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Nuclear structure from electron-ion collisions

Auteur: Collaboration ”electron-RIB for GANIL future”None

We propose to address fundamental questions on the structure of unstable nuclei with a focus on
nucleon density distributions. Densities were investigated using electron-stable target scattering and
give rise to a set of data founding our knowledge of the nuclear shape in the valley of stability. Similar
detailed and precise information could be obtained for exotic nuclei with an electron-Radioactive
Ion (RI) collision machine. These measurements could be done at GANIL. A project proposal on the
question of the charge densities of radioactive nuclei will remain pertinent in the next decades. This
project would make GANIL a world competitive machine with unique observables. It would attract
in situ the international e-RI community for common experimental programs. The main challenge is
to have the electron machine and the instrumentation designed for the e-RI collisions. The purpose
of the current proposal is to outline the objectives of the project and the work tasks to be done in
the next years. Applications of an electron accelerator at GANIL are also underlined.

Contribution to the future of GANIL / 11

Search for New Physics beyond the Standard Model with preci-
sion measurements in nuclear beta decays

Auteur: Etienne Liénard1

1 LPC Caen

Auteur correspondant lienard@lpccaen.in2p3.fr

Nuclear Physics has played a major role in establishing the laws of physics at the most fundamental
level and in shaping the Standard Model of elementary particles (SM). Notable examples include the
discovery of maximal violation of spatial inversion symmetry, P, the left-handed vector axial-vector
(V-A) nature of the weak interaction and the conservation of the vector current. Today, the SM still
leaves open questions such as the masses of neutrinos, the nature of dark matter, the baryon asym-
metry etc⋯and most efforts are dedicated to the search for New Physics (NP), i.e observations that
would reveal deviations from the SM predictions. This search is a strong motivation for experiments
carried out both at the high energy frontier, with the most powerful particle colliders, and at the pre-
cision/intensity frontier, in low energy processes such as beta decay. A recent theoretical approach,
based on effective field theories, enables a relevant comparison between results obtained at low and
high energies highlighting their complementarity at a given level of precision. The development
of new and always more advanced technologies suggests that unprecedented precisions should be
reached in future low energy measurements, which require the control of systematic effects at equiv-
alent levels of precision. Analysis and interpretation of results must also include higher order effects
which have thus to be determined or computed with the appropriate accuracy. In this context, key
experiments, a large part of which could be performed during the next decade with specific nuclei
and using well defined experimental methods, can be identified. The projects and experiments car-
ried out by French laboratories involved in the field focus on three specific topics summarized in
this contribution.

Contribution to the future of GANIL / 12

DESIR@SPIRAL2

Auteur correspondant blank@cenbg.in2p3.fr
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How GANIL facilities and their programs improve our knowl-
edge in neutron data related to heavy ions interactions, radiopro-
tection, nuclear safety, calculation codes management and envi-
ronment sciences

Auteur: Manssour Fadil1

Co-auteurs: Vincent Desmezières 1; Mathieu Dupuis 1; Guillaume Lalaire 1; Fabienne Lemaire 1; Antoine Madeline
1; Nicolas Ménard 1; Franck Sobrio 1

1 GANIL

Auteurs correspondants: antoine.madeline@ganil.fr, guillaume.lalaire@ganil.fr, fabienne.lemaire@ganil.fr, manssour.fadil@ganil.fr,
franck.sobrio@ganil.fr, mathieu.dupuis@ganil.fr, vincent.desmezieres@ganil.fr, nicolas.menard@ganil.fr

A. Thick Target Neutron Yields for radioprotection, Monte Carlo codes benchmarks and heavy ion
accelerators operation and control
The neutrons are the major hazards in particle accelerator facilities. These neutrons are emitted
by the interaction of accelerated ions (light or heavy) with different components of the accelerator
(dipole, walls, Faraday chambers, Current measurement instruments⋯). The neutrons are emitted
following a continuous spectrum that depends on several factors (nature of the incident particle, its
energy, angle emission). The intensity of the neutron flux depends on the accelerated ion current but
also on the energy of this ion, its nature and the emission angle. In order to quantify the hazards of
these neutrons and, in consequence, the necessary biological protection to establish in the facility, we
need to characterize the double differential (angle, energy) neutron flux generated by the interaction
of the ion on thick targets. Some Monte Carlo codes (MCNP, PHITS, FLUKA) allow modelling these
interactions and are able to calculate these neutron fluxes. But often we find serious disperancies
between thesemodels. So to accomplish these characterizations, GANIL facilities give us exceptional
experimental environment to make the neutron measurement with incident heavy ions for a wide
energy interval [3 ; 95] MeV/n and within an important interval mass [12 ; 238]. These neutron data
are of a great interest to manage the radioprotection in accelerator environment and especially to
dimension radio-biological shielding but also for the operation of the accelerators (determination of
the maximum of particles intensity that could be used in experiments). These data are also important
to benchmark Monte Carlo codes used for modelling and simulation of heavy ions and to improve
physics models that are implemented in these codes. These were and are the main goals of a program
developed in GANIL called TTNY (Thick Target Neutron Yields).

B. Calculation platform
The different projects of GANIL during ten last years allowed to not only to develop an important
scientific expertise in Monte Carlo calculation and simulation but also to install and test techniques
adapted to new needs in calculation, to manage the safety of the access to these codes. To cover the
needs of calculation GANIL installed several calculation cluster for different usages (High perfor-
mance calculation, parallel computation). It appears that the current needs are now focused on grid
computational clusters that allow the larger types of uses. In the coming next years, we need to keep
and develop the acquired competences, as well as our expertise in data storage and management,
and to steer towards new innovative fields like machine learning or deep learning.

C. Radioprotection, nuclear safety and environment
Radioprotection is a major element in the operation of nuclear facilities. GANIL is a very specific
nuclear facility since it is the unique accelerator classified as an INB (Installation Nucléaire de Base)
with big radioprotection and nuclear safety constraints. To respect these constraints, Radioprotec-
tion and nuclear safety teams, during last decades, developed several specific systems dedicated to
the control access in the facility and/or to the calculation of dose rates generated by high energy neu-
trons which are induced by the interaction of heavy ions with different materials. These calculation
tools allow namely to control the effectiveness of biological protections. Furthermore, among the
control systems we mention UGA (access control unit) which is linked to UGB (gamma, X-rays and
neutrons radiations detectors control unit) and SAAF (beam stop unit). As a matter of fact, GANIL
is a major facility with a strong expertise, in heavy ions radioprotection, acquired during the last 30
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years. Moreover, this expertise is reinforced on the occasion of every new enlargement project and
new facilities (SPIRAL 2 LINAC, DESIR,⋯).

