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The European Expert Board for Nuclear Physics
hosted by European Science Foundation

Representing
about 6000 scientists

Composition:
* 32 representatives

NuPECC

.
from 21 Countrles, JINRa
ESFRI NP
Infrastructures & JINR
_ @ imhemba Labs, South Africa
Ubna . RIKEN Nishina Centre, Japan
* 2 associated members
(iThemba Labs and
Nishina Center)
» 7 observers (NPD/EPS,
ECFA, NSAC, ANPhA, APPEC,
ALAFNA, CINP, IAEA ) J o
3 regular Committee meetings/y 30 Years of NUPECC activities
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 The LPR identifies opportunities and priorities for
the nuclear science in Europe

 The LRP provides national funding agencies,
ESFRI and European Commission with a
framework for coordinated advances in nuclear

science in Europe

Community

2;) (‘)Ni);::;r;s » Town meeting )
gos' bt et e
Nov. 27, 2017
Beginning of . > End of
2016 2017

http://www.nupecc.org/Irp2016/Documents/Irp2017.pdf
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‘% D4 Hadronic Matter at

 What are the properties of nuclei and strong-interaction matter as encountered
shortly after the Big Bang, in catastrophic cosmic events, and in compact

‘ LHC ug coverage per facility 107

[N RHIC

BN sPS

I NICA (collider)
B FAIR (SIS100)

sis100 smo

—
<

p—

g

L QGP

T, ~1 55/ —

BM@N ll

3,

Critical Endpoint Es =

—
o
w

100 _ Hadron Gas

2,

~ _NASBUSHINE | _
—

+ fixed target
experiments at CERN

Temperature, T (MeV)

2
Interaction rate [Hz]
3 2
IIIIIIIII I IIIIIIII IIIIIIII| IIIIIIII| T IIIIITII I IIIIIII| I IIIIIII|
I
B
D

ba:yondens:ty_

. i e Eiesn] i P

500 1000 o 10_
Baryon chemical potential, pg (MeV) Collision energy \§ [GeV]

NuPECC LRP recommendation:
Fully develop synergies between ALICE, NICA, FAIR and fixed target
experiments at CERN
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‘% D4 Hadronic Matter at Sg,lFE%'%

the.very extremes
Ongoing: Heavy-ion program at the LHC

* LHCRun 2 completed (Dec 2018)
Target integrated luminosity 1nb-1
reached!

Large harvest of physics results

 LHC Long Shutdown 2 (2019-2020)

* Improvements on LHC injection chain to
reach 50 kHz Pb-Pb collision rates

* Major detector upgrades for ALICE -
and LHCb

e 2021-2029: Run 3 and 4
* Goal: 13nb?integrated luminosity
* Heavy-ion physics program
arXiv:1812.06772

Future: A next-generation all-silicon LHC heavy-ion experiment after 2031

Main NUPECC LRP recommendation:

All aspects of the LHC heavy-ion programme, including manpower
support and completion of the detector upgrades, are strongly
supported.

Marek Lewitowicz JENAS-2019
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How is mass generated in QCD and what are the static and dynamical properties of
hadrons?

How does the strong force emerge from the underlying quark-gluon structure of
nucleons?

E“EI_I da
The proton

« discrepancies in
measurements of the
proton radius

e “proton spin puzzle”

High resolution experiments
with antiprotons (PANDA) at
FAIR to test QCD in detail

Main NuPECC LRP priority for this topic:

The antiproton programme at the FAIR/PANDA facility combined with
programmes with polarised protons in Dubna (NICA) and those with
lepton and hadron beams at existing facilities (MAMI, Bonn, INFN-
Frascati, COMPASS).

A New QCD Facility at the M2 beam line of the CERN SPS
Marek Lewitowicz JENAS-201¢
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% 104 Nuclear physics and the evolution of
the-Universe

 What are the properties of nuclei and strong-interaction matter as encountered
shortly after the Big Bang, in catastrophic cosmic events, and in compact
stellar objects?

« How and where in the universe are the chemical elements produced?

