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1- GANIL/SPIRAL2/S3

Context
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1975
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Dolmen de 
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SPIRAL2 and the new experimentalrooms

Salle convertisseur

Accélérateurlinéaire(LINAC)

ION SOURCE

S3  (SUPER SEPARATOR 
SPECTROMETER)

NFS (NEUTRONS FOR SCIENCE)

Salle Temps de vol

DESIR
(Decay, 
Excitation and
storageof 
radioactive ions)

Beams:
33 MeV protons
40 MeV deutons
<14,5 MeV/nucleonions lourds

A new acceleratorrampingup:

-Beam developments
-First operationexperimentalarea and 
the first neutrons at GANIL/SPIRAL2: 
NFS first campaignsand results
-Super SeparatorSpectrometer
-DESIR project
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Main equipment and detection setups
3
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DSSD, SSD, FEE/BEE, DAQ & Diagbox

LEB @ LPC & GISELE Laser Lab

[ƻǘ /суΣ /ƻƻƭƛƴƎ ǎȅǎǘŜƳΣ [ŀǎŜǊ ǊƻƻƳ Χ

Å High selectivity > 1013 - High efficiency 50% - In flight mass separation > 1/450
Å Versatility & unique instrumentation (SIRIUS ςLEB)
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SMT, PSS, Coldbox& LTC

Laser & decay spectroscopy
Mass measurement

ÅNuclear Moments/ Charge 
radii / Spin
ÅMass
ÅDecay spectroscopy

♪, SF, e-, ♬decay 

spectroscopy
a1

a2

a3

277112

11.45 MeV

280 ms(42 ms)273110

11.08 MeV

110 ms
269Hs

9.23 MeV

19.7 s265Sg

4.60 MeV

7.4s

278112*

a4

a5

261Rf

8.52 MeV

4.7 s
257No

8.34 MeV

15.0 s

253Fm

a6

S. Hofmann, GSI, fév 96
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NoyauComposé
(Zp+Zc; Np+Nc)
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S3 Targets for SHE

TARDIS Project,
J. Piot, S. Pinabel6

st = 0.5 mm
sr = 2.5 mm
I=10 pµA



3 ïCommissioning the S3

Target Station

F. Lutton, P. Gangnant & mechanical department

T. Lefrou (GGOI), C. Houarner (GTA), T. André (GEF), Ch. Stodel et al (DPHY)

Test on July 14th-16th 2023 ïBeam Line LISE 2000

G. Frémont, M. Bourges (DELPH), F. Saillenfest, V. Morel, J. Piot, D. Ackermann, H. Savajols, G. de France, S. 
Kumar, B. Ribeiro, O. Sorlin
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F. Lutton, P.Gangnant, C. Marry, J.F. Libin, P. LecomteΣ ¢Φ [ŜŦǊƻǳ Χ  

BeamPosition (PFE, MIGR, EMS)

Current(ACCT/DCCT ςFC)

Supraconducting
Magnet
Triplet

Target Station

Targets ïUpstream beam line
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Beam spot
st = 0.5 mm
sr = 2.5 mm

SHE: 300-500 µg/cm²
N=Z : mg/cm²
Stripper: 30-100 µg/cm²
Size: 109x20 mm²

Thickness ±5%       

Target properties

9

VVacuum : 10-7 / 5*10-8 mbar
VDistance : 900 mm max
VHeight under beam : 1500 mm± 15
VRemovable sectors
VMovable and adjustable station
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STS      Design

V Beam Diagnostics : Faraday Cup for I + Profiler for spot

V Wheels with motorisation for beam synchronisation

V Integrity control of targets:

Scattered particules (Si 1& 2 Ruth)

20 keV Electron attenuation

aEnergy loss (Si & source)

IR Camera for TÁand spot ?

F= 670 mm
w= 3000 rpm

Design Chambre à Cibles Stables / P.Gangnant

Beam
Beam

Collimator 
+Imeasured?

