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Nuclear Physics in Europe – two pillars 

Nuclear Physicists in 
European NuPECC Member States

Total European Members: 5346 
Perm. Staff: 2562
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5346 - total number of Nuclear Physicists (Exp. & Theory) in the 
European NuPECC Member States and the Associated Member CERN
2546 – permanent staff
2800 – PhD students and non-permanent staff

From NuPECC 2021& 2023 surveys
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From NuPECC LRP 2024

All infrastructures are multidisciplinary !
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• Theory centres and groups should be strongly 
supported throughout Europe, in particular the 
European Centre for Theoretical Studies (ECT*, 
Trento, Italy), which is a unique European centre 
dedicated to theoretical nuclear physics in the 
broadest sense. 

• Support of theory groups … to benefit from European 
investments in supercomputing and quantum 
computing infrastructure

• Support emerging virtual access facilities, which 
provide theory results for experimentalists (e.g., 
Virtual Access facilities in the STRONG 2020 and 
EURO-LABS projects)

Theory & theory centres

166

Nuclear Theory in NuPECC Mem. & Ass. Mem.
Total Researchers: 1383

Total European Members: 1355
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ECT*, Trento, Italy
From NuPECC 2021 survey

Fast development of theory is essential for all sub-fields of nuclear physics

Recommendations
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Nuclear Structure and Reaction Dynamics

The main goals of Nuclear Structure and Reaction Dynamics in the next decade will be to answer the following
questions: How do nuclei and nuclear matter emerge from the underlying fundamental interactions? What is the limit of 
nuclear existence and which phenomena arise from open quantum systems? How do nuclear shells evolve across the 
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?

Key Questions & Goals

J. Phys. G: Nucl. Part. Phys. 47 (2020) 113002 Topical Review

Figure 1. Schematic illustration of the features most relevant to the !ssion phenomenon.
The red curve depicts (in a one-dimensional projection) the potential energy as a function
of the elongation; the ground state is at the lowest minimum, and the shape-isomeric
state is at the second minimum. From these states it is possible to tunnel through the
potential barrier. Tunnelling is also relevant for neutron or photon induced !ssion when
the resulting initial state lies below the !ssion barrier. If the initial state is excited above
the !ssion barrier, it may undergo a complicated shape evolution crossing the barrier
from above. Once the system !nds itself beyond the barrier, it relatively quickly descends
towards scission. There it divides into two nascent fragments, which subsequently move
apart under the in"uence of their mutual Coulomb repulsion while gradually attaining
their equilibrium shapes and become primary fragments. Primary fragments then de-
excite by evaporating neutrons, radiating photons, and undergoing β decay.

In addition to an SF, !ssion can be induced by a variety of nuclear reactions. The !ssion-
induced processes include: neutron capture (responsible for energy production in !ssion reac-
tors), electron capture and beta decay, photo!ssion, and reactions involving charged particles
and heavy ions. In all these processes, the !ssioning nucleus is created in an excited state,
which may lie above or below the !ssion barrier.

Theoretical descriptions of !ssion induced by fast probes often assume the creation of
a compound nucleus at a given thermal excitation energy. However, as discussed later, that
assumption might be ill-founded for fast probes because the nuclear system may not have
suf!cient time to thermalise before undergoing !ssion. This becomes increasingly important
at higher energies where pre-equilibrium processes play an increasingly signi!cant role and
may lead to the emission of one or more nucleons before equilibrium is reached. Moreover, as
the excitation energy of the compound nucleus is increased, neutron evaporation competes ever
more favourably with !ssion and as a result, one or more neutrons may be evaporated before !s-
sion occurs (multi-chance !ssion). In addition, for non-thermalised systems one should develop
approaches using !xed energy rather than !xed temperature.

2.2. Important observables

When talking about !ssion observables, it is important to remember that what is often
considered ‘experimental’ is often the result of an indirect process, in which a quantity of
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momentum each, removes the majority of the angular momentum and 
the remaining excitation energy. This prompt de-excitation process 
ends at the fragment ground states, usually within a few nanoseconds19.

There are many competing theories for how a fissioning nucleus 
generates its intrinsic angular momentum, and where in the above 
sequence of events it occurs. One class of explanations proposes that 
it arises from the excitation of collective vibrational modes such as 
bending, wriggling, tilting and twisting of the system before it splits 
(pre-scission). These theories suggest that the vibrations are either 
initiated by thermal excitations4–6, arise from quantum fluctuations7,8, 
or both9. Post-scission theories suggest that the angular momenta are 
generated either from Coulomb forces10 or from deformed fragments 
that have coupled orientations11,12. Since the angular momentum is 
quickly carried away by the γ-rays, the experimental study of the gen-
eration mechanism necessarily involves detailed observation of the 
prompt γ-ray emission.

