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https:///
https://www.nupecc.org/lrp2016/Documents/lrp2017.pdf

What IS NUPECC 2

Nuclear Physics European Collaboration Committee (NuPECC)
Is the European Expert Board for Nuclear Physics
hosted by the European Science Foundation

Representing
> 5000 scientists MulPECC
Composition:

° 35 representatives from 23 countries, 3 ESFRI
NP Infrastructures & ECT*

4 associated members @ e Labs, South Atica
° CERN :::::.n Nishina Centre, Japan
* lsrael @ v
* iThemba Labs
* Nishina Center

* 10 observers: ALAFNA, ANPhA, APPEC, CINP,

ECFA, ESF, EPS-NPD, EPS-HEPPD, IAEA, NSAC

36 Years of NUPECC activities

., 3 regular Committee meetings/y Joaquin Gomez Camacho https://nupecc.org
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« The LRP identifies opportunities and priorities for nuclear science in
Europe

« The LRP provides national funding agencies, European Strategy Forum
on Research Infrastructures and the European Commission with a
framework for coordinated advances in nuclear science in Europe

1991 1997 2004 2010

LRP2017 assessed Feb 2022
LRP2024 Launched in May
2022 in Madrid.

LRP 2024 Announced in

WPECC NS Brussels 19-11-2024

Perspectives
e in Nuclear Physics

https://www.nupecc.org/2017_LRP_Assessment_of_Implementation_final.pdf

NuPECC

CPAN, 21-11-2024 Joaquin Gomez Camacho LRP 2924



Theory/Exp.

TWG Number TWG Coordinators Coord. e-mails Liaisons Liaisons e-mails
Karin Schonning (Uppsala) karin.schonning@physics.uu.se Diego Bettoni bettoni@fe.infn.it
1 Hadron Physics c.alexandrou@cyi.ac.c
v Constantia Alexandrou (CY) ot L o
alexand@ucy.ac.cy Dave Ireland david.ireland @glasgow.ac.uk
) Strongly Interacting Matter at Extreme Laura Fabbietti (TUM) laura.fabbietti@ph.tum.de Gert Aarts g aarts@swansea.ac.uk
Conditions Urs Wiedemann (CERN) Urs.Wiedemann@cern.ch Raimond Snellings R.Snellings@uu.nl
. . Silvia Leoni (Univ. Milano) silvia.leoni@mi.infn.it Adam Maj adam.maj@ifj.edu.pl
3 Nuclear Structure and Reaction Dynamics . . - .
Tomas Rodriguez(UCM) tomasrro@ucm.es JelenaVesic elena.vesic@ijs.si
. Anu Kankainen (JYFL) anu.kankainen@jyu.fi Daniel Bemmerer d.bemmerer@hzdr.de
4 Nuclear Astrophysics . . . .
JordiJose (Barcelona) ordi.jose@upc.edu Sandrine Courtin sandrine.courtin@iphc.cnrs.fr
. . Pierre Delahaye (GANIL) pierre.delahaye@ganil.fr Eberhard Widmann Eberhard.Widmann@oeaw.ac.at
5 Symmetriesand Fundamental Interactions - .
Paolo Crivelli (ETH) Paolo.Crivelli@cern.ch Klaus Kirch klaus.kirch@psi.ch
Joaquin Gomez-Camacho [gomez@us.es
6 Infrastructures Wolfram Korten (CEA, Saclay) w.korten@cea.fr q X . i
Patricia Roussel-Chomaz |patricia.chomaz@ganil.fr
L . Thomas Cocolios (KU Leuven) thomas.cocolios@kuleuven.be Lucia Popescu lucia.popescu@sckeen.be
7 Applications and Societal Benefit i
Charlot Vandevoorde (GSI) C.Vandevoorde@gsi.de Vladimir Wagner wagner@ujf.cas.cz
Nuclear Physics Tools ilvi ilvi . o
Y . Silvia Dalla Torre (INFN) Silvia.DallaTorre@cern.ch Eugenio Nappi Eugenio.Nappi @ba.infn.it
3 Detectors and experimental techniques ) eriolb ‘
Computing, Machine Learning and Artificial Valerio Bertone ( CEA Saclay) valerio.bertone@cea.fr Hervé Moutarde herve.moutarde@cea.fr
Intelligence Jana Guenther (U. Wuppertal) jsuenther@uni-wuppertal.de
9 Open Science and Data Antoine Lemasson (GANIL) antoine.lemasson@ganil.fr Marek Lewitowicz marek.lewitowicz@ganil.fr
Nuclear Science - People and Society : " : ; :
Maria Garcia Borge (Madrid) mj.borge@csic.es N 3
10 Training, Careers & Diversity Rolf-Dietmar Herzberg  |rdh@liverpool.ac.uk