Motor
coding

Profiler

Target 
shielding

E- gun

IR Camera

Target station

PR EMS

Faraday Cup

Si ruth @30°

Source
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Design Chambre à Cibles Stables / P.Gangnant

Beam
Beam

Collimator 
+Imeasured?

Motor
coding

Profiler

Target 
shielding

E- gun

IR Camera

Target station
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STS      Design and fabrication

st = 0.5 
mm
sr = 2.5 
mm
I=10 pµA

Beam

Electron gun

3a source - Si

P
R

 E
M

S

2 wheels
of 6 sectors
18 targets

F= 670 mm
w= 3000 rpm
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Validate the elements of the Stable Target 
Station S3 under irradiation : 

V Beam Diagnostcs (I Faraday Cup)

V Beam Synchronisation with wheel
rotation

V Integrity control of targets:

Scattered particules (Si 1& 2 Ruth)

20 keV Electron attenuation

aEnergy loss (Si & source)

V Data Acquisition : NUMEXO2

Beam line LISE 2000
20Ne3+ @ 4,5 MeV/u

0,02 Ą 1,8 µA 

= 7Ą600 pnA

= 1Ą 54 watts

Atw= 750 trs/min

18 Targets :
thick Ti+Tb, Ti+U, 

thin 9*C+Bi, 3*C+ Sn, 2*C+ Yb + 

2 empty targets

STS      Commissioning
technical goals of the test

PR EMS

Faraday Cup

Si ruth @30°

Source
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STS      Motorisation

Bruschless Motor

400W Maxon EC60 

Absolute encoder BAUMER 

(8192 steps/round)

ÅOptical fork-type switch 

ÅFork-type Hall effect sensor

Cooling ï

Ferrofluidic

feedthrough

Securities
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Motor & Encoder

Controllers (NI, 

compact RIOé.)

ü w= 0 -> 3000 rpm

ü positionning fixed target ü Wheel-turn signal

ü Velocity control

ü Coding parameters

Á Chopping signals for 

beam synchronisation

¢Φ [ŜŦǊƻǳΣ ¢Φ !ƴŘǊŞ Χ
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Ch. Stodel et al,EPJ Web of Conferences 327, 01008 (2025)
https://doi.org/10.1051/epjconf/202532701008
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V Beam Synchronisation with wheel
rotation C&C wheel motor

Ą Rotation

Ą Beam Synchro Signal

Ą Position Signal

Ą
B

a
F

2
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ts

Ti 2 µm

Beam off 

(high level)

Time Signal Ą

position on target
T = 60/ws

STS      Motorisation Test

Wheel-turn signal

DACQ : NUMEXO2

Time stamped

event13
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A Faraday cup used during beam tuning
at low intensity

STS      Beam & Target diagnostic
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Scattered Particules
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Source    Target                     Si
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STS      Targetsô diagnostic ïaEnergy Loss

E
n
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J. Frossard et T. André, 2021

STS      Targetsô diagnostic -
20 keV electrons attenuation

Camera
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Électrons 20 keV
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No material(2 emptytargets + inter-sectors+ 
inter-round thick targets)
« Verythin » targets(C+Sn)
« Thinand thick» Targets/ frames 
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STS      Targetsô diagnostic -
20 keV electrons attenuation - Tests

Absolute Thickness and 
accuracy to be analysed17

Ch. Stodel et al,EPJ Web of Conferences 327, 01008 (2025)
https://doi.org/10.1051/epjconf/202532701008
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STS      in 2024

üCommisioning with LINAC beam up to S3 in fall 2024

18

üFew mechanical modifications

ü Implementation of 2 collimators upstream



First high beamintensity into S3

Å 40Ar14+at an energy of 5 MeV/A & 0.73 MeV/A

Å Beam with an intensity of 80 ˃ !Ŝat the target  (5,7 
Ǉ˃!, 3,6.1013 pps,  1,14 kW)