Another example is the BLM system that was recently developed for the new facility (LINAC of
SPIRAL2) in collaboration with some European partners. One of the real problems that we meet
in accelerators is the loss of the beam which induces direct consequences on radioprotection and
nuclear safety. The BLMs will allow to monitor the operation of the LINAC regarding the measure-
ment of beam losses. It is the first time that a such system is used in GANIL and even in France. This
system was verified under weak power during the commissioning of the LINAC last months. More
verifications will be done during next months, even next years, when the accelerator reaches higher
powers. One the great interests of this system will be the benchmarks of some Monte Carlo codes
used in nuclear simulation of light and heavy ions transport.
As for the radioprotection and nuclear safety, the environmental issues in GANIL are also specific
and they ask specific manners to deal with. As an example, we mention the air activation that it
is generated by high energy neutrons. So, the calculation of the neutron flux produced by the in-
teraction of the beams with the materials in experimental areas is now necessary to complete the
National Radioactive Waste Agency’s (ANDRA) requirements in terms of nuclear wastes character-
ization. The National Agency is particularly aware about the pure beta emitters presents in the
materials. Consequently, the methods used by environment teams depend strongly on nuclear data
and the quality of the precision of these data (cross sections, decay modes and half-lives⋯).

Contribution to the future of GANIL / 14

Future of GANIL –SPIRAL 2 as a radioactive ion beam facility

Auteurs: Dieter Ackermann1; JULIEN ANGOT2; Pauline Ascher3; Marlène Assié4; Didier Beaumel5; Bertram
Blank6; Yorick Blumenfeld4; Rémi Bougault7; Lucia Caceres8; Giovanni Casini9; Abdou Chbihi1; Maher CHEIKH
MHAMED5; Emmanuel Clement10; Gilles de FRANCE11; François de Oliveira1; Pierre DELAHAYE1; Olivier DOR-
VAUX12; Antoine Drouart13; Mickaël Dubois1; Gilbert Duchene14; Jean-Eric Ducret15; Magali Estienne16; muriel
fallot17; Freddy FLAVIGNY7; Hanna FRANBERG DELAHAYE1; Benoît GALL18; Alain Gillibert19; Stéphane Grévy3;
Francesca Gulminelli20; Muhsin N. Harakeh21; Fadi Ibrahim5; Pascal Jardin Jardin22; Amel KORICHI23; Nicolas Le
Neindre24; François LE BLANC25; Nathalie Lecesne1; Marek Lewitowicz1; Etienne Liénard7; David Lunney26; Mar-
ion MacCormick27; Vladimir Manea28; Adrien MATTA29; Iolanda MATEA5; Laurent Maunoury10; Enrique Minaya
Ramirez30; Alexandre Obertelli31; Nigel Orr32; Luc Perrot33; Julien Piot1; Amanda Porta34; Hervé savajols1; Lau-
rent SERANI35; Iulian stefan30; Christelle STODEL1; Thomas THUILLIER36; Marine Vandebrouck37; David Verney5;
Emmanuel Vient38

1 GANIL
2 LPSC / CNRS
3 CENBG
4 IPNO
5 IPN Orsay
6 CEN Bordeaux-Grradignan
7 LPC Caen
8 CEA-GANIL
9 INFN Firenze
10 CNRS GANIL
11 GANIL/IN2P3/CNRS
12 IPHC-DRS/University of Strasbourg
13 CEA
14 IPHC - CNRS - UNISTRA
15 CEA/DSM/IRFU/Service de Physique Nucléaire
16 IPHC - CNRS/IN2P3
17 Université de Nantes
18 IPHC Strasbourg
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19 CEA Saclay, IRFU/SPhN
20 LPC/Ensicaen
21 GSI/KVI
22 CNRS/GANIL
23 CSNSM-IN2P3/CNRS
24 Normandie Univ, ENSICAEN, UNICAEN, CNRS/IN2P3, LPC Caen, 14000 Caen, France
25 Institut de Physique Nucléaire
26 CNRS/IN2P3
27 CNRS-IJCLab
28 IKS, KU Leuven, Belgium
29 LPC Caen, CNRS-IN2P3
30 IJCLab
31 TUD IKP
32 LPC-Caen
33 IJCLAB - Laboratoire de Physique des 2 Infinis Irène Joliot-Curie
34 Subatech
35 {CNRS}UMR5797
36 {CNRS}UMR5821
37 CEA Saclay DPhN
38 LPC Caen - Université de Caen

Auteurs correspondants: cheikh@ipno.in2p3.fr, jean-eric.ducret@cea.fr, savajols@ganil.fr, clement@ganil.fr, julien.angot@lpsc.in2p3.fr,
assie@ipno.in2p3.fr, verney@ipno.in2p3.fr, defrance@ganil.fr, thomas.thuillier@lpsc.in2p3.fr, gilbert.duchene@iphc.cnrs.fr,
olivier.dorvaux@iphc.cnrs.fr, bougault@lpccaen.in2p3.fr, pierre.delahaye@ganil.fr, chbihi@ganil.fr, flavigny@lpccaen.in2p3.fr,
lecesne@ganil.fr, ascher@cenbg.in2p3.fr, yorick@ipno.in2p3.fr, benoit.gall@iphc.cnrs.fr, korichi@csnsm.in2p3.fr,
magali.estienne@ires.in2p3.fr, beaumel@ipno.in2p3.fr, aobertelli@ikp.tu-darmstadt.de, vient@lpccaen.in2p3.fr, jardin@ganil.fr,
grevy@cenbg.in2p3.fr, leblanc@ipno.in2p3.fr, lienard@lpccaen.in2p3.fr, ibrahim@ipno.in2p3.fr, maccorm@ipno.in2p3.fr,
dubois@ganil.fr, amanda.porta@subatech.in2p3.fr, hanna.franberg@ganil.fr, blank@cenbg.in2p3.fr, stodel@ganil.fr,
julien.piot@ganil.fr, leneindre@lpccaen.in2p3.fr, perrot@ipno.in2p3.fr, marek.lewitowicz@ganil.fr, matea@ipno.in2p3.fr,
gulminelli@lpccaen.in2p3.fr, orr@lpccaen.in2p3.fr, fallot@subatech.in2p3.fr, david.lunney@csnsm.in2p3.fr, caceres@ganil.fr,
dieter.ackermann@ganil.fr, marine.vandebrouck@cea.fr, stefan@ipno.in2p3.fr, matta@lpccaen.in2p3.fr, maunoury@ganil.fr,
serani@cenbg.in2p3.fr, antoine.drouart@cea.fr, minaya@ipno.in2p3.fr, oliveira@ganil.fr, alain.gillibert@cea.fr, vladimir.manea@kuleuven.be,
harakeh@kvi.nl

