. It has experimental activities in particle and nuclear physics, astrophysics, technological and
interdisciplinary research development, and a theory division. It has a long-standing tradition in hadron
physics, with experiments in the past at DESY (Hermes), TJNAF, in the CERN SPS heavy-ion program
(WA85, WA94, WA97, NA57), and nowadays with ALICE at the LHC. The heavy-ion nuclear group has
specific competence on computing, hosting a Tier2 for the ALICE experiment, state- of-the-art silicon pixel
detector, RICH detectors and strong involvement in physics analysis with heavy flavour observables.
INFN-BA has specific roles in NA7-Hf-QGP, JRA9-CryPTA and JRA14-MPGD_HP.
INFN-BA has the responsibility of NA7-Hf-QGP (Giuseppe Bruno, Joerg Aichelin).

Istituto Nazionale di
Fisica Nucleare –
Sezione di Cagliari

INFN-CA

EC funds in NA7-Hf-QGP, JRA9-CryPTA and JRA14-MPGD_HP.
The Particle and Nuclear Theory Group of Cagliari is involved, in particular, with research concerning spin
and transverse momentum dependent parton distribution and fragmentation functions.
INFN-CA has specific roles in JRA1-LHC-Combine and JRA4-TMD-neXt.

Istituto Nazionale di
Fisica Nucleare –
Sezione di Catania

INFN-CT

EC funds in JRA1-LHC-Combine and JRA4-TMD-neXt.
The experimental and theoretical Catania groups are involved in nuclear physics aspects of hadronic
physics and have a wide experience in the design and construction of particle detectors.
INFN-CT has specific roles in JRA7-HaSP.

Istituto Nazionale di
Fisica Nucleare –
Sezione di Ferrara

INFN-FE

EC funds in JRA7-HaSP.
The Ferrara groups play a very active role in the field of superconducting magnets, target cells and particle
detectors. They are also involved in state-of-the-art data reconstruction and analysis.
INFN-FE has specific roles in JRA2-FTE@LHC, JRA4-TMD-neXt, JRA5-GPD-ACT, JRA6-Next-DIS, JRA793
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HaSP and JRA12-SPINFORFAIR.
INFN-FE has the responsibility of JRA12-SPINFORFAIR (Paolo Lenisa).

University of Firenze

INFN-FI

EC funds in JRA2-FTE@LHC, JRA4-TMD-neXt, JRA5-GPD-ACT, JRA6-Next-DIS, JRA7-HaSP and JRA12SPINFORFAIR.
The Firenze group is playing an active roll in the field of strong interacting matter - Initiative SIM -.
INFN-FI has specific roles in NA6-LATTICEHADRONS

Istituto Nazionale di
Fisica Nucleare –
Sezione di Genova

INFN-GE

EC funds in NA6-LATTICEHADRONS
The Genova group has a worldwide reputation in the design and construction of cluster-jet targets and
magnets.
INFN-GE has specific roles in JRA5- GPD-ACT and JRA7-HaSP.
INFN-GE has the responsibility of JRA7-HaSP (Marco Battaglieri, Juan Nieves).

Istituto Nazionale di
Fisica Nucleare –
Laboratori Nazionali di
Frascati

INFN-LNF

EC funds in JRA5- GPD-ACT and JRA7-HaSP.
LNF operates DAɸNE storage ring and is involved worldwide in many outstanding experiments. It has a
long tradition in accelerator physics and detectors design and construction. In addition to the locally
running experiments (KLOE2, SIDDHARTA2, AMADEUS, which follow the previous KLOE and DEAR),
analyses for SIDIS processes (HERMES) had been performed at LNF. Researchers are also involved in
TJNAF experiments and in ALICE.
INFN-LNF has specific roles in TA3-LNF, NA6-LatticeHadrons, NA7-Hf-QGP,
JRA2-FTE@LHC,
JRA4-TMD-neXt, JRA5- GPD-ACT, JRA6-neXt-DIS, JRA7-HaSP, JRA8-ASTRA and JRA9-TIIMM.
INFN-LNF has the responsibility of DISCO (Catalina Curceanu), TA3-LNF
(Carlo Guaraldo
/Catalina Curceanu), JRA2-FTE@LHC (Cynthia Hadjidakis, Pasquale Di Nezza) and JRA9-TIIMM
(Eleuterio Spiriti).

Istituto Nazionale di
Fisica Nucleare –

INFN-PG

EC funds in TA3-LNF, NA6-LatticeHadrons, NA7-Hf-QGP, JRA2-FTE@LHC,
JRA4- TMD-neXt,
JRA5-GPD-ACT, JRA6-neXt-DIS, JRA7-HaSP, JRA8-ASTRA and JRA9-TIIMM.
The Perugia group has a worldwide reputation in the design and construction of mirrors.
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Sezione di Perugia

Istituto Nazionale di
Fisica Nucleare –
Sezione di Pisa

INFN-PG has specific roles in JRA5-GPD-ACT.

INFN-PI

EC funds in JRA5-GPD-ACT.
The Pisa Section conducts research in the sectors of nuclear, Subnuclear and astroparticle physics in close
collaboration with the Physics Department of the University of Pisa, with the Scuola Normale Superiore of
Pisa and with the INFN Group of Siena.
INFN-PI has specific roles in JRA3-PrecisionSM.

Istituto Nazionale di
Fisica Nucleare –
Sezione di Pavia

INFN-PV

EC funds in JRA3-PrecisionSM.
The INFN-Pavia group has a long tradition in theoretical hadron physics, ranging from theoretical models
of hadronic wave functions up to phenomenological analyses of SIDIS processes and the study of
fragmentation functions.
INFN-PV has specific roles in JRA4-TMD-neXt and JRA7-HaSP.
INFN-PV has the responsibility of JRA4-TMD-neXt (Alessandro Bacchetta).

Istituto Nazionale di
Fisica Nucleare –
Sezione di Padova

INFN-PD

EC funds in JRA4-TMD-neXt and JRA7-HaSP.
The INFN-Padua experimental group has a long tradition and recognised expertise in the study of open
heavy flavour in heavy-ion collisions and silicon micro-vertex detector.
INFN-PD has specific roles in NA7-Hf-QGP.

Istituto Nazionale di
Fisica Nucleare –
Sezione di Roma Tor
Vergata

INFN-RM2

EC funds in NA7-Hf-QGP.
The Department of Physics of the Università di Roma “Tor Vergata” and the INFN Unit of Roma 2 are
involved in the optimization of the characteristics of an electromagnetic calorimeter dedicated to the
detection of low angle electrons in the CLAS12 detector through the realization of inorganic scintillators
coupled to various light detector systems (Sylicon Photomultipliers, Avalanche Photo Detectors, standard
photomultipliers).
INFN-RM2 has specific roles in JRA7-HaSP.

Istituto Nazionale di
Fisica Nucleare –

INFN-TIFPA

EC funds in JRA7-HaSP.
The Trento Institute for Fundamental Physics and Applications (TIFPA) is a Science and Technology
National Center for research in fundamental physics and state-of-the-art development of related
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Trento Institute for
Fundamentals Physics
Applications

technologies. It is embedded in the fertile substrate offered by the Trento Province research and technology
context, and capitalizes on the collaborations already established across the past 20 years with UNITN and
FBK.
INFN-TIFPA has specific roles in JRA7- HaSP and JRA9-CRyPTA.

Istituto Nazionale di
Fisica Nucleare –
Sezione di Torino

INFN-TO

EC funds in JRA7- HaSP and JRA9-CRyPTA.
The experimental and theoretical Torino groups play leading roles in the field of quark-gluon plasma,
nucleon structure and hypernuclear physics and have gathered great experience for many years. In
particular, the Torino group is internationally well-known for activity in the field of high-energy spin
physics.
INFN-TO has specific roles in JRA4-TMD-neXt, JRA7-HaSP and NA7-Hf-QGP.

Istituto Nazionale di
Fisica Nucleare –
Sezione di Trieste

INFN-TS

EC funds in JRA4-TMD-neXt, JRA7-HaSP and NA7-Hf-QGP.
The Trieste experimental groups have a very good reputation in nucleon-structure physics (COMPASS at
CERN) and are involved in high-tech detectors construction.
INFN-TS has specific roles in JRA4-TMD-neXt and JRA14-MPGD_HP.
INFN-LNF has the responsibility of JRA14-MPGD_HP (Bernhard Ketzer,

Fulvio Tessarotto).

EC funds in JRA4-TMD-neXt and JRA14-MPGD_HP.
Spokesperson

WP2

Spokesperson: Catalina Curceanu (INFN)
Curriculum Vitae of Catalina Curceanu

Academic education with degree:
- 1984 – 1988: Faculty of Physics, University of Bucharest; specialization in Nuclear Physics and
Elementary Particle Physics. B.SC.Degree
- 1988 – 1989: Master of Science at the Faculty of Physics, University of Bucharest; specialization in
Nuclear Physics and Elementary Particle Physics. M.Sc.Degree, 1993
- 1999: Ph.D. at the Institute of Physics and Nuclear Engineering of Bucharest, with a thesis entitled “Study
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of exotic mesons in the antiproton-proton annihilation”, with research activity in the framework of the
OBELIX experiment at CERN (Geneva). Ph.D. in Physics, Summa cum Laude.
- July 2000: Degree in Physics at the University of “Tor Vergata” of Roma (Italy).
Scientific degrees: Ph D in Physics, 1999 IFIN-HH (Bucharest, Romania)
Professional career since the completion of studies:
1989 – 1990: Researcher, Nuclear Power Plant of Zero Power, Pitesti, Romania;
1990 – 1996: Associated Researcher, staff, IFIN-HH, Bucharest, Romania;
1996 – 2003: Researcher, staff, IFIN-HH, Bucharest, Romania;
1992 – 2003: Researcher, Laboratori Nazionali di Frascati dell’INFN, LNF-INFN (Italy), with various
types of contracts;
2004 – 2005: Researcher, staff, Laboratori Nazionali di Frascati dell’INFN
2006 – present: Experienced Researcher (Primo Ricercatore) and group leader, staff, Laboratori
Nazionali
di Frascati dell’INFN, LNF-INFN (Italy).
Main Research Fields: Experimental nuclear ad hadron physics and experimental tests of quantum
mechanics
Recent relevant publications:
1.
K-series X-ray yield measurement of kaonic hydrogen atoms in a gaseous target SIDHARTA
Collaboration, Nucl. Phys. A954 (2016) 7
2.
Measurements of the strong-interaction widths of the kaonic 3He and 4He 2p levels, SIDHARTA
Collaboration, Phys. Lett. B 714 (2012) 40-43
3.
A New Measurement of Kaonic Hydrogen X rays, SIDDHARTA Collaboration, Phys. Lett. B 704
(2011) 113-117 (Top +100 citations record)
4.
First measurement of kaonic helium-3 X rays, SIDDHARTA Collaboration, Phys. Lett. B 697
(2011) 199-202 (46 citations)
5.
Measurement of kaonic hydrogen X-Ray spectrum, the DEAR Collaboration, Phys. Rev. Lett. 94
(2005) 212302 (Top +100 citations record)
Relevant previous projects or activities:
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European financed projects
- January 2004 – December 2008: LNF Responsible for the JRA10 SIDDHARTA activity within (I3)
HadronPhysics project in EU FP6.
- May 2008 – December 2008: Coordinator of the European FP6 - Researchers’ Night 2008 (Eyes on
Scientists) project.
- January 2009 – March 2015: INFN responsible for the WP9, WP24 and WP28 SiPM in the EU
projects HadronPhysics2 e HadronPhysics3 of FP7.
- June 2011 – June 2015: Italian representative for the project: EU COST MP1006 (European
Cooperation in Science and Technology): Fundamental Problems in Quantum Physics; STSM (Short
Time Scientific Missions) and Gender Balance responsible.
- Since October 2016: Italian Representative, STSM responsible Managing Committee member for
the project: EU COST Action (European Cooperation in Science and Technology): CA15220,
Quantum Technologies in Space.
- 1 January 2018 - present: PI for the FETOPEN financed project: TEQ project in quantum
technologies (Testing the Large Scale Limit of Quantum Mechanics).
International project/grants
- 1 September 2015 – 31 August 2017 PI for the project: ““Events” as we see them: experimental test
of the collapse models as a solution of the measurement-problem” financed by the Foundational
Questions Institute (FQXi).
- 2 November 2015 – 1 August 2018: PI for the project: “Hunt for the “impossible atoms”: the quest
for a tiny violation of the Pauli Exclusion Principle. Implications for physics, cosmology and
philosophy” financed by the John Templeton Foundation.
Spokesperson

