
Nuclear Fission Data at GANIL
Fanny Farget, 

Quentin Fable, Antoine Lemasson, Diego Ramos



©
 P

h.
 S

tro
pp

a/
C

E
A

1. GANIL installations and 
projects



VAMOS

AGATA

EXOGAM
ACTAR TPC

MUGAST

LISE SPECTROMETER

INDRA + FAZIA

Experimental rooms

Porte échantillon pour 
irradiation

CYCLOTRON

GANIL CYCLOTRONS

SOURCES

• 5 cyclotrons 
• Stable beams: 12C to 238U
• Energy : from <1 MeV up to 95MeV/u
• SPIRAL1 radioactive beams
• Up to 4 experiments in parallel

Heavy-ion accelerator hosting a large diversity of 
collaborations

A broad range of ion species 
and energies



CYREN : Cyclotron Renovation 
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Ø Maintenance and renovation kept at minimum level for the last 10 years as 
worforce focused on
Ø Construction and commissioning of SPIRAL2
Ø Mandatory actions related to first safety examination 

è Aging  ↗ Reliability ↘   HR for curative maintenance ↗

è Launch of an ambitious renovation program :

June 2023: Ministry of Higher Education and Research comes to GANIL to announce an 
exceptional budget of 40 M€ for DESIR, NEWGAIN, CYREN

Power supplies Cooling system Radiation monitors Remote control



SPIRAL1 upgrade

- 35 isotopes > 1+4pps
- 7 chemical elements
- T1/2min : 100ms (8He

- 100 isotopes > 1+4pps
- 35 chemical elements
- T1/2min : 100ms (8He



Convertor room

LINEAR accelerator (LINAC)

ION SOURCE

S3  (SUPER SEPARATOR 
SPECTROMETER)

NFS

Time of Flight room

DESIR
Disintegration, 
Excitation and Storage of 
Radioactive Ions

High-intensity beams:
5 mA, 33 MeV protons
5 mA, 40 MeV deutons
1 mA, <14,5 MeV/u heavy ions

SPIRAL2 LINAC and the new experimental rooms

2027

2024-2026 Commissioning2019

NFS : 40 MeV d + Be

WNR : Los Alamos

n-TOF 2 : CERN

n-TOF 1 : CERN

GELINA : Geel

Complementary to the existing facilities



NFS Experiments : 
Nuclear data and Basic Science
Ø Pygmy dipole resonance in 140Ce 

using the (n,n’g) reaction, 
Marine Vandebrouck et al

Ø LIONS: Light ions production 
studies with MEDLEY at the NFS 
facility, Diego Tarrio et al

Ø GARIC: Gas pRoduction in 
Chromium, Iron by neutrons, 
Diego Tarrio et al

Ø (n,xn g) reaction cross section 
measurements for nuclear energy, 
M. Kerveno MEDLEY

Ø Shedding new light
 on the structure of 
56Ni using (n,3n) 
reaction at NFS, 
E. Clement et al

235U fisFALSTAFF at NFS, D. Doré et al.
Fission fragment study with E*



GANIL Horizon 2030 

Recently commissioned LINAC 

Refurbishment of the 
cyclotrons – by the 
end of the decade

NEWGAIN, Injector : 
2028-2030

DESIR in 2027-2028

Neutrons for Science 
(NFS) started to work 
in 2021 (first exp). 

Commissioning of the 
Super 
Separator Spectrometer 
(S3) planned in 2024-26:

Courtesy M. Grasso

SPIRAL1 upgrade



Between 100 and 150 publications/year
85% in international collaboration
25% of GANIL publications are with US

OPEN ACCESS 73%
A pluridisciplinary Research Infrastructure



Fission investigation at GANIL



Fission yields studies with FALSTAFF at NFS
Perform experiments in the fast domain to characterize actinide fission fragments

• Neutron Sawtooth Curve

• Important piece of information about scission

- Excitation energy sharing

- Shell effects

- Energy balance

Deby Treasa  Kattikat Melcom

Contribution on Wednesday 

afternoon

Fission data:
E(A), V(A), Range
=> A,Z
Nu(A)



VAMOS Fission program
238U + 12C (6.1 A.MeV)

Surrogate
Inverse kinematics

Several fissioning systems at once
Isotopic fission yields
Broad excitation energy
And …