Experimental attempts to understand the intrinsic spin generation 
started with low-resolution detection of prompt-fission γ-rays cor-
related with the mass of one fragment20, 21, which revealed saw-tooth 
shapes in the γ-ray yields that are strongly related to spin. The major 
difficulty was the separation of γ-rays emitted from the two fragments, 
and the existence of these patterns was called into question in a later 
experiment where no saw-tooth pattern was observed22. Another 
experimental approach involves spectroscopy of isomeric (long-lived) 
excited states found in certain nuclei. Measurements of isomer popu-
lation are highly sensitive to small relative changes in spin. However, 
only a small subset of all the isotopes produced in fission have such 
isomeric states and it is difficult to measure trends over a large range in 
mass23. In this work, we use a third technique24 based on high-resolution 
spectroscopy, which allows both separation of γ-rays from the two 
fragments and the study of trends over large mass ranges.

To probe intrinsic generation of angular momentum also requires sys-
tems with initial spin of zero or almost zero, namely, spontaneous fission 
or neutron-induced fission. Heavy-ion- or charged-particle-induced  
fission reactions are unsuitable because they generate high initial 
angular momenta25, which can obscure the origin of the intrinsic spin.

We present here unique and extensive experimental data obtained 
from fission experiments carried out at the ALTO facility of the IJC 
Laboratory in Orsay, France, with the LICORNE directional neutron 
source26,27 coupled to the high-performance ν-Ball γ-ray spectrometer28. 
We carried out high-resolution spectroscopy of fast-neutron-induced 
fission of 232Th and 238U, and the spontaneous fission of 252Cf with the 
addition of an ionization chamber29.

Results
For each of the three systems studied we identified characteristic γ-ray 
decay patterns of excited states in around 30 even−even nuclei (with 
even numbers of both protons and neutrons). For each even−even 
fission fragment we extracted the average spin after neutron emission 
using a method developed at the University of Manchester24, which 
combines all the available γ-ray transition intensity and coincidence 
information (see Methods).

Our results (Fig. 1) definitively confirm that fragment spins vary 
strongly as a function of fragment mass in saw-tooth distributions, simi-
lar to the patterns previously observed in γ-ray yields20,21. We note that 
a given fragment spin appears to depend only on the fragment mass, 
with no observable relationship to the mass of the system that emits it 
nor to the mass or charge of the partner nucleus with which it emerged. 
This observation does therefore not support theoretical explanations 
based on post-scission Coulomb effects10, where a dependence of spin 
on the product of the fragment charges, Z1Z2, would be expected.

Additionally, large asymmetries in average spin are observed for 
certain fragment pair combinations (for example, 86Se and 150Ce from 
238U(n,f); n, neutron; f, fission), where the spin of the heavy fragment 

can be more than double that of its light partner. The existence of such 
asymmetries does not support the post-scission explanation based on 
coupled orientations of deformed fragments11,12, which explicitly pre-
dicts spins of equal magnitudes. Indeed, the existence of such large spin 
asymmetries provokes the question of how spin generation could pos-
sibly occur pre-scission if the fragments are in contact and participating 
in a correlated collective motion. In that case, expected fragment spins 
at scission would be +I and –I units. To investigate further, we studied 
the correlation between spins of the most strongly populated frag-
ments in the 238U(n,f) reaction. For a given nucleus, γ-ray transitions of 
increasing spin were selected from its partner nucleus, constraining the 
partner population to higher and higher spins. We then examined how 
the average spin of the given nucleus evolved in response (Fig. 2). For 
example, the most strongly populated partner nucleus of 96Sr is 140Xe. 
By demanding observation of a γ-ray emitted from the lowest 8+ state 
in 140Xe we constrain this nucleus to be populated with average spins 
of higher than eight units of angular momentum. The corresponding 
average spin in 96Sr is deduced by measuring the corresponding coinci-
dent γ-ray intensities. By varying the spin conditions and the isotopes 
studied, we obtain the fragment spin correlations.

The observed slopes are clearly consistent with zero, suggesting an 
uncorrelated, post-scission spin-generation mechanism. The overall 
slope from the combined data is within the 2σ confidence interval [–0.04, 
0.01], compatible with no significant correlation between fragment spins 
and incompatible with correlated pre-scission spin generation. The data 
do not support pre-scission theoretical explanations4–9, confirming what 
was suspected from the large spin asymmetries (Fig. 1). It appears that 
each fragment has no ‘knowledge’ of the spin generated in its partner.

This unexpected conclusion may resolve the historical controversy 
surrounding previous experimental results20–22. For fragment spins that 
are generated independently, the event-by-event correlations measured 
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Fig. 1 | Dependence of average spin on fragment mass. Average spins 
extracted for even−even nuclei produced in fast-neutron-induced fission of 
232Th, 238U and the spontaneous fission (SF) of 252Cf are presented along with 
statistical uncertainties (error bars represent ±1 s.d.). Single-parameter fits to 
the data are shown in black lines. The fitting parameterization developed to 
explain the mechanism that generates angular momentum is presented in the 
section ‘Discussion’.

