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A brief history of GANIL G'\N i |_

1976 Creation of GANIL GIE
(Grand Accélérateur national d’ions lourds)

1983 First experiment

2001 SPIRAL1 exotic beams

2006 SPIRAL2 Project signature of convention for construction
Inclusion on European Strategy Forum for
Research Infrastructures (ESFRI) roadmap

2011  Start of SPIRAL2 Construction

2019  Start of the SPIRAL2 commissioning

2020 First neutron beams at SPIRAL2

GANIL 2023

2022  First heavy ion beams at SPIRAL2
Fanny Farget GSI Seminar



Some numbers G'\N i I_

» 230 permanent staff members (28 CEA and CNRS researchers,
engineers, technicians) + 70 temporary staff (20 PhD, 11 postdocs)

+ CIMAP = 24 permanent staff + 15 PhD + 8 postdocs

 An international scientific community of = 1000 members

France
Italie
Pologne

Espagne
Japon

Corée
Royaume Uni
Belgique

Inde

Russie
Suede
Roumanie
Canada




GANIL: a multidisciplinary and multi-users laboratory G '\N i 1
]

Nuclear Astrophysics Astrochemistry

Nuclear Physics

e

Detectors and

accelerators R&D
#7 Ty e ‘

Nanostructuration

. Radiobiology
Industrial applications: microporous membranes,

electronic components irradiation
Fanny Farget GSI Seminar



Organization GANIL

Conseil Social et Economique Responsabilités fonctionnelles
Présidente- Patricia CHOMAZ - - Ingénieur Sécurité d’Etablissement par interim - Stéphan CHATEL
Secrétaire - Grégory LEBERTRE Direction Cheffe d'Installation INB 113 - Fabienne LEMAIRE
Secrétaire adjoint - Maria BLAIZOT Conseiller en radioprotection - Mathieu DUPUIS
Référent harcélement - Jean-Eric DUCRET Patricia CHOMAZ - Directrice Chargé de la Sécurité du Systéme d'Information - Nicolas MENARD
. . Fanny FARGET- Directrice adjointe Conseiller a la Sécurité pour le Transport de Marchandises
o g«::setll d'l’_gmté gx;gﬂ iooet s Dangeureusesé— JérﬁmeéDELAMARE
résidente - Fanny A . o Prépos la Garde des Matiéres Nucléaires - Yoann TREHUDIC
Stéphanie PUPIN - Assistante Correspondante Formation - Sandrine DUBROMEL
Responsable Qualité - Stéphanie PERRET-GATEL
Ingénieur environnement - Franck SOBRIO
Référent Développement Durable - Franck SOBRIO
Responsable de la Gestion des Déchets - Franck SOBRIO
Coordinateur faisceau GANIL - Emmanuel CLEMENT
Coordinateur faisceau IPAC - Alain MERY
Cellule Soutien a la Valorisation et Partenariats Coordinatrice faisceau IRSSUD - Clara GRYGIEL
Fanny FARGET - Responsable

Cellule Sdreté Qualité Cellule Coordination des Programmes
Vincent CINGAL - Responsable Pascal ANGER - Responsable

Responsable Administratif UAR GANIL - Christine LAURENT
Adjointe a la Cheffe de I'UGP CEA - Christine TIQUET

Fonctionnaire Sécurité Défense - Nicolas Ménard
Foctionnaire Sécurité Défense adjointe - Christine Tiquet

Division Opérations et Développements Division Soutien Technique et Administratif Division Physique
Gilles SENECAL - Responsable Nicolas MENARD - Responsable Gilles DE FRANCE - Responsable
Alain SAVALLE - Resp. adjoint Christine TIQUET - Resp. adjointe Julien PANCIN - Resp. adjoint
et Ord des Infrastructure Informatique PHASE
Christophe LESIGNE - Responsable — Guillaume LALAIRE - Responsable — Hervé SAVAJOLS - Responsable -
Jean-Claude FOY - Resp. adjoint Grégory LEBERTRE - Resp. adjoint
Physique des Accélérateurs | Finance et Achats _ i
Guillaume NORMAND - Responsable Bertrand FRANEL - Responsable John FRANKLAND - Responsable -
Cibles et Sources ineslet d el STARS
S — Christine LAURENT - Responsable — o - .
Mickaél DUBOIS - Responsable Isabelle 'HONOREY - Resp. adjointe CLEMENT -
Equipements Faisceaux | Batiments, Accueil et Utilités _ FINDS

Marc-Hervé STODEL - Responsable Philippe SOUBIROU - Responsable Pierre DELAHAYE - Responsable —

i Sireté, Sécurité, Radioprotection et
Cor::thrb.lt rh HAQUIN etRe bl | Environnement _ DOSADO

I nstopie Q mreshonsav ch Fabienne LEMAIRE - Responsable Anne-Marie FRELIN - Responsable —
Nicolas SIMON-BAUDUIN - Resp. adjoint Jean-Christophe PACARY - Resp. adjoint