In this contribution, the nuclear physics community presents conceptual ideas for the evolution of
GANIL. Given the time needed to bring such ideas to fruition –typically 10-15 years –it is clear that
the work towards a future upgrade or new facility needs to begin soon. Two scenarios are outlined in
the following. While the studies of each are at a very preliminary stage we believe each of them has
the potential to provide GANIL with unique capabilities and a long term future in an international
context.
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Continue and impove the high-energy beams for radiation biol-
ogy in GANIL
Auteur: Francois Chevalier1

1 CEA

Auteur correspondant chevalier@ganil.fr

This is the letter from the teams using LARIA platform and the high energy beam lines in GANIL
for Radiation Biology
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Support letter from the EMIR&A federation
Auteur: Nathalie Moncoffre1

1 IP2I-Lyon

Auteur correspondant n.moncoffre@ipnl.in2p3.fr

Support Letter from the EMIR&A research federation
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Interdisciplinary research in Laboratory Astrophysics: studies of
irradiation effects on molecular ices in different space environ-
ments
Auteur: Philippe Boduch1

1 CIMAP/ Université de CAEN

Auteur correspondant boduch@ganil.fr

Interdisciplinary research in Laboratory Astrophysics:
studies of irradiation effects on molecular ices in different space environments
D. Andrade (Federal Univ., Rio de Janeiro, Brazil), A. Bacmann (IPAG, Grenoble), P. Boduch (CIMAP-
CIRIL-GANIL, Caen), R. Brunetto (IAS, Orsay), A.L.F de Barros (CEFET, Rio de Janeiro, Brazil), N.
Carrasco (LATMOS, Guyancourt), M. Chabot (IPN, Orsay), G. Danger (PIIM, Marseille), E. Dartois
(ISMO, ORSAY), A. Domaracka (CIMAP-CIRIL-GANIL, Caen), J. Duprat (Muséum National d’His-
toire Naturelle, Paris), D. Fulvio (MPI for Astronomy, Heidelberg, Germany), T. Gautier (LATMOS,
Guyancourt), M. Giuliano (MPI for Extraterrestial Physics, Garching, Germany), L. d’Hendecourt
(PIIM, Marseille), Z. Kanuchova (Astronomical Institute, Tatranska Lomnica, Slovakia), R. Martinez
(Univ. Federal do Amapá, Macapá, Brazil), M.E. Palumbo (INAF, Catania, Italy), E. Quirico (IPAG,
Grenoble), H. Rothard (CIMAP-CIRIL-GANIL, Caen), E. SeperueloDuarte (IFRJ, Rio de Janeiro, Brasil),
E.F. da Silveira (PUC, Rio de Janeiro, Brasil), G. Strazzulla (INAF, Catania, Italy)

Importance and uniqueness of the GANIL facility

Ices, mainly composed of simple molecules such as H2O, CO, CO2, NH3 and others are ubiquitous
in space: they are present in comets, satellites of planets (e.g Jovian moons) and on the grains of
the dense molecular clouds in the Inter Stellar Medium (ISM). They are constantly exposed to com-
plex and diverse radiation fields due to interactions with solar/stellar winds, magnetospheres or/and
cosmic rays (UV, X-rays, electrons, H, He and heavier ions).

Since several decades, laboratory studies are performed extensively to investigate energetic pro-
cessing of astrophysical ice analogues. However, for a long time, those investigations were mainly
focused to evaluate effects induced by weakly ionizing radiation such as UV photons and keV-MeV
light ions (H, He) thanks to the use of relatively small andmore common keV toMeV proton accelera-
tors. Large scale installations, such as GANIL, open a new energetic window to simulate interaction
with swift heavy ions from Galactic Cosmic Rays. Such studies extend the domain of the ion-matter
interaction applied to astrophysical contexts.

Since more than ten years, several beam lines of GANIL (IRRSUD, SME and LISE) were used to simu-
late the interaction of cosmic rays with ices. Some specific heavy ion effects due to the high energy
deposition, e.g. concerning sputtering and fragmentation, were found to be of great importance.
This energetical domain extends that of weakly ionizing radiation triggering a growing interest in
the astrophysical community.
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The radiolysis (fragmentation/destruction of molecules) of molecular ices leads to formation of new
molecular species including complex organic molecules. The origin of primitive organic matter is a
central issue of modern astrophysics. Organic matter precursors are observed in dense ISM phases.
These molecules are injected in protoplanetary disks and evolved under radiations (UV, X-rays and
ions) in their cold and dense phases. Primitive organic molecules are also constantly formed at the
surface of small bodies (asteroids and comets). These different organics components are constantly
transported from interplanetary space to planets via e.g. micrometeorites and carbonaceous mete-
orites. Therefore, these primitive organics molecules contributed to the building blocks of prebiotic
molecules on the young Earth. Thanks to state-of-the-art equipment developed at CIMAP in col-
laboration with the community and financed by various funding sources (including ANR, FEDER),
chemical or physical evolution during irradiations can be followed in situ with analytical facilities
including Fourier Transform Infrared Spectroscopy (FTIR),visible-ultraviolet spectroscopy (Vis-UV)
and mass spectrometry. The instrumental facilities developed on GANIL beamlines is highly com-
petitive providing dedicated apparatus for such inter-disciplinary research on heavy ion large scale
accelerators.