Education and Outreach

Christian Diget (York)

christian.diget@york.ac.uk

Yvonne Leifels

Y.Leifels@gsi.de

10 Thematic Working Groups

266 Members and NUPECC Liaisons
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Spanish participation:
Liasons
J Gomez-Camacho
Conveners
T. Rodriguez
J. Jose
M.J.G. Borge
Members
L. Alvarez Ruso
B. Rubio
C. Salgado
A. Algora
J. Menendez
C. Domingo
M. Gonzalez Alonso
D. Cano Ott
A. lbarra
E. Nacher
A. Rios
H. Alvarez
M. Rodriguez Gallardo



NuPECC LRP2024 Executive Summary.
Introduction.

Recommendations for Nuclear Physics Infrastructures.
International and Interdisciplinary Context..
Recommendations for Fundamental Nuclear Physics..
Recommendations for Applications and Societal Benefits.
Recommendations for Nuclear Physics Tools...
Recommendations for Open Science and Data.
Recommendations for Nuclear Science - People and Society
Hadron Physics.

Strongly Interacting Matter at Extreme Conditions
Nuclear Structure and Reaction Dynamics

Nuclear Astrophysics

Symmetries and Fundamental Interactions

Nuclear Physics Infrastructures

Applications and Societal Benefits

Nuclear Physics Tools. Detectors and experimental
techniques

Machine learning, artificial intelligence Quantum
computing

Open Science and Data

Nuclear Science - People and Society

Full LRP2024 of 360 pages

Consensus at Town Meeting, Bucharest,15-17/04/ 2024
Approved at the NUPECC meeting in Lund 13/06/2024
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Nuclear Physicists in

European NuPECC Member States

Total European Members: 5346
Perm. Staff: 2562

CFAram NuPECC12021& 2023 surveys

5300 - total number of Nuclear Physicists (Exp. & Theory) in the
European NuPECC Member States.

1200 theory. 4100 experiment
2500 permanent 1000 non perm 1800 PhD

o Hadron Physics HAD
% Strongly Interacting Matter at Extreme Conditions MEC
¢ Nuclear Structure and Reaction Dynamics NSR
% Nuclear Astrophysics NAP
% Symmetries and Fundamental Interactions SYM
+ Applications and Societal Benefits APP
Distribution per research area
Europe-Nupecc Distribution per research area Spain
B MEC
B MEC
m HAD
m HAD
u
NSR B NSR
NAP NAP
B SYM B SYM
WAPP u APP
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European Landscape ot
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Rl in operation
Rl under construction
Smaller-scale Rl

Scientific questions and challenges are
answered by the European

nuclear science community by carrying
out experimental and theoretical
investigations within arich ecosystem
of research infrastructures

and institutes of varying sizes

Ci ‘}Cologne

RRHA
.G/—\NIL/
SPIRAL2

k- ®
ARRONAX
CERN

e

..LSM
&
Spanish facilities in the long range plan:
CNA (Seville)

CMAM (Madrid)
IFMIF-DONES (Granada)
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Key questions & Goals of Nuclear Physics
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Temperature [MeV]

A
ALICE - ATLAS
NAGO+
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Cross Over Critical point ?
T,~155 MeV =
hadron gas

nuclei

Strongly Interacting Matter at Extreme Conditions

QGP

Baryochemical potential [MeV]
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What are the properties of the quark-gluon
plasma, which is the qualitatively novel state of
nuclear matter at extreme conditions of
temperature and density? Objectives: Discover
In microscopic detail the material properties of
the Quark Gluon Plasma at the highest
temperature reached at the LHC at CERN and
find the expected onset of the first-order phase

transition at finite baryon density at FAIR in
Darmstadt.