Mécanique q .
Franck LUTTON - Responsable | Prévention et Santé au Travail _ THEORY |

Alexis LEFEVRE - Resp. adjoint Dr Antoine ALEMANY - Responsable David BOILLEY - Responsable
Opération Détection et Lasers pour la Physique .
Olivier DANNA - Responsable — . Sébastien HERLANT - Responsable
Omar KAMALOU - Resp. adjoint . I Nathalie LECESNE - Resp. adjoint
l |
Vide et Cryogénie Techniques d'Acquisition _
Romuald LEVALLOIS - Responsable — Luc LEGEARD - Responsable

Pierre-Emmanuel BERNAUDIN - Resp. adjoint Mise & jour du 15 janvier 2024 Gilles WITTWER - Resp. adjoint



Division Operation and Development

Division Opération et Développements

Gilles SENECAL - Responsable

Alain SAVALLE - Resp. adjoint

Isabelle COME - Assistante
Joélle LORUSSO - Assistante (10%), DESIR (90%)

Anthony DUBOIS
Assistant Responsable Exploitation et Qualité

Franck Esnault (40%)
Suivi d'actions techniques

Gestion et Ordonnancement
des Installations

Christophe LESIGNE - Responsable
Jean-Claude FOY - Resp. adjoint

Instrumentation
Sébastien GAUTROT
Marius LECLUZE (Apprenti)
Thierry LEFROU

Mécani & vid
Mickaél BOUCHARD (Opérateur)
Arnaud LECLUZE (Opérateur)
Franck MARIE-SAILLENFEST
Guilhem THERON

Electronique & automatisme
Djillali ALLAL
Arnaud GIRET
Charlie GOUYET
Fabrice LEPOITTEVIN (Opérateur)
Antoine WAGRET-QUATROMME

Opération

Olivier DANNA - Responsable
Omar KAMALOU - Resp. adjoint

Guillaume PESCHARD (GVC)
Vincent METAYER (GCS)
Mickaé&l BOUCHARD (GGOI)

Fabrice LEPOITTEVIN (GGOI)
Arnaud LECLUZE (GGOI)
Pierre LEDUC (G2CA)

Miguel BARBERA (G2i)
Wilfried BOUGY (G2CA)
Cyril PETIT VERNA (GCS)

Ghislain LEDU (GEF)
Frédéric DAVID (SSRE/Déchets)
Nicolas DEPIROU (GEF)

Stéphane LORET (GEF)
Cyril FINFE (GVC)
Sylvain AMESLANT (GO)

Christophe MAUGER (GEF)

Stéphane BONNEAU (G2CA)

Nicolas LECHARTIER (GCS)
Vincent MORIN (GEF)

Physique des Accélérateurs

Guillaume NORMAND - Responsable

Dynamique Faisceau
Bertrand JACQUOT
Mathieu LALANDE

Angie ORDUZ

Activité projet DESIR et NEWGAIN
Cyrille BERTHE
Frangois HANCHIN
Mélanie LAMARCHE (80%)
Marie-Héléne MOSCATELLO
Eric PETIT
Franck VARENNE

io-Fréquence
Marco DI GIACOMO

Adnan GHRIBI
Charly LASSALLE (Doctorant)

Cibles et Sources
Mickaél DUBOIS - Responsable
Opération et développement.

faisceaux ions stables
Frédéric LEMAGNEN
Laurent GOULEUF
Vincent METAYER (Opérateur)
Benoit OSMOND (90%)

Opération et développement.

Pierre CHAUVEAU (10%)
Samuel DAMOY
Romain FRIGOT

Stéphane HORMIGOS

Opération cibles
Benoit OSMOND (10%)

R&D faisdeaux ISOL
Vincent BOSQUET (Doctorant)
Pierre CHAUVEAU (90%)
Pascal JARDIN
Alexis RIBET

Opération et développement
Arpan KHANDELWAL (Doctorant)
Support technique transverse

Nicolas LECHARTIER (Opérateur)
Cyril PETIT VERNA (Opérateur)
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PhD Students :

|A for automatic
anomaly detection

Exotic beam production

Beam dynamics



GANIL Cyclotrons and experimental equipment

CANIL
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*Beams:12Cto U
* Energy : from <1 MeV up to 95MeV/nucleon

* Up to 4 experiments in parallel

Fanny Farget

GSI Seminar

ACTAR TPC*

Sample holder for
irradiation




Parallel operation GI\N i I—

IRRSUD : Stable beams with
E<1 MeV/u
CIRIL

* : Stable beam 5-10 MeV/u
CIRIL

D3 : Stable beam 25-95 MeV/u
GANIL -

G4

G3
SPEG

ORION

Stripper foil

; IRRSUD
CO1 :’ l:
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SPIRAL1
Developments
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SPIRAL1

ey figures:
80 experiments with SPIRAL1 beams since 2001

35 isotopes delivered > 1E+4pps
T4, min : 100ms (8He)

