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A pivotal moment, against the backdrop of the 

resurgence of nuclear fission, with two major questions

1. What is the roadmap for low-energy nuclear physics 

activities?

2. How to programmatically integrate the DPhN's activities 

into the context of the revival of nuclear fission?

Introduction
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Nuclear energy
Some issues in reactor physics
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Overview of nuclear reactors in France

▪ 57 reactors in operation at 18 sites: 
o 32 PWR 900 Mwe – average age: 41 years
o 20 PWR 1300 MWe – average age: 35 years
o 4 PWR 1450 MWe – average age: 23 years
o 1 EPR 1650 MWe – 1st grid connection on 21 dec. 2024 

▪ 63 GWe of installed nuclear capacity. 
▪ All reactors are operated by EDF.
▪ 2 fuel suppliers: Framatome and Westinghouse.
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▪ SMR (Small Modular Reactor): proven PWR/BWR technology, 50 to 300 MWe.

▪ AMR (Advanced Modular Reactor): same power range and “Generation 4” technological breakthroughs: 

pressurized gas coolant, liquid metal, molten salt fuel, etc.

▪ MMR (Micro Modular Reactor) :

o Very low-power reactor for electricity or heat generation:1 to 20 MWe.

o Portable (smaller) reactor, remotely controlled, with little or no exclusion zone.

o Market: industrial sites, remote areas or islands, maritime transport.

▪ Micro-réacteur for space: 1 kWe to 1 MWe for propulsion or power generation for a base on the Moon or 

Mars.

01-06-2026CSTD DPhN 5

SMR, AMR and MMR

SMR+MMR: a wide range of maturity levels
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Pressurized water reactor

▪ Nuclear data

▪ Structure and reaction models

▪ Neutron noise

▪ Uncertainties and simulation tools

Questions about: 
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CEA strategy in 
nuclear physics
Nuclear data: theoretical and experimental approaches 

at the CEA. A 10-year outlook.
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CEA strategy in nuclear physics
From fundamental physics to applications

01-06-2026CSTD DPhN

Experimental
data

Theory
Data 

evaluation
Transport 

codes
Integral

experiments
Applications

8

DPhN DPhN DPhN

Continuum between fundamental inquiry and practical applications

Knowledge and expertise spanning both basic and applied research
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SATELIT: fundamental skills for applications

The culmination of a long-term effort 

with a publication and cover in EPJA !
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Data evaluation

01-06-2026

AME

Masses

ENSDF

Structure

Standards

EXFOR

Differential measurements

Integral measurements

List of nuclides

Evaluated file

JEFF (OECD/NEA)

Applied libraryMicroscopic experiments

Nuclear reaction models

Neutron 

transport

▪ Relative weight of information varies depending on evaluation methods.

▪ Estimates obtained using models with parameters adjusted 

phenomenologically to best represent as comprehensive a set of 

experimental constraints as possible.

▪ Most parameters adjusted without strong theoretical constraints.

3 types of experiments: 

▪ Exploration: enable significant advances in knowledge.

▪ Systematics: validate/invalidate/discriminate between models.

▪ Calibration.

CONRAD and FIFRELIN



Disposition : Titre et contenu

01-06-2026CSTD DPhN 11

Observables and multiple time scales

M. Bender et al., J. Phys. G: Nucl. Part. Phys. 47 (2020) 113002 

Acceleration and 

de-excitation phase via 

prompt particle emission

Radioactive branching yield

There are approximately 

300 precursors in a reactor.
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Measurable quantities and their significance
Measurable quantities Understanding the fission process Applications

Fission cross-sections ▪ Spectroscopy of fission states in the second well.

▪ Height and width of fission barriers.

Essential data for applications 

related to energy and 

nucleosynthesis. A few 

percent are required for certain 

nuclei in the HPRL.

Fission vs capture cross-sections Separation of states of second well from states of fundamental well.

Mass and charge yields of fission products Effect of the structure of the nascent nucleus on fission. Production of pions, delayed 

neutron emitters, neutrinos, 

and gamma-ray heating. 

Kinetic energy distribution of fission 

products

Deformation of the fragments at the scission point. Energy storage in fuel.

Angular distribution of fission products Origin of the angular momentum of the composite nucleus

Prompt neutrons (number + kinetic energy) Reconstruction of the excitation energy of fission fragments upon 

scission. 

Reactor reactivity.

Delayed neutrons Reactor control, waste 

package characterization.