WP18

Curriculum Vitae of Giuseppe Bruno
Generalities: Academic education with degree: Ph.D. in Physics in 2002, Thesis title “Study of the
production of strange particles and of the dynamics of the expansion in Pb-Pb collisions at the SPS”
Scientific degrees:
- Associate Professor in experimental Physics at Polytechnics of Bari
- Habilitation for Full Professorship in experimental physics of fundamental interactions
Professional career since the completion of studies:
- CERN scientific associate-ship from15/08/2016 to 15/10/2017, on sabbatical leave from the home institute.
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Joined the EP-AIP-PAP group within the ALICE experiment.
- Coordinator of the INFN nuclear group in Bari (about 48 persons and 28 FTE), whose activities have an
overall yearly budget of about 1.5M€, and member of the National Scientific Committee for Nuclear
Research of INFN (since 11/2013 to present)
- ALICE Bari team leader with respect to INFN, managing 500 k€/year budget and coordinating a group of
27 persons and18 FTE (from 01/2012 to 01/2014);
- deputy team leader of the INFN and Bari University ALICE group at CERN (since 01/2013);
- team leader of Polytechnics of Bari group at CERN (since 01/2016 to present);
- Researcher (faculty staff) at the Physics Department of Bari University (from 07/2006 to 04/2014);
- Appointment for research of INFN (since 01/2007)
- Post-doc position at the Bari University (from 01/2003 to 06/2006)
- Scientific associate to the INFN (from 01/2000 to 12/2006)
Main Research Fields: nuclear physics at ultra-relativistic energy; in this field he has participated to the
CERN-based Collaborations WA97 and NA57. Since 2005 he has been fully involved in the ALICE
experiment at the LHC, working in particular in the Inner Tracking System (ITS) project and studying the
production of heavy flavour. He is also carrying on, since 2012, research in the field of hadron-therapy. He is
co-author of more than 250 papers, h-index=79 (from inSPIRE, 55 from Web of Science). He has been
among the first proponents of the upgrade of the ALICE ITS detector.
Relevant previous projects or activities:
- Convener of the ALICE PWG-DQ, composed of ~60 members, and member of the ALICE Physics Board
(from 10/2013 to 9/2015);
- Scientific responsible for the Project “PON02_00576_3329762” AMIDHERA “Advanced systems for noninvasive diagnostics and radiotherapy” (from 04/2013 to 12/2016);
- Member of the Working Group “Properties of Strong-interacting Matter” for the 2016/19 NuPECC Long
Range Plan;
- Convener of the Working Group “Detector Specifications and Performance Studies” of the ALICE ITS
upgrade project (from 12/2010 to12/2012);
- Convener of the ALICE PAG J/ee of the PWG-DQ (from 01/2009 to 10/2013).
- Referee for INFN of the Collaborations JLAB12, which includes all research activities at TJNAF (USA)
- Referee of the ERNA experiment (European Recoil separator for Nuclear Astrophysics)
- Scientific representative (“referente scientifico”) of the INFN research line: “Phase Transitions of Nuclear
and Hadronic Matter (since 1/2014 to present).
Spokesperson

WP20

Curriculum Vitae of Pasquale Di Nezza
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Generalities:
P. Di Nezza is senior researcher at INFN Frascati and habilitated full professor. He has long and deep
expertize in HEP and polarised physics having been working for 25 years in the sector, including 15 years in
the HERMES/DESY experiment, a ground-breaking experiment for polarised physics. In the latter he
covered many key roles, form analysis convener to deputy chairman of the editorial board, from run
coordinator up to deputy spokesperson of the collaboration. In 2006 he joined the ALICE collaboration
where he was team leader and local responsible of the construction of the silicon inner tracking detector. In
2016 he moved to LHCb where, currently, he is the responsible of the unpolarised fixed-target proposal
(SMOG2). He has been mentor of more than 20 students and postdoc and gave several specialised university
courses on Neural Network application to HEP, Spin Physics, Jet Physics in QCD, QGP and Heavy-Ion
interactions. He has been member of several committees and referee of experiments. A selected list is:
member of the International Scientific Committee at LNF, member of the joint scientific committee JINR,
member of the INFN national committee for the nuclear physics, referee for the Ministry of the University
and Scientific Research (MIUR) for the Valutazione della Qualità della Ricerca (VQR), referee for the
COMPASS, COMPASS2, ATHENA, AEGIS and nTOF experiments at CERN, referee for the European
Physics Journal A and Physics Letters B.
Position: INFN senior researcher (http://www.lnf.infn.it/~dinezza)
Cursus:
2014 Habilitation as Full Professor
1997 PhD in Physics, University of Perugia
1992 Master in Physics, University of Rome “La Sapienza”
Current position
2009 – now
Senior Researcher at the INFN Laboratori Nazionali di Frascati – Rome
Previous Positions
2002 – 2009
Researcher staff at INFN-LNF
2000 - 2002
Postdoc at the University of Ferrara (Italy)
1999 - 2000
Postdoc at the University of Gent (Belgium)
1997 - 1999
Postdoc at DESY Laboratory in Hamburg (Germany)
1994 - 1997
PhD position at University of Perugia (Italy)
1992 - 1994
Fellow at DESY Laboratory in Hamburg
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Publications
404 publications: 345 in peer reviewed journals, 59 among notes and proceedings. h-index: 99
Spokesperson

WP22

Spokesperson: Alessandro Bacchetta (INFN)
Curriculum Vitae of Alessandro Bacchetta
Current/past positions
2015-now: Associate Professor, Department of Physics, University of Pavia, Italy
2009-2015: Assistant Professor, Department of Physics, University of Pavia, Italy
2009-now: Research Associate, Italian National Institute for Nuclear Physics (INFN), Pavia, Italy
2008-2009: N. Isgur Distinguished Post-Doc Researcher, TJNAF, Newport News, VA, USA
2005-2008: Post-Doc Researcher, Deutsches Elektronen-Synchrotron (DESY), Hamburg, Germany
2004-2005: A. von Humboldt Post-Doc Researcher, Department of Physics, University of Regensburg,
Germany
2002-2003: Post-Doctoral Researcher, Department of Physics, University of Regensburg, Germany
Education
1998-2002: Ph.D. (Doctoraat) in Physics, Vrije Universiteit Amsterdam, Nederland. Supervisor: Prof. P. J.
Mulders
1993-1998: Degree in Physics (Laurea in Fisica), Università degli Studi di Pavia, Italy. Supervisor: Prof. S.
Boffi.
Fellowships, Awards, Qualifications
2015: National Qualification to Full Professor (Professore I fascia)
2008: N. Isgur Distinguished Fellowship, Jefferson Science Associates, Newport News, VA, USA
2008: National Qualification to Maître des Confèrences, France
2004: Alexander von Humboldt Fellow, Alexander von Humboldt Foundation, Bonn, Germany
Funding ID
2018-2021: Principal Investigator Italian Ministery of University and Education, FARE Grant “3DGLUE –
Exploration of the tridimensional distribution of gluons in the proton” (project n. R16XKPHL3N) [90 k€]
2015-2020: Principal Investigator European Research Council Consolidator Grant “3DSPIN – 3-dimensional
maps of the spinning nucleon” (grant agreement n. 647981) [1500 k€]
Research Performance
59 publications in peer-reviewed high-impact international journals with over 4900 citations (Inspire), 40
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other publications (conference proceedings and white papers)
Hirsch index h=38 (Inspire database), h=29 (ISI database)
Over 50 presentations at international meetings
Supervision and Teaching Activities
2015-now: Supervision of 6 Post-docs, 4 PhD students, 7 Master students
2015-now: Lectures on “Medical Physics,” Harvey Medical School, University of Pavia, Italy
2012-now: Lectures on “Quantum Electrodynamics,” Master in Physics, University of Pavia, Italy
2010-now: Lectures on “Soft skills for graduate students” and “Presentation making”, PhD Schools,
University of Pavia, Italy
2006-2011: Advanced lectures on hadronic physics: Temple U. (USA), ECT* Trento (Italy), Int. School “E.
Fermi” Varenna (Italy), TJNAF (USA), University of Ferrara (Italy), University of Trieste (Italy)
Other professional activities
2018: Member of TJNAF Program Advisory Committee
2013-2016: Member-elect of the Board of Direction, Department of Physics, University of Pavia (Italy)
2013-now: Member of Scientific Board of: Horizon 2020 Committee, Science Library, and University
Language Center, University of Pavia (Italy)
2008-now: Organizer, convener or advisor of 20 workshops or conferences
List of relevant publications
1.

The 3-D Structure of the Nucleon (topical collection), M. Anselmino et al., Eur. Phys. J. A (2016) 52

2.

First measurement of transverse-spin-dependent azimuthal asymmetries in the Drell-Yan process
COMPASS Collaboration (M. Aghasyan et al.) Phys. Rev. Lett. 119 (2017) no.11, 112002

3.

Hadron Transverse Momentum Distributions in Muon Deep Inelastic Scattering at 160 GeV/c,
COMPASS Collaboration (C. Adolph et al.), Eur. Phys. J. C73 (2013) 2531

4.

Measurement of Azimuthal Asymmetries in Inclusive Production of Hadron Pairs in e+e- Annihilation
at s1/2 = 10.58 GeV, Belle Collaboration (R. Seidl et al.), Phys. Rev. D78 (2008) 032011

5.

Extraction of partonic transverse momentum distributions from semi-inclusive deep-inelastic scattering,
Drell-Yan and Z-boson production, A. Bacchetta, F. Delcarro, C. Pisano, M. Radici, A. Signori, JHEP
1706 (2017) 081.

6.