62 Target ion sources (Production or R&D)

>90 publications
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CANIL

Current Target lons Source
ECR N+ : Nanogan3 + C
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SPIRAL1

st Step : 1+ ion beam production  _
Versatil installation able to used several
target ion sources

1+ Target lon source

FEBIAD Surface lonization
Metallic beams Alkaly beams

TULIP

Fusion evaporation process
Short lived isotopes

13
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2"d Step : Charge breeder
Step necessary for CIME acceleration

i . e & |l P \ ] |

Electrostatic
quadrupoles




SPIRAL1

CANIL

ECR lon sources

N+ lons source : Gaseous elements
ECR N+ : Nanogan3 + C

Production

Mg 12385689 MNEREBLENLSNALDALSL DY NN LD UH NN W03 8 428 &4 %5 &40 3 Y

xf.

ut - 3b5isotopes > 1E+4pps
ne - 7 chemical elements
- T4;zmin : 100ms (8He)

@
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Surface lon sources R&D

Lp

\ ' Chambre Alu refroidie

Cible graphite

Fenét
138

Energies de premiére ionisation
(eV)

Faisceau primaire 13C 60MeV/A

Production and R&D

Elements for which we
2 observed radioactive
3 isotope

Goup=p1 2 3 4 5 6 7

- . Primary beam

IIIII@EIEE
o[ aR] ] o ] ] ] ) 8

2 Machine studies in 2022
. SAr@74MeV/A 850W
. 84Kr@67MeV/A 10W

More than 60 isotopes measured, including +30 for the first time

Fusion-Evaporation Process R&D

Primary

Target
(Thin Foil)

current

Catcher
Exithole

Fig 1: Vertical cross section of the TISS
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CYREN GANIL

» Cyclotrons maintenance and refurbishment reduced to the strict
minimum for ten years due to the GANIL manpower dedicated to :

v" SPIRAL2 building then commisionning
v Compliance projects following the st safety review

-> Aging X Reliability 8 Manpower for curative maintenance X

=» Strong recommandation to lead an ambitious refurbishment
program to be started as soon as possible

» Launch of the pre project CYREN : 17t march 2022

» Objective n°1:
keep the facility in operational condtions for at least 20 years
(Maintenance in Operating Conditions (MOC))

» Objective n°2:
optimize manpower needed for maintenance after refurbishment

Minsiter of Research announced in 2024 40 M€ for GANIL projects: L e
DESIR, NEWGAIN, CYREN

15



Industrial applications at GANIL : SAGA GANIL

SAGA : spatial applications @ GANIL Accelerators
Project under discussion with CNES aiming at increasing the beam time for
industrial users at GANIL.

Strong increase of beam time request for tests of electronic

components for spatial industry since 2022. Only 1/3 of the
requests could be accepted in 2023, even with an increase of 2

- of the dedicated beam time

2Eph@29MeV/A

T AANLL]
—W AN I —
2%ye@16MeV/A X
University of Jyviaskyli

83Kr@16M4\//A
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Perspectives installation 2028 G )\N i I_
Ga1-HE RS

G32-HE @\“ 7N
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-> irradiation in air
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LET versus Depth in Silicon
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CIME 0° -> irradiation in air
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Roadmap 2023-2028

2023

2024

2025

2026
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=

2027

2028

=G32 (/G41)

= CIME 0° (SPIRAL1 ALONE // G41)
uD1- ME (/ G41)

= G41 (GANILL // SPIRAL2)

= G41 (GANIL ALONE)
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Project N°1 on the cyclotrons facility G\ N L.

B Separation by partial stripper/degrader at 100 A.MeV
DC septum to be develloped : GSI support ?

Stripping
Septum — ‘

Cails_ | |
o[ @ ' B
Septum : /////// 7
/4 Beam 2§ /7 =

! 7 = Eyeeé

high field no field SPIRAL2 — AK. Orduz Stripper
region region X . i




Project N°2 on the cyclotrons facility G\ N L.

B [rradiation Beam line for radiobiology/ industrial applications
devellopement beam wobbler (10-100Hz)

Beam uniformity with
a multipolar beam wobbler
(want to join us ?)

7
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Project N°3 on the cyclotrons facility G\ N L.

B Beam sharing with « fast kicker » under discussion ?
Fast kicker ( 20-50 Hz) to be developed : GSI support ?
DC septum to be developed GSI support ?