Diego Ramos 

Pierre Morfouace 

on Tuesday afternoon



Fission data
Isotopic yields

D. Ramos et al. 
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Isotopic yields
Isotopic velocities
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Isotopic yields
Isotopic velocities
Average velocities of fragments
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slowing-down of the fission fragments into the target has
been taken into account, whereas it was considered as
negligible previously. For each isotope, the velocity mea-
sured in the laboratory is then corrected for the energy-
loss following the prescription of [9], in which the di↵er-
ent parameters are adjusted by means of LISE++ sim-
ulations [10]. In addition, the velocity distributions of
each fragment have been corrected for transmission cuts
(angle and ionic charge states) that modified slightly the
mean value of the distribution. The resulting velocity
vectors are transformed into the reference frame of the
fissioning system. The resolution on the resulting fission
velocities is depending on the resolution on the velocity
and the angle in the laboratory reference frame, and the
beam-energy straggling. Considering a resolution of 0.4%
on the velocity measurement and an angular resolution
of 5 mrad [], the resolution on the resulting fission ve-
locity was estimated better than 2%. The resulting first
and second momentum of the fission velocity distribution
V (A,Z) and �V (A,Z) are displayed for each fragment
isotopicaly identified, in figures 1 and 2, for 240Pu and
250Cf fissioning systems , respectively.

The average velocity < V > (Z) for each atomic num-
ber Z and its average standard deviation are defined as:

< V > (Z) =

P
A

Y (A,Z)V (Z,A)P
A

Y (A,Z)

< �V > (Z) =

P
A

Y (A,Z)�V (Z,A)P
A

Y (A,Z)

(1)

They are displayed in figure 3 and 4 for both sys-
tems. The average velocity < V > (Z) is compared to
the liquid-drop model prediction of the fission kinemat-
ics [11], with constant deformation and neck parameters.
Following this prescription, the total kinetic energy TKE
at scission is given by:

TKE = 1.44
Z1Z2

D
(2)

where D is the distance between the charged centroids
of both fragments A⇤

1 and A⇤
2, and may be written as a

function of the fragment deformation parameters �1 and
�2 and d the distance between them:

D = r0(A
⇤
1
1/3(1 +

2

3
�1) +A⇤

2
1/3(1 +

2

3
�2)) + d, (3)

where r0 is the nucleon radius. The velocity of one frag-
ment is deduced from the mass and momentum conser-
vation. The average mass of both fragments at scission,
before neutron evaporation, obtained experimentatly as
described in the following section, is considered. For a
better agreement of the Wilkins prescription with the
present data, the neck parameter d needed to be in-
creased from 2 to 2.7 fm for 250Cf fission and 2.5 fm
for 240Pu fission. This increase could be a result of the
reaction mechanism used in the present work, inducing
higher angular momentum than in the proton-induced or
spontaneous fission considered by Wilkins. With respect
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FIG. 1. Mean values of the fission velocity spectra as a func-
tion of the neutron number of the isotopes produced in the
fission of 240Pu, for each atomic number. The error bars show
the second momentum of the velocity spectra.

to previous work [5], a better agreement with the theo-
retical expectation is reached, as the correction for the
energy loss in the target is now taken into account. In
figure 3, some deviations around Z ⇠ 52 and Z ⇠ 42 with
respect to the liquid-drop model can be observed. They
are the signature of the presence of shell e↵ects in the
deformation configuration, as will be discussed further.

The observed standard deviation is the quadratic sum
of the experimental error, the physical distribution of
scission configurations (resulting from an ensemble of dif-
ferent neck or deformations for the same split), and ve-
locity spread due to neutron evaporation. In both sys-
tems the standard deviation �V of the velocity is decreas-
ing with increasing Z, showing that the di↵erent fluctu-
ations in the scission configuration and subsequent neu-
tron evaporation are less and less influencing the strag-
gling on the fragment momentum as the fission mass
increasses. However, the standard deviation observed
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FIG. 4. Average fission velocities < V > (Z) as a function
of the fragment atomic number Z produced in the fission of
250Cf. It is compared to the Wilkins prescription of the fis-
sion kinematics (red line). The neck parameter d has been
increased from 2 to 2.5 fm for a better agreement with the
data.The average standard deviation is displayed in the bot-
tom panel. See equation 1 and text for details.

fissioning system, with an average excitation energy of 9

MeV, no pre-scission neutron evaporation is considered.

In the case of
250

Cf, the neutron evaporation leads to a

fissioning system of average mass AFS = 249.8, as given
from GEF [8] predictions. Indeed, from this simulation

code, the first chance fission is supposed to happen in

more than 80% of the cases. It is then possible to asso-

ciate to both fission-fragment atomic number the average

fission velocities< V1 > and< V2 > from equation 1, and

deduce the average initial masses < A⇤ >1 and < A⇤ >2

using the momentum and mass conservation:

< A⇤ >1= AFS
<V2>
<V1>

< A⇤ >2= AFS� < A⇤ >1
(3)

The resulting average neutron excess of the scission

fragments are displayed in blue in figures 5 and 6. The

neutron excess defined as
<A>(Z)�Z

Z =< N > /Z is cho-

sen, as it shows a more emphasized structure compared

to the simple < A > (Z) mass information, which is

increasing steadily with Z. It is compared to the post-

evaporation average neutron-excess deduced from the av-

erage post-evaporation mass measured in the experiment:

< A > (Z) =

P
A A ⇤ Y (A,Z)P

A Y (A,Z)
(4)

The results are also compared to the GEFsimulation

estimation [8] displayed with open symbols.

