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A brief history of GANIL D B2

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

1982 first extracted 40Ar16+ beam SSC

1983 First experiment

1990 Installation of Wien filter

1992 New 14 GHz ECR ion source 100 kV: High intensity adaptation of the beam lines THI : Beam

diagnostics, Beam loss monitoring, beam strippers, supervision of our power supplies for the electric
and magnet devices, thermal shielding, radiation protection, New rebunche between the two SSC.

2001 SPIRAL1 ISOL facility for exotic beams

2006 SPIRAL2 Project signature of convention for construction
2007 Upgade to high intensity framentation target LISE / CLIM ?
2016 SPIRAL2 ESFRI Landmark

2018 SPIRAL1 V2

2019 Start of the commissioning of SPIRAL2

2020 First neutron beams

2021 First NFS experiments (Neutron For Science)

2023 -s3

2026 - DESIR

GANIL 2020

2027 —mjectyg 30/0=74t NAC
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Nr of GANIL Users = 894

Some numbers

« 230 permanent staff members (CEA and
CNRS researchers, engineers,
technicians)

» 40 temporary staff (15 PhD, 5 postdocs)  France

Italie

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

* An international scientific community of = Spain
1000 members Japan

Corea
United kingdom
Belgium

India

Russia

Sweden
Roumania
Canada
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GANIL: a multidisciplinary and multi-users laboratory Nuclear Physics

Nuclear Physics@GANIL: study of exotic nuclei 5

Main questions to be answered :
» What are the limits of existence of nuclei ?
» What are the underlying fundamental interactions ?

» How regular patterns emerge in the intrinsic structure of complex many
body nuclei ?

Nuclear Astrohysics

Astrochemistry

120 , , ,
. Stable nuclei
Known nuclei
-@-| | Drip line _ I
Materials under irradiation
N 80F
o
£
e ~ 3000 more predicted by
é ; nuclear models (produced in
£ gl 4 ; v reactions in stars)
5 ~ 3300 radioactive isotopes
produced and studied at
%f% f accelerator facilities Radiobiology

0 40 80 120 160 200 240 | EIECI ‘
Meutron number, N -
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GANIL: a multidisciplinary and multi-users laboratory

Fission
dynamics

Superheavy
nuclei

Nuclear matter
Equation of State |
Pairing
Correlations
2p N
radioactivity

Coupling to

continuum rundamenta

@Al

Nuclear shapes
e B and

coexistences
Shell effects

Nuclear
astrophysics
Clusters

Halo nuclei

Radiobiology

- New radioisotopes for medicine (21'At)
- pre-clinical studies and

innovative methods for

hadrontherapy

Non-targeted effects
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Materials under
irradiation/Nanostructuration
- Materials study

- Contribution to improving the
nuclear power plants safety
(fuel tubes, nuclear packaging)

normal tissues

Nuclear Astrohysics

Astrochemistry

Materials under irradiation

G110, 119MeV U ;
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Stable and radioactive beam production 1 st i

* Injectors:
« 2 ECR4-4M
* Source Deutons/Protons
* Source Phoenix V3

« Radioactive ion beams production
« SPIRAL1

FEBIAD ion source
NanoGAN ECR ion souce
Surface ion source

Thin targets

Thick targets

Charge breeder ECR

« Fragmentation target LISE
* Neutron converter

« Off line installation
« GTS ECR ion source
« Off-line target and ion souce + lasers
« Off-line oven laboratory

napte et statique

1 station cible
Lieu: NFS
Type: toufnante et statique

Type: tour

INJECTORS
1 Source <>
Type: ECR
Name: SILHI
N INJECTORS
_ & N,/ 3 -?/ 2 Sources @»
1 Source > / - \ Type: ECR

Type: ECR

% Name: ECR4, 4M
Name: Phoenix-V3

SPIRAL 1

<>
1 Banc de tests : ECS SP1

1 Source €

Type: ECR
Name: NanoGAN-3
1 Source «»
Type: Febiad,
1 banc R&D Surface Ionisation
1 Source @
- 1 Source @
Type: ECR Type: ECR

Name : 6TS 1 station cible
Lieu : Eplucheur

Type: statique

Name: Phoenix Booster
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Sample holder for
irradiation

*Beams : 1°’Cto U
*Energy : from <1
MeV up to
95MeV/nucleon
‘Upto 4
experiments in
parallel