Prompt gammas Angular momentum content of the fragments. Released power.

Delayed gammas Spectroscopy of exotic nuclei. Residual power.
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Nuclear physics program at DES

▪ Physics of existing and future reactors, nuclear propulsion, RJH, SMRs and fuel cycle closure technologies. 

▪ Support for industrial fuel management projects (Generation 3 MOX fuel, re-enriched reprocessed uranium, 
calculation of residual power at short and long time scales, etc.). 

▪ Calculation of material damage under irradiation for the back end of the fuel cycle and the qualification of 
nuclear instrumentation, etc.

Apart from technological uncertainties, most of the biases and uncertainties arising from numerical 
simulations are now attributable to the nuclear data used to feed these codes. 

Remarks :

▪ Good performance of current nuclear data files for existing reactors and the fuel cycle.

▪ Long cycles of nuclear data improvement.  

▪ Error compensations in cross-section files that are difficult to eliminate and numerous missing covariance 
data points.

▪ Sensitivity studies to determine the data required for the design of each of the future reactor types. 

o HPRL list of physical observables to be measured by the Nuclear Energy Agency (NEA). 

o Energy range, reaction, and maximum acceptable uncertainty.

01-06-2026CSTD DPhN 13

Application requirements for nuclear data
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▪ A strategy that needs to be rethought to improve neutron calculation tools :

o Recent closures: EOLE critical facility and MINERVE reactor (2017), MASURCA 
reactor (2018), ORPHÉE reactor (2019)).

o Postponement of the decision to build new critical facilities.

▪ Increased use of modeling made possible by academic advances in theoretical 
physics and the advent of HPC.

▪ Context similar to that surrounding the phase-out of full-scale nuclear tests at 
the CEA/DAM in 1996, with a shift from a phenomenological approach toward a 
more coherent methodology based on modeling at a more fundamental scale, 
supported by experiments conducted on dedicated facilities. 

▪ Evolution of a pragmatic yet empirical approach to nuclear data production that 
lacks internal consistency and involves error compensation. 

▪ Understanding nuclear physics must be based on a solid and coherent 
theoretical foundation, grounded in a microscopic description of the structure of 
atomic nuclei. 

01-06-2026CSTD DPhN 14

Background information
EOLE

MASURCA
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Need for diverse experimental programs

▪ Requiring a wide range of instruments:

o Neutrons: angular and energy distributions.

o Gammas: angular and energy distributions.

o Fission fragments: identification, mass distributions, excitation energy, decay.

o Actinides : decay, neutron capture, induced fission.

▪ Drawing in particular on major research infrastructure

o Neutron sources

• Research reactors: ILL.

• Neutron beams: Neutrons for Science (GANIL), Neutron Time-of-flight (CERN), Los Alamos Neutron 
Science center.

o Heavy ion beams : GANIL, GSI.

o Production of fission fragments: GANIL, GSI, ILL, Aquaspec.

o Production of isotopically pure materials (particularly actinides): Oak Ridge NL (US), Geel, Mainz

There are uncertainties surrounding a number of them

Basic/upstream research for nuclear energy

01-06-2026CSTD DPhN 15
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Research prospects (1/2)

▪ Identify and design new facilities for experimental programs : 

o Manufacturing/supply of spectroscopic-grade targets

Ex. : Fabrication of thin actinide targets for spectroscopy experiments.

o A state-of-the-art facility for the study of radioactive neutron rich nuclei

Beams of fission fragments and actinides.

o A program to replace neutron sources, which are becoming obsolete.

Towards compact neutron sources.

▪ Design multi-parameter instrumentation (particularly for fission)

Progress toward the most comprehensive correlated measurements possible.

▪ Improve the predictive power of theoretical models

o Consolidating current theories of fission through microscopic approaches.

o Extending ab initio theories to fission fragments.

• Combinatorial complexity: new mathematical methods to be developed.

• Computational optimization of calculations.

• Objective: to propagate and control uncertainties at the percent level.

Basic/upstream research for nuclear energy
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Research prospects (2/2)

▪ Continue active R&D on “upstream” areas that can inform the simulation codes of the 

future : study of fission chain fluctuations, neutron noise (with potential applications in the 

detection of reactor anomalies), random geometries, etc.

▪ Conduct active R&D on variance reduction methods used in Monte Carlo codes (significant 

attenuation in the far field, etc.).

