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1. GANIL installations:and
projects
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Heavy-ion accelerator hosting a large diversity of
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A broad range of ion species

and energies

* 5 cyclotrons
« Stable beams: 12C to 238U

* Energy : from <1 MeV up to 95MeV/u

* SPIRAL1 radioactive beams
* Up to 4 experiments in parallel
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CYREN : Cyclotron Renovation GANGL

» Maintenance and renovation kept at minimum level for the last 10 years ay"
worforce focused on
» Construction and commissioning of SPIRAL2
» Mandatory actions related to first safety examination

> Aging o Reliability 8 HR for curative maintenance &

=» Launch of an ambitious renovation program :

Power supplies Cooling system Radiation monitors Remote control

June2023: Ministry of Higher Education and Research comeés to GANIL to anfiounce an
exceptional budget of 40 M€ for DESIR, NEWGA, CYREN




SPIRAL1 upgrade

* New target lon Source Systems (FEBIAD)
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New 1+ sources
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- 7 chemical elements
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SPIRAL2 LINAC and the new experimental rooms
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High-intensity beams:
5 mA, 33 MeV protons

5 mA, 40 MeV deutons
1 mA, <14,5 MeV/u heavy ions




NFS Experiments :
Nuclear data and Basic Science

> Pygmy dipole resonance in 14%Ce F{§
using the (n,n’y) reaction, \
Marine Vandebrouck et al

GANiL

» Shedding new light
on the structure of
*6Nj using (n,3n)

g reaction at NFS,

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

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

» (n,xn y) reaction cross section
measurements for nuclear energy,

‘ 235( fisFALSTAFF at NFS, D. Doré et al.
M. Kerveno MEDLEY

Fission fragment study with E*




GANIL Horizon 2030 CGAN

DESIR in 2027-2028

Commissioning of the
Super DESIR

-——

Separator Spectrometer
(S3) planned in 2024-26:

Refurbishment of the
cyclotrons — by the

Neutrons for Science end of the decade

(NFS) started to work
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A)Peluridisciplinary Research Infrastructure GAN

N ACCESS 73%

OA - Non

461
(25.2%)

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

Perform experiments in the fast domain to characterize actinide fission fragments

Neutron energy bins

* Neutron Sawtooth Curve
zjiU

* Important piece of information about scission

- Excitation energy sharing

- Shell effects

Yields (a.u.)

- Energy balance

Fission data: ) ‘R\
E(A), V(A), Range
=>A,Z

Nu(A)



VAMOS Fission program  3urrosate GANIL

Inverse kinematics

238 + 12C (6.1 A.MeV)
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Fission data GAN
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Fission data
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Fission data GANi

|sotopic yields

Isotopic velocities Vs(2)= La
Average velocities of fragments -
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Fission data GAN
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CAN

* \%
Isotopic yields AT >1= ApsIis
Isotopic velocities < AT >o= Aps— < A" >
Average velocities of fragments

Neutron excess of fragments at scission

Neutron multiplicities
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CGANIL

2. How to preserve andscurate
this wealth of data in nuclear

data base /?