Stripping partiel

— Septum

Septum ﬂ Coils
Kicker & W \
d

= high fleld no field
May, 2021 SPIRALZ - AK. Orc Kieker region region

Field

t
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SPIRAL2
Commissioning




Spiral2 CW LINAC

Heavy ion source (A/q=6 to 7)
and RFQ - Futur upgrade

26 Quarter wave resonator accelerating cavities

N . ..a2

b

L™ - ﬁQFQ\Qnth 100% of tr&nsmission

2 S22 d*: 20 MeV/n
s Spiral2. v HI : 14.5 MeV/n

0.75 MeV/n dr/ver accelerator

Slow chogﬁper for lowering power (ﬂms/sec)

3 slit pairs for reducing emittance : very usefu\ Tuning for peak-intensity

3 bunchers and qhadrupoles to prepare the beam.
Most complicated part of tuning and optics

CANIL

e 10 m o

- Neutron For Science
7

\

s —>

S3
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Commissioning timeline GANIL

RFQ || MEBT LINA HEBT Beam dump
AQ=3 || I 4TI ERT
1mA SmA L= NFS >
S3
2
Qualification of the  Qualification of the injector on a_; SC linac beam First year of SPIRAL2 SPIRAL2 operation
ion sources and LEBT Diagnostic Plate (GANIL) £ commissioning up to the  operation in NFS room | |
(LPSC-Grenoble and  «  RFQ performance o main beam dump 50% beam time for physics 65% bezimfnme for physics
CEA-Saclay) 2014 15t H* beam @2 mA H/D (Dec)z 1 beam in the linac, Oct. 28" Pre-commissioning for S3 14% for studies ,
o Ttbeam in NFS, Dec. 11t 7 MeV/A 1806+, 1807+ Pre-commissioning for S
Construction buildin 2015 1 Ar®* beam @ 230 LA HI ) Ny ' 4014+ ' ' 14.5 MeV/A 108+
9 source (Jul) / 1* RFQ H* (Dec) 9 33 MeV H* (2019) r Cavity failure test and pressure
and tools «  Beam characteristics at RFQ exit & 40 MeV “He?*, D* (2020) 0.73 MeV/A 108, 180T, variation in warm sections
i 50 puA D* NFS (2027) 40Aria+
% First cavity failure test
5

2009 2012 2014-2018

OXYGENE

180 86+ \W=260,0MeV 1=0596mA P=258

Masse 17.9958689395 UMA

Transmission (%)
g
b3

Energie 13 14.491 MeV/A

20 80 120
RFQ voltage(kV)




Single bunch selector (MEBT), scattering issue GANIL

+ HV Pul
T=1ns ulser R
\ Static B-field

@
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@
=}

B
o

gao ‘ ! O ) ) ) () R
.L—é’zo Beam =—==— == mamwa e .-_.'.'?:T):.'.T.:‘T;.-...

12 L _{ Lo o () (o) (J

e 200 400 600 800 1000 1200 1400 Travelling E-field

Tems (ns) - HV Pulse! ‘ ]
SBS meander line to slowdown the E wave

1 bunch selected (~ ns) on 100 (until 10000), for time of flight purpose .
SBS beam dump ESAY §

*  The beam dump receiving the bunches deviated by the SBS (until 7.5 kW) R 3

was affected by Coulomb scattering which has created important heating |

and beam current measurements issues (= 100uA in 2019).

* The beam dump was redesigned (surface changed from flat to staircase), E ~TsTWam o Rebumhe,!
which has successfully decreased the temperature and the current offset. 2:' | o
Al | ”
fo [ Beamaxis f
10 \T%%\ -
20 =
O T,oz,\r
56 58 6 62 64 66
Position (m )
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Simulation code Tracewin (IRFU-CEA)

CANIL

- This code predicts very well the beam behavior after the RFQ if the starting beam
distribution is accurate (emittancemeter in MEBT + backtracing).

- Starting from calculated parameters in the machine, very few matching changes, with 4
quadrupoles and one rebuncher, are needed to obtain a well matched beam to the linac

with very low losses.

Reference simulation 600 pA 80°*

X(mm) - X'(mrad)

Measurement 600 pA 806+

Y(mm) - Y'(mrad)

1

-0.1

e

-30-

1

J\

Output energy (MeV)

T T T T 1
-10 0 10 20 30

Xmax =23.540 mm X'max =8.743 mrad

T 1
20 30
Ymax =7.002 mm Y'max =23.992 mrad

-30 -20 -
Xmax =13.462 mm X'max =5.382 mrad

20 30

Transversal emittances in the MEBT

T T T T
-30 -20 -10 0 10
Ymax =6.614 mm Y'max =20.311 mrad

w
w

w
o
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(6]

N
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Proton 33 MeV

uuuuuuu 007% o
v 0,03% @
0,32%
®
00 umA ®
0,25%
0,53%
®
ese(mve) 7748567 049% @
0,51%
esse Relative a6 ®
0,50%
tiype ®
076% @
Energie 33,002 MeV/A 052% @
0,58% @ Theoretical
®
065%) * Measurement
0,67% ®
-0,29%
-036%_ ©
005% @
062% ©'1"%%
0,38%
oo @ 0,21%