Electron Ion Collider: The Next QCD Frontier - Understanding the glue that binds us all, A. Accardi et
al., Eur.Phys.J. A52 (2016) no.9, 268
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List of relevant previous projects or activities, connected to the subject of this proposal
Participation into several European research projects, e.g., work package “TMDnet” of the
“HadronPhysics2” Integrating Activity (contract n. 227431), work package “3D-Mom” of the
“HadronPhysics3” Integrating Activity (contract n. 283286), work package “Transversity” of the
“HadronPhysics I3” Integrating Activity (contract n. RII3-CT-2004-506078), ERC programme “3DSPIN”
(grant agreement n. 647981).
Organization of several topical workshops on TMDs and related areas, e.g., the series Transversity 2005,
2008, 2011, 2014, 2017, the series of QCD-N 2002, 2006, 2012, 2016, several workshops at ECT* in Trento.

Spokesperson

WP25

Involvement in several Memoranda of Understanding with CERN, DESY, ECT*, TJNAF
Curriculum Vitae of Marco Battaglieri
Generalities: Marco Battaglieri had his PhD at the University of Genova in Nuclear Physics in 1997. He is
currently Senior Scientist at INFN-GE. His main interest is related to hadron dynamics at intermediate
energies (~GeV) and search and study of unconventional states of the hadronic matter such as hexotic
mesons and baryons. As spokesperson of the INFN experiment JLAB12, that includes all Italian activities at
TJNAF, he coordinates more than 50 Italian researchers with an average annual budget of 600k euro. He is
member of the CLAS Collaboration at TJNAF, covering managerial and scientific roles such as chairman of
the Hadron Spectroscopy Working Group and, among many other proposals, spokesman of the MesonEx
spectroscopy in the Hall-B of TJNAF. He is responsible for the construction and operation of the quasi-real
photon tagging facility (Forward Tagger) of the CLAS12 detector. He is author of more than 240 papers
(8480 citations) and h-index=51, member of International Advisory Committees of the main conferences and
organizer of workshops and conferences in the field and received the national habilitation of Italian
University as full professor of Experimental Physics of elementary interactions. In 2012 he funded in
Genova the HAdron SPectroscopy CenTer (HASPECT) to promote collaboration between experimentalists
and theoreticians interested in hadron spectroscopy to face the challenges presented by the next generations
of hadron physics experiments. HASPECT coordinates students, post-docs and researchers promoting an
exchange with senior scientists and experts in the field organizing schools, workshops and collaboration
meetings. This activity is similar to what proposed in HaSP.
The 10 more relevant publications (over 286 recorded in INSPIRE database):
1) Measurement of the differential and total cross sections of the γd→K0Λ(p) reaction within the resonance
region - N.Compton et al. Phys.Rev. C96 (2017) 6, 065201
2) Analysis tools for next-generation hadron spectroscopy experiments - M.Battaglieri et al. Acta Phisica
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Polonica B 46,2, 257 (2015)
3) Spin and parity measurement of the Λ(1405) baryon - K. Moriya et al. Phys.Rev.Lett. 112 (2014) 082004
4) P-wave pi pi amplitude from dispersion relations – A. Szczepaniak, et al. Phys.Rev. D82 (2010) 036006
5) First measurement of direct f0(980) photoproduction on the proton - M.Battaglieri et al. Phys.Rev.Lett.
102 (2009) 102001
6) Photoproduction of pi+ pi- meson pairs on the proton - M. Battaglieri et al. Phys.Rev. D80 (2009) 072005
7) Search for the Theta+ pentaquark in the reaction gamma d ---> p K- K+ n - B.McKinnon et al.
Phys.Rev.Lett. 96 (2006) 212001
8) Search for Theta+(1540) pentaquark in high statistics measurement of gamma p ---> anti-K0 K+ n at
CLAS - M.Battaglieri et al. Phys.Rev.Lett. 96 (2006) 042001
9) Differential cross sections for gamma + p ---> K+ + Y for Lambda and Sigma0 hyperons - R. Bradford et
al. Phys.Rev. C73 (2006) 035202
10) Measurement of e p ---> e-prime p pi+ pi- and baryon resonance analysis - M.Ripani Phys.Rev.Lett. 91
(2003) 022002
Spokesperson

WP27

Spokesperson: Eleuterio Spiriti (INFN)
Curriculum Vitae of Eleuterio Spiriti
Education
1991 MBA (Master on Business Administration) at “MIP Politecnico di Milano” School of management on
leave from INFN. Final stage at the Research Division of Telettra telecommunications company in Milano
on “Planning and Control ‘Multiproject’ of R&S projects in Telettra”, tutor Prof. A. De Maio.
1989 Degree in physics at the University “La Sapienza” in Rome (110/110). Dissertation title: “The first and
second level trigger in the DELPHI experiment”, tutor Prof. F. Cesaroni.
Professional Career
2012 Staff assignment at the INFN LNF (Frascati National Laboratory) in Frascati (Rome).
2007 Staff position, professional profile of “primo tecnologo”, at INFN Rome Tre Section.
1998 Staff assignment at the INFN Rome Tre Section.
1998-2007 Lecturer on contract for the “Electronics for radiation detectors” academic course, Physics
curriculum, at the Rome Tre University.
1995–1997 University courses lecturer on Physics at “La Sapienza” and “Roma Tre” Universities in Rome.
1991 Staff position, professional profile of “tecnologo”, at the INFN Sanità Section in Rome.
1989 Degree in physics at the University “La Sapienza” in Rome (110/110). Thesis title: “The first and
second level trigger in the DELPHI experiment”
1984 Staff position, professional profile of “tecnico diplomato”, at the INFN (National Institute of Nuclear
Physics) Sanità Section in Rome.
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1983–1984 Staff position with technical diploma at the ENEA Casaccia CRE (Energy Research Centre)
1982–1983 Military service in the body of the Military Health.
1980–1982 Technical teacher at Industrial Technical High School K.F.Gauss in Roma.
Main scientific activities and responsibilities
I have been involved in various large international research projects in nuclear and high energy particles
physics field.
In the ALICE experiment at the Large Hadron Collider (LHC) I’m involved in the construction of the ITS
(Inner Tracker System) upgrade based on monolithic active pixel sensors and tests on particles beam of the
prototypes. Previous involvements where in ATLAS at the CERN LHC, KLOE (K Long Experiment) at the
DAPHNE electron positron collider hosted by the INFN LNF ( Frascati National Laboratory), DELPHI
(Detector for Lepton and Photon Identification) at LEP (Large Electron Positron collider) at CERN
laboratory in Geneva. My contribution on those last three projects has been mainly focused on the detector
development and construction: the trigger system and electromagnetic barrel calorimeter in DELPHI, the
electromagnetic calorimeter readout electronics in KLOE and the muon drift chamber of the ATLAS
experiment.
I launched in 2002, in close collaboration with the Strasbourg In2p3 PICSEL group and with other Italian
and international research groups, an activity of monolithic active pixel sensor development that has been
financially supported by INFN scientific committee V with three different projects under my responsibility:
MIMOSA, DIGIMAPS, VIPIX. Various microelectronics technologies and architectures were designed,
implemented and studied in laboratory and with particles beam.
In more recent years, starting in 2010 an activity to study the Double Differential Cross Section of ions to
improve the Hadron Therapy TPS (Treatment Planning System) has been setup by two INFN financed
project: FIRST and FOOT. I proposed the idea of using the monolithic pixel approach to measure the
fragment momentum and track that has been implemented and used under my responsibility in FIRST. An
improved version of the FIRST vertex tracker construction has been funded by INFN and is now in
construction under my responsibility in the last year started new project FOOT.
Publications
More than 500 scientific articles published in refereed international journals with about 15000 citations.
List of 5 relevant publication
1) E. Spiriti et al., “CMOS active pixel sensors response to low energy light ions”; Nuclear Instruments And
Methods in Physics Research, A 875C (2017) pp. 35-40, DOI information 10.1016/j.nima.2017.08.058
2) M. Toppi et al., “Measurement of fragmentation cross sections of C ions on a thin gold target with the
FIRST apparatus”, Phys. Rev. C, vol. 93, no. 6, p. 064601, 2016.

105
824093 - STRONG-2020 – Part B

PART B – Section 4: Members of the Consortium

3) Abelev, B.; Adam, J.; Adamova, D.; et al., “Technical Design Report for the Upgrade of the ALICE Inner
Tracking System”, JOURNAL OF PHYSICS G-NUCLEAR AND PARTICLE, Volume: 41 Issue: 8 Article
Number: 087002, Published AUG 2014
4) E. Spiriti, J. Mlynarczyk, “Results of an On Pixel Sparsification Architecture in a MAPS Test Chip in
STM 130nm Technology”, 2008 IEEE Nuclear Science Symposium, N02-321, (October 2008)
5) A. Bulgheroni, E. Spiriti, J. Mlynarczyk, “Design and Characterization of a monolithic active pixel
sensor in 0.25μm technology”, “10th ICATPP Conference” Como, (October, 2007)
Spokesperson

WP30

Spokesperson: Paolo Lenisa (INFN)
Curriculum Vitae of Paolo Lenisa
Positions
2017 2014 – 2017
1998 – 2014
1997 – 1998

Full professor in Nuclear and Subnuclear Physics
Dipartimento di Fisica e Scienze della Terra, Università di Ferrara, Ferrara, Italy
Associate professor in Experimental Physics of Fundamental Interactions
Dipartimento di Fisica e Scienze della Terra, Università di Ferrara, Ferrara, Italy
Researcher Staff- Physics Department, University of Ferrara, Ferrara, Italy
Guest Scientist - Max-Planck Institut für Kernphysik, Heidelberg, Germany