A further important and unique feature of GANIL is the possibility to perform experiments on differ-
ent beamlines covering several regimes of microscopic energy deposition mechanisms, from elastic
collisions to electronic excitation, including regimes were both come into play, allowing to mimic
effects by ion collisions in different astrophysical environments (evaluation of surfaces in Solar Sys-
tem icy objects, molecular clouds, ⋯). This allows to establish scaling laws for different processes
(e.g. sputtering, amorphisation, compaction, fragmentation) and in turn to estimate times scales
for compaction and amorphisation, desorption/sputtering rates, and molecular survival times in
space.

It is worth to underline, that more than 60 papers in refereed journals have been published and
numerous invited talks in prestigious conferences covering atomic and molecular physics and as-
trophysics such as ICPEAC, HCI, ECLA, ICACS, SHIM, IAU (to name only a few) have been given,
resulting from ion irradiation of astrophycial ices studies at GANIL from 2009 to 2020. Since the first
exploratory experiments in 2008, the number of users has strongly increased.

Future needs and evolutions

The key facilities for our research in the domain of Laboratory Astrophysics and Astrobiology are
and remain the ECR sources and in particular the cyclotron ion beams with their corresponding
beamlines ARIBE (ECR Hall D), IRRSUD (C0), SME (CSS1) and HE (CSS2) and the available in situ
experimental set-ups which can be used at the different beamlines.

The large demand (a third of the proposals made at last IPAC came from our international community
alone) for beam time clearly points out the need for sufficient available beam time. In the future,
it could be interesting to advance toward studying mixed radiation fields as in space searching for
synergy effects. It would be interesting to add UV, x-ray, and electron radiation sources.

Furthermore, to simulate the complete cosmic ray fields, simultaneous or subsequent irradiationwith
proton beams would be a major unique advancement to expand the possibilities of the future GANIL.
Within the EMIR network, a proposal wasmade to add a H/He accelerator with the possibility of dual
beam irradiation. One could also think about dedicated space irradiation simulation beam line(s) for
our community.

Through laboratory simulations of expected radiation effects in icy space environments, showing
how to detect them and what observations to search for, the GANIL beam line facilities could signif-
icantly contribute to prepare future space missions like the ESA JUICE or the NASA Europa Clipper
(exploration of the jovian moons) as well as to interpret the future data for which the GANIL has a
unique position in the international community. The experiments performed at GANIL are essential
to predict and interpret the observations by such space probes, and also of telescope based obser-
vations from the ground (VLT on KBO’s). There will be also relevant for the future space telescope
JWST in which ESA and European scientists are engaged. Some of the involved PIs are already
performing prospective experiments at GANIL.

Contribution to the future of GANIL / 18
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Swift heavy ions at GANIL, an indispensable tool to understand
the evolution of radiolysable materials, to nanostructure them
and to ensure the nuclear power industry safety
Auteurs: YvetteNgono-Ravache1; Muriel Ferry2; Gérard Baldacchino3; RalucaMusat2; CaroleMarchand2; Stephane
Esnouf2; Marie-Claude Clochard4; Sébastien Balme5; Nathalie Moncoffre6; Robin Schäublin7

1 CIMAP
2 LRMO
3 NIMBE
4 LSI
5 Université Montpellier
6 Federation EMIR
7 EMIR&A Scientific committee

This document is aimed at presenting how Swift heavy ions at GANIL are used in the framework of
basic research and industrial research on radiolysable materials and why it is highly important to
maintain a viable beam access on the IRRSUD, IRASME and IRABAT lines.

Contribution to the future of GANIL / 19

RFQ injector A/Q = 7 for the production of exotic nuclei using
fusion-evaporation and multinucleon transfer reactions
Auteur: Christophe THEISEN1

Co-auteurs: Dieter Ackermann 2; Lucia Caceres 3; Antoine Drouart 4; Julien Piot 2; Franck Sabatié 5; Iulian stefan
6; Christelle STODEL 2; Barbara Sulignano 7; Marine Vandebrouck 8

1 CEA SACLAY
2 GANIL
3 CEA-GANIL
4 CEA
5 CEA/IRFU/SPhN
6 IJCLab
7 CEA Saclay Sphn
8 CEA Saclay DPhN

Auteurs correspondants: barbara.sulignano@cea.fr, julien.piot@ganil.fr, antoine.drouart@cea.fr, stefan@ipno.in2p3.fr,
marine.vandebrouck@cea.fr, franck.sabatie@cea.fr, christophe.theisen@cea.fr, dieter.ackermann@ganil.fr, caceres@ganil.fr,
stodel@ganil.fr

Having a Q/A = 1/7 or 1/6 injector available as soon as possible is essential for S3 to be competitive
for heavy and super-heavy nuclei studies. A higher intensity can be obtained for the heaviest beams
with an injector Q/A = 1/7 compared to 1/6, but will not benefit to S3 in the medium term due to
the limitations of the S3 electric dipole. In the longer term, it is imperative to increase the variety
of beams on offer for the long-term future of GANIL and SPIRAL2: radioactive beam production
method different from fission, alternative to the CSS cyclotrons, and new associated instruments.
An energy limitation of the injector Q/A = 1/7 compared to 1/6 is not prejudicial in this perspective,
whereas the highest intensities of the heaviest beams are an advantage in the 1/7 case. This is illus-
trated with the case of multinucleon transfer reactions produced using a target-ion source followed
by a post-acceleration. Such an experimental complex would make it possible to have competitive
beams for a unique physics.
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support letter from the LSI
Auteur: michèle Raynaud1

1 CEA/DRF/IRAMIS/LSI

Auteur correspondant michele.raynaud-brun@polytechnique.edu

support letter from the LSI

Contribution to the future of GANIL / 21

Contribution to the Spiro Committee on the Future of GANIL

Auteurs: Nigel Orr1; et al.None

1 LPC-Caen

Auteur correspondant orr@lpccaen.in2p3.fr

GANIL was established some 40 years ago and has a long history of contributions to nuclear and
heavy-ion physics and related applications. Over the last decade, GANIL has traversed a difficult
period, in particular through delays to SPIRAL2, the cancellation of Phase 2 and the inevitable com-
petition from facilities elsewhere. In this submission we provide some observations and recommen-
dations concerning the future of GANIL in terms of its management, its integration with the national
community and its evolution within a European and broader international context. We make these
suggestions in the belief that GANIL has a clear potential to be an internationally leading facility
again, building on the soon to be completed SPIRAL2 installation. We also believe, however, that to
advance in such a direction requires change and reform.