T I T A A m N T TN OO NN
mmmmmmmmmmmmmm

Cavity number

Energy along the LINAC
(Measurement vs Simulation)



Maximum/minimum energies GANIL

Energies along the LINAC

All species

Deuton 20 MeV/A

Deuton 2 MeV/A

1/3 14.5 MeV/A
——1/3 2 MeV/A
——Proton 2 MeV/A
——Proton 33 MeV/A
——1/6 2 MeV/A
—1/6 8.5 MeV/A

12 3 4 5 6 7 8 9 1011 1213 14 15 16 17 18 19 20 21 22 23 24 25 26

Cavity #

Minimum energy : 0.73 MeV/A (id output energy of the RFQ)
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Heavy ions

CANIL

TraceWin - CEA/DRF/Irfu/DACM

s el Faus s it e Y
E ||\||_l‘u1||-|u|ll| J""""v' }
.20
40
70 10 20 30 4 50
Position (m) 3RMS envel'
40
.20 -
E o g e e el .
£e e PR '
-40
T T T T T T
0 10 20 30 40 50
Posmon (m)
g o ‘btop of the acceteration
8 ]
%’§ o] et i Toloo Dl\’ﬂﬂﬂ_l | W M I N i
9> 7 I T LU TS T ! T !
£ 7 MeV/A
0 10 20 ' 30 40 50
Position (m)
1.5 /
os |
g =k cal Fadt 1 T T ud {1y 1m0 —Y 7 WY1 1811 y
=053 JIJII,IJ.IIHJU.' Y N A I LWL i NN i
_1_; r
1.53 T T T T T
0 10 20 30 40 50
Position (m)

AE/E =0.1 MeV rms /126 MeV = 0.08 %
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« Invisible » beams. G'\N i I_

Objective : tune the accelerator even for species with very low intensities not seen by some diagnostics (< 10 pA).

“TraceWn - CEA/DRF/Ifu/DACH
T

X (mm)

wﬂwﬂmfﬂmﬂﬂw Tmﬁﬂm Wrrﬂmﬂr u* TF WHTH . From 808* to 7+ (test case):

T T
10 20 3 50

I NS M[Juuwu%WMWMWHJLJLJJMU . (A1) [(A2/Q2) = 0.86

i | i "W" i - Method : multiply all magnetic and

“ ; & — P R electric fields from source voltage until
. the last quadrupole before the target by
%102, I ,,,.,}Hl';. }...m.:. = "‘i“i“““”' N e i (it T {1 I = - 1 thls faCtor

g;gz: === =l

Simulation of 807" in MEBT, linac and HEBT using the scaling method
Used with success in 2022
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Linac tuning if a cavity is out of order

CANIL

As the energy T the debunching &

High B cavity failure: solution easy to m——) -
find.
Last low B cavity failure, possible to :
recover a beam dynamics without
losses but not obvious.

@ dsg @EB 0525 M

_ Deutons
CMB1 cav 2 out of order

Low B cavity failure: very difficult to
tune at low energy due to a high
debunching between two cavities.

Low BYsectlon High [ section

Retune the up and downstream cavities

Phase acceptance reduction (more losses, but if 2 KW are
requested instead of 200 kW, some margins)

Reduction of the final energy or/and an increase of the cavity
voltages (8 MV/m available now vs 6.5 MV/m at the beginning).

32

dw (kev)

mmmm) \\ork is currently underway :

40

20

-20

-40

Longitudinal acceptance (in white)

puted from CMAD1 to CMB07 A/Q =2/1 Win = 1.46366 MeV Wout = 33.8777 MeV

Emit_| = 1.6 pi.deg.MeV alpha_CS = 0.09505 beta_CS = 18382 [rad,w] = 561.53 [deg,MeV]
L1

lost limit = 120 deg  color = z lost (m)

-60

-40

TrEssEEEsEssEEsssssEsssssEssssssssmssEew 30
H

25

20

-20 0 20 40 60 80 100
dphi (deg)

Cavity A6 out of order:
900 pA “He?* @ 64 MeV (instead of 80)
2 kW produced with success in 2023

‘acc’ =
int .