ALICE S @ LkIC CBM @ FAIR
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Hadron Physics

The goal of hadron physics is to understand the rich and complex
features of the strong interaction. How does the major part of the

Conventional  Conventional | visible mass of the universe emerge from the almost massless
Meson Baryan 0 0 .
guarks? Can massless gluons form massive, exotic matter? What is
@ @ | the role of strong interactions in stellar objects, and in precision
[ @ tests of the Standard Model? Answering these questions requires a
diverse set of experimental and theoretical approaches.

Conventional Hadrons

Hybrid Hybrid
Meson Baryon Hadronic molecule Talk by A. Deshpande on EIC
("ig @g@ @@E Talk by P. Zurita on QCD
¢ ¢ ePIC @ EIC
Glueball ()
Compact " '
Tetraquark —,(-(5é5tk,—r PANDA @ FAIR
(% L % Pentaquark = 'I"‘”.'—"'
¢ b Hadro-quarkonium G’ @
. . u @
¢ ¢

Unconventional Hadrons
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The main goals of Nuclear Structure and Reaction Dynamics 85
in the next decade will be to answer the following questions:
How do nuclei and nuclear matter emerge from the é
underlying fundamental interactions? What is the limit of 3 65
nuclear existence and which phenomena arise from open 5
quantum systems? How do nuclear shells evolve across the S 45
nuclear landscape, what kind of shapes can nuclei take, and &
what is the role of nuclear correlations? What are the
mechanisms behind nuclear reactions and nuclear fission? 2:%0
s e
?7& B\ Talk by Yassid Ayyad
LT

L~ . 22

-

+ short-range
correlations

LOG Momenturm Distriulian

o] > QcO

Nucleon Momentum
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Nuclear astrophysics is the study of nuclear processes in astrophysical objects such as stars, covering the wide range of
physical scenarios found in space. The key research questions are: How can we better understand the synthesis of
heavy elements and the chemical evolution of the visible universe? What is the nature of matter in the extreme conditions
of compact astrophysical objects such as mergers or pulsars?

Gravitational wave telescopes have opened a new window to astrophysics. These multi-messenger studies need a
nuclear physics foundation (ex. equation of state of nucl. matter)

n The Origin of the Elements (main component) m

“{ = Biq Bang " SNia :
\ j » Cosmic rays Merging neutron stars B . n ﬂ m

Low mass stars Made by humans
na | vo [T asi|esfefa
| |ca|sc [T v feruneefeof nifeufznfca]ce | s | se]or | ke

m Talk by Samuel Giuliani

From NUPECC Nuclear Physics on Everyday life

Lanthanides \ https:/lwww.nupecc.org/pub/np_life_web.pdf

Actinides

CPAN, 21-11-2024 Joaquin Gomez Camacho Neutron stars and Equation of Sate



Symmetries and Fundamental Interactions

Symmetries, referred to as the invariance of the laws of physics under a given transformation, play a fundamental role in
physics. They can be studied by powerful low-energy probes. As such, precision measurements are complementary to
collider searches for new physics. Pioneering techniques are under development to produce, manipulate, cool and trap a
diverse range of particles, including radioactive nuclei, neutrons, antiprotons, pions, muons, exotic atoms, and highly
charged ions.

QRP‘A [ -
NsMoO B
2 o NSM+GCF | 1
r VS-IMSRG ]

m-cecm |
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Schematic representation of —
/_ the radium monofluoride N
“Heu’=y) (RaF) molecule for EDM f,w
research

*MAg (P=3e27;
Examples of beta decays used to probe
the weak interaction

&
Neutrinoless double-beta
decay research
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Applications and Societal Benefits

How might nuclear physics strengthen its role in society's sustainable development?

The United Nations Sustainable Development Goals (SDGs) call to action for all governments across the globe, but
also a call for all research communities to contribute. The nuclear science community contributes to all SDGs but
more specifically, it directly addresses some of these goals (#3 Good health and well-being, #7 Affordable and
clean energy, #9 Industry, innovation and infrastructure, #13 Climate action) or indirectly (#4 quality education, #5
gender equality, #10 reduced inequalities) through innovative and collaborative approaches.

Precise AMS radioactive isotope measurements
of water samples allow to determine marine
circulation.

CPAN, 21-11-2024 Joaquin Gomez Camacho 14



— Nuclear Physics Tools - Detectors and experimental techniques

us

Advancement in the understanding of fundamental physics is intimately related to progress in the
development of tools for experimental and theoretical investigations. These tools are used for
detector R&D, detector operation, data acquisition and analysis, theoretical interpretation of
experimental results and genuine theoretical developments.