Most important scientific achievements:
 Leader of the group responsible for the installation and running of a polarized transverse target in the
HERMES experiment at HERA (DESY, Hamburg). Leader for the installation and running of the
longitudinal deuterium target. The major results are: the first evidence of transverse effects in Deep
Inelastic Scattering related to the “transversity” distribution function; the first evidence of “Sivers effect”
related to the angular momentum of quarks; the first measurement of the s-quark helicity; the first
measurement of the b1 structure function. The acquired data with a longitudinally polarized deuterium
target still represent the best existing sample worldwide.
 Initiating as Co-spokesperson the PAX program for polarized antiprotons as possible upgrade option for
the antiproton project at FAIR/HESR (Darmstadt). Main results are the development of the physics case
and associated experimental setup to exploit double polarized proton-antiproton interactions in the
hadron physics sector.
 Leading as Co-spokesperson the spin-flip and spin-filtering experiments with protons at COSY. As major
result it was shown that only spin-filtering is a viable method to produce an intense beam of polarized
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antiprotons for use in hadron physics. For this project, the ERC-AdG “POLPBAR” was awarded in
2010. The PI was Lead-investigator for the Univ. of Ferrara of the formed consortium. Aim of the
project was the development of a viable mechanism for the production an intense polarized antiproton
beam.
 Proponent of the OLYMPUS experiment at DORIS (DESY, Hamburg). Leader of the design and
construction of the internal storage cell. The main result is the measurement of contribution of the twophoton exchange to the elastic electron-proton cross section at a beam energy of 2.10 GeV.
 Initiating the JEDI project at COSY. The aim of the experiment is a search for Electric Dipole Moments
(EDM) of charged particles in storage rings. The PI is presently Co-spokesperson of the collaboration.
Major results so far are: the achievement of a 1000 s spin-coherence time for a stored deuteron beam; the
most precise measurement of the spin-tune for a stored beam; the realization of a spin-feedback system
to control the spin-direction of a polarized deuteron beam. For this project, the ERC-AdG “EDM” was
awarded in 2016. The PI is Lead-investigator for the University of Ferrara of the formed consortium. The
aim of project is the first-ever measurement of the electric dipole moment of the deuteron.
Supervision of graduate students and postdoctoral fellows
13 Postdocs, 9 PhD, numerous Diploma and Master Students
Organisation of scientific meetings related to the subject of the proposal
2018 Chair: “SPIN2018” - 23rd International Spin-Physics Symposium, 250 participants (exp.), FE (IT)
2015 Co-chair: “Search for the Electron EDM in an Electrostatic Storage Ring” - International Workshop
- 50 participants, Mainz, Germany
2013 Chair: “Nuclear Fusion with Polarised Nucleons” – Intern. Workshop, 20 participants, ECT* TN
(IT)
2009 Chair: “PST2009” - XIII International Workshop on Polarised Sources and Targets, 100 participants,
Ferrara, Italy
2008 Chair: “Transversity 2008” - 2nd International Workshop on Transverse Polarisation Phenomena in
Hard Processes, 90 participants, Ferrara, Italy
2008 Co-chair: “Polarised Antiprotons” - International Workshop, 30 participants, Bad Honnef, Germany
Publications
- Co-author of more than 200 publications in refereed journals (h-index: 35, no. of citations: 5388)
- Presenter of 45 talks at international conferences and workshops (21 on invitation)
- Proponent of 12 Experiment proposals and Letters of Intent (8 as Spokesperson).
5 representative publications related to the subject of the proposal:
1. C. Weidemann et al. (PAX) “Towards polarized antiprotons: machine developments for spin-filtering
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Spokesperson

WP32

experiments” Phys. Rev. ST-AB 18, 020101 (2015);
2. W. Augustiniak et al. (PAX) “Polarisation of a stored beam by spin-filtering” Phys. Lett. B 718, 64
(2012); 17 citations.
3. A. Airapetian et al. (HERMES) “Effects of transversely in deep-inelastic scattering by polarised protons”
Phys. Lett. B 693, 11 (2010);
4. A. Airapetian et al. (HERMES) “Observation of the naive-T-odd Sivers Effect in Deep Inelastic
Scattering” Phys. Rev. Lett. 103, 152002 (2009).
5. D. Oellers at al. (PAX) “Polarizing a stored beam by spin-flip?” Physics. Lett. B 674, 269 (2009);
Curriculum Vitae of Fulvio Tessarotto
Academic education with degrees:
Laurea in Fisica, 110/110 cum laude, University of Trieste, 1985
Scientific activity: Experiments PS172 - PS199 - PS206 at CERN LEAR, SMC, RD26, COMPASS, RD51
(Coordinator of the participation of 12 Italian Institutes)
Professional career since the completion of studies:
Since 1988
Permanent researcher position at INFN
2001-2002
Paid Scientific Associate, CERN, Switzerland
Since 2005
Senior Researcher at INFN
Main Research Fields: Strong interaction, spin physics, gaseous detectors, particle identification,
instrumentation, occupational safety and health.
Recent relevant publications:
1. “Status and perspectives of gaseous photon detectors”, F.Tessarotto, Nucl. Instrum. Methods. A 876
(2017) 225
2. “The MPGD-based photon detectors for the upgrade of COMPASS RICH-1”, M.Alexeev et al.,
Nucl. Instrum. Methods. A 876 (2017) 96
3. “The gain in Thick GEM multipliers and its time-evolution” M.Alexeev et al., J. Inst. 10 P03026
(2015)
4. “Long term experience and performance of COMPASS RICH-1” F.Tessarotto et al., J. Inst. 9
C09011 (2014)
Relevant previous projects or activities
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1. I3HP3: WP18 - Frontier Photon Detectors

2. I3HP2: WP17 – FPCC
31

Politecnico di Milano

POLIMI

The Dipartimento di Elettronica, Informazione e Bioingegneria (DEIB) of Politecnico di Milano has
scientific activities along six research areas: systems and control, bioengineering, electrical engineering,
electronics, computer science and engineering, telecommunications. The primary research interests of PoliMi
concern the development of radiation detectors and related applications including the readout electronics for
the detector signal. PoliMi special expertise lies in the development of dedicated ASIC devices for high
precision X-ray spectroscopy, e.g. a ASIC device for reading out 16 SDD channels was successfully
developed for use in exotic atom research at DAFNE (LNF). Their infrastructure includes: Electronics and
mechanical workshops including bonding devices.
PoliMi has specific roles in JRA8-ASTRA.

32

Javna Ustanova
Univerzitet Crne Gore
Podgorica

UOM

EC funds in JRA8-ASTRA
It is the largest and the only comprehensive higher education institution in Montenegro, comprised of
nineteen faculties and two institutes of science.
UOM has specific roles in JRA4-TMD-neXt.

33

Rijksuniversiteit
Groningen

RUG

EC funds in JRA4-TMD-neXt.
The Groningen group has participated in the construction and exploitation of the TAPS calorimeter array and
is active in the design of a PWO calorimeter for PANDA at FAIR. The group has major experience in
applications of scintillation detectors, photo sensors, light pulsed systems for monitoring crystals, developing
FPGA electronics, and experience in charged-particle irradiations and operation of an irradiation facility.
RUG has specific roles in JRA4-TMD-neXt.

34

Stichting Nederlandse
Wetenschappelijk
Onderzoek Instituten

Nikhef

EC funds in JRA4-TMD-neXt.
Nikhef is the Dutch National Institute for Subatomic Physics, coordinating and leading the Dutch
experimental activities in the fields of accelerator-based particle physics and astroparticle physics, with the
mission of studying the interactions and structure of all elementary particles and fields at the smallest
distance scale and the highest attainable energy. Nikhef is a partnership between NWO-I (part of NWO, the
Netherlands Organisation for Scientific Research) and five universities: Groningen University, Radboud
University Nijmegen, University of Amsterdam, Utrecht University and VU University Amsterdam. The
research at Nikhef relies on the development of innovative technologies. The knowledge and technology
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transfer to third parties, i.e., industry, civil society and general public, is an integral part of Nikhef mission.
The Nikhef collaboration consists of about 210 physicists (70 tenured staff, 40 postdocs, 100 PhD students),
75 technical and engineering staff and 25 support staff and has at present eight experimental research lines
(ATLAS, ALICE, LHCb, Gravitational Waves, Dark Matter, Neutrino Telescopes, Cosmic Rays and
electron Electric Dipole Moment), and in addition research lines on Theoretical Physics, Detector R&D and
Physics Data Processing, supporting the experimental effort. The NWO-institute Nikhef is located in the
Amsterdam Science Park. Nikhef’s datacenter hosts an LHC Tier-1 facility and is a colocation for the
Amsterdam Internet Exchange (AMS-IX), housing about 140 different customers.
Nikhef has specific roles in NA3-Jet-QGP.
EC funds in NA3-Jet-QGP.
Spokesperson

WP14

Curriculum Vitae of Marco van Leeuwen
Academic education with degree:
PhD physics, Utrecht University (Kaon and charm production in PbPb collisions at the SPS)
Professional career since the completion of studies:
2013-present: Senior Scientist at Nikhef, Amsterdam. Work on ALICE, originally mainly on:
phenomenology of parton energy loss in hot dense QCD matter (modeling and measurements). From 2017:
Physics Coordinator in ALICE, involving a broader portfolio of physics topics.
2007-2013:
Associate Professor/Staff physicist (Universitair Docent) at Utrecht University on a NWO
Vidi-grant. Work on ALICE (similar to current). Various tasks for the Silicon Strip Detector, particle
identification.
2003-2006:
Postdoctoral researcher/term staff scientist at Lawrence Berkeley National Laboratory. Work
on hard probes of hot and dense QCD matter in the STAR experiment and preparations for participation in
ALICE at the LHC with the EMCAL project.
Main Research Fields: High energy heavy ion collisions and the Quark Gluon Plasma. In particular hard
probes of the QGP: high-pT hadrons and jets.
Recent relevant publications:
- J Adam et al, Azimuthal anisotropy of charged jet production in √ sNN = 2.76 TeV Pb-Pb collisions,
Phys.Lett. B 753 (2016) 511-525
- B Abelev et al, Measurement of charged jet suppression in Pb-Pb collisions at √ sNN = 2.76 TeV, JHEP 03
(2014) 013
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- N. Armesto et al, Comparison of Jet Quenching Formalisms for a Quark-Gluon Plasma 'Brick', Phys. Rev.
C 86, 064904
- A. Majumder and M. van Leeuwen, The theory and phenomenology of perturbative QCD based Jet
Quenching, Prog. Part. Nucl. Phys. A66, 41
- B. Abelev et al, Measurement of Event Background Fluctuations for Charged Particle Jet Reconstruction in
Pb-Pb collisions at √sNN = 2.76 TeV, JHEP 03 (2012) 053
- K. Aamodt et al, Suppression of Charged Particle Production at Large Transverse Momentum in Central
Pb-Pb Collisions at √sNN = 2.76 TeV, Phys. Lett. B 696 (2011), 30-39
- J. Adams et al, Direct observation of dijets in central Au+Au collisions at √sNN = 200 GeV, Phys Rev Lett
97, 162301.
A full publication record can be found here:
https://scholar.google.nl/citations?user=imBDaawAAAAJ&hl=en
Previous projects or activities:
Funded project: NwO Vidi Grant: ‘Hard Probes of the Quark Gluon Plasma at the LHC’
Activities:
• Heavy ions at the Future Circular Collider: Acted as editor of the section of this document (FCC CERN
Yellow Report) dedicated to low-x physics and Color Glass Condensate studies.
• Member of the STAR experiment, convener of the high-pT physics working group, member of the trigger
board. Work on high-pT single particle analysis, two-particle correlations and jets.
• Contributed to the successful DoE proposal for the ALICE EMCal project, with general writing
writing/editing, simulations of performance for jet measurements and test beam measurements.
35

Narodowe Centrum
Badan Jadrowych

NCBJ

The NCBJ Warsaw group is involved in the PANDA experiment and contributes to the development of the
PWO calorimeter by performing scintillator response studies with low energy protons and gamma rays. This
activity includes performance simulations and feasibility studies. The theory group of NCBJ has a longstanding expertise in calculations of KNN, KNNN and KNNNN clusters by a variational method involving
S-wave () and P-wave () interactions.
NCBJ has specific roles in JRA2-FTE@LHC and JRA5-GPD-ACT.