Other questions / Projects

Operators and engineers continue to develop their skills
(Automatic) tunning with a cavity down

Low-energy beam in S3 target area

Beam sharing

33
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Developping beam sharing at the LINAC ? GANIL

W Status of our CW linac :

Detteron
ECR Source source

p/D pulsed beams at 40 MeV
or Heavy ions at ~5 MeV/A

Heavy-ion

Only one user ... Capability of the cw-Linac not fully exploited
Developping time sharing ? : idea, discussion needed

May, 2021 SPIRAL2 — AK. Orduz 34
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SPIRAL2 LINAC and the new experimental rooms G'\N i I_

EXPERIMENTAL
ROOM DESIR
(Desintegration,
Excitation and
Storage of
Radioactive lons)

EXPERIMENTAL ROOM NFS
(NEUTRONS FOR SCIENCE)

j EXPERIMENTAL ROOM \.__/
/ S3 (SUPER

LINEAR accelerator

(LINAC) o SEPARATOR
Vd SPECTROMETER)
High intensity beams :
> NEWGAIN 5 mA, 33 MeV protons

NEW GANIL INJECTOR

5 mA, 40 MeV deutons

(ON SOURCE 1 mA, <14,5 MeV/A heavy ions

Fanny Farget GSI Seminar



NEWGAIN project GANIL

— NEWGAIN
e Jain User

injector 1
A/Q=1-3
(2 sources)

10 A-keV 590 AkeV
LMEI T ds a future
f - &, experimental area
%

NEWGAIN perimeter

-

Equipment to be built

LBE 1-3

20 AkeV 730 A-keV
RFQ1 o LME1

Rb 3

L _Rb2 ]

______ Existing equipment




NEWGAIN project GANIL

Supraconducting lon source ASTERICS
Based on VENUS FRIB lon-source
With a larger plasma chamber (*1,5)

RFQ adapted to heavy-ions
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. The construction phase has just
started

Phi : -

(NEWGAIN beam dynamic team’s simulations)
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Heavy ions GANIL

Q/A=1/3 Q/A=1/6 Q/A=1/7

AVAILABLE | (NEWGAIN) (NEWGAIN) heqm injectorl [ NEWGAIN (injector2)

intensities 2023 2028 = 2030
NOW 2028 >2030 Intensity (ppA) Jintensity (ppA) | Intensity (ppA)
I hoeni hoeni
0.73t0 14.5 0.73MeV/Ato 0.73 to 6.33 MeV/A, sl | Bl [l lreedve
MeV/A 8.5MeV/A  or maybe 7 MeV/A Bl - . 375
| *F >15 >40 >40
: : : **Ar “ 70 as
Maximum (if 1 mA) <6 kW (Uranium) 15 kW [ e 1 =g = =
power 43.5 kW *g 23 . .
s [ “ca IEEE| . 20
#[TTTTTTRAISCEAU CONTINU (CYCLE UTILE 100%)- T rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr “ca 1.2 10 20
ru’ #Kr 0.1 10 20
ty '¥Xe 0.001 7 >10
§ , ﬂ‘r o <<0.001 0.1
: g:wwww N W;r—“ Measured * -> no estimation
First heavy ion beam : '80Q8* 50uA, 7 MeV/nucleon Thanks to the ion source GANIL

LINAC transmission 98%

Other charge states accelerated by (quasi)automatic
accelerator tuning

Also “°Ar'4* 80uA, 7 MeV/nucleon 40

and the NEWGAIN teams



Improving lons source stability GANIL

B Optical spectroscopy developed at GSI
seems very interesting for GANIL

020 - 21:33 | 08 Apnil 2020 - 08:21

STABLE AND INTENSE *Ca ION BEAM PRODUCTION

WITH A MICROWAVE SHIELDED OVEN AND AN OPTICAL 10 April 2020 - 20:20 | 11 April 2020 - 09:15
SPECTROMETER AS DIAGNOSTIC TOOL

F. Maimone', A. Andreev, R. Hollinger, R. Lang, J. Mider, P. T. Patchakui, and K. Tinschert
GSI-Helmholtzzentrum fiir Schwerionenforschung, Darmstadt, Germany

Figure 6: Plasma images recorded at the CCD camera when
the optimizations of the ECRIS were requested.

Advices ,Help, Collaboration needed



Neutrons for Science G,\N i |_

Colli}@teur ® Nuclear reactions induced by neutrons and ions
e Irradiation stations (n, p, d)

——NFS 5 m

= = NFS20m
LINAC — ——n-TOF 1
i ——n-TOF 2
beam ,;'! 1E+6 - ——WNR
g ——Geel-fast /\
. . o 1E+5
Main topics W e
U Basic science E
. w 1E+4 4
U Astrophysics
U New generation nuclear power plants 1E+43
U Fusion technologies
. . . . . 1E+2 T T T T 1
URadioisotopes for medical applications 0,001 001 01 1 10 100

Energy (MeV)
High neutron flux and good

complementarity with other facilities

U radiobiology
U Instrumentation development
U Spatial application



Neutrons for Science

Collimateur ‘ e Réactions induites par neutrons et ions
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Neutrons for Science G,\N i |_

U Etude de “single event upset”



2022-23 NFS Experiments CANGL

» Pygmy dipole resonance in
140Ce using the (n,n’y) » Shedding new light
reaction, Marine Vandebrouck on the structure of

etal Y] Ni using (n,3n)

» 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 vy) reaction cross section
measurements for nuclear
energy, M. Kerveno

MEDLEY

235 fission fragment study with
FALSTAFF at NFS, D. Dor¢ et al.