Talk by lvan Vila

Nuclear Physics Tools — Computing, Artificial Intelligence,
Machine Learning and Quantum Computing

The tremendous progress in the field of nuclear physics has led to the pressing need for appropriate numerical tools
aimed at addressing the most relevant experimental, theoretical and technological challenges, such as those
encompassed by the Joint ECFA-NUPECC-APPEC (JENA) initiatives. To this end, the advent of algorithms based on
Machine Learning (ML) and Artificial Intelligence (Al) techniques, and the fast progress in the field of Quantum
Computing (QC) has opened an entire new world of possibilities.

CPAN, 21-11-2024 Joaquin Gomez Camacho 15



Open Science and Data [N "1

Key Questions & Goals

Open science and Findable, Accessible, Interoperable, Reusable (FAIR) data offer an important opportunity
for the nuclear physics community to uphold the highest research standards and enhance its societal
impact, by treating the scientific production process as a strategic asset.

OSCARS  htips://oscars-project.eu/ Open science cluster
NAPMIX: Metadata normalization for nuclear physics (GSI coordinated)

OpenDatadICTS: Redes-ICTS (CNA, CMAM, ALBA)

CPAN, 21-11-2024 Joaquin Gomez Camacho 16


https://oscars-project.eu/

Nuclear Science - People and Society —

Fundamental nuclear science and curiosity-driven research is a rich area of knowledge and development with a broad
range of applications and impact on our society. To further develop this pool of knowledge for future generations,
however, we must not only explore these areas of knowledge, understanding and development, but communicate them
to — and develop them jointly with —the next generations, through outreach, education and training.

The diversity and gender balance in the nuclear physics community should be a mirror of the European society we live in. Following the
NuPECC charter agreed together with APPEC and ECFA on diversity we must dedicate space, time and effort to consider the diversity,
including gender balance, in the nuclear physics community.

There are a wealth of career options and career development opportunities in the nuclear sciences including, but not limited to, academic
careers. Early career researchers (ECR) provide the backbone of the different research areas of the nuclear physics community. Further
efforts are necessary to inspire and offer opportunities to — particularly — the next generations of scientists, enhancing the impact of nuclear
physics and the broader nuclear sciences on people and society.

EXPERIMNTALISTS PER STATUS AND EXPERIMENTALISTS PER STATUS AND
GENDER EUROPE GENDER SPAIN

m Staff M M Staff M
W Staff F m Staff F
® NonP M B NonP M

NonP F NonP F
B PhDM B PhDM
M PhDF mPhDF
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LRP 2024 Recommendations for NP
Infrastructures
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Theory centres

Theory centres and groups
should be strongly supported
throughout Europe, In
particular the European Centre
for Theoretical Studies (ECT?*,
Trento, Italy),

CPAN, 21-11-2024
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The first phase of the international
FAIR facility is expected to be
operational by 2028, facilitating
experiments with SIS100 using the
High-Energy Branch of the Super-FRS,
the CBM cave and the current GSI
facilities. Completing the full facility
including the APPA, CBM, NUSTAR
and PANDA programs will provide
European science with world-class
opportunities for decades and is
highly recommended.

FAIR facility, Darmstadt, Germany
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MSV completion
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GANIL/SPIRAL2 facility, Caen, France

At GANIL/SPIRALZ2 the Super-Separator
Spectrometer S3is in an advanced stage
of completion and the low-energy DESIR
facility and heavy-ion Injector
NEWGAIN; will be operational from
2027/28. The refurbishing of the
cyclotrons will ensure their operation
for the next decades. Timely completion
and full  exploitation of these
GANIL/SPIRALZ2 projects are
recommended. The future evolution of
the infrastructure towards a very high-
Intensity reaccelerated RIB facility of up
to 100 MeV/u should be actively
planned.

CPAN, 21-11-2024 Joaquin Gomez Camacho
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CERN Nuclear Physics facilities and experiments

Nuclear physics opportunities at CERN
constitute a world-leading research . The
construction of ALICE 3 as part of the HL-
LHC plans is strongly recommended.
Continued support for exploitation and new
developments are recommended to
maximise the scientific output of ISOLDE,
n_TOF, SPS fixed-target program and
AD/ELENA. As the roadmap for the post-
LHC future of CERN is developed, a strategy
should be prepared to secure future
opportunities for continuing world-leading
nuclear-physics programmes that are
unique to CERN.