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

33 MeV protons
40 MeV deutons
<14,5 MeV/A
heavy ions

*] experiment at
the time

LINEAR accelerator

(LINAC) /

>» NEWGAIN gz,

NEW GAMIL INJECTOR

EXPERIMENTAL ROOM
S3 (SUPER

SEPARATOR o
SPECTROMETER) G ¥g

—»'f'«,}"-;  Beams :
33 MeV protons

40 MeV deutons
29/06/2022 9 H. Franberg:Delah
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GANIL-SPIRAL 2

Neutron for Science
Neutrons up to 30 MeV

Experimental areas for very
low energy beams:
below 1 eV to 60 keV

DESIR

NFS

CW
I max | Energy max beam
Super Separator Spectrometer (mA) | (MeV/n) lzﬁv\;f)r
In fll.ght radioactive lon beams + gas cell . - E S =
Fusion/transfer reactions | a 7 ISy py
D 12 5 2 - 20 200
Vi s s IR T e Scirae i iSO IMNE Eheie T Ions 1/3 1 2 -14.5 45

Diagnostic

il
|
Sotirce ECR Source REQ LINAC g L 11

Tons Lourds de deutons
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Power up of SPIRAL 2

1. SPIRALZ status
2. Main commissioning results e
3. Linac validation

4. Conclusions
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SPIRALZ status

¢
July 8t/ 2019 : » deugons
Administrative b %g N O >, " 075 MeV/A © neutrons
authorizationto| .. s, e -
ﬁ o Neutrons
operate iEaiions ‘\‘loom\ ﬁ" fo MEV/A o+ g for Science
SPlRALz i L " experimental

Built by several halls

French Labs

@'NZEB

Spectrometer

8 !
&8 Super Separator
&8

exotic nuclei

RFQ Superconducting cryomodule A

[3=0.07] Superconducting cryomodule B

International labs

BARC (Indig), INFN (ltalia)
IFIN-HH (Romania), IF)-PAN (Poland)
SOREQ (Israel), INRNE-BAS (Bulgaria)

@/x

OOOOOOOOOOOOO CEA/DRF 7|7 ’ai ? CNRS/IN2P3
1 2 3 7
5 5 1 1

33 20 14 8.5

165 200 44 51

A versatile machine to
provide high intensity
beams
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SPIRALZ2 timeline

ECRIS | | ECRIS
aG=3 || 1 o RFQ | MEBT LINAC

TmA 5mA

“ergle 19,991 MeV/A

2015

Phoenix V2: first beam
230 pA Art,

July.

29/06/2022 H AT 14 H. Franberg-Delahaye
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Main commissioning results 1/5
RFQ transmission

* 100% transmission was obtained for 5 mA H*, 1 mA 4He?+ and 0.6 mA '80°%* pulsed
beam and for a 25 pA 4°Ca’#* beam in CW mode.

« CW operation of the 640 pA 80%* beam. Beginning with 105 kV and finishing with 114

l\/
120%

100%

1808+, 600pA

o)
=]
X

60% 1
40%

Transmission (%)

20%

=M=H+ meas. 4.8mA

= H+ Simulation
=f=AHe2+ meas. ImA
——He simulation
w1806+ meas. 600pA

=0 simulation

0%
20

L
-

40 60
RFQ voltage(kV)
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80

100

120

5,53'%

Currents and transmissions 100%

bbb ihand o

105 kV

Transmission

current——————

15

om 1806+ output beam

R. Ferdinand et al,. IPAC19 -MOPTS006
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Main commissioning results 2/5 Rebuncher 1
i -145
Rebuncher tuning method 3469 KV
: . ~-49.56 kV
1. Phase-scan in TraceWin -150 EEEns L ea43kv |
2. Manual phase-scan measurement R
- 5 155 =
Tuning procedure PC21 g \\
& -160 \\
(a1 \\
-165
| -162.4° i
-170 ! i i
ik Pre 983 (an 164 -163.5 -163 -162.5 -162 -161.5 -161 -160.5 -160
Rl R? R3 Rebuncher phase (°)
Measurements Advanced method 2021

d¢p = 0 in rebuncher mode

0@ = @_ OFF = @\ ON

Phase scan 8¢=f(gg) Good agreement between simulations and measurements

29/06/2022 H AT 16 H. Franberg-Delahaye

2022



N |] =
 —
s\
laboratoire commun CEA/DRF . CNRS/IN2P3

Main commissioning results 3/5
MEBT transverse emi’g:arﬁﬁ\e

smiZ1-HAY #11 [1.71158 m] NG
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| S5mAH+ | 5 mA D*

m . . . . o
S e (Faraday cup) Simulation Measurement Simulation Measurement
e W) ‘ I

lits-PR
i L1 &= ot 0.20 0.19 0.19 0.17
Biees. T T Bl =l THE _
% SLA /8L = R D Beta-xx 3.75 3.48 4.26 4.02

e e e g 012 013 023 -0l
9 ‘ j

2 [ ——
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Transverse emittance presents good 1.38 1.47 0.98 0.98
agreement between the simulations and _0.55 _059 2033 031
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Main commissioning results 4/5