Nuclear data:
storage and preservation with EXFOR CGAN

AN Examp'es of requests: ngﬂﬂﬂﬂ_“ Go to: [upload your data]; EE-Viey
1] Cross section o(E) /updates/ MF3| More examples... A Options
Exclude superseded data
Request [SubmltJ [ResetJ [HeIpJ No reaction combinations (ratios,..)
Exclude evaluated/calculated data
Target 9| ? Enhanced search of Products
Reaction D h ~ Show evaluators flags /2021
- Xl 1-Hydrogen f{Pel} Element — Isotope [Disable me]jg only
Quantity [] o |1 2 t-help
H-1 ati
Product [7] o [ 567 T8 To Ti0 1 en O publication
S— Li [Be BICIN [0 [F [ne
H-3
Energy from \"2 . [f[12 13(14[15 [16 [17 |18 © extended
—— Na|Mg Alsilp |s |a |ar
H-CMP
Author(s) [} toxx |19[20[21 [22 [23 [24 [25 [26 [27 |28 |29 [30 [31[32[33 [34 [35 [36 )
- — K |Galsc i |V |or |Mn [Fe |Co |Ni |Cu |zn |GalGelAs |se [Br |Kr | by Fiel
Publication year [} :_8)2& s7Taa (30 140 47 J¢2 (a3 [ad a5 a6 (67 a8 [ao[o0(5T {52 (55 [oa | PricldS
- — Rb|Sr|Y |zr [Nb Mo [Te |Ru [Rh |Pd |Ag |cd |in|Sn|sb [Te |1 [xe ?
Last modified [} :gfg 55(56 57" 72 |73 (74 |15 76 |77 |78 |79 /80 [81[82[83 84 (85 (86 =
; |+ Cs|Ba|la |Hf [T [W |Re |0s [Ir [Pt |Au [Hg [T [PolEi |Po |At |Rn
Accesslon # [] H-WTR |57 (88 89%[104(105[106[107|108( 109 110| 111|112 =
¥ Extende¢ Fr[Ra|Ac |Rf |Db [Sg |Bh [Hs |Mt [Ds |Rg [* ?]
v 58 [59 (60 (61 |62 |63 |64 |65 |6667]68 |69 |70 71
¥ Keywor *Lanthanides|ce [Pr |Nd |Pm |Sm [Eu |Gd [Tb |Dy|HolEr |[Tm [Yb [Lu 2
v 90 91 [92 (93 |94 |95 |96 |97 |98]99]100[101[102[103
\/CXpert #Actinides|Th [Pa |U [Np [Pu |Am|cm|Bk |CF |Es |Fm [Md |No 2|
v E >
" , sF7 ] ?|
[) Submit in new Window e -




Nuclear data : preservation with EXFOR gan

“ Examples of requests: 1|2/3/4|5/6|7...
1| Cross section o(E) /updates/

Request

MF3| More examples...

Go to: [upload your data]; EE-View:CS,CS1,DA
~ Options

Exclude superseded data
No reaction combinations (ratios,..)

Submit Reset Help
C-12

Target

v

]

04 Exclude evaluated/calculated data
?

Reaction U-2383*

Quantity

Product [7]

Energy from D‘

Author(s) [}
Publication year [}
Last modified ]
Accession # []

|to O] e v

~ Plotting. See also: [video-guid¢

How-to video-guide
o Plot EXFOR-ENDF

e s e e A double differential m:,nJ
i [ X°X ] EXFOR/Reational-Web: Reaction
ﬂ O [5 https://www-nds.iaea.org/exfor/help/help_reaction.htm B % =
2
2 Clear field

2| Add code to the field

¥ Extended
¥ Keywords
¥ Expert

¥ Evaluator

(Reset)

) Submit in new Window

2?1 (N,%) Neutrons
_—_ﬂ N, A \, A+N \,. N, ABS ) AN, D)
b (NEL)  (NF) (N.G)  (NJG#N)  (N,G+P)
' (N.G#X) (N.HE3) (N.INL) (N.INL+F) (N,N)
(N,N+A) (N,N+D) (N,N+G) (N,N+P) (N,N+T) H
(NN#X). (NJNON)  (N,P)  (N,P+A)  (N,P+D) Many exit channels
(N.PN)  (N.P+T)  (N.P+X)  (N.SCT). (N.T)
(N, T+A) (N, THN) (N, T+P) (N, THS) (N, TOT)
(LX) (NXHA) (NLXN)
2 (G,x) GRmas (G,28)  (6,2N)  (G,2P)  (6,3N)
(G,4N)  (G,A)  (G,ABS) (6,D)  (G,EL)
(G,F)  (G,G)  (G,HE3) (G,INL) (G,N)
(G,N+F)  (G,N+P)  (G,N+X) (G,P) (G,P+N)
(6.5CT) (6.7 (GX)  (G.XN)
3 (P%) Pebtons (P,0)  (P,20)  (P,2N)  (P,2P)
(P,A)  (P,A+X) (P,ABS) (P,D)  (P,EL)
(P.F) (P.G)  (P.G+A) (P.GiN) (P.G+P)
(P,HE3) (P, INL) (P,INL+F) (P,N) (P,N+X)
(P,NON)  (P,P)  (P,P+X) (P,SCT) (P,T)
(PTOT).  (P.X)  (PXeN)  (P.XN)
4 (D,x) Ddliterons (D,2N) (D,2P) (D,A) (D,ABS)
(,EL).  (D,F).  (D,6)  (D,GN)
(D,HE3) (D.INL)  (D.N)  (D.N#D)




Nuclear data : preservation with EXFOR gan

“ Examples of requests: 1|2/3/4|5/6|7]...

1] Cross section o(E) /updates/ MF3] More examples...