(a) (b)

Super Heavy Nuclei

Fission of nuclei
Shell Evolution

Short Range Correlations

Brussels, November 19, 2024Marek Lewitowicz 5



•  Support of existing facilities and experiments
o To ensure complementarity in experimental programmes, it is 

essential to strongly support large- and small-scale facilities which 
guarantee access to the whole community

o The coordinated effort amongst the ISOL facilities in Europe … will 
secure the leading position of Europe

o The full completion of the European flagship gamma spectrometer 
AGATA-4p (with ancillaries) is mandatory

• Future flagship facilities and experiments
o FAIR facility (with Low-Energy-Branch), SPIRAL2, SPES, 

ELI-NP, ISOL@MYRRHA, and ISOLDE upgrades
o Future rings at FAIR and HIE-ISOLDE

Recommendations (experiments) FAIR

SPES/LNL Italy

GANIL/SPIRAL2 France

E1 10 PW 
Laser driven Nuclear Physics

E6 10 PW 
High Field QED

E5 1 PW 
Material Studies, 
LWFA, TNSA, RPA

E4 100 TW 
Photon-photon int., 
LWFA

E9 𝛾𝛾 
Photonuclear Reactions  

E7 10 PW + 𝛾𝛾 
High Field QED

E3 X-ray 
imaging

E8 𝛾𝛾 
Photonuclear Reactions  

2 x 10 PW High Power 
Laser System

Gamma Beam 
System

ERA Positron 
Material Studies

ELI – NP Romania

HRS

GPS

laser spectroscopy 
experiments

COLLAPS
ISOLTRAPIDS

MIRACLS MR-TOF

Protons

nuclear 
masses

decay
station

CRIS

TAS-Lucretia

VITO
WISArD

total absorption spectrometer

laser-polarised beams for nuclear 
physics, chemistry and biology

βν(θ)

Travelling setups

HRS   GPS

1.4-GeV protons

PUMA
Coming soon 

RIB & antiprotons 

solid-state physics area
emission channeling, 
PAC, Mössbauer, ….

.

MEDICIS
medical isotopes 
researchmass 

separators

HIE-ISOLDE post 
accelerator

MINIBALL
γ-ray array

Solenoidal
Spectrometer

transfer reactions

Scattering
Chamber

scattering and 
reactions

ISOL@MYRRHA Belgium
ISOLDE CERN

AGATA

Nuclear Structure and Reaction Dynamics
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GANIL/SPIRAL2 facility, Caen, France

• At GANIL/SPIRAL2 the Super-Separator 
Spectrometer S3 is 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/SPIRAL2 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.

GANIL/SPIRAL2 France

LRP 2024 Recommendations for NP Infrastructures
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Stable Ion Beam facilities

• 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 AMS 
systems, should be optimally exploited. 
Developments of novel and more intense 
beams and capabilities are also 
recommended to open new opportunities 
for basic science and applications. It is 
recommended that synergies between all 
these facilities, irrespective of size, be 
reinforced. 

IFIN-HH Romania LNS Italy

NLC Poland

SLCJ
CCB

LRP 2024 Recommendations for NP Infrastructures
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•  Support of existing facilities and experiments
o The multidisciplinary research infrastructures ILL, FRM-II and PSI provide unique 

opportunities. Operation of ILL should be ensured beyond 2033
o Continued support for ESR, CRYRING and HITRAP at GSI/FAIR, and high-energy EBITs 

in other labs
o The AD/ELENA physics program at CERN should be strongly supported
o Customised instrumentation and beam time availability should be guaranteed for 

fundamental tests at RIB facilities like ISOLDE, GANIL-SPIRAL2, and JYFL-
ACCLAB/IGISOL

o Multiple and complementary experimental searches for neutrino-less double beta 
decay have to be encouraged as they can reach into the inverted hierarchy in the next 
decade

• Future flagship facilities and experiments
o Specialization of upcoming Radioactive Ion Beam facilities such as ISOL@MYRRHA and 

DESIR at GANIL-SPIRAL2 should be regarded as an opportunity not to be missed
o At ESS, a fundamental neutron physics beamline should be installed 
o The realisation of future CR and HESR at FAIR should be vigorously pursued

Recommendations (experiments)
ISOL@MYRRHA Belgium

GANIL/SPIRAL2 France

FAIR

Symmetries and Fundamental Interactions
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Warm thanks to all 
contributors to the 
NuPECC LRP 2024!

https://www.nupecc.org/lrp2024/Documents
/nupecc_lrp2024.pdf

Thank you for your 
attention!

NuPECC LRP 2024 Town Meeting, Bucharest, April 2024
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