= AaLEL
SirFlnge bunch selector
i e

quired for Physics (Time of Flight), and HEBT tuning (limitation of Rejection better than 10 to 10 |
power deposition) => From 1/100 to 1/10000 bunch selection. NFS

(o))
o

Position (m)

. L . . 50
« Separation and injection and transport have been validated at all 40
intensities (5mA, 1mA, 0.2mA) in pulsed and CW mode. 40 30 H"'
> ;
20 E Tracewin - CEA/DRF/Irfu/DACM é 2 O ; ;
203 e 30 11.37 ns
=< _10_; E 20 P
-20—5 c 0
0t j 3 ] Bunch selector | 2
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BOE # M - 1 O
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Main commissioning results 5/5
Energy measurement

= The tuning to any energy in the range 10-33 MeV for proton or 10-40MeV
for helium/deuteron takes about 2h.
= The final energy shows a very small error.

Tuning with signature matching method Tuning with advanced method

35 Particule 25
HYDROGENE 007% o T e P e P e T e °
1H 1/1+W=33,0MeV |=50mA P=165,0kW 0'03 % @ Particule H e I I u m T 2 O 2 1
30 A 1 032% g -
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; Masse 1,0072764521 UMA P ® 2 02 O ; 20 M.“: 4_:nunam7uuA -0.18%
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v 25 Energie remﬁ u 019% @
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a e 5ol B I s 0 o e 0.17%
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3‘ 10 0,65% @) + Measurement ,8' bsk + Measurement
3 0,67% = 0.16%
(@] @® O 5 014% @®
-o,zm@ 013%, @
5 Pyt 0315002 %@ ®
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29/06/2022 H AT 19 H. Franberg-Delahaye

2022

CMB7-2



— |:I
@ NN NG SNL r
laboratoire commun CEA/DRF CNRS/IN2P3

LINAC validation

» SC LINAC proton beam transmission @16 kW.
Demonstration of 165 kW

» BLMs measurement confirm losses below 1W/m.

» Pressure variation measurement is a good probe for the low energy Main results
section of the linac.

» Linac transmission is 100% within diagnostic precision.
» (Good agreement between simulations and measurements.

» Actions taken to reduce losses were validated.

BLMs counts (cps/s)

2000000 3 3E-08
—d—Extrapolation to 165 kW proton beam (100% Duty cycle) ——32 kW
1800000 ——16 kW okw { LINA LINB
=e=Thresholds 25 —-2kW 2.56-08
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2 Ezs-os
1200000 E
g §
1000000 815 -2 1.5E-08
“ [}
@ >
[=]
800000 - g T
1 J
600000 £ 1E-08
400000
0.5 SE-09
200000
0 0 0
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How to match the beamif LINAC is a continuous focusing channelin x,y,z:

Power increase !

H ':.‘...::,ﬁil:, rl Lo & T 8 i i i
MEBT-LINAC matching i e .,,.,,%A L3 Gusgstoajusp mothe inag
//// l TraceWn - CEA/D:! M
20 NPUL ey

» Match the MEBT beam to the linac to reduce ; = A Pl W
the observed beam losses. 4 e — T / =

X (mm)
o

> T . . PY ' . I O e R TN
ransmission P . -~ - -

20 .

» BLMs ©
» Vacuum pressure @

e n (0o BSem ——
> B P S . 10 /\/\_’/\ 54 X{ms) - X{owas) ol Output o e —
I T m% 10 7 0.024 = 5
1 § § |4 i 171 o
20

03
i
otoz } =
0034

5%

-10 10
o

59 001 ]
i
0 0
2 5 0.01
10 L
159
5 10 0 5 0 5 i
4738 mead ki 5

0
0.0 dog W=1.49051 M

» Slowly increase the beam power (first beam

No acceleration

2 Rebunchers Period E}Q No space charge...
current, then DC).

RFQ | MEBT LINAC T

o5
[ ] [ ] .

)

]
—A————0—00 (————1
%,

A :
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Power increase to 16kW

N
oy 0o

2KW 10 kW

N 10/11/2020 12/11/2020 /

31.9 MeV
4.10 mA
10 Hz
7.66 ms
DC = 7.66 %

—
P

-
LS

Temperature rise (°C)

2.00-2.99 |

* Main losses improvement due to
LLRF regulation improvement and

Power (kW)
>

Use Of feed forward_ 10.00-10.99

11.00-11.99

12.00-12.9%

13.00-13.99
14.00-14.99
15.00-15.99

o N A OO0

* 16 minutes at 16 kW limited by beam
dump “SAFARI” activation.