Request Submit Help

Target C-12
Reaction U-238*
Quantity

Product ]

Go to: [upload your data]; EE-View:CS,CS1,DA
 Options

“ Plotting. See also: [video-guide]
§4 Exclude superseded data N N
__| No reaction combinations (ratios,..) ngg{tngp'g?gﬁg'fe Nl &
v 5 2 —
Bl sl 20 double differential lwrm |
(] @ EXFOR/Reational-Web: Reaction -
O & https://www-nds.iaea.org/exfor/help/help_reaction.htm B8 %

Energy from I:H to ] Y

Author(s) ]
Publication year ]
Last modified ]
Accession # ]

¥ Extended
¥ Keywords
¥ Expert

¥ Evaluator

Submit Reset

(] Submit in new Window

T T T T T T

9 (@,%) No incident particle - spontaneous decay =
10 (E,*) Electrons (E,2N)  (E,2P)  (E,3N)  (E
(E,A) (E,F) (E,INL)  (E,N) (E,P)

(Li-11,%) (Li-6,%) (Li-7,%) (Li-8,%) (Li-9,%)
(Be-10,%) (Be-11,%) (Be-12,%) (Be-7,%) (Be-9,%)
(B-10,%) (B-11,%) (B=17,%) (B=8,x)

(C=12, %)

(N-14,%)

(0-16,%)

(F=17,%).
(Ne=20, )

(A1-27,%).
(Si-28,%)
(5=32,%).

(C1-35, %)
(Ar-40, )
(Ca-40,%)
(Cr-54,%)
(Fe=56,%)
(Ni-58,%)
(Cu=63, %)

E,4N) e

Too many exit channels




Nuclear data : preservation with EXFOR can;

|
A Examples of requests: 1/2/3/4/5/6|7... Go to: [upload your data]; EE-View:CS,CS1,DA
] ~ Options ! k ! T r
1] Cross section o(E) /updates/ MF3| More examples... PEX » p—— 2 Plotting. See also: [video-guid 20000 | i
clude superseded dal " N
i i inati i How-to video-guide| \ / (2]
Request No reaction combinations (ratios,..) + Plot EXFOR-ENDF v o)
Exclude evaluated/calculated data ldouble diff tial =
Target [3|C-12 ? Enhanced search of Products ouble difierentia video =
X - cross-sections =
Reaction U-238* ? Show evaluators flags /2021 i )
) L - Retrieve listing only /Advanced plotting _ 15000 E
Quantity 2| Disable Prompt-help  Cross sections . B
A - e N et « Angular distribution|
Product ] DA* Differential data E publication « Emission spectra :5
DA; DAP Differential data with respect to angle tended b i i
Energy from FY;E;MFQ Fission: product yields, fragment energies, miscellaneous b zﬁ‘ét:; elinereiEl Q9 tr
Author(s) [7] PY; TT* Product yields, thick target yields E neutron e
S COR Secondary particle correlations s Default > 1 0000 o T e T
Jblication year ] cs Cross section data Target « Map Y e > -
e [ Csp Partial cross section data 2RSS I o e -7
Losdcdiiied | CsT Temperature dependent cross section data | Incident Particle 0>.) ----- /"
Accession # |:| DA Differential data with respect to angle 2 Y 7
~ - DAE Differential data with respect to angle and energy - | Product Particle/Process © 2 .,-’
¥ Extend¢«pap Partial differential data with respect to angle = — 5000 f / |
¥ Keywor DE Differential data with respect to energy ? Product 3 824
v Expert Partial differential data with respect to energy ? Branch E %
o E Fission fragment energies o =3
¥ Evaluat Fy ission nroduct vie | Parameters o hoton
. hd —
sF7 ] 5| Particles Considered ; p
() Submit in new Window - D : Modifiers 0 2 " L
sro [ 7| Data Code 1960 1970 1980 1990 2000 2010
SF58 D ? Quantity Code . .
e year of compilation
A

7 Feedback and User's Input https://doi.org/10.1016/j.nds.2014.07.065

© Comments/questions?
© Send experimental data to EXFOR team
© Send message about mistake in EXFOR

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

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



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

CGANIL

3..New, paradigm:
FAIRPrinciple and
Responsibility of

Research Infrastructure in data
preservation




Data Production and preservation :

current scheme CAN

Data production Long-term
storage

Meta data

Research Raw data Research
Infrastructure Infrastructure

& Lost !
Nuclear
data base
~

Collaboration




Data Production and preservation :