Nuclear structure

QcbD Nucleosynthesis
FlCD Reactions

in hot for astrophysics
compressed

matter

Compressed
nuclear matter

1032 106 100 100 500 4 Talk of Gabriel

sec sec sec Millions Millions Billions Martinez Pinedo
years years years

To tackle the different related problems one needs a distributed
approach and efforts : different accelerator types and energies
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Talk of Gabriel Martinez Pinedo

N Ol

1.35-1.35 Msun
Gravitational wave signal Neutron star
mass
kS
8 Ringdown
’ depends on
The messengers from 1 the Nuclear

neutron star mergers : Equation of state

Inspiral

» Gravitational waves 0 o m =
* Electromagnetic signals
characterizing the nuclei in the Gravitational wave emission
ejecta seen together with electromagnetic signals
* neutrinos
: = Time evolution
1042} | determined by
o —® ~ 13 ] : .
- the radioactive
:A 10“? Metzer, Martinez-Pinedo, decay Of r- .
£ | Arcones et al. (2010) process nuclei
£ 10%f (science drive of
—} Cowperthwaite, et al. (2017) : e SV facilities with
- Kilonova observations 1 ' Las Cumbres >
1039 A g2 g 11 A i ,10 Observatory RIB)

Time (days)

Marek Lewitowicz JENAS-201¢€ 9



Strong support for a large effort

involving small scale accelerators

& large infrastructures

LUNA at LNGS-
new(,a’ccelerator

In particular at smaller scale

accelerators :

« BBN and fusion reaction in stars
for light nuclei nucleosynthesis

* reactions for energy generation

LUNA, LNS, ALTO,...

Nucleosynthesis of medium to heavy nuclei
Example: Mass measurements

& r-process
N=82 . 1
ANL Trap: Mass | = H
CERN/ISOLDE = I E
Trap: Mass g é:EEEBQEEE
GSI ESR _| |-r sl
Ring: Mass | E E H TP,
Jyvaskyla | = n
H Trap: Mass . B EEEE FRIB Reach
CERN/ISOLDE .
I TP, C. Horowitz et al.,
T J. Phys. G: Nucl.
i.l’. Part. Phys. 46,
083001 (2019)

Scientific programs at :
* FAIR

» ISOLDE-SPES-JYFL
* GANIL

Marek Lewitowicz
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« How does the complexity of nuclear structure arise . _
. . Fission dynamics
from the interaction between nucleons? ‘

. S TTPI

Voyage to
SUPERHEAVY Island
1 piudt

Lattice Effective v—r  Equation of state
Field Theory pairing @ o '

1p, 2p radioactivity

,,,,,,
. S,

Limits of
existence popids

Clusters Shape New magic numbers )
Coexistence Exotic

—# Neutron halos Talk of Piet Van Duppen Shapes

Main NuPECC LRP recommendation:
Construction of FAIR/NUSTAR, ISOL Facilities, ELI-NP and full AGATA array

Marek Lewitowicz JENAS-2019 11



http://u.ganil-spiral2.eu/chartbeams/

GANIL-SPIRAL2

SPIRAL2 Phase 1 (S3)

“* SPIRAL2 Phase 1

T2

" SPIRAL2 Phase 2
Very high intensity RIB

+ LISE Fragmentation RIB
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AGATA Tracking array for.

JammaSpPeciroScopy;

2010 - 2011 LNL, Italy 2012 - GSI, Germany
5TC (15 detectors)

6TC+3 DC (22 detectors)

AGATA Demo. + PRISMA AGATA @ FRS
Total Eff i ~2.6% Total Eff. (3=0.5) ~ 10%

AGATA array: A powerful traveling
instrument - its construction has to proceed
in the next years up to 4n coverage (60 triple

clusters = 160 detectors) !

Marek Lewitowicz JENAS-2019

High-sensitivity for nuclear structure
of exotic nuclei — used in several EU laboratories

2014 2> GANIL, France
15TC (45 detectors)

AGATA @G1
Total Eff ~ 8% to 14%
- 60 detectors by 2020
AGATA 4r

Tripple Cluster

14



Support for Nuclear Theory ONNECT &

ECT* 3 ;5 ‘

European Centre

for Nuclear Theory

and related areas
in Trento (ltaly)

——

=

JUQUEEN

Tha IBM Blue Gene/Q system JUQUEEN with

5.9 Pflops peak performance at the camputing
center of the Farschungszestrum Jlich

Computing
infrastructures

With continued major conceptual and computational advances, nuclear
theory plays a crucial role in shaping existing experimental

programmes.

« Provide platforms for scientific exchange and training of theorists
 Increase the work force and strengthen collaborations and

accessibility in the area of high-performance computing.