36

Politechnika
Warszawska

WUT

EC funds in JRA2-FTE@LHC and JRA5-GPD-ACT.
The Warsaw University of Technology is one of the leading institutes of technology in Poland and one of the
largest in Central Europe. Scientific and development work conducted at WUT is an answer to the
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challenges of modern science and economy. Technology transfer, i.e. offering the results of research with
their specific applications in mind, is an important element of the mission of the University as an innovation
and entrepreneurship centre. Warsaw University of Technology not only supports Polish innovators by
changing their inventions into companies, but it also initiates cooperation with national and foreign
companies.
WUT has specific roles in JRA2-FTE@LHC.

37

The Henryk
Niewodniczanski
Institute of Nuclear
Physics, Polish
Academy of Sciences

IFJ PAN

EC funds in JRA2-FTE@LHC.
The Institute of Nuclear Physics (INP) is the largest scientific unit of the Polish Academy of Sciences
employing 37 full professors, 64 associate professors, 131 postdocs and 67 PhD students. Three out of four
LHC experiments, ATLAS, ALICE and LHCb, have their groups at INP. The Theory Division of the
Institute gathers scientists working in the departments of Theoretical Particle Physics, Mathematical Physics,
Complex Systems and Structure of Matter. The Theory Division at INP consists of 11 full professors, 12
associate professors, 9 postdocs and 8 PhD students. The members of the groups are working on formal
aspects of QCD as well as on developments of Monte Carlo event generators written for purpose of LHC
physics and future colliders. They are also actively collaborating with experimentalists and theory groups
worldwide.
IFJ PAN has specific roles in NA2-Small-X, JRA1-LHC-Combine and JRA7-HaSP.

38

Uniwersytet Jagiellonski

UJ

EC funds in NA2-Small-X, JRA1-LHC-Combine and JRA7-HaSP.
The Nuclear Physics Department was and is very actively involved in experiments at COSY (Jülich),
CERN, and with KLOE at LNF They bring in expertise in digital front end electronics, based on FPGA
(compact, low noise, low cost, programmable, with sampling of signals in voltage domain) as well as real
time data processing and data acquisition. Their infrastructure includes: Electronics and mechanical
workshops and a clean room, with scintillator detector, straw tube detector and PET detector laboratories.
UJ has specific roles in JRA8-ASTRA.

39

Laboratorio de
Instrumentacao e Fisica
Experimental de
Particulas

LIP

EC funds in JRA8-ASTRA.
LIP is the reference research laboratory in experimental particle physics and related technologies in Portugal.
The lab is nationwide, with nodes in Lisbon, Coimbra and Braga, in collaboration with local Universities,
and nearly 200 members. LIP is the reference partner of CERN in Portugal, and collaborates with ESA and
other international scientific infrastructures, such as the GSI in Darmstadt, Sudbury Neutrino Observatory,
Pierre Auger Observatory or Sanford Underground Research Facility. LIP is committed to research and
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development in experimental particle physics, new instruments and methods and scientific computing. The
lab is deeply involved in the LHC endeavor, participating in the ATLAS and CMS experiments and also in
other particle and astroparticle physics experiments. LIP conceives and builds the particle detection
instruments of the future, to be used in fundamental science but also in applications to Health and Space
exploration. LIP is a member of the INCD - Infraestrutura Nacional de Computação Distribuída, in
partnership with FCCN and LNEC. LIP hosts several tens of graduate students going through an
international training framework of international collaborations and PhD networks. Supporting education in
science and technology and the promotion of public engagement with science is central for LIP. LIP has a set
of scientific infrastructures and competence centres that provide support to its research groups and offer high
quality services to the community.
LIP has specific roles in NA3-Jet-QGP, JRA2-FTE@LHC and JRA4-TMD-neXt.
LIP has the responsibility of NA3-Jet-QGP (Jose Guilherme Milhano, Marco van Leeuwen).

Spokesperson

WP14

EC funds in NA3-Jet-QGP, JRA2-FTE@LHC and JRA4-TMD-neXt.
Curriculum Vitae of José Guilherme Teixeira de Almeida Milhano
Academic education with degree:
DPhil, Theoretical Physics, University of Oxford, 2002
Professional career since the completion of studies:
[Jan 2017 – present]
LIP (Laboratório de Instrumentação e Física Experimental de Partículas), Lisbon, Portugal
Lead Researcher,
Phenomenology Group Leader,
Coordinator of Simulation and Big Data Competence Center
[Jan 2017-Jun 2017; Jul 2014-Dec 2014]
CERN, Physics Department, Theory Unit, Geneva, Switzerland
Corresponding Associate
CENTRA (Multidisciplinary Centre for Astrophysics),
Instituto Superior Técnico (IST), Universidade de Lisboa, Lisbon, Portugal
Principal Investigator [Sep 2013-Dec 2016], Research Assistant Professor [Mar 2008-Aug 2013],
Postdoctoral Research Fellow [Nov 2006-Feb 2008, Oct 2003-Oct 2005]
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[Oct2005-Oct2006]
Department of Physics, Faculty of Science and Technology,
Universidade do Algarve, Faro, Portugal
Invited Assistant Professor
[Oct 2001 – Sep 2013]
Vrije Universiteit, Amsterdam, The Netherlands
Post-doctoral fellow
Main Research Fields: Theory and Phenomenology of heavy ion collisions focused on jets. High density
QCD, small Bjorken-x evolution of parton distributions.
Recent relevant publications:
- J. G. Milhano, U. A. Wiedemann, K. C. Zapp, Sensitivity of jet substructure to jet-induced medium
response, Phys. Lett. B (in press); 10.1016/j.physletb.2018.01.029
- J. Casalderrey-Solana, D. Can Gulhan, J. G. Milhano, D. Pablos, K. Rajagopal, Angular Structure of Jet
Quenching Within a Hybrid Strong/Weak Coupling Model, JHEP 1703 (2017) 135;
10.1007/JHEP03(2017)135
- J. G. Milhano, K. Zapp, Origins of the di-jet asymmetry in heavy ion collisions, Eur. Phys. J. C76 (2016) 5,
288; 10.1140/epjc/s10052-016-4130-9
- J. Casalderrey-Solana, D. Can Gulhan, J. G. Milhano, D. Pablos, K. Rajagopal, Predictions for Boson-Jet
Observables and Fragmentation Function Ratios from a Hybrid Strong/Weak Coupling Model for Jet
Quenching, JHEP 1603 (2016) 053; 10.1007/JHEP03(2016)053
- L. Apolinário, N. Armesto, J. G. Milhano, C. A. Salgado, Medium-induced gluon radiation beyond the soft
limit and colour decoherence, JHEP 1502 (2015) 119; 10.1007/JHEP02(2015)119
- J. Casalderrey-Solana, D. Can Gulhan, J. G. Milhano, D. Pablos, K. Rajagopal, A hybrid strong/weak
coupling approach to jet quenching, JHEP 1410 (2014) 19, Erratum JHEP 1509 (2015) 175;
10.1007/JHEP09(2015)175
Y. Mehtar-Tani, J. G. Milhano, K. Tywoniuk, Jet physics in heavy-ion collisions, Int. J. Mod. Phys. A28
(2013) 1340013 [invited review in special issue Physics of Hot and Dense QCD in high energy nuclear
collisions]; 10.1142/S0217751X13400137
Relevant previous projects or activities
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Funded Projects
Probing Quark Gluon Plasma with jets, CERN/FIS-PAR/0022/2017, Fundação para a Ciência e a
Tecnologia (Portugal) and CERN, Apr 2018 – Mar 2020, 30 000 EUR
Imaging the Quark Gluon Plasma, CERN/FIS-NUC/0049/2015, Fundação para a Ciência e a Tecnologia
(Portugal) and CERN, Nov 2015 - Oct 2017, 55 000 EUR
Unravelling the QGP: QCD dynamics in hot and dense media, Fundação para a Ciência e a Tecnologia
(Portugal), IF/00563/2012, Sep 2013- Sep 2018, 300 000 EUR
Unravelling the QCD dynamics in Hot and Dense media, Fundação para a Ciência e a Tecnologia
(Portugal) and CERN, CERN/FP/123596/2011, Jun 2012 - May 2014, 55 000 EUR
HIC@LHC3: Theory and Phenomenology of Heavy Ion Collisions at the LHC, Fundação para a Ciência e
a Tecnologia (Portugal) and CERN, CERN/FP/116379/2010, Apr 2011 - May 2012, 27 000 EUR
HIC@LHC2: Theory and Phenomenology of Heavy Ion Collisions at the LHC, Fundação para a Ciência e
a Tecnologia (Portugal) and CERN, CERN/FP/109356/2009, Mar 2010 - Mar 2011, 30 000 EUR
HIC@LHC: Theory and Phenomenology of Heavy Ion Collisions at the LHC, Fundação para a Ciência e a
Tecnologia (Portugal) and CERN, CERN/FP/83593/2008, Dec 2008 - Feb 2010, 30 000 EUR
Activities:

40

Universidade de Aveiro

UAVR

•

Simulation and Big Data Competence Center (LIP): I am one of the three coordinators of the
recently created LIP Competence Center which aims to integrate existing competences and
promote internal synergies on physics simulation and big data (including Machine Learning)

•

Heavy Ion Phenomenology group (HIP@LIP): I founded and lead a small yet internationally
competitive group.

•

Lisbon Accord: I was the initial proponent and, as theory convener, have coordinated the
implementation of this theory-experiment joint effort to set standards and automatize comparisons
of theoretical predictions with experimental data and further guarantee the legacy of experimental
analyses.

•

Heavy ions at the Future Circular Collider: I acted as editor of the section of this document (FCC
CERN Yellow Report) dedicated to QGP studies with hard probes

The Department of Physics of UAVR has research activity in areas such as: physics of materials,
nanoscience and nanotechnology, materials modelling, physics, optics and photonics, radiation detection and
medical imaging, astronomy, astrophysics and cosmology.
UAVR has specific roles in JRA14-MPGD_HP.
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41

Uppsala Universitet

UU

EC funds in JRA14-MPGD_HP.
The Uppsala University operates the Svedberg Laboratory providing proton beams and a white neutron beam
up to 180 MeV plus a unique mono-energetic neutron beam in the energy range 10-180 MeV. The Uppsala
group has been very actively involved in experiments at CERN, Uppsala-TSL and Jülich. Its experience
covers many aspects of calorimeters, including radiation damage studies, electronic signal digitization,
readout systems and data analysis. UU is the main institution behind the WASA detector and the pellet target
was originally developed here.
UU has specific roles in JRA3-PrecisionSM and JRA11-CRYOJET.
UU has the responsibility of JRA3-PrecisionSM (Mikhail Gorshteyn, Andrzej Kupsc).