0:00 0:05 0:10

29/06/2022 o
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0:15 020 025 030 0:35 040

Time (min)

16/ kW
18/11/202
0

31.9 MeV
4.00 mA
10 Hz
12.6 ms
DC =126 %
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CYCLOTRONS
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GANIL Cyclotrons and experimental equipme

2 cyclotron (K=30) : 1 per injecotr
2 cyclotrons in cascade (K=380)
1 spectrometre (a, AE/E = 2.103)
| : 2. 10"3 pps max ; 6 kW max

SPIRAL1 : 2001 — ISOL (ions radioactives)
C — Nb target,

ECR, febiad and surface ion source
Charge breeder

Post-acceleration and : CIME (2-25 MeV/u,
separation : AE/E = 5.10%) (K=265)
Intensités : 5 10" pps @ 25 MeV/u max

N |] =
—
P AN
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. .
Sample holder for
irradiation
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The stable ion beams

H He
[ ] Oven

Li Be [ ] Gaz compound, MIVOC B C N o) F Ne
] Sputtering

K Ca | Sc Ti Vv Mn Eeu Zn | Ga |Ge As Se Br || Kr

Rb 'Sr | Y | Zr INb /Mo Tc Ru | Rh Pd/|Ag Cd In Sn Sb Te | | e

Cs Ba * Hf Ta E
Fr Ra || **
104 | [105 1

* La || Ce Pr | Nd | Pm/| Sm Eu | Gd Tb Dy | Ho | Er Tm || Yb || Lu

Re Os | Ir Pt Au | Hg | TI Pb | Bi Po | At Rn

Na | Al 'si P 'S ¢ | A
Cr
06

107 108 109 110 111

T Pa | U
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Radioactive ion beams that can be post-accelerated
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New beam stable beam in 2021 232Th

New beams are developed on request:
2021: %232Th beam

This beam is produce from a compound of
232ThF,,

The characterization of the compound and the

2 tests carried out on the ECR4 ion source
ﬂ ﬂ 1 allow to validate this new beam, in terms of

Tha ™I T 5! Thas| Tha?! 46 125 3 Th3 Tha2|

i [W | intensity, stability and charge state required
for an acceleration to 6.1MeV/A.
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R&D Stable beam dev
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R&D RIBs

$ Cooledvacuum  Oven - production target

vessel Transfer tube VADIS
. ,"/ .

lonization source
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Futur at GANIL
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S@ : the Super Separator Spectrometer

Fundamental research in
Nuclear & Atomic physics

High selectivity > 1073
beam rejection

High efficiency 50%
Mass resolution > 350
Versatility : high resolution,
high transmission, high
beam rejection modes...
Unique instrumentation :
SIRIUS for p, a, electron
and g spectroscopy, and
S3-LEB with gas catcher,
RFQ and MR-ToF-MS

20 cm gap & +/- 300 kV
Open slit in the anode
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laboratoire commun CEA/DRF . CNRS/IN2P3

= Precise mass measurements
= In-trap decay spectroscopy
B-n angular correlations

SEJ:;;;Z‘EW W | HRS o lon trapping

w2 g (11 wg [ | DETRAP

oy
B / 7 Beam purification Spectroscopy
S~ | and preparation e = B-delayed charge part. |
Spmmam o (Cooling/Bunching/Trapping) * Full absorption spectroscopy
e—— = (Trap/Laser-assisted) decay
Low-energy radioactive-ion-beam facility spectroscopy

* Beams from SPIRAL1 and S3

* Important beam preparation and purification
capabilities

* High resolution/precision experiments
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3rd injector for SC LINAC : NewGAIN project —

- Potential irradiation” " e ) A §
s> NEWGAIN s [ IRVECTOR ai=ii7 | ol % beam injector1 ~ f*NEWGAIN (ikjector2)
R netefeiet e 281 1 RFQ 3 intensities = 2023 2028 = 2030
< 20 keV/A ! Intensity (ppA) llntensity(puA) Intensity (ppA)
7 lons Phoenix V3 Phoenix V3 | SC lon Source
- RFQA/Q<3 RFQ A/Q<7 RFQ A/Q<7
Z4 e} 80 * 375
N ‘imll!lllx’"
- m!mtmurg b = >40 240
s s = 3SAr 16 70 45
- 4OAr 3.6 70 45
‘‘‘‘ Z 36g 2.3 * *
“Ca 2.9 10 20
“8Ca 1.2 10 20
58N 1.1 4 8
#Kr 0.1 10 20
'Xe 0.001 7 >10
8y <<0.001 0.1 6
| Measured | Estimated * -> no estimation

*»NEWGAIN \white Book > NEWGAIN time line

https://www.ganil-spiral2.eu/scientists/ganil-spiral-2-facilities/accelerators/newgain/ 2020 2021 2022 2023 2024 2025 2026 2027 2028
e 5 irst
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