Contribution to the future of GANIL / 22

Atomic and molecular collision physics: application to hadron-
therapy
Auteur: CIMAP laboratory and collaboratorsNone

See the attached file.

Contribution to the future of GANIL / 23

Reacceleration of radioactive ions beams at Ganil
Auteurs: Rémi Bougault1; Pierre Delahaye2; Abdou Chbihi2; Giovanni Casini3; Nicolas Le Neindre1; Yorick Blu-
menfeld4; Didier Beaumel4; Marlène Assié4; Antoine Drouard5; Christophe Theisen5; Marek Lewitowicz2; Marine
Vandebrouck5

1 LPC Caen
2 Ganil
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3 INFN Florence
4 IJCLAB
5 CEA

This document aims at describing the different physics programs that could be driven within the
reacceleration stage of Radioactive Ions Beams (RIB) at GANIL in the future.

Contribution to the future of GANIL / 24

Addendum to the Contribution to the Spiro Committee on the
Future of GANIL
Auteur: Nigel Orr1

1 LPC-Caen

Auteur correspondant orr@lpccaen.in2p3.fr

In this submission a brief addendum is provided to discussions of possible scenarios for the future
of GANIL, in terms of its evolution within a European context.

Contribution to the future of GANIL / 25

A new Interdisciplinary Irradiation Area at SPIRAL2
Auteur: Gilles de France1

1 GANIL

Auteur correspondant gilles.defrance@ganil.fr

This contribution proposes an evolution of the current SPIRAL2 Phase 1 facility toward 1) a mul-
tiuser facility, 2) a broader scientific scope and 3) an increase of interdisciplinary applications with
a potential high societal impact.

Contribution to the future of GANIL / 26

Interdisciplinary research at GANIL
Auteurs: Jimmy Rangama1; Amine Cassimi1; Marika Schleberger2

1 CIMAP
2 Universität Duisburg-Essen

Auteur correspondant rangama@ganil.fr

Since the creation of GANIL, the use of swift heavy ions by communities other than nuclear physics
has been considered. Thus the CIRIL laboratory was created to host interdisciplinary experiments.
In 1989, the construction of the medium-energy line (SME) renewed the interdisciplinary research,
by allowing the addition of about 3000 hours of beam time for material irradiation and collision
physics to the 10% of high-energy beam time. Since then, the GANIL beamline possibility was greatly
enriched first with the creation of a multicharged low-energy ion line in 2000 (LIMBE, which has
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evolved since 2005 with the ARIBE installation having several beam lines), and then the IRRSUD line
(2002) which takes advantage of the presence of two compact cyclotrons (the “free”cyclotron is used
for interdisciplinary research. The ion energy of this beamline is exactly those of fission products
and the lowest energy allows having high electronic stopping power but without activation of the
samples, which makes easier the characterization after irradiation).

Contribution to the future of GANIL / 27

Nuclear physics for basic science and applications
Auteurs: ANNA CORSI1; Alain Gillibert2; Alain Letourneau1; Antoine Drouart3; Barbara Sulignano4; Christophe
THEISEN5; Diane Doré6; Emanuel Pollacco7; Emmeric Dupont1; Franck Sabatié8; Frank Gunsing1; Jean-Christophe
David3; Loïc THULLIEZ9; Magda Zielinska1; Marine Vandebrouck10; Thomas Duguet11; Thomas Materna12; Valérie
Lapoux10; Vittorio Soma1; Wolfram KORTEN13; Éric Berthoumieux14

1 CEA Saclay
2 CEA Saclay, IRFU/SPhN
3 CEA
4 CEA Saclay Sphn
5 CEA SACLAY
6 CEA/Saclay, IRFU/Service de Physique Nucléaire
7 IRFU/DPhN, CEA Saclay
8 CEA/IRFU/SPhN
9 CEA-Saclay
10 CEA Saclay DPhN
11 CEA/Saclay/SPhN
12 CEA DRF IRFU
13 CEA Paris-Saclay
14 CEA Irfu, Université Paris Saclay

Auteurs correspondants: thomas.duguet@cea.fr, thomas.materna@cea.fr, valerie.lapoux@cea.fr, alain.gillibert@cea.fr,
christophe.theisen@cea.fr, barbara.sulignano@cea.fr, frank.gunsing@cea.fr, franck.sabatie@cea.fr, marine.vandebrouck@cea.fr,
loic.thulliez@cea.fr, acorsi@cea.fr, alain.letourneau@cea.fr, epollacco@cea.fr, vittorio.soma@cea.fr, jean-christophe.david@cea.fr,
w.korten@cea.fr, emmeric.dupont@cea.fr, diane.dore@cea.fr, magda.zielinska@cea.fr, antoine.drouart@cea.fr, eric.berthoumieux@cea.fr

In this contribution, the DPhN presents its priorities for the evolution of GANIL. Saclay physicists
are currently conducting experiments along three main scientific axes:
1) properties of nuclei at the extremes of isospin asymmetry, excitation energy and shape,
2) heavy and super-heavy nuclei at extreme masses,
3) neutron-induced reactions notably for the study of fission in actinides, with applications for nu-
clear data.

Regarding the scientific future of GANIL, DPhN physicists propose along these three axes the con-
struction of three new scientific tools, which will ensure that GANIL will continue to be a worldwide
competitive facility:
• An installation for studying nuclear structure with electron-ion collisions, that will provide a new
original probe to study charge distributions in radioactive nuclei,
• a facility capable of delivering a wide range of radioactive beams, both on the neutron- and proton-
rich sides, at energies up to ~ 60 A.MeV, and
• the construction of an RFQ A/Q = 7 injector for enhancing the intensity of ion beams ranging up to
U. This upgrade will be vital for the long-term programme of S3 and will also allow the production
of new neutron-rich nuclei through multi-nucleon transfer.