Marek Lewitowicz JENAS-2019 15



Talk of Barbara Erazmus

@ International workshops and collaboration meetings

{SCIentlflc activities at ECT* (typically around 20-25 events per year)
@ Doctoral training programs and Talent schools

Trento, Italy (4 weeks of lectures for advanced PhD students)
’ Related Areas:
[ Nuclear Structure QAuZ::JF::y:‘;;:\)’&BiZ:’n;;:f’);‘S E C T* b u d g et

and Reactions

QCD and

Hadron Phy5| s Nuclear Astrophysucs

X *u
STRONG-ZOZOJ * ek

OCD Matter [Self-supported 'S Gl
activities
INTERNATIONAL b TS e Annual
COOPERATIONS J DARMSTADT Running Budget
4 Belgium, Croatia, ) 2019
Czech Republic, (tentative)
Finland, Hungary,
o the Netherlands,
RIKEN Poland, Romania, total: 1.02 M€ J
. Dubna, Switzerland,
Seor of Nuckear Soenes Resarch UK, USA
@' ranced Seence Resereh Center @) + others Y.

‘ Theory Alliance
“ FACILITY FOR RARE ISOTOPE BEAMS

||
-3¢
@ E)

National Astronomical Observatory
of Japan

Japan '

R Q APC * Bundesministerium
1 Asla Pacific Center for Theoretical Physics T flir B||dung
j und Forschun:
Korea | * coernc §}
U N l V E R S I T/\T

JINR Dubna P —
CRC-TR Z‘J

Russia | s ~ gy
Germa“Y) Chi AV =+P ofsclh—ma)
Marek Lewitowicz JENAS-2019




SCIENCE @™
Applications of nuclear science HNNAiw

Perform vigorous programmes in nuclear applications

For nuclear energy systems the development of predictive and
reliable models and simulation tools is mandatory. The DEMO-
Oriented Neutron Source (IFMIF/DONES) and the ADS demonstration
project MYRRHA at SCK-CEN will be important in this domain.

« Development of adapted techniques for cancer
treatment: hadrontherapy, specific radio-isotopes
and more efficient imaging techniques.

Talk of Marco Durante

« With the availability of high-intensity accelerators and new
installations (GANIL, ESS, FAIR, ELI-NP, HIE-ISOLDE) new studies in
materials science, atomic and plasma physics will be possible,
exploring matter in extreme conditions.

Marek Lewitowicz JENAS-20
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In 2018, nuclear plants
generated 25,5 % of
i the electricity produced in
the European Union, with
nuclear reactors operating
in 14 Member States

128 nuclear power reactors
(119 GWe)

Under construction: 4
reactors in EU + 10 in Russia

Geothermal &
others

and Belorussia

Hydro
1.8 %

Electricity First phase of MYRRHA ADS
production by Wind Comventonsl e .
source, 22 facility under construction

EU-28, 2018 (%) IFMIF-DONES - test facility

459 %
for fusion materials under
MNuclear

design
Marek Lewitowicz JENAS-2019
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(Complete urgently the construction of the ESFRI flagship FAIR
and develop and bring into operation the experimental
programme of its four scientific pillars APPA, CBM, NUSTAR
\ and PANDA. y

ISOLDE, SPE
world leading ISOL facilities in Europe towards EURISOL. SOLDE, SPES,

{ Support for construction, augmentation and exploitation of } GANIL/SPIRAL2
JYFL

ELI-NP
Support for the full exploitation of existing and NICA, SHEF
emerging facilities MYRRHA
IFMIF-DONES

Support for ALICE and the heavy-ion programme at the LHC
with the planned experimental upgrades.

Marek Lewitowicz JENAS-2019 19



=

== before July 2017

Marek Lewitowicz J ENAS-201 9

YOUR PARTNER IN SCIENCE

24 SIS100 (of 120) dipole magnets
delivered and cold-tested

All HESR Dipoles are produced, in
Julich and 65% are delivered to FAIR

20



Marek Lewitowicz

JENAS-2019

21



E-cooling

BM@N (Detector)
Extracted beam

Courtesy of Boris Sharkov

Marek Lewitowicz J ENAS-201 9



SCIENCE @™
ONNECT

“BYOUR PARTNER IN SC

4 QQ 5mA 14-20 MeV/n light and heavy ions £
First SPIRAL2 experiments in 2020 Courtesy of Navin Alahari

Future development of the facility under discussion - IN2P3 Long Range Plan
Marek Lewitowicz JENAS-20 23
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nuclear physics

| High Power Laser System

ES 1PW @ 1H2
| E110PW

£4 0.1PW @ 10H2
il €610PW

E2 NRF

E3 Positron Source

£7 QED High Field
Gamma+Electron

E8 Gamma
Nuclear
Reactions

The nominal power of 10 PW laser system was achieved in March
2019, making HPLS from ELI-NP the most powerful laser in Europe

Courtesy of Dan Gabriel Ghita & lonel Andrei
Marek Lewitowicz JENAS-2019 24



CERN / ISOLDE
World-leading ISOL facilit

MNP C(C

Nuclear and Atomic Physics
Nuclear Astrophysics

Materials sciences S

Life sciences and biochemistry ®
AND Fundamental Interactions and Symmetry studies