Å Optical validation of the LHE-S3N transfer line at 5 
(LINAC output - S3 target) 

Å Validation of the LINAC beam time structure 
controlled by the target rotation

Beam intensity at the exit of the LINAC (orange curve)
Beam intensity at S3 (Blue curve)

Horizontal beam spot X:  1.1 mm (FWHM)
Vertical beam spot Y: 5.12 mm (FWHM)

Synchronisation of the beam with the rotation of the wheel

Count rate of the BaF2

19September 25th 2025 - EuNPC - Caen - Ch. Stodel, GANIL19



2- Development of targets at GANIL
2.1 PALAIS Project
Plateforme Cibles pour GANIL/SPIRAL2

G. Frémont, M. Bourges, R. Rahali, targetsô experts

F. Pérocheau, project manager & Ch. Stodel, pilote stratégique
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September 25th 2025 - EuNPC - Caen - Ch. Stodel, GANIL

Targets Needs
Á StableTargets @ S3 > 2025, 0,2-1 mg/cm² °5% º22 cm² - 1 wheel = 18 targets

Á Equilibrium charge states foils + backings: C @ 30 µg/cm²

Á Commissioning:116Sn, 174Yb, 180Hf, 175Lu, 58Ni, 197Au, 206Pb, 209Bi, 

Á Low Energy Branch : 50Cr, 58Ni, natZn, 96Mo, 175Lu, 178,180Hf, 206-208Pb, 209Bi, 208Pb, 238U,

Á SIRIUS:58Ni, 174Yb/170Er, 96Ru, 92Mo, 206Pb, 209Bi, 204, 207, 208Pb (PbS), 209Bi (Bi203),232Th,238U

Á
45Sc, 170Er, 160Gd, 184,186W, 181Ta, 144,148Sm,160, 164Dy,ΧΧΦ

2025 ςнлнт Ғ сллκyear (15g)

110 mm

1
5

 m
m

3
0

 m
m
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Á StableTargets @ S3 > 2025, 0,2-1 mg/cm² °5% º22 cm² - 1 wheel = 18 targets

Á Equilibrium charge states foils + backings: C @ 30 µg/cm²

Á Commissioning:116Sn, 174Yb, 180Hf, 175Lu, 58Ni, 197Au, 206Pb, 209Bi, 

Á Low Energy Branch : 50Cr, 58Ni, natZn, 96Mo, 175Lu, 178,180Hf, 206-208Pb, 209Bi, 208Pb, 238U,

Á SIRIUS:58Ni, 174Yb/170Er, 96Ru, 92Mo, 206Pb, 209Bi, 204, 207, 208Pb (PbS), 209Bi (Bi203),232Th,238U

Á
45Sc, 170Er, 160Gd, 184,186W, 181Ta, 144,148Sm,160, 164Dy,ΧΧΦ

2025 ςнлнт Ғ сллκyear (15g)

110 mm

1
5

 m
m

3
0

 m
m

Á Actinide Targets @ S3, > 2027-2028 Experiments + for NFS

1 isotope per year 

226Ra*, (237Np), 243Am*, 248Cm*, 239/242/244Pu* ( º25 mg º102ς108 Bq)

0,3 - 0,5 mg/cm² ; 1 wheel º12 targets of º3 cm² or 6 targetsof º6 cm² º36 cm²
º20 mg º102ς108 Bq< 1 GBq

Isotopicenrichment>º97%

Preparationof 3 wheels(30-40 targets) per year

Targets Needs

22
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PALAIS project
Need of a lot of targets (stables, 238U) 

Ą increase the production capacity, including development and caracterisation

ü PHASE1 (2023-2025) (STIL + SSRE): 

ü Refurbishment of the premises 3*25 m² to ~ 100 m²

ü New equipment 

ü 2 years Post-doc, R&D lanthanide & characterisation 
(Radia Rahali, EURO-LABs + FP) see talk of 22nd Sept