▪ Continue efforts and work on advanced methods to support improvements in the modeling 

process (multi-output Gaussian processes, model reduction methods, etc.).

Basic/upstream research for nuclear energy
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Programs and 
roadmaps
Work in progress. To be completed by the end of 2026.

3
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Roadmap: « neutron measurements »
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Chambres à fission

LS3 LS4

20262002

(n,g) 
232Th, 
234U, 
241Am

(n,g)/(n,f) 233U

2014

Flux monitors m-Mgas

LS2

2018

(n,g)/(n,f) 241Pu

Transmission 

detector

(n,g)/(n,f) actinides

(n,g) fission products

Decision 

▪ High-precision data 

relevant to the current 

and future cycles 

(closed cycle, SMR).

▪ Data relevant to 

constraining microscopic 

calculations of nuclear 

structure (energy level 

density and gamma 

strength function).

N_TOF

GELINA

NFS

IFMIF-DONES

2028 20322030 2034 2036

Developpements: TPC m-Mgas

Decision 

CaF (fission tagging) CaF (fission tagging)

01-06-2026CSTD DPhN 19Evaluation at CSTD on 01 June 2026

LS4

(n,lcp) ou (n,f) at NFS with

TPC m-Mgas
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Roadmap: « fission »
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EXILL (235U)

20262007

235U, 239Pu,241Am

2028 20322010 2014

▪ Validate the microscopic 

foundations of fission 

and decay models using 

selective methods.

▪ Generate useful data for 

the current and future 

cycles.

ILL

NFS

IFMIF-DONES

Construction et tests

235U
238U 239Pu 237Np

2030

232Th

Falstaff@NFS

FIPPS

245Cm (TAG diamant)

2034 2036

French facility?

APS

Decision

T2F: val. 

methodo Cf
Constr. TPC

238U 235U

PHOENIX@NFS

Lohengrin

Spectrométrie g prompt

235U (TAG LS)
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Future evaluation at CSTD?
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Roadmap: « beta decays and neutrinos »

EXILL

20262005 2028 20322010 2016

ILL

Double Chooz

2030

245Cm

2034 2036

French facility?

Spectrometry delayed g 

@FIPPS

2020

Beta decay

measurements

Modeling

APS

Decision

235U, 239Pu

239Pu

Constr. 

Spectro

235U

Fission products at Lohengrin

235U

Nucifer Stereo Measurements neutrinos PWR Uox and Mox
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CRAB

NUCLEUS

▪ Understanding the propagation properties of 

neutrinos.

▪ Improving the modeling of beta decay in 

fission products.

Decision
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Future evaluation at CSTD?

Future evaluation at CSTD?
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Roadmap: « stochastic transport»

20262010 2028 20322030 2034 20362020

NURBS

IN
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▪ Developing a precise 

reaction model that 

accounts for 

uncertainties for future 

neutrino experiments 

and applications at the 

frontiers of science.

▪ Develop tools and 

methods for studying 

fluctuations in transport 

processes.

▪ Neutronics: nonlinear 

behavior of stochastic 

noise and power that 

cannot be captured by 

codes.
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INCL++
Leptons and 

antimatter

QE letpon

Evaluation m-Mgas

Theoretical and numerical 

developments for Keff inference

Neutron fluctuations for the 

validation of industrial codes

Stochastic

quantization

Lagrangian

Formulation of 

Nuclear Reactor 

Physics

Branching 

Processes

Anti-proton
Anti-neutron

Uncertainties DIS lepton

Anti-deutons

Dedicated m-Mgas

Decision

Fukushima project

Neutron noise

Stochastic quantization
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Evaluation at CSTD 

on 01 June 2026

Evaluated at CSTD in 2025
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Roadmap: « heavy and superheavy nuclei »

2029 20302027 2028 20312026

LNL

JYFL

S3@GANIL

SEASON JYFL S3

225-226Pa
221-222Ac
229-230Np 230Th

Masses

PIPERADE

JYFL DESIR

234-238Am

Prototype

S
P

E
C

T
R

O
S

C
O

P
Y

2032

SIRIUS JYFL S3

Decision

Low energy branch

Future evaluation at CSTD?