Spokesperson

WP21

EC funds in JRA3-PrecisionSM and JRA11-CRYOJET.
Curriculum Vitae of Andrzej Kupsc
Generalities
Researcher and docent at Uppsala University, member of WASA-at-COSY, KLOE-2, BESIII and PANDA
Collaborations. Between 2006 and 2013 spokesperson/run coordinator of several WASA-at-COSY proposals
for light meson decay experiments. Physics coordinator for the WASA-at-COSY experiment and a member
of publication committee. Deputy physics coordinator of KLOE-2. Spokesperson of MesonNet: a
workpackage of HadronPhysics3 FP7 project 2012-2014. Member of working group on “Hadronic
interaction” for NuPECC long range plan 2017.
List of most relevant publications:
1. Electromagnetic transition form factors of light vector mesons, C. Terschlusen, S. Leupold Phys.Lett.
B691 (2010) 191. (77 citations)
2. Measurement of eta meson decays into lepton-antilepton pairs, (CELSIUS/WASA), M. Berlowski et al.,
Phys.Rev. D77 (2008) 032004. (44 citations)
3. MesonNet Workshop on Meson Transition Form Factors, E. Czerwinski et al., e-Print: arXiv:1207.6556
[hep-ph]. (39 citations)
4. Dispersive analysis for η→γγ∗, C. Hanhart et al. Eur.Phys.J. C73 (2013) 2668. (56 citations)
5. Dispersive analysis of the pion transition form factor, M. Hoferichter et al. Eur.Phys.J. C74 (2014) 3180
(60 citations)
6. An overview of η and η′ decays at BESIII, S. Fang, A. Kupsc, D. Wei, a review article commissioned by
Chin. Phys C, e-Print: arXiv:1710.05173 [hep-ex].
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42

The University of
Birmingham

UOB

The Birmingham Particle Physics and Nuclear Physics groups have a long track record of developing
detector and trigger technology for high energy physics experiments. The Particle Physics Group made a
significant contribution to the ATLAS Semiconductor Tracker, which we partially constructed, and we are
coordinating part of the Tracker (ITK) Upgrade. We have recently upgraded and expanded our silicon
instrumentation laboratories and have a number of ongoing R&D projects involving depleted MAPS. The
group was also heavily involved in the construction and operation of the ATLAS first level calorimeter
trigger and is working towards its upgrade for the next phase of LHC running. The Nuclear Physics group
was responsible for the design and construction of the current ALICE central trigger processor as well as its
upgrade for Run 3.
UOB has specific roles in JRA6-Next-DIS.

43

The University of
Edinburgh

UEDIN

EC funds in JRA6-Next-DIS.
The UEDIN group is experienced in the simulation and the design of Cherenkov Imaging detectors and in
the development of optical systems for focusing and dispersion correction. The group has expertise in
nucleon polarimetry, particle-identification systems, Si-strip detectors, G4 Monte Carlo modeling of
detectors, photo- and electro-nuclear experimental techniques. The theory group is experienced in
Lattice QCD calculations, in particular in the development of application software, algorithms.
UEDIN has specific roles in NA6-LatticeHadrons and JRA7-HaSP.

44

University of Glasgow

UGLASGOW

EC funds in NA6-LatticeHadrons and JRA7-HaSP.
The Nuclear and Hadron Physics Group in the University of Glasgow is focused primarily on experimental
hadron physics and it is the largest hadron physics group in the UK. Its staff, postdocs and postgraduate
students work on experiments at TJNAF in all four of its halls and in hall A2 at the Mainz Microtron in
Germany. The group’s research activities in hadron physics are split mainly between nucleon structure and
hadron spectroscopy at all stages of the experiment: from conception and simulation, to detector and target
design and construction, to data-taking and analysis. The group has several collaborative projects with
phenomenologists and hadron theorists and is taking the lead on consolidating UK involvement in the EIC.
Additionally, some members of the group are active in applications of nuclear physics instrumentation, with
a number of projects in medical imaging and a recent spin-off company constructing muon tomography
detectors for radioactive waste.
UGLASGOW
has
JRA14-MPGD_HP.

specific

roles

in

JRA6-Next-DIS,

JRA7-HaSP

and
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UGLASGOW has the responsibility of JRA6-Next-DIS (Daria Sokhan, Francesco Bossu).

Spokesperson

WP24

EC funds in JRA6-Next-DIS, JRA7-HaSP and JRA14-MPGD_HP.
Curriculum Vitae of Daria Sokhan
Generalities
Lecturer in the Nuclear and Hadron Physics Group at Glasgow and co-spokesperson of this WP. Her
research centres around nucleon structure experiments with CLAS and CLAS12 at TJNAF a facility she has
been working with since 2005 when she started her PhD in hadron spectroscopy at the University of
Edinburgh. Since then she has held an INFN fellowship for foreign scientists at Pavia in Italy and a CNRS
postdoc at IPN Orsay, France, before starting in her current role at Glasgow in 2012. Her expertise ranges
from 3D imaging of the nucleon and the study of its resonance spectrum to target construction and all stages
of producing a new detector. She is a member of the STFC Nuclear Advisory Panel in the UK.
Relevant publications:
- CLAS Collaboration: "Differential Cross Section Measurements for γn → π-p Above the First Nucleon
Resonance Region", Phys. Rev. C 96, 035204 (2017)
- CLAS Collaboration: “Longitudinal Target-Spin Asymmetries for Deeply Virtual Compton Scattering”,
Phys. Rev. Lett. 114, 032001 (2015)
- CLAS Collaboration: “Single and Double Spin Asymmetries for Deeply Virtual Compton Scattering
Measured with CLAS and a Longitudinally Polarized Proton Target", Phys. Rev. D 91, 052014 (2015)
- CLAS Collaboration: "Determination of the Beam-Spin Asymmetry of Deuteron Photodisintegration in
the Energy Region Eγ = 1.1 - 2.3 GeV", Phys. Rev. C 91, 055202 (2015)
- M. Battaglieri et al., “The Heavy Photon Search test detector”, Nuclear Instruments and Methods in
Physics Research A 777, 91 (2015)
Relevant projects / activities:
- Co-spokesperson on two CLAS12 experiments.
- Leading role in the design, testing and calibration of the CLAS12 Central Neutron Detector, with
particular emphasis on simulations.
- Sole responsibility for the design, construction, testing and installation of a light-monitoring system for
the CLAS12 Forward Tagger Hodoscope, supervision of a graduate student on the Calorimeter
construction for the Heavy Photon Search experiment.
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45

Akademia GórniczoHutnicza (AGH)
University of Science
and Technology

AGH UST

AGH University of Science and Technology is one of the best and most renowned modern Polish
universities. It has been ranked at the top of the list of institutions of higher education for many years. AGH
UST is a leading Polish university in modern technologies, and belongs to a group of prestigious
international educational centers. It has many advantages: its own campus with excellent facilities for 9,000
students, conveniently located for the university buildings, modern research base, collaboration with other
universities in Poland and abroad and an excellent atmosphere of study. Students receive education in 58
disciplines and more than 200 specializations: traditional faculties closely connected with mining and
metallurgy, faculties dealing with computer science, telecommunications, automatics, robotics, new
materials, technical physics, applied mathematics, as well as management and social sciences. New
disciplines include Culture Studies, Geophysics, Oil and Gas Engineering, Medical Physics, Acoustic
Engineering. Presently, the university employs more than 2,000 research workers (550 independent
researchers). AGH UST has signed 200 general agreements with foreign partners in Europe, both Americas
and Asia. It has signed collaboration agreements with about 300 industrial companies. The agreements
concern scientific, research and educational collaboration.
Dr. Iwona Grabowska-Bold, professor at the AGH UST, will be the main researcher involved in the project.
She has been acting as a contact person from the ATLAS Collaboration to the LHC-Combine activities. Her
primary contribution to the project is connected with rare processes such as light-by-light scattering and topquark pair production in lead-lead and proton-lead collisions.
AGH UST has specific roles in JRA1-LHC-Combine.
EC funds in JRA1-LHC-Combine.
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4.1.2 Other Involved Institutions

Organizations not receiving EU funds, but involved in the activities of the project
Organization legal name
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Country Code

17
18
19

Yerevan Physics Institute
AR
University of Graz
AT
Research Institute for Nuclear Problems
BE
Université Libre de Bruxelles
BE
Institute for Nuclear Research
BG
ETH Zurich
CH
Paul-Scherrer-Institut
CH
Universitaet Basel
CH
Universität Bern
CH
Chongqing University
CN
Tsinghua University
CN
Institute of High Energy Physics
CN
Institute of Modern Physics
CN
University of Science and Technology of China
CN
Institute of Particle Physics, HuaZhong Normal University
CN
College of Physical Sciences and Technology, Central China Normal CN
University
University of Cyprus
CY
Academy of Sciences of the Czech Republic
CZ
Czech Technical University
CZ

20

Charles University Prague

CZ

21
22
23
24
25
26

Nuclear Physics Institute of the Czech Academy of Sciences
Nuclear Physics Institute Rez
Technische Universität Darmstadt
Deutsches Elektronen-Synchrotron
Friedrich-Alexander-Universitat Erlangen Nürnberg
Johann Wolfgang Goethe Universität Frankfurt am Main

CZ
CZ
DE
DE
DE
DE

27

Frankfurt Institute for Advanced Studies, Goethe Universität Frankfurt

DE

28

Justus-Liebig-Universität Giessen

DE

29
30
31
32
33

Helmholtz-Institut Mainz
Helmholtz-Zentrum Dresden-Rossendorf
Max-Planck Institute of Quantum Optics
Eberhard Karls Universität Tübingen
Bergische Universität Wuppertal

DE
DE
DE
DE
DE

34
35
36
37

Bielefeld University
University of Southern Denmark
Aristotle University Thessaloniki
Universitat Autonoma de Barcelona / IFAE

DE
DK
EL
ES

38

Universitat de Barcelona, IEEC-CSIS

ES

39
40
41

University of Granada
University of Murcia
University of Helsinki

ES
ES
FI

Activity
NA5
NA6
NA1
JRA6
JRA4
NA4, NA6,
NA4
NA1
JRA3
NA1
NA1
NA1, JRA3
NA1
NA1
NA1
NA1
NA6
NA1
NA1, NA2,
NA7
NA1, NA3,
NA7, JRA1,
JRA3
NA3
NA5
NA1
NA6
NA1
NA1, NA4,
NA7
NA1, NA4
NA5, NA6
NA1, NA5,
NA7
NA1, NA5
NA1, NA7
NA4
NA1
NA1, NA6,
NA7
NA6
NA6
NA5
NA4, JRA3,
JRA7
NA3, NA5,
NA7, JRA7
NA2, JRA7
JRA7
NA6
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42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86

University of Marseille
Institut de Physique Théorique
Ecole Polytechnique
Paris-Sud University
University of Split
Eötvös Loránd University
Wigner Research Centre for Physics, Hungarian Academy of Sciences
Maynooth University
Aligarh Muslim University
Institute of Physics
Panjab University
Gauhati University
University of Rajasthan
University of Jammu
Indian Institute of Technology, Kharagpur
University of Calcutta
Kolkata Bose Institute
Kolkata Variable Energy Cyclotron Centre
Nuclear Physics Division, Bhabha Atomic Research Centre
Indian Institute of Technology
University of Kashmir
Banaras Hindu University
Hebrew University
Ben-Gurion University of the Negev
University of Calabria
University of Molise
University of Parma
University of Pisa
University of Torino
Japan Atomic Energy Agency
Institute for Physical and Chemical Research RIKEN
Tohoku University
The University of Tokyo
LaserLaB, Vrije Universiteit
University of Groningen
University of Nijmegen
Utrecht University
University of Antwerpen
University of Bergen
Oslo University
Akademia Górniczo-Hutnicza im. Stanisława Staszica
National Centre for Nuclear Research
University of Science and Technology
University of Silesia
University of Warsaw