24

Talk R. Rahali

https://indico.in2p3.fr/event/30430/contributions/157062/
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PALAIS project: refurbishment of the 
premises Partitioning and insulation & Air conditioning-ventilation

Imminent receipt !!!
25



Heatingsystem for backings

The 2025 target laboratory: new material
Multi -material Evaporator

Ą Evaporatorwith resistiveheating& Electron gun method

e-gun 

Crucible/resistive 
heating

Crucible/resistive heating

10-100 µg/cm2

Carbon Evaporator

i

Ą Sublimation

evaporator with sputtering method for 
238U and monoisotopic materials.
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2025 STELLA

Rotatingtray
for 7 targets
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PALAIS Project

ü PHASE 2 (2024-2026) (STIL + SSRE):

ü Modification & furnishing of the Radiation 
Laboratory (LTR) for 238U targets & maybe 232Th

HSP: 2,5 m

S: 24 m2

LTR

Partitioning
Air conditioningand ventilation

Courtesyof F. Pérocheau

Need of a lot of targets (stables, 238U) 

Ą increase the production capacity, including development and caracterisation

Sputtering 
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2- Development of targets at GANIL
2.1 PALAIS Project
Plateforme Cibles pour GANIL/SPIRAL2

2.2 ATLAS Project

Actinide Target Laboratory and Associated Services

G. Frémont, M. Bourges, R. Rahali, targetsô experts

F. Pérocheau, project manager & Ch. Stodel, pilote stratégique
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Stable targets
Actinide targets

Cryo targets
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From PALAIS project to ATLAS

üLimits on outsourcing target fabrication

üPHASE 3 (2023-202x)

ATLAS = Actinide Target Laboratory and 
Associated Services

Need of a lot of targets (stables, 238U) & actinides

ü Process of actinide targets  fabrication & characterization

ü New skills (radiochemistry)

ü Identification of material needs (building, protection systemsé) 

ü Identification and request of authorizations & licenses
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* A voir si montage/démontage faits sur site de fabrication et/

ou gestion matière actinide 
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https://tandem.nipne.ro/target_lab.php
https://www.technologysi.stfc.ac.uk/Pages/Target-manufacture.aspx
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Projet ATLAS

Visits & Discussions with European (JRC Geel, JGU Mainz, PSI) & National labs

(IJCLab, CYCERON, LPC Caen, IMOGERE/CERMN, Subatech, PSI

Ą Technical input data

Ą Identification of synergies & complementarities
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* A voir si montage/démontage faits sur site de fabrication et/

ou gestion matière actinide 

PHASE 3 (2023-202x) : Actinide Targets Fabrication

ü Newskills(radiochemistry)
Postdoctoral Researcher in Actinide Targets for Nuclear Physics

Experiments at GANIL with Training at Geel, Mainz, univ. Orsay + é.

30

ü New building,Preliminarylayout drawings, costsestimates
need for input data on environmental impacts, dosimetry for sizing 
equipment (ex nuclear ventilation, flux, glove box, control systems..)
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4- Take-Home

ÅPALAIS (stable + 238U) 
Refurbishment of the space, new evaporators, first targets, XRF system (quality)

VRadiochemistryskillsĄ post-doc position 

V Laboratoryequipments, New buildingĄ Fromdraft to final design for accuratecostestimate

V Safetyfiles, authorizationΧΦΦĄManpower

Ç Feedback of users: other actinide targetsrequestΚΣ ΧΦΦ
Ç Nextstep: Approval& Funding

ÅATLAS (actinide) : 

ÅS3 targets station (stable): 
VStable Target Station tested

VFinalized in a timely manner 

VCommissioning : 2024Ą25 beam up to the target station 

VReady for Day one experiments with SIRIUS or LEB

Talk R. Rahali

https://indico.in2p3.fr/event/30430/contributions/157062/
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