The neutron excess of the scission fragments of
240

Pu

show a step behaviour, with a sudden increase around

Z = 50. The step is maintened up to Z = 54 and above.

The neutron excess of the scission fragments of
250

Cf

show a more regular steady increase with increasing Z, as

predicted by the liquid-drop model following Wilkins [7]

and Myers[? ] prescription, displayed as a red dashed

line in figure 6. The origin of the di↵erence between the

liquid drop model and GEF is not clear. Is it possible
that GEF uses some di↵erent parameters for the liquid
drop ? I will discuss this later.
The post-evaporation fragments of

250
Cf show no po-

larisation, which is not properly reproduced by the GEF

code. In contrast, the shell structures appearing in the

neutron excess of the
240

Pu are conserved after the neu-

tron evaporation, and the structure of the neutron excess

of the final fragments is well reproduced by the GEF

code.

Z35 40 45 50 55 60

<N
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Z(
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1.65

FIG. 5. Average neutron excess < N > /Z as a function of the
fragment atomic number Z produced in the fission of 240Pu,
pre and post-neutron evaporation, in blue and black symbols,
respectively. It is compared to the estimation of GEF with
the same color code and open circle symbols

POST-SCISSION NEUTRON EVAPORATION

The di↵erence between the measured mass at the focal

plane of the spectrometer and the scission mass deduced

from the velocity properties gives access to the average

neutron multiplicity evaporated by the fragments:

< ⌫ > (Z) =< A > (Z)� < A⇤ > (Z) (5)

The resulting average neutron multiplicities are com-

pared in figure 7 and 8 to the estimation of the GEF

model. In the case of
240

Pu, the saw-tooth behaviour of
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FIG. 4. Average fission velocities < V > (Z) as a function
of the fragment atomic number Z produced in the fission of
250Cf. It is compared to the Wilkins prescription of the fis-
sion kinematics (red line). The neck parameter d has been
increased from 2 to 2.5 fm for a better agreement with the
data.The average standard deviation is displayed in the bot-
tom panel. See equation 1 and text for details.

fissioning system, with an average excitation energy of 9

MeV, no pre-scission neutron evaporation is considered.

In the case of
250

Cf, the neutron evaporation leads to a

fissioning system of average mass AFS = 249.8, as given
from GEF [8] predictions. Indeed, from this simulation

code, the first chance fission is supposed to happen in

more than 80% of the cases. It is then possible to asso-

ciate to both fission-fragment atomic number the average

fission velocities< V1 > and< V2 > from equation 1, and

deduce the average initial masses < A⇤ >1 and < A⇤ >2

using the momentum and mass conservation:

< A⇤ >1= AFS
<V2>
<V1>

< A⇤ >2= AFS� < A⇤ >1
(3)

The resulting average neutron excess of the scission

fragments are displayed in blue in figures 5 and 6. The

neutron excess defined as
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sen, as it shows a more emphasized structure compared

to the simple < A > (Z) mass information, which is

increasing steadily with Z. It is compared to the post-

evaporation average neutron-excess deduced from the av-

erage post-evaporation mass measured in the experiment:
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The results are also compared to the GEFsimulation

estimation [8] displayed with open symbols.

The neutron excess of the scission fragments of
240

Pu

show a step behaviour, with a sudden increase around

Z = 50. The step is maintened up to Z = 54 and above.

The neutron excess of the scission fragments of
250

Cf

show a more regular steady increase with increasing Z, as

predicted by the liquid-drop model following Wilkins [7]

and Myers[? ] prescription, displayed as a red dashed

line in figure 6. The origin of the di↵erence between the

liquid drop model and GEF is not clear. Is it possible
that GEF uses some di↵erent parameters for the liquid
drop ? I will discuss this later.
The post-evaporation fragments of

250
Cf show no po-

larisation, which is not properly reproduced by the GEF

code. In contrast, the shell structures appearing in the

neutron excess of the
240

Pu are conserved after the neu-

tron evaporation, and the structure of the neutron excess

of the final fragments is well reproduced by the GEF

code.
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fragment atomic number Z produced in the fission of 240Pu,
pre and post-neutron evaporation, in blue and black symbols,
respectively. It is compared to the estimation of GEF with
the same color code and open circle symbols

POST-SCISSION NEUTRON EVAPORATION

The di↵erence between the measured mass at the focal

plane of the spectrometer and the scission mass deduced

from the velocity properties gives access to the average

neutron multiplicity evaporated by the fragments:

< ⌫ > (Z) =< A > (Z)� < A⇤ > (Z) (5)

The resulting average neutron multiplicities are com-

pared in figure 7 and 8 to the estimation of the GEF

model. In the case of
240
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2. How to preserve and curate 
this wealth of data in nuclear 

data base ?