Corresponding author : Ch. Theisen
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Contribution to the future of GANIL / 28

Atomic and molecular collision physics at GANIL
Auteurs: Jean-Yves Chesnel 1; Amine Cassimi1; Lamri Adoui1; Alicja Domaracka1; Bernd A. Huber1; Alain Mery1;
Jean-Christophe Poully1; Jimmy Rangama1; Patrick Rousseau1; Violaine Vizcaino1

Co-auteurs: Institute for Nuclear Research, Hungarian Academy of Sciences (Atomki), Debrecen, Hungary ; CNR-
Instituto di Struttura della Materia, Area della Ricerca di Roma 1, Monterotondo Scalo, Italy ; Departamento de
Química, Módulo 13, Universidad Autónoma de Madrid, Madrid, Spain ; Department of Physics, Stockholm Uni-
versity, Stockholm, Sweden ; Department of Particle Physics and Astrophysics, Weizmann Institute of Science,
Rehovot, Israel ; J. Heyrovský Institute of Physical Chemistry v.v.i., The Czech Academy of Sciences, Prague, Czech
Republic ; Faculty of Applied Physics and Mathematics, Gdansk University of Technology, Gdansk, Poland ; Faculty
of Sciences, Siedlce University of Natural Sciences and Humanities, Siedlce, Poland ; Zernike Institute for Advanced
Materials, Univ. of Groningen, 9747AG Groningen, Netherlands ; Tokyo Metropolitan University, Tokyo, Japan ; In-
stitut für Kernphysik, Goethe Universität, Frankfurt, Germany ; Inter-University Accelerator Center (IUAC), New
Dehli, India ; Instituto de Física - Universidade Federal do Rio de Janeiro, Cidade Universitária - Rio de Janeiro,
Brazil

1 CIMAP

Auteur correspondant jean-yves.chesnel@ensicaen.fr

Since about 35 years, the community of atomic and molecular collision physics has widely used the
GANIL facility for countless experiments performed within numerous national and international
collaborations. Recent reviews of the advances achieved at GANIL in this field are available here: X.
Fléchard et al JPCS 629 (2015) 012001 and H. Zettergren JPCS 629 (2015) 012003. These experiments
have been focusing on the study of the interaction of ions with dilute matter ranging from isolated
atoms and molecules to molecular clusters, as well as nanoparticles nowadays. Thanks to the wide
range of projectile energies and species available on the different beam lines of the GANIL facility,
elementary processes such as electron capture, ionization and excitation have been extensively stud-
ied. Since the last years, the relaxation processes of the collision partners after the collision have
been another specific source of interest.

Contribution to the future of GANIL / 29

S3 at SPIRAL2/GANIL
Auteurs: Hervé savajols1; Antoine Drouart2

1 GANIL
2 CEA

Auteurs correspondants: savajols@ganil.fr, antoine.drouart@cea.fr

see the attached file

Contribution to the future of GANIL / 30

ARIBE in the ”future of GANIL”
Auteur: Jaroslav Kočišek1

1 J. Heyrovský Institute of Physical Chemistry of the CAS, v. v. i.

Page 11



contributions to the future of GANIL / Recueil des résumés

Auteur correspondant kocisek@jh-inst.cas.cz

Letter of support form J. Heyrovský Institute of Physical Chemistry of the Czech Academy of Sci-
ences.

Contribution to the future of GANIL / 31

Letter of Intent
Auteur: Marika Schleberger et al., None

Auteur correspondant marika.schleberger@uni-due.de

The Future of GANIL: A Contribution from Material Science

Contribution to the future of GANIL / 32

Support letter of GSI for non-nuclear and cross-disciplinary sci-
ences
Auteur: Christina Trautmann1

1 GSI

Support letter of GSI for non-nuclear and cross-disciplinary sciences

Contribution to the future of GANIL / 33

RADIATE: Letter of Interest
Auteurs: Jürgen Faßbender1; Wolfhard Möller1; Stefan Facsko1

1 HZDR

Auteur correspondant j.fassbender@hzdr.de

The Future of GANIL: A Contribution from RADIATE

34

NFS: a powerful tool for Nuclear Data Measurements ready for
operation
Auteurs: Alain Letourneau1; Alexander Prokofiev2; Anne-Marie Frelin3; Axel Klix4; Benoit Laurent5; Catalin
Borcea6; Cecilia Gustavsson2; Cyrille De Saint Jean7; Danas Ridikas8; Diane Doré9; Diego Tarrio2; Eva Simeck-
ova10; Frank Gunsing1; François-René Lecolley11; Gilbert Bélier12; Greg Henning13; Gregory Lehaut14; Jan Novak10;
Jaromir Mrazek10; Jean-Christophe Sublet8; Jean-Eric Ducret3; Jean-Luc Lecouey15; Loredana Manduci15; Marilena
Avrigeanu6; Maëlle Kerveno16; Mitja Majerle10; Nathalie Marie-Nourry15; Olivier Serot17; Pavel Bem10; Stephan
Pomp2; Thomas Materna18; Ulrich Fischer4; Valentin Blideanu7; Vlad Avrigeanu6; Xavier Ledoux3
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1 CEA Saclay
2 Uppsala University, Uppsala, Sweden
3 GANIL
4 Karlsruhe Institute of Technology, Karlsruhe, Germany
5 CEA/DAM
6 IFIN-HH Bucharest, Romania
7 CEA
8 IAEA
9 CEA/Saclay, IRFU/Service de Physique Nucléaire
10 NPI, Rez, Czech Republic
11 LPC Caen (ENSICAEN - CNRS/IN2P3 - UCN)
12 CEA, DAM, DIF
13 IPHC
14 LPC Caen, CNRS/IN2P3
15 LPC, Caen
16 IPHC/CNRS
17 CEA-Cadarache
18 CEA DRF IRFU

Auteurs correspondants: valentin.blideanu@cea.fr, benoit.laurent@cea.fr, ulrich.fischer@kit.edu, vavrig@ifin.nipne.ro,
olivier.serot@cea.fr, majerle@ujf.cas.cz, borcea@nipne.ro, d.ridikas@iaea.or, jeaneric.ducret@ganil.fr, mavrig@ifin.nipne.ro,
lecouey@lpccaen.in2p3.fr, bem@ujf.cas.cz, marie@lpccaen.in2p3.fr, j.c.sublet@iaea.or, manduci@lpccaen.in2p3.fr,
thomas.materna@cea.fr, cyrille.de-saint-jean@cea.fr, frank.gunsing@cea.fr, fr.lecolley@lpccaen.in2p3.fr, alexander.prokofiev@physics.uu.se,
diego.tarrio@physics.uu.se, lehaut@lpccaen.in2p3.fr, stephan.pomp@physics.uu.se, diane.dore@cea.fr, ghenning@iphc.in2p3.fr,
axel.klix@kit.ed, xavier.ledoux@ganil.fr, anne-marie.frelin@ganil.fr, maelle.kerveno@iphc.cnrs.fr, gilbert.belier@cea.fr,
simeckova@ujf.cas.cz, alain.letourneau@cea.fr, novak@ujf.cas.cz, mrazek@ujf.cas.cz