Evaluated at CSTD in 2025MNT LNL GANIL
Gaz cell

development
NEWGAIN

Decision

VAMOS

▪ Exploration of structural 

characteristics:

o Mass

o Deformation

o Energy levels

o Charge radius

o Decay modes

▪ Impact on stability.
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Roadmap: « other nuclear structure activities »

2029 20302027 2028 20312026

LNL

GSI/FAIR

NFS@GANIL

2032

Transition to FAIR2028 and beyond

94, 96Zr 97Rb, 97Sr 90-94Kr, 96,98Sr

208Pb

Consolidation Related exotic decays
Heavy or 

deformed nuclei

Rare electromagnetic

decays

TRIUMF SPESShapes

88Sr

Resonances NFS

Decision

Evaluated at CSTD in 2022

▪ Comprehensive experimental 

data on shape coexistence at 

N=60.

▪ Access to previously 

unobserved quantities related 

to nuclear structure and 

nuclear polarizability.

▪ Investigation of collective 

modes in nuclei, and the role of 

isospin degrees of freedom in 

nuclear excitations.
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Roadmap: « theory »

LNL

GSI/FAIR

NFS@GANIL

2029 20302027 2028 20312026 2032

Transition to FAIR2028 and beyond

Impact of chiral-EFT interaction 

uncertainty on medium mass nuclei

Quantum computing

Ab initio nuclear

reactions

Pasqal Quandela First realistic application

JYFL

S3@GANIL

Ab initio calculation of 

heavy open-shell nuclei

Assessment of 

theoretical uncertainties

Potentials for inelastic scattering 

on open-shell nuclei

Design of ab initio optical 

potential for open-shell nuclei

Z=10 Z=82 Excited states in deformed nuclei

Evaluated at CSTD in 2020

▪ Description of complex 

nuclei (open, heavy, 

deformed) and directly link 

to experimental 

observations.

▪ Recent exploration of the 

relationship between nuclear 

structure and ultrarelativistic

ion collisions.
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Observables, theory, and future experiments
Physics topics Key observables Contribution of theory Experiments

and setups

Contribution of 

theory at DPhN

Grounded

theory

experiments

MNT and 

(super)heavy nuclei

production

▪ MNT cross-sections

▪ Isotopic distributions

▪ Excitation functions

▪ Structure

▪ Transport models

▪ Prediction of favored channels

▪ N/Z rebalance, energy dissipation

▪ Optimization of production conditions

▪ AGFA@ANL

▪ MNT@LNL

▪ MNT@GANIL

To be built

Mid-to-long terme 

developments required

MNT data will

guide future 

theoretical

developments

Structure and 

deformation (low and 

intermediate masses)

▪ Energy levels

▪ Quadrupolar moments

▪ Deformation and shape

coexistence

▪ Form factors

▪ Ab initio, shell model, EDF, GCM

▪ Predictions of spectrum and transitions

▪ Correlations and collectivity

▪ Deformation maps

▪ AGATA

▪ SIRIUS@S3

▪ Coulomb excitation

▪ Transfert reactions

Under control

Robust results for low to 

indermediate mass 

nuclei: spectrum, 

shape, etc.

Choice of isotopes 

and key 

excitations to 

explore

Charge densities ▪ Charge radii

▪ Nuclear densities

▪ Form factors

▪ EM responses

▪ Ab initio computation of densities

▪ Ab initio optical potentials

▪ Uncertainty quantification

▪ Links to other observables

▪ Electron-nucleus 

scattering

▪ Laser spectrometry

Under control / under

development

Ab initio computation of 

optical potentials

Contraints on 

densities and N/Z 

symmetry in exotic

nuclei

Rare decays (2g) ▪ Half-lives

▪ Multipolarities

▪ Electric polarisabilities

▪ Computation of nuclear polarisabilities

▪ Contribution of correlations

▪ Constraints on decay mechanisms

▪ GSI/ESR

▪ g-ELBE@HIGS

▪ HIGS@Duke

In progress

Computation of 

polarisabilities and 

correlations

Interpretation and 

prediction of new 

high impact 

decays

Giant resonances and 

collective excitations

▪ Energy, width, forces

▪ 2-phonons resonances

▪ Computation of nuclear responses

▪ QRPA, RPA and EDF models

▪ Photon-phonon coupling

▪ Global predictions

▪ AGATA, S3, 

SIRIUS

▪ NFS (Pygmy GDR)

In progress

Improvements for 

couplings and 2-phonon 

resonances

Identification of 

collective modes 

and test of 

effective 

interactions
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Thanks for your attention

Any questions?

CEA Paris-Saclay

91191 Gif-sur-Yvette Cedex

France

herve.moutarde@cea.fr 

+ 33 1 69 08 32 06 