S@: the Super Separator Spectrometer G'\N i |_

REGION
NORMANDIE



LINAC beams : Heto U
* 1mA, <14,5 MeV/A (A/Q=3)
* 1mA, <7,5MeV/A (A/Q=7)

%> NEWGAIN

Intensity Intensi;y Itensity
(PHA) (PHA) (PHA)
Phoenix V3  Phoenix V3 SC lon Source
RFQA/Qs3 RFQA/Qs7 RFQA/Qs7

¥*g 2.3

“ca 2.9 10 20
“ca 1.2 10 20
BN 1.1 4 8

#Kr 0.1 10 20

, >3 Super Separator Spectrometer

’.\

-
Project :

* Budget=23.3 M€

<< | ¢ FTE =450 (32,8 FTE 2022)

e 8 partner laboratories

GANiIL

\(Saentlflc collaboration:

e 27 Laboratories

* 11 countries : France,
Finland, Germany, Hungary,
Italy, Poland, Slovakia, Spain,
Sweden, U.K., USA

S3 has a very strong and diverse community = Full synchronisation among all team is essential
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High beam intensity
High power target: >> 1puA (= 6.10"2p/s)

Target position

Versatile multistep separator

Momentum achromat + Mass separator
lon optics configuration: Q’DQCQDQCQCEQQDQS3

F1:R16=1.15cm/%
F2/F4 :R16 =R26 =0
F3:R16 =-1.73 cm/% / -1.59 cm/%

Two basic optical modes of operation:
High transmission vs high mass resolution

—> The momentum achromat (MA) optic is common to all modes

>3 Optics and performances

Achromatic point

Primary beam dump

Secondary beam dump F3

Basic properties and functionalities

Convergent Mode (CM)

* No mass resolution

* 6 charge states

* Adp/p=20%,

« A6=90mrad,

* A@=140mrad,

« 005K transmissions 65%
(10x10cm)

Final focal plane

High Resolution Mode (HRM)

* m/qdispersion =8 mm/%

* 3 charge states & M/AM = 500

e Adp/p=16%

¢« A©G=45mrad

*  A@=140mrad)

» 100gn transmissions 40%
(10x10cm)

CANIL

Reference beam :

A=100, Q=24+, o, = 3.7%, o9 = 18mrad

300

200
100
i e
100

1V 3

-200
-300
0

mmmmmmmmmmmmmmmmmmmmmm
Ele #0 (0 m]  NGOOD : 40808 / 40808
X(mm) - Y(mm)

T T T '
60 [

- 3 08
40} |
204 *.,
ol

20

40

-60-

-60 -40 20 0 20 40 60
Xmax ~103.48 -84.883

Tracein - AR 10/DADH

15
Position (m)

] \
-60 _JU‘ | ,M M i

60 -40 20 0

20 40 60
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33

Status of the b

eamline

Level of completion

Dipczle 1

Dipole 2 Cryogenics

Target station Beam Dump Superconducting Multipole Triplets

and Power-Supply Systems (x7)

Open RT
Triplet —— | Dipoles 3 |

Electric Dipole

« High selectivity > 10" - High efficiency 50% - In flight mass separation = 500

Versatility & unique instrumentation (SIRIUS — LEB)

CANIL

Level of completion = 85 %
First beam on target : September 24

49



2DESIR GANIL

Low-energy radioactive-ion-beam facility

* Beams from SPIRAL1 and S3

* Important beam preparation and purification capabilities

* High resolution/precision experiments

* Study of fundamental properties of nuclei : mass, life time, decay modes,
spin, magnetic and quadrupolar moments

Nucleosynthesis

Fundamental interactions, tests of weak interaction standard model

LN l

S*-LEB

- - -

Fusion-evaporation

(Multi-)nucleon
Transfer

N=126

Site Inauguration November 10th 2023
First tests with stable beams 2026
First experiments 2027

N=50
d ,----_-l

SPIRAL 1 Upgrade
L L

Beam & target fragmentation

YV V V



DESIR building inauguration, November 10th, 2023 G'\N i 1
[

N NN M FANI S T ==

*  Building permit received in June 2023
«  Authorisation for S3 safety exit boring through
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RFQ-Cooler Buncher
GPIB

Iréne Joliot-Curie

Laboratoire de Physique
des 2 Infinis

: . .
LP2i

|}

SPIRAL1 beam




GANIL 2030 CGANiGL

Neutrons for Commissioning of
Science (NFS) the Super
started to work in ~ Separator DESIR in 2027-2028
2021 (first exp). Spectrometer (S3) unic:u.e oz;l)on:nities in.terms of selection of exotic
Neutrons produced planned in 2024: nuclei and/or beam purity.
from protons and o masses, laser spectroscopy, beta-decay
deuterons accelerateq  Nuclei with very low cross spectroscopy, ... building construction starts in
sections, such as DESIR
from the LINAC: superhe;vy elements or -7~ 2(!23.
mainly fission, but neutron deficient nuclei f “ m_~ First stone ceremony on November 10,
B soNovaeneray close to the limit of ' N 2023
excitations, ... - g
stability - ~
s N
. \\ \
<% NFs i L\ \
NEWGAIN, Injector ;
2: AlQ =3-7