FR
FR
FR
FR
HR
HU
HU
IE
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IN
IS
IS
IT
IT
IT
IT
IT
JP
JP
JP
JP
NL
NL
NL
NL
NL
NO
NO
PL
PL
PL
PL
PL

87
88
89

Wroclaw University
Kochanowski University of Kielce
Coimbra University

PL
PL
PT

90
91

University of Lisbon
PT
Institutul National de Cercetare -Dezvoltare Pentru Fizica si Inginerie RO
Nucleara "Horia Hulubei" (IFIN-HH)
University of Bucharest
RO
Belgrade University
RS
Joint Institute for Nuclear Research (JINR)
RU

92
93
94

NA6
NA2
NA3
JRA7
NA1
NA1
NA1, NA7
NA6
NA1
NA1
NA1
NA1
NA1
NA1
NA1
NA1
NA1
NA1
NA1
NA1
NA1
NA1
NA4, NA7
NA2
NA2
JRA3
NA6
NA6
NA6
NA5
NA5
NA5
NA5
NA4
NA2, NA6
NA5
NA7, JRA1
JRA6
NA3, NA7
NA7
NA1
NA2
NA1
NA1, JRA3
NA1
NA4
NA7
JRA7
NA6, NA7,
JRA14
NA6
NA1, JRA3
NA1
NA7, JRA1
NA1
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95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115

Joint Institute for Nuclear Research, Veksler and Baldin Laboratory, RU
High Energy Physics (JINR-VBLHEP)
Joint Institute for Nuclear Research, Laboratory of Information RU
Techologies (JINR-LIT)
Petersburg Nuclear Physics Institute
RU

116
117
118
119
120
121
122
123
124

Institute for Nuclear Research (INR), Russian Academy of Sciences
RU
Institute for Theoretical and Experimental Physics
RU
Moscow Engineering Physics Institute (MEPhI)
RU
Kurchatov Institute
RU
Moscow State University
RU
Budker Institute of Nuclear Physics (BINP)
RU
Institute for High Energy Physics (IHEP)
RU
St. Petersburg Ioffe Physico-Technical Institute
RU
St. Petersburg State Polytechnic University (SPb-SPU)
RU
Jožef Stefan Institute
SI
University of Ljubljana
SI
Institute of Physics, Slovak Academy of Sciences
SL
Pusan National University
SK
Banska Bystrica Univ
SK
Stockholms Universitet
SE
Lund University
SE
Suranaree University of Technology
TH
Kiev Institute for Nuclear Research (KINR), National Academy of UA
Science of Ukraine (NASU)
Taras Shevchenko Kyiv University
UA
University College of London
UK
Imperial College London
UK
University of Plymouth
UK
University of Southampton
UK
University of Liverpool
UK
University of Cambridge
UK
University of Swansea
UK
Thomas Jefferson National Accelerator Facility
US

125
126
127
128
129
130
131
132
133
134

Northwestern University
George Washington University
Massachusetts Institute of Technology
University of Massachusetts
North Carolina A&T State University
University of Illinois
Rutgers, The State University of New Jersey
Brookhaven National Laboratory
Fermilab
University Hampton

US
US
US
US
US
US
US
US
US
US

NA4
NA1
NA1
NA1
NA4
NA1
NA1
NA1
NA1
NA1
NA1, JRA3
NA1
NA1
NA1
NA4
NA6
NA1
NA1
NA7
NA1
JRA3
NA1
NA1
NA1
NA4
JRA4
NA6
NA5
JRA3
NA6
NA6
JRA3, JRA4,
JRA6
NA1
NA4
NA4, NA7
JRA3
NA4
JRA3
NA4
JRA6
JRA3
NA5
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4.2 THIRD PARTIES INVOLVED IN THE PROJECT (INCLUDING USE OF THIRD PARTY RESOURCES)
21-UPV/EHU
UNIBERTSITATEA
PARTNER

(UNIVERSIDAD

DEL

PAIS

VASCO/EUSKAL

HERRIKO

Does the participant plan to subcontract certain tasks (please note that core
tasks of the project should not be sub-contracted)
If yes, please describe and justify the tasks to be subcontracted

N

Does the participant envisage that part of its work is performed by linked third
parties

N

If yes, please describe the third party, the link of the participant to the third party, and describe
and justify the foreseen tasks to be performed by the third party
Does the participant envisage the use of contributions in kind provided by
third parties (Articles 11 and 12 of the General Model Grant Agreement)

Y

Ikerbasque is the Basque Agency for fostering the attraction of research talent to the Basque
Country. It hires researchers and places them in a Basque Host Institution working for it as a
Third Party free of charge.
Ikerbasque was created in 2007 by the Basque Government to reinforce the Basque scientific
system through the attraction, recovery and retention of researchers from all around the word,
as well as to promote the return of Basque researchers who are currently working outside of the
Basque Country. (https://www.ikerbasque.net/)
Ikerbasque does not implement any action tasks in the project.
In the particular case of STRONG-2020 project, the Personnel costs budgeted to UPV/EHU
(25.000,00 euros) are covered by Ikerbasque to remunerate the dedication of Gunar Schnell,
the principal investigator of the project at the UPV/EHU, Ikerbasque Research Professor, hired
by Ikerbasque, but performing his research at the UPV/EHU. These costs must be considered
as in-kind contributions provided by a third party free of charge, in compliance with Article 12
of the Grant Agreement. The participation of the above mentioned third party starts on June 1,
2019.
Does the participant envisage that part of the work is performed by
International Partners (Article 14a of the General Model Grant Agreement)?

N

If yes, please describe the International Partner(s) and their contributions
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PARTNER 29-FBK (FONDAZIONE BRUNO KESSLER)

Does the participant plan to subcontract certain tasks (please note that core
tasks of the project should not be sub-contracted)
If yes, please describe and justify the tasks to be subcontracted

N

Does the participant envisage that part of its work is performed by linked third
parties

N

If yes, please describe the third party, the link of the participant to the third party, and describe
and justify the foreseen tasks to be performed by the third party
Does the participant envisage the use of contributions in kind provided by
third parties (Articles 11 and 12 of the General Model Grant Agreement)

Y

Some FBK staff members, although regularly working for FBK, under FBK’s control and at
FBK premises, are employed by the Autonomous Province of Trento and have been seconded
to FBK, as provided by the Provincial Law (Legge Provinciale) n. 14 of 2 August 2005, art.
28.4, and by an ad-hoc Agreement.
The Autonomous Province of Trento (Provincia Autonoma di Trento – PAT http://www.provincia.tn.it/) is the local government body. It is the founding public body of
Fondazione Bruno Kessler, which was established by Provincial Law 2 August 2005, No 14.
The Autonomous Province of Trento does not implement any action tasks in the project.
Starting from October 1, 2019 the personnel seconded by PAT to FBK is Mrs Barbara Maria
Romana Gazzoli, involved in the project as FBK Administrative Support. Mrs Gazzoli’s
estimated cost for the STRONG-2020 project that will be declared to the EC (included in the
Transnational Access costs to FBK-ECT*) amounts to 26.340,62 euros.
The costs related to the above-mentioned seconded personnel are refunded on a monthly basis
by FBK to the Provincia Autonoma di Trento. These costs must be considered as in-kind
contributions provided by a third party against payment, in compliance with Article 11 of the
Grant Agreement.
Does the participant envisage that part of the work is performed by
International Partners (Article 14a of the General Model Grant Agreement)?

N

If yes, please describe the International Partner(s) and their contributions

5.

Ethics and Security

5.1

ETHICS

Our project covers most aspects of the on-going and planned research in experimental and theoretical hadron
physics. There are no ethics issues.

5.2

SECURITY

Our project will involve no activities or results raising security issues. It will involve no 'EU-classified information'
as background or results.
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ESTIMATED BUDGET FOR THE ACTION

EU contribution

Estimated eligible1 costs (per budget category)
B. Direct
[C. Direct costs
costs of
of fin. support]
subcontracting

A. Direct personnel costs
A.1 Employees (or equivalent)

A.4 SME owners without salary

D.1 Travel

A.2 Natural persons under direct
contract

A.5 Beneficiaries that are natural
persons without salary

D.2 Equipment
D.3 Other
goods and
services

A.3 Seconded persons
[A.6 Personnel for providing
access to research infrastructure]

Form of costs6

Actual

Unit7

a

Total b

E. Indirect
costs2

D. Other direct costs
D.5 Costs
of internally
invoiced goods
and services

F. Special
unit costs

Total costs

Reimbursement Maximum EU
rate %
contribution3

Additional information
Maximum
grant amount4

F.1 Costs for
providing
trans-national
access to
research
infrastructure5

Information
for indirect
costs
Estimated
costs of in-kind
contributions
not used on
premises

Information
for auditors
Declaration
of costs under
Point D.4

D.4 Costs of
large research
infrastructure
Unit8

No hours

Total c

Actual

Actual

Actual

Unit9

d

e

f

Total g

Flat-rate10
25%
h = 0,25 x (a
+b+c+f+g
+[i1]13+[i2]13-n)

Other
information
Estimated costs
of beneficiaries/
linked third
parties not
receiving
funding/
international
partners

Unit12
j = a+b+c
+d+[e]+f+g
+h+[i1]+[i2]