See presentations of =
Suzanne Mertens
Stephan Paul

Gunar Schnell

50-60% of CERN
protons

MlNlBALL

NICOL

HIE ISOLDE } == o OLAPg"'Travellin
setups

Future: Exploiting the Potential of ISOLDE at CERN - EPIC
Marek Lewitowicz JENAS-2019



(( Integrating community with EU prOJects Olll C =

Nuclear structure
reactions
and applications

Hadron physics
STRONG-2020 | b

i Wa n

Contract 2016-2020 (10M€) Contract 2019 -2023 (10M€) |, "% 2 p ;

Coord. Muhsin Harakeh Coord. Barbara Erazmus - I
GANIL IN2P3/CNRS

| + GANIL (France)
- LNL-LNS (ltaly)

- ISOLDE (CERN) * CERN
- JYFL (Finland) LHC & fixed target exp.
! « ALTO (CNRS, France) ¥ E:I'__/Flfggfrg::rs)/)
- GSI (Germany) ) », Frascati (ftaly
"% + KVI (The Netherlands) * MAM|, Mainz (Germany)
% . NLC (HIL/IFJ PAN, * ECT*, Trento (ltaly)
Poland) * ELSA, Bonn (Germany)
« IFIN-HH/ELI-NP « COSY, Julich (Germany)
(Romania)

. « ECT* (Italy)
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RECOMMENDATIONS (e

of nuclear

* The 2017 NuPECC Long Range Plan
defined an ambitious strategy for
European Nuclear Physics

- * NuPECC efforts to transform the LR Plan

ofE:Eil:tiit::g:d Programmes for oo intO reality -> TaSk FOI‘CE meetings

emerging possible future
facilities facilities

\ § ° Development of a global international
ALICE and - approach to nuclear science in

the heavy-ion Vigorous

programme at the TS collaboration with IUPAP, NPD/EPS,

LHC with the planned on nuclear

W ANGE Yl ECFA, ApPEC, NSAC (US), ANPhA (Asia),
Ny ALAFNA (S.America), CINP (Canada)

The
completion
of the detector

WAL S oint activities of ECFA, ApPEC &

eometr
g Y The

construction, 1 N u P E C C

augmentation

and exploitation of « Joint “JENAS” seminar

Europe’s world-

Lkl - European Strategy for Particle

facilities

Physics
» Diversity Charter
* Recognition of young scientists

Marek Lewitowicz JENAS-20 27



Warm thanks to all contributing
colleagues

Warm thanks to Jorgen and Teresa
for quickly developing collaboration

Thank you for your attention

JENAS-2019



‘% D4 Hadronic Matter at

Future: A next-generation LHC heavy-ion experiment

|deas for a new heavy-ion experiment for Run 5 (from 2031), after LS4

capable to handle extremely high rates for rare probes (heavy flavors, heavy quarkonia, light
(anti-)(hyper-)nuclei), and measure ultra low momentum particles

Shower Pixel Detector (SPD)

< mmeorrigne Ultra-light all-silicon apparatus:
(TOF)

o Tracker: ~10 tracking barrel layers based on
- R — CMOS sensors (blue, yellow, green)
_ ' "' Spatial resolution: 1-5 um

— 1!

_ insertable Hadron ID: TOF with outer silicon layers
conversion layer (orange)
Time resolution: ~30 ps

Electron ID: pre-shower (outer blue)

< ~400cm >

arXiv:1902.01211

Marek Lewitowicz JENAS-2019
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How is mass generated in QCD and what are the static
and dynamical properties of hadrons?

How does the strong force between nucleons emerge
from the underlying quark-gluon structure?

What are the properties of nuclei and strong-interaction
matter as encountered shortly after the Big Bang, in
catastrophic cosmic events and in compact stellar
objects?

How and where in the universe are the chemical
elements produced?

How does the complexity of nuclear structure arise
from the interaction between nucleons?

What are the limits of nuclear stability?

Marek Lewitowicz JENAS- 30



" Planned but not decided yet

[ <some__]| 50— 150 M€ 150 - 1000 M€ > 1000 M€

’ 20019 T 2020 I 2021 I 2022 I 2023 I 2024 I 2025 I 2026 I 2027 I 2028 I 2029

|«-—-|—

Future GANIL Project ?

FAIR

France

ISOLDE & EPIC?

—
G FRIBSINSCaawa

Italx CERN

JINR

‘ — — DERICA in phases ?

Belgium

Marek Lewitowicz JENAS-2019