Increasing beam
intensities of heavy (A >
40) and very heavy (Xe,
Pb, U) nuclei

incl. NEWGAIN
A/Q=7 injector 7/ &
/

X
/N I
y/ 1 Experimental halls
\ /
/
/

Refurbishment of
the cyclotrons —
A by the end of the
/ / % / decade
A cyclotrons chain
(i
/

Recently commissioned
7 LINAC

Courtesy M. Grasso



Al for accelerators

Delft University Netherlands

University of Granada

ESS Bilbao France

University of Copenhagen
DTl Denmark

DMSC \

IN2P3 (IJCLab / IPHC / LPSC / GANIL /

Centre de Calcul)

Foemm
CNRS | PALLAS |
[—— |
[ L]
| |
| ThomX |
I |
CEA IRFU
| 1

Paris-Lodron Universtat Austria Centrale Supelec
r 0 Université Paris Saclay
| ESS } s d
1 weden T~ 70
s INL | AP
MAXIV e
b
S : INFN =
i EXFEL | LNF | TEX !
I [ F——
S=====| | DESY ) !
| I Univ. Rome
| PETRA | \ —
| —
e \ Malta Univ. Malta
I FAR | osi Germany
H— EPFL
KIT-LAS Switzerland N "
I
Fm———- . CERN | HL-LHC |
| CLARA | STFC/ASTEC e 4
| — -

Cockroft Institute

UK

University of Liverpool

University of Oxford

CANIL

HORIZON-INFRA-2022-TECH-01-01

March, 2024

0 ) artifact

ARTifical Intelligence For Accelerators,
user Communities and associated Technologies

H Colliders
[ Future Rl [ Transverse

50

[0 Operation

Neutron sources [ Light sources Il Cyclotrons/Synchrotrons [l LWFA [l LINAC
[ Denoising

37,5

25

12,5

Optimisation

54

Anomalies detection

Modeling and simulation



ARTIFACT G'\N i |_

Purpose Purpose
And how can Al help ? so, how do we unlock the use of Al for our Rl ?
» operation and

» We bring the missing piece
of FAIRness

in data, methods and tools in ML for Rl

reliability;

Detecting, preventing

anomalies; _ o
» We build upon existing

knowledge and experience

Optimising beam time;

Frugal complex physics

simulation : » And we push it to its edge(s)

in an integrated smart pilot/prototype

Improved models.
» Making sure the challenge stays

@ Several groups have been trying but realistic

there are locks to making global
impact in the community ! within a given time frame and budget.



ARTIFACT G'\N i |_

Scope
Expected outcomes

e Enhanced scientific competitiveness ofResearch Infrastructures;
e Enhanced R Capacities to address research challenges EU policy
priorities;

e |Increased collaboration of research infrastructures with universities,

research organisations and industry;

 Increase of technological level of industries through the co-
development of advanced technologies of research infrastructures and creation of potential

new markets ;

e Integration of research infrastructures into locat, regionatl and

global innovation systems and promotion of entrepreneurial culture.

Intradiiatinn



ARTIFACT G'\N i |_

Scope
Fields of application

e Main field : Accelerator physics and technologies and user
communities ;

» Spans across different applications ;
— Particle physics;;
— Nuclear physics;;
— Light and Neutron sources;
— Medical and industrial applications ...;

» Connects several projects and links to transverse
applications.

Intradinatian



ARTIFACT

CANIL

Industrial partners Observers
Sicara KEK
*
H-IBERIA* Amplitude* F4E Japan
. France QST
PLAIN CONCEPTS* Spain THERYQ*
IZERTIS* PMB
ESA*
Radiabeam Swizerland Slovenia Cosylab
Radiasoft USA Sweden Hopswork iThemba labs South Africa USA Fermilab
NITheCS
seldon UK i

Directo connection to other projects

PERLE ittt
I-FAST :
T MYRRHA  gejapility s —————-
Training and development ENGAGE :
F4E . I
data lake PANOSC i
T EUROLABS Agnostic optimisation g-!
i : PETRA IV
|, EUPRAXIA \ STt
T A FCC-ee smart simulations m—'
b e -



ARTIFACT

CANIL
Strategy

0) Collecting input from the
community

Standardisation, Best practises,

\
A\ 4

Raw data, curation, structuration, model training,publication .

Developing specific tools and
methods

New methods and innovative tools, existing facilities and
designed facilities, community driven developments

/

@ Integrating into a test facility

TEX & CLARA Link with the user community
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