: CANIL
New Paradigm =
Data production Long-term
storage o
Meta data FAIR Principle :
Data Findable,
Research Raw data Accessible,
Infrastructure Interoperable and
Reusable

Nuclear

data base

Collaboration —> Analysed data
3

\
\
\
\
N Published data

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




Publications and data availability

De NSTR-peerreview®@journals.tandf.co.uk @

Pour fanny.farget@ganil.fr @

Sujet Your Article submission 17612 #Trackingld:19837022

Dear Fanny,

CAN

SANS

American Nuclear Society

Nuclear Science and

Technology Open Research

| hope you are doing well. Many thanks for your email confirming that you wish to proceed ahead with the author list from the manuscript file.

| would like to inform
next step -

1) Author email addr
We would like to have
you to provide us witt
on your behalf and ve

2) Data Repository c
We noticed that in the
sa=t&source=web&rc
&ved=2ahUKEwiPnKW
approved repositories

Any

Any, but especially
deposits with mixed
data and code

Any

Any, but especially
data in SAV and POR
formats

Any, but especially
deposits with mixed
data, materials and
documents

Deposits of mixed
data and code

Any biological data,
but especially data
linked to studies in
other databases

Figshares

Zenodo

Dryad

Dataverse

Open Science Framework®

Code Ocean

BioStudies

Title, DOI

Title, DOI

Title, DOI

Title, DOI

Title, DOI

Title, DOI, embed code for
interactive reanalysis tool

Title, accession number

| quality checks and we have a few pending concerns before we move on to the

onal email addresses in order to verify authorship criteria. We would alsg reques




GANIL on the way to produce FAIR data

Preservation of data is not anymore the concern of the collaborations or the users,

CAN

but also of the research infrastructure

Through the FAIR principles: Findable, Accessible, Interoperable and Reusable

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

DOI for
publication

DOI for data

Al: (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

DOI for
publication

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

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

*

https://www.go6-fair.org /fair-prineiples/f1-meta-data-assigned-globallysunique-persistentridentifiers/


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

N\

Data

=

CANIL

DOI

;:\ A European initiative for a portal for nuclear physics data and tools

openNP
RI

EUR®:LABS
b

CANiIL
=

UNIVERSITY OF JYVASKYLA
%

T

Local/remote storage
Data Management Plan
DOl generation

Puplications, Workflows
) ﬁ Data Sets

Software analysis, Codes

&

DataCite

Zenodo

« éeneric » metadata :
<doi domain>
<contributor(s)>
<affiliation(s]>
<title(s])>
<date(s]>
<rights>

« specific » metadata :
<beam>
<isotope>
<beam energy>
<target>
<composition>
<density>
<experimental_setup>

OPEN NP RDM

* Mapping to various metadata, including
DataCite Metadata Schema [3]
* Various creator/affiliation identifier
schemes:
* ORCID, ROR, ISN|, etc...
* Various export format for records metadata
* JSON, XML, BibTex, DCAT-AP, ...
* NAPMIX project [4] :
* Standardization of metadata for Nuclear,
Astro and Particle Physics
* GSI/GANIL/DESY/ ... collaboration

~r

Meta-data




CANIL

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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Data management plan of GANIL :

RAW DATA

EVENTUALLY ENRICHED WITH

DATA FACILITATING LATER ANALYSIS
Experiment configuration / Logbook / Experiment minutes

METADATA [DataCite standardized schema)
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Data management plan of GANIL :
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STORAGH
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ACCESS l

IMMEDIATE ACCESS

for the experiment team

PRESERVATION l

PRESERVED 1 year i
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LONG TERM STORAGE

STORAGH

DATA WAREHOUSE [CC-IN2P3]

for preservation purposes
DATA =
TRANSFERRED .
USING iRODS EMBARGO PERIOD®

at least 3years

ACCESS UPON REQUEST

PRESERVATION +

PRESERVED at ls

"for access to data outside the experiment team
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Data management plan of GANIL : GAN

IDENTIFIER LINK

ADDED ONCE KNOWN
y INCLUDED

ADDED IN THE PREPRINT s ==
S —

A DOCUMENTATION DEDICATED TO DATA MANAGEMENT GANIL EXPERIMENT DATA VOLUMES

GANIL DATA POLICY > ESTIMATED: 800 To per year
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GANIL DATA MANAGEMENT PLAN >

Describe the Wecycie of exparimental gata protuced