Nuclear data: 
storage and preservation with EXFOR



Nuclear data : preservation with EXFOR

Many exit channels



Nuclear data : preservation with EXFOR

Too many exit channels



Nuclear data : preservation with EXFOR

https://doi.org/10.1016/j.nds.2014.07.065

Complexity of the exit channel and the excitation energy that is not related to incident energy
i.e. : SOFIA : 1 AGeV,  E* ~10 MeV

Increasing number of charged-particle data 
• Increasign difficulty to produce actinide targets
• Opening of possibilities with surrogate techniques

https://doi.org/10.1016/j.nds.2014.07.065
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3. New paradigm:
FAIR Principle and 
Responsibility of 

Research Infrastructure in data 
preservation



Meta data

Data Production and preservation : 
current scheme

Raw data

Long-term 
storage

Collaboration Analysed data

Published  data

Nuclear 
data base 

Editor

Research 
Infrastructure

Research 
Infrastructure

Data production

Simulations, theory, data sorting…
Lost !



Meta data

Data Production and preservation : 
New Paradigm

Raw data

Long-term 
storage

Collaboration Analysed data

Published  data

Nuclear 
data base 

Editor

Research 
Infrastructure

Research 
Infrastructure

Data production

FAIR Principle : 
Data Findable, 
Accessible, 
Interoperable and 
Reusable 

Collaboration

Precursor since 1975 
in data preservation:
How to take benefit 
of this new system ? 



Publications and data availability

https://www-nds.iaea.org/exfor/

EXFOR not acknowledged



Preservation of data is not anymore the concern of the collaborations or the users, 
but also of the research infrastructure
Through the FAIR principles:   Findable, Accessible, Interoperable and Reusable 

GANIL on the way to produce FAIR data

F1: (Meta) data are assigned globally unique and persistent identifiers
F2: Data are described with rich metadata
F3: Metadata clearly and explicitly include the identifier of the data they describe
F4: (Meta)data are registered or indexed in a searchable resource

A1: (Meta)data are retrievable by their identifier using a standardised communication protocol
A2: Metadata should be accessible even when the data is no longer available

I1: (Meta)data use a formal, accessible, shared, and broadly applicable language for knowledge representation
I2: (Meta)data use vocabularies that follow the FAIR principles
I3: (Meta)data include qualified references to other (meta)data

https://www.go-fair.org/fair-principles/f1-meta-data-assigned-globally-unique-persistent-identifiers/

R1: (Meta)data are richly described with a plurality of accurate and relevant attributes

DOI  for 
publicationDOI  for data

DOI  for 
publication

https://www.go-fair.org/fair-principles/f1-meta-data-assigned-globally-unique-persistent-identifiers/
https://www.go-fair.org/fair-principles/f2-data-described-rich-metadata/
https://www.go-fair.org/fair-principles/f3-metadata-clearly-explicitly-include-identifier-data-describe/
https://www.go-fair.org/fair-principles/f4-metadata-registered-indexed-searchable-resource/
https://www.go-fair.org/fair-principles/metadata-retrievable-identifier-standardised-communication-protocol/
https://www.go-fair.org/fair-principles/a2-metadata-accessible-even-data-no-longer-available/
https://www.go-fair.org/fair-principles/i1-metadata-use-formal-accessible-shared-broadly-applicable-language-knowledge-representation/
https://www.go-fair.org/fair-principles/i2-metadata-use-vocabularies-follow-fair-principles/
https://www.go-fair.org/fair-principles/i3-metadata-include-qualified-references-metadata/
https://www.go-fair.org/fair-principles/r1-metadata-richly-described-plurality-accurate-relevant-attributes/


OpenNP Research data catalogue
A European initiative for a portal for nuclear physics data and tools

Data DOI

OPEN NP RDM

RI

Meta-data



Conclusions

Heavy-ion accelerators provide innovative, nuclear data, for an important 
improvement of our understanding and modelisation of fission process 

Nuclear Data field is undergoing a transformation

It is the responsibility of Research Infrastructures and of the Users to prepare for 
the new paradigm 

Work in Progress !!
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Thank you for your attention



Data management plan of GANIL : 



Data management plan of GANIL : 



Data management plan of GANIL : 