This contribution to the on-going prospective on the future of GANIL/SPIRAL-2 aims at detailing
the potentialities of the SPIRAL-2/Neutrons for Science (NFS) [1] facility for nuclear data measure-
ments.
Applied nuclear physics is omnipresent in our daily lives and has many strong links to the Sus-
tainable Development Goals set up by the United Nations [2]. From energy to health applications,
through environmental, space and societal applications, nuclear data are basic inputs for these fields
[3]. Also the NUPECC Long Range Plan 2017 - perspectives in Nuclear Physics, realizes this and a
wide range of nuclear physics applications in need of nuclear physics knowledge is described. To
this end, great efforts are still conducted all over the world to increase our basic nuclear physics
knowledge and enable us to produce modern nuclear databases which will be quality assured and at
the accuracy level needed by the applications.
The nuclear physics knowledge needs from the applications are often very advanced, e.g. in the
energy and medical sector. Reasons are, among others linked to safety and economy. Therefore,
they need well-understood, traceable and reproducible nuclear data input with well-defined uncer-
tainties. To meet this goal we need to improve our theoretical understanding of nuclear physics and
develop reliable nuclear model codes. Such efforts need in turn high-quality experimental data and
it is here where the unique capabilities of the NFS facility come into play.
Neutron induced reactions play an important role in a wide range of applications including nu-
clear power reactors, accelerator driven systems (ADS), fusion technology, medical diagnostics and
therapy, radio-isotope production, materials research, non-destructive testing, dosimetry and dose
effects, radiation damages and upsets in electronic devices as well as in basic nuclear physics. As an
example, research and development on nuclear reactors both for optimization of current generation
or for study of next generation plants require highly detailed and sophisticated simulations. Indeed,
reactor operation and safety parameters, fuel burnup, nuclear waste production, etc. can be studied
by simulation with Monte Carlo or deterministic codes. These codes simulate the fundamental in-
teraction of multi particles with matter and use as inputs nuclear data like reaction cross sections,
angular distributions, fission yields, decay constants, etc. These inputs are called evaluated nuclear
data. They are compiled in evaluated nuclear databases and determined from experimental data and
complemented by state of the art nuclear reaction models. The increase of calculation power allows
today precise sensitivity studies, which reveal that the limiting factor for accuracy simulations of
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reactor parameters is the accuracy of input evaluated nuclear data. International community is thus
continuously working on the improvement of evaluated nuclear data libraries like the European -
JEFF (Joint Evaluated Fission and Fusion), the US - ENDF (Evaluated Nuclear Data File), Japanese -
JENDL (Japanese Evaluated Nuclear Data Library) and some others. The quality of evaluated nuclear
data with their variance-covariance matrices can be improved with efforts both from the experimen-
tal and theoretical sides, as reliance on nuclear models is common today for nuclear data evaluation.
In some cases, where experimental data are scarce or known with low precision, new measurements
are mandatory to provide new and relevant constraints for nuclear modeling. To help experimental-
ists and theoreticians to stimulate and guide their research, a reference tool has been created by the
OECD/NEA, the High Priority Request List (HPRL)[4] which compiles requests for new measure-
ments, selected after rigorous sensitivity studies for various applications (fission, fusion, dosimetry,
standard and others) and for which a target accuracy is specified.
There is a large demand on fast-neutron induced-reaction data as well as proton and deuteron
induced-reaction in the energy range between 1 and 40 MeV. For many cases, like (n,fission), (n,n’),
(n,xn), (n,Light Charged Particle), (p,X), (d,X) reactions, the cross sections are unknown or known
with insufficient precision. In this context, the new NFS facility with its various beams (charged
particles and quasi mono energetic or continuous neutron beams) and tools (flight path areas, irra-
diation station, pneumatic transfer system and more) is ready to play a significant role in the field
to produce new nuclear data relevant for applications.
The particle induced activation reactions have a great interest for the assessment of induced radioac-
tivity in the accelerator components, targets, beam stoppers and biological shielding, which is an
important matter for safety aspects during facility operation and also for decommissioning oper-
ations including identification of the right waste repositories [5]. This is particularly true for the
radioactive inventories in activated parts with high contribution from pure beta emitting radioiso-
topes that are very difficult to measure. Therefore, their contribution to the total activity, which
strongly influences the further waste management, can only be calculated by activation codes using
evaluated nuclear data libraries. Neutron beams available at NFSwill allow validating the calculation
tools by irradiating samples in well-known conditions and therefore improve the decommissioning
strategies and reduce the associated costs. There is an increasing demand from the industry on this
matter especially for medical accelerators (radiation therapy and isotope production for medical ap-
plications) considering the large number of facilities in operation (more than 4000 in Europe and 500
in France, with an increasing rate of 14% over the last five years).
EUROfusion/ENS (Early Neutron Source project)[6] or the SPIRAL-2 facility itself need such kind of
data for estimation of the potential radiation hazards from the accelerating cavities and beam trans-
port elements. Some important cross sections are needed in the energy range from the activation
reaction threshold 2 - 10 MeV up to 40 MeV both for deuterons and protons, while the account of
particular processes as the deuteron breakup needs at the same time a suitable knowledge of the cor-
responding data for breakup-neutrons/protons induced reactions within the related energy ranges.
Monoenergetic neutron spectra with variable energy up to 31 MeV enable the measurements of
differential cross sections and thus direct validation of theoretical models and evaluated libraries
for given energies, i.e. leading to excitation functions of the reactions of interest. There are thus
pointing out and eventually endorsed issues of the reaction-mechanism energy dependence while
the emission-spectra analysis concerns firstly the excitation-energy dependence of various nuclear
structure questions.
The high neutron fluxes with large and tunable energy spectra available with energy up to 40 MeV
at the NFS facility as well as the pulsed beam and the long time-of-flight area are very attractive
to obtain accurate data. The high neutron fluxes would allow the measurements of small reaction
cross-sections and/or with very small targets, which might be rare, expensive, and in some cases
radioactive. The energy range and conditions offered by the NFS time-of-flight facility is comple-
mentary to other facilities in Europe, notably GELINA at JRC-Geel, Belgium and the n_TOF facility
at CERN. Working at GANIL-SPIRAL2 in the same environment with physicists engaged in cutting
edge research in nuclear physics and astrophysics and using forefront experimental devices will be
an important asset for the entire nuclear data community.
NFS was strongly supported by the physicists of the nuclear data community and was involved in
the former CHANDA European project [7] and is now in the ARIEL European project [8], where its
role will be strengthened by an important nuclear-data production from experiments.
Most of the experiments mentioned above can be performed at NFS, whose characteristics (neutron
flux, energy, sample purity and/or possibility of using actinide targets) are well adapted. There is an
opportunity for GANIL-SPIRAL-2 to welcome a new community of physicists working on nuclear
data and contribute significantly to the international effort for high quality nuclear data measure-
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ments. NFS is ready to become a reference facility in this field and thus fulfill entirely one of the
missions for which it was built. This will only be possible if a significant part of the beam time is
dedicated to these measurements. These experiments must be examined by the Program Advisory
Committee (PAC) of GANIL-SPIRAL-2 on an equal basis with the long-established physics themes
of GANIL, and also taking into account their above-mentioned own physics context. NFS can in this
way play an important role in the future of GANIL.