-> NP contributions to the ongoing Update of the

StraggAg\lyﬂol{ggtlcle PhySiCS Joaquin Gome "
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Extreme Light Infrastructure - Nuclear Physics, Magurele, Romania

At ELI-NP studies will focus on
addressing key topics, such as
laser-driven 1on and electron
acceleration. Implementing the

gamma beam system to achieve the
full completion of the facility to
allow breakthrough results in the
field of nuclear photonics is of high
Importance and IS strongly
recommended.

CPAN, 21-11-2024

ESFRI

2 x 10 PW High Power
Laser System

E1 10 PW
Laser driven Nuclear Physics

E6 10 PW
High Field QED
ES8
Photonuclear Reactions E3 X-ray
E9 imaging
Photonuclear Reactions
E4 100 TW
HAHHAHAAHHAA Photon_photon int_’
LWFA

E7 10 PW +
High Field QED

ERA Positron
Material Studies

E5 1 PW
Material Studies,
LWFA, TNSA, RPA

Gamma Beam
System
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ISOL radioactive ion beam facilities

Timely completion of the SPES a facility and
continuing coordinated efforts in developing
the ALTO, IGISOL, ISOLDE, SPES, and
SPIRAL ISOL facilities in Europe, will be key
to maintaining their world-leading position in
many areas of radioactive isotope science
and are strongly recommended. Extending
these efforts towards future facilities, such
as ISOL@MYRRHA, TATTOOS@PSI, and
RIB@IFIN, together with the development of
common instrumentation, will secure the
European leading position for radioisotope
production, separation, and acceleration
techniques, and create new avenues for the
future and should therefore be actively
pursued.

CPAN, 21-11-2024 Joaquin Gomez Camacho
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Stable lon Beam facilities

IFIN-HH Romania LNS Italy
. ——— _,.. fﬁmf:* -

Large-scale stable beam facilities, such
as FAIR/GSI, GANIL/SPIRAL2, IFIN,
JYFL-ACCLAB, LNL, LNS, NLC (SLCJ
and IFJ-PAN), and smaller ones, such as
tandems, underground facilities and

< ChwIRA !

AMS systems, should be optimally = & T, s

exploited. Developments of novel and e
. it

more intense beams and capabilities are NLC Poland

also recommended to open new
opportunities for basic science and |
applications. It is recommended that
synergies between all these facilities,
iIrrespective of size, be reinforced.
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AGATA European gamma tracking array

e It Is strongly recommended to
complete the AGATA gamma tracking
array to its full configuration as a key
Instrument for studying atomic nuclei
In both stable and radioactive ion
beam facilities.
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Lepton beam infrastructures

e Exploitation and optimisation of

the European Ilepton beam
facilities, including ELSA, MAMI,
and S-DALINAC, are needed to
realise their full physics
potential. The completion of the
MESA facility and the High-
Intensity Muon Beams project at
PSI, are recommended.

S-DALINAC Germany
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Neutron facilities

Neutron facilities are playing a significant role in
nuclear fundamental research and applications,

producing unique and valuable experimental
outcomes. The new NFS facility, located at
SPIRALZ2, is now providing a highly intense

neutron flux of fast neutrons, attracting a broad
scientific community. It is crucial and strongly
recommended to maintain the operation of
exceptional neutron facilities like ILL and n_ToF at
CERN. ESS facility and the future
infrastructure IFMIF-DONES will provide advanced
tools for interdisciplinary research and their
unique capabilities to serve advances in nuclear
physics should be explored.

CPAN, 21-11-2024

Joaquin Gomez Camacho

ILL France

IFMIF-DONES Spain
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European contributions to the non-European infrastructures

Collaboration with non-European
infrastructures should be fostered in all
areas of nuclear research to seize unique
scientific opportunities and synergies
that complement scientific programmes
based in Europe. In particular, European
participation in the construction of the
ePIC  experiment at the  future
international flagship facility EIC is
recommended.

EIC

rrrrrrrr

Polarimeters 41 GeV Arc

Electron
Injector (RCS)

(Polarized)
lon Scurce
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Thanks to NUPECC and
to all contributors to the
NuPECC LRP 2024

Thank you for your
attention
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