Total i1

k

l

m

n

Yes/No

1. CNRS

837 292.00

0.00

0.00

0.00

0.00

0.00

687 700.00

0.00

381 248.00

0.00

1 906 240.00

100.00

1 906 240.00

1 906 240.00

0.00

No

n/a

2. OEAW

42 600.00

0.00

0.00

0.00

0.00

0.00

31 000.00

0.00

18 400.00

0.00

92 000.00

100.00

92 000.00

92 000.00

0.00

No

n/a

3. UCL

80 000.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

20 000.00

0.00

100 000.00

100.00

100 000.00

100 000.00

0.00

No

n/a

4. CERN

0.00

0.00

0.00

0.00

0.00

0.00

160 000.00

0.00

40 000.00

0.00

200 000.00

100.00

200 000.00

200 000.00

0.00

No

n/a

5. DKFZ

12 000.00

0.00

0.00

0.00

0.00

0.00

2 000.00

0.00

3 500.00

0.00

17 500.00

100.00

17 500.00

17 500.00

0.00

No

n/a

6. FAIR

17 100.00

0.00

0.00

0.00

0.00

0.00

32 172.00

0.00

12 318.00

0.00

61 590.00

100.00

61 590.00

61 590.00

0.00

No

n/a

7. FZJ

134 348.00

0.00

0.00

0.00

0.00

0.00

115 252.00

0.00

62 400.00

144 000.00

456 000.00

100.00

456 000.00

456 000.00

0.00

No

n/a

8. GSI

80 700.00

0.00

0.00

0.00

0.00

0.00

284 800.00

0.00

91 375.00

164 000.00

620 875.00

100.00

620 875.00

620 875.00

0.00

No

n/a

9. JGU MAINZ

304 000.00

0.00

0.00

0.00

0.00

0.00

387 352.00

0.00

172 838.00

196 560.00

1 060 750.00

100.00

1 060 750.00

1 060 750.00

0.00

No

n/a

10. UBO

138 000.00

0.00

0.00

0.00

0.00

0.00

188 240.00

0.00

81 560.00

123 200.00

531 000.00

100.00

531 000.00

531 000.00

0.00

No

n/a

11. RUB

17 100.00

0.00

0.00

0.00

0.00

0.00

67 300.00

0.00

21 100.00

0.00

105 500.00

100.00

105 500.00

105 500.00

0.00

No

n/a

12. UHEI

4 300.00

0.00

0.00

0.00

0.00

0.00

14 028.00

0.00

4 582.00

0.00

22 910.00

100.00

22 910.00

22 910.00

0.00

No

n/a

13. TUM

39 800.00

0.00

0.00

0.00

0.00

0.00

45 200.00

0.00

21 250.00

0.00

106 250.00

100.00

106 250.00

106 250.00

0.00

No

n/a

14. UHAM

40 000.00

0.00

0.00

0.00

0.00

0.00

2 000.00

0.00

10 500.00

0.00

52 500.00

100.00

52 500.00

52 500.00

0.00

No

n/a

15. UREG

0.00

0.00

0.00

0.00

0.00

0.00

43 000.00

0.00

10 750.00

0.00

53 750.00

100.00

53 750.00

53 750.00

0.00

No

n/a

16. WWU

65 200.00

0.00

0.00

0.00

0.00

0.00

37 300.00

0.00

25 625.00

0.00

128 125.00

100.00

128 125.00

128 125.00

0.00

No

n/a

17. UAM

0.00

0.00

0.00

0.00

0.00

0.00

31 000.00

0.00

7 750.00

0.00

38 750.00

100.00

38 750.00

38 750.00

0.00

No

n/a

18. UCM

0.00

0.00

0.00

0.00

0.00

0.00

21 600.00

0.00

5 400.00

0.00

27 000.00

100.00

27 000.00

27 000.00

0.00

No

n/a

19. USAL

0.00

0.00

0.00

0.00

0.00

0.00

20 800.00

0.00

5 200.00

0.00

26 000.00

100.00

26 000.00

26 000.00

0.00

No

n/a

20. USC

58 000.00

0.00

0.00

0.00

0.00

0.00

16 000.00

0.00

18 500.00

0.00

92 500.00

100.00

92 500.00

92 500.00

0.00

No

n/a

21. UPV/EHU

25 000.00

0.00

0.00

0.00

0.00

0.00

3 800.00

0.00

7 200.00

0.00

36 000.00

100.00

36 000.00

36 000.00

0.00

No

n/a

22. UVEG

0.00

0.00

0.00

0.00

0.00

0.00

65 200.00

0.00

16 300.00

0.00

81 500.00

100.00

81 500.00

81 500.00

0.00

No

n/a

23. JYU

25 000.00

0.00

0.00

0.00

0.00

0.00

16 000.00

0.00

10 250.00

0.00

51 250.00

100.00

51 250.00

51 250.00

0.00

No

n/a

24. CEA

252 000.00

50 000.00

0.00

0.00

0.00

0.00

80 800.00

0.00

95 700.00

0.00

478 500.00

100.00

478 500.00

478 500.00

0.00

No

n/a

25. RBI

0.00

0.00

0.00

0.00

0.00

0.00

20 000.00

0.00

5 000.00

0.00

25 000.00

100.00

25 000.00

25 000.00

0.00

No

n/a

10 000.00

0.00

0.00

0.00

0.00

0.00

16 000.00

0.00

6 500.00

0.00

32 500.00

100.00

32 500.00

32 500.00

0.00

No

n/a

27. TCD

0.00

0.00

0.00

0.00

0.00

0.00

29 000.00

0.00

7 250.00

0.00

36 250.00

100.00

36 250.00

36 250.00

0.00

No

n/a

28. CNR

12 000.00

0.00

0.00

0.00

0.00

0.00

20 000.00

0.00

8 000.00

0.00

40 000.00

100.00

40 000.00

40 000.00

0.00

No

n/a

29. FBK

0.00

0.00

0.00

0.00

0.00

0.00

179 120.00

0.00

44 780.00

178 600.00

402 500.00

100.00

402 500.00

402 500.00

0.00

No

n/a

26. UNIZG

30. INFN

925 384.00

0.00

0.00

0.00

0.00

0.00

437 952.00

0.00

340 834.00

200 000.00

1 904 170.00

100.00

1 904 170.00

1 904 170.00

0.00

No

n/a

31. POLIMI

15 000.00

0.00

0.00

0.00

0.00

0.00

13 000.00

0.00

7 000.00

0.00

35 000.00

100.00

35 000.00

35 000.00

0.00

No

n/a

32. UOM

25 000.00

0.00

0.00

0.00

0.00

0.00

3 800.00

0.00

7 200.00

0.00

36 000.00

100.00

36 000.00

36 000.00

0.00

No

n/a
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ESTIMATED BUDGET FOR THE ACTION
EU contribution

Estimated eligible1 costs (per budget category)
B. Direct
[C. Direct costs
costs of
of fin. support]
subcontracting

A. Direct personnel costs
A.1 Employees (or equivalent)

A.4 SME owners without salary

D.1 Travel

A.2 Natural persons under direct
contract

A.5 Beneficiaries that are natural
persons without salary

D.2 Equipment
D.3 Other
goods and
services

A.3 Seconded persons
[A.6 Personnel for providing
access to research infrastructure]

Form of costs6

Actual

Unit7

a

Total b

E. Indirect
costs2

D. Other direct costs
D.5 Costs
of internally
invoiced goods
and services

F. Special
unit costs

Total costs

Reimbursement Maximum EU
rate %
contribution3

Additional information
Maximum
grant amount4

F.1 Costs for
providing
trans-national
access to
research
infrastructure5

Information
for indirect
costs
Estimated
costs of in-kind
contributions
not used on
premises

Information
for auditors
Declaration
of costs under
Point D.4

D.4 Costs of
large research
infrastructure
Unit8

No hours

Total c

Actual

Actual

Actual

Unit9

d

e

f

Total g

Flat-rate10
25%
h = 0,25 x (a
+b+c+f+g
+[i1]13+[i2]13-n)

Other
information
Estimated costs
of beneficiaries/
linked third
parties not
receiving
funding/
international
partners

Unit12
j = a+b+c
+d+[e]+f+g
+h+[i1]+[i2]

Total i1

k

l

m

n

Yes/No

33. RUG

33 300.00

0.00

0.00

0.00

0.00

0.00

4 300.00

0.00

9 400.00

0.00

47 000.00

100.00

47 000.00

47 000.00

0.00

No

n/a

34. Nikhef

72 000.00

0.00

0.00

0.00

0.00

0.00

7 000.00

0.00

19 750.00

0.00

98 750.00

100.00

98 750.00

98 750.00

0.00

No

n/a

35. NCBJ

32 000.00

0.00

0.00

0.00

0.00

0.00

16 000.00

0.00

12 000.00

0.00

60 000.00

100.00

60 000.00

60 000.00

0.00

No

n/a

36. WUT

40 000.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

10 000.00

0.00

50 000.00

100.00

50 000.00

50 000.00

0.00

No

n/a

37. IFJ PAN

78 236.00

0.00

0.00

0.00

0.00

0.00

26 500.00

0.00

26 184.00

0.00

130 920.00

100.00

130 920.00

130 920.00

0.00

No

n/a

38. UJ

10 000.00

0.00

0.00

0.00

0.00

0.00

14 000.00

0.00

6 000.00

0.00

30 000.00

100.00

30 000.00

30 000.00

0.00

No

n/a

39. LIP

93 000.00

0.00

0.00

0.00

0.00

0.00

57 800.00

0.00

37 700.00

0.00

188 500.00

100.00

188 500.00

188 500.00

0.00

No

n/a

40. UAVR

25 200.00

0.00

0.00

0.00

0.00

0.00

2 000.00

0.00

6 800.00

0.00

34 000.00

100.00

34 000.00

34 000.00

0.00

No

n/a

41. UU

32 600.00

0.00

0.00

0.00

0.00

0.00

96 000.00

0.00

32 150.00

0.00

160 750.00

100.00

160 750.00

160 750.00

0.00

No

n/a

42. UOB

0.00

0.00

0.00

0.00

0.00

0.00

50 000.00

0.00

12 500.00

0.00

62 500.00

100.00

62 500.00

62 500.00

0.00

No

n/a

43. UEDIN

0.00

0.00

0.00

0.00

0.00

0.00

51 800.00

0.00

12 950.00

0.00

64 750.00

100.00

64 750.00

64 750.00

0.00

No

n/a

44. UGLASGOW

79 600.00

0.00

0.00

0.00

0.00

0.00

21 600.00

0.00

25 300.00

0.00

126 500.00

100.00

126 500.00

126 500.00

0.00

No

n/a

45. AGH UST

58 236.00

0.00

0.00

0.00

0.00

0.00

12 500.00

0.00

17 684.00

0.00

88 420.00

100.00

88 420.00

88 420.00

0.00

No

n/a

Σ consortium

3 713 996.00

50 000.00

0.00

0.00

3 430 916.00

0.00

1 798 728.00

1 006 360.00

10 000 000.00

10 000 000.00

10 000 000.00

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

0.00

See Article 6 for the eligibility conditions.
Indirect costs already covered by an operating grant (received under any EU or Euratom funding programme; see Article 6.5.(b)) are ineligible under the GA. Therefore, a beneficiary/linked third party that receives an operating grant during the action's duration cannot declare indirect costs for the year(s)/reporting period(s) covered
by the operating grant, unless it can demonstrate that the operating grant does not cover any costs of the action (see Article 6.2.E).
This is the theoretical amount of EU contribution that the system calculates automatically (by multiplying all the budgeted costs by the reimbursement rate). This theoretical amount is capped by the 'maximum grant amount' (that the Commission/Agency decided to grant for the action) (see Article 5.1).
The 'maximum grant amount' is the maximum grant amount decided by the Commission/Agency. It normally corresponds to the requested grant, but may be lower.
Depending on its type, this specific cost category will or will not cover indirect costs. Specific unit costs that include indirect costs are: costs for energy efficiency measures in buildings, access costs for providing trans-national access to research infrastructure and costs for clinical studies.
See Article 5 for the forms of costs.
Unit : hours worked on the action; costs per unit (hourly rate) : calculated according to the beneficiary's usual accounting practice.
See Annex 2a 'Additional information on the estimated budget' for the details (costs per hour (hourly rate)).
Unit and costs per unit : calculated according to the beneficiary's usual accounting practice.
Flat rate : 25% of eligible direct costs, from which are excluded: direct costs of subcontracting, costs of in-kind contributions not used on premises, direct costs of financial support, and unit costs declared under budget category F if they include indirect costs.
See Annex 2a 'Additional information on the estimated budget' for the details (units, costs per unit).
See Annex 2a 'Additional information on the estimated budget' for the details (units, costs per unit, estimated number of units, etc).
Only specific unit costs that do not include indirect costs.
See Article 9 for beneficiaries not receiving funding.
Only for linked third parties that receive funding.
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