References:
1. X. Ledoux et al., EPJ Web of Conferences 146, 03003 (2017) DOI: 10.1051/epjconf/201714603003
2. https://sustainabledevelopment.un.org/
3. https://www.iaea.org/about/overview/sustainable-development-goals
4. https://www.oecd-nea.org/dbdata/hprl/
5. Decommissioning of Medical, Industrial and Research facilities. IAEA Safety Standards Series No.
SSG-49
6. U. Fischer at al., Fusion Engineering and Design 146 (2019) 1276–1281
7. http://www.chanda-nd.eu/
8. https://www.ariel-h2020.eu/index.php/en/
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Material Science (inorganic) at GANIL
Auteurs: isabelle monnet1; Clara GRYGIEL1; Henning LebiusNone; stéphane guillousNone; abdenacer benyagoub2;
Yvette Ngono-Ravache1; emmanuel gardesNone; Laboratoire des Solides Irradiés, Ecole Polytechnique, Palaiseau,
FranceNone; NATHALIE MONCOFFRE3

Co-auteurs: IJCLab, Laboratoire de Physique des 2 Infinis Irène Joliot-Curie, Orsay, France ; Inter-University Ac-
celerator Center (IUAC), New Dehli, India ; Groupe Physico-chimie des milieu plasmas, CORIA, Rouen, France ;
Unité de Catalyse et de Chimie du Solide, Lille, France ; Université of Tennessee, knoxville, United state ; Materials
ResearchDepartment, GSI Helmholtzzentrum, Darmstadt, Germany ; IPFN, Instituto Superior Técnico, Campus Tec-
nologico e Nuclear, Lisbon, Portugal, ; Institut de Chimie Séparative de Marcoule, Bagnols sur Cèze, France

1 CIMAP
2 benyagoub@ganil.fr
3 IPNL

Auteurs correspondants: ngono@ganil.fr, n.moncoffre@ipnl.in2p3.fr, grygiel@ganil.fr, gardes@ganil.fr, lebius@ganil.fr,
monnet@ganil.fr, guillous@ganil.fr

In materials science, many studies use GANIL ion beams to simulate irradiation conditions encoun-
tered in harsh, radiative environments, such as those in nuclear reactors, in accelerators or even
in space. Another field for which GANIL beams are frequently used is defect engineering or, more
generally, the use of swift heavy ions to modify materials in a beneficial (and controlled) way. What
is essential for any application is the consequences of the irradiation-induced structural modifica-
tions on the functional properties (electrical, mechanical, chemical⋯) of the materials. Therefore,
there is a crucial need for the development of a multiscale predictive approach to better understand
the irradiation effects induced in materials and even to predict those. For this purpose, there is a
crucial need in experimental data: the beamlines and the in-situ set-ups should be maintained and
developped.
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Efforts towards the internationalization of GANIL
Auteur: IDEAAL working group None

Efforts towards the Internationalization of GANIL
Submitted by the IDEAAL working group on internationalization of GANIL
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This contribution aims at bringing to the attention of the committee the efforts made in the frame-
work of the IDEAAL contract towards the internationalization of GANIL.

Page 16


	Nuclear structure from electron-ion collisions 9
	Search for New Physics beyond the Standard Model with precision measurements in nuclear beta decays 11
	DESIR@SPIRAL2 12
	How GANIL facilities and their programs improve our knowledge in neutron data related to heavy ions interactions, radioprotection, nuclear safety, calculation codes management and environment sciences 13
	Future of GANIL – SPIRAL 2 as a radioactive ion beam facility 14
	Continue and impove the high-energy beams for radiation biology in GANIL 15
	Support letter from the EMIR&A federation 16
	Interdisciplinary research in Laboratory Astrophysics: studies of irradiation effects on molecular ices in different space environments 17
	Swift heavy ions at GANIL, an indispensable tool to understand the evolution of radiolysable materials, to nanostructure them and to ensure the nuclear power industry safety 18
	RFQ injector A/Q = 7 for the production of exotic nuclei using fusion-evaporation and multinucleon transfer reactions 19
	support letter from the LSI 20
	Contribution to the Spiro Committee on the Future of GANIL 21
	Atomic and molecular collision physics: application to hadrontherapy 22
	Reacceleration of radioactive ions beams at Ganil 23
	Addendum to the Contribution to the Spiro Committee on the Future of GANIL 24
	A new Interdisciplinary Irradiation Area at SPIRAL2 25
	Interdisciplinary research at GANIL 26
	Nuclear physics for basic science and applications 27
	Atomic and molecular collision physics at GANIL 28
	S3 at SPIRAL2/GANIL 29
	ARIBE in the "future of GANIL" 30
	Letter of Intent 31
	Support letter of GSI for non-nuclear and cross-disciplinary sciences 32
	RADIATE: Letter of Interest 33
	NFS: a powerful tool for Nuclear Data Measurements ready for operation 34
	Material Science (inorganic) at GANIL 35
	Efforts towards the internationalization of GANIL 36

