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GANIL — Cyclotron & SPIRAL1 Faci

Cyclotrons (1983)

Stable beams :

2 injectors CO (2MeV/A)

ons C-uU
2 CSS (13MeV/A + 95 MeV/A) _
Intensity < 2.10%3pps
o spectrometer
Energy 3,8<E< 95MeV/A
Power < 6kW

Radioactive beams :

bk dpafe

o SPIRAL1
e - _. ISOL Method

]
L

Intensity : 103-10°%pps
Energy : <20MeV/A
T, : 100ms (8He)

I

ities

@
& % 2 L laboratoire commun CEA/DRF CNRS/IN2P3

INJECTORS
2 Sources

R4, 4M
OO i . N
1 feg @/@/‘Gf
Bench: 1 Source@ N
ECS sP1 Type: ECR O/);'O;L;._._f”
Name: Nano6GAN-3 S
1 Sourcee
Type: Febiad,
Surface Ionisation
1 Source O
Type: ECR

Name: Phoenix Booster
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GANIL - SPIRALZ

INJECTORS
1 Source
Type: ECR
Name: SILHI

1 Source
Type: ECR
Name: Phoenix "

i, EANGE

LINAC (2019)

Stable beams :

e e on ™ oeuton T veawy on
AIQ 1 2 3

Particles H+ D+ He - U
| max (mA) <5 <5 <1
Max Energy (Mev/A) 33 20 <14.5
Max beam Power (kW) 165 200 44
Heavy ion source (A/q=6 to 7) _ 10 m

ECRIS ECRIS & d*: 20 MeV/n -
Ht" 3 - Z 5 i )
. .Sp/ra/ Z‘f ] HI : 14.5 MeV/n
imA SmA 0.75 MeV/n dniver accelerator : .. _
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laboratoire commu

GANIL-SPIRAL?Z lon sources @yﬁ\%

1 tests Bench:
ECS SP1 1 Source
© Type: ECR €D

Name: Phoenix Booste

INJECTORS
1 Source
Type: ECR INJECTORS
Name: SILHI "L —_—
Type: ECR
1 Source Name: ECR4, 4M
Type: ECR

Name: Phoenix-V3 44w

GCS managed :

- 7 ECR ion sources

- 1 FEBIAD

- 1 lonisation surface ion source

ECR ion source Is used for : Name: Nano6AN-3 =~

- High charge state LSouwce @
: ' Type: Febiad
- Long time operation Surface Ionisation

- Versatile (gaz, metal,...)
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laboratoire commun CEA/DRF

Stable beams production at GANIL @/ﬁ\%m

Beam time at GANIL

g 4000 8000 Over the past 10 years, the number of total operating
5 3500 7000 hours has various in according to the installation and
g 3000 6000 E the commissioning of Spiral2 .The goal is to increase
i B 5000 g the operating time with 5 sources instead of 3.

22 2000 4000 &

s =

: ¢ 1 = Increased maintenance operation with different

5 R technologies

E 500 1000

E 0 0

< 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

I ECR4-ECR4M - High energy physic (<95MeV/A) ECR4-ECR4M - Lo energy physic (<BMeV/A)
B GTS - Very Low Energy Atomic Physic (25keV/A) I SPIRAL2

Several types of beams are produced, using

e T T2 . . .. .
Cyclotron facility : beams produced by ECR ion sources / SPIRAL2 Facili':v: dlﬁerents teChanueS and reqUIrlng Varylng degrees
2 — beams produced by ECR ions sources Of manpower
. o In 2022, 3 full-time equivalents (2 technicians + 1
g, g engineer) worked on the production of beam on the
3 b © 5 injectors.
E £ - preparation, tuning,
; . - maintenance,
) - on-call duty
11/09/2023 3
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oratoire commun CEA/DRF

Status of beams production at GANIL-Cyclotron @/ﬁ\%

o Beams delivered since 2010
lon sources on cyclotron facility :

- 2 injectors — 14.5GHz — 25kV (90’s technology)
- Large range of beams (C => U)
- 4 methods of neutral injection elements possible
- 1 to 2 weeks for the same ion beam
- Choice of charge states flexible (3<A/Q<9)
- Intensity max usable into CO : 50-100uAe
(not reached for many beams)
- Development of new beams in order to the request of
physicists. Possibility of 1 or 2 tests/year
4 new ions beams availables (Si, W, Te, Th) for 4 years Clomonte

Although these ion sources are old and limit the possiblity of large improvement, it stays possibilities to
improve the quality and intensity of beam on some of them (On-line diagnostic@GSI, new oven, new MIVOC
molecule, ...)

Number of UT (1UT = 8hours)
S 8 8 8 8 &8 8

o

[

QL OS5 2 s 0 C 00 W vy > i
SESEEE58E05288

&8 en nemoo S I I ~

~— (]

238U

Development and fine-tuning for one beam take a long time, as equipment is not readily available.

= During operation, the 2 sources are used,

= During non-operation, heavy maintenance limits access to equipment (ADI, GANIL Cooling system, etc.).
= No off-line dedicated R&D test bench with equivalent source.
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laboratoire commun CEA/DRF

Status beams production at GANIL - Spiral2 \p|ra'

2 lon sources in alternance on SPIRALZ facility :

 Light lon Source dedicated for NFS experiments
- D*/H*intensity >5mA
“ Heavy lon Source dedicated for S3 experiments
- O to Zn beams up to 1mA for gaseous beams, 2puA for metallic beam
- A/Q = 3 : No flexibility for the charge states.
= Need for a high-performance ion source
- Run : 3 weeks to 2 month
= Long R&D to optimize beams for S2 (new LTO/HTO, Double Frequencies, Isotope preparation,...)

Axial coils

<60KV insulation

(\%‘ e e - 36-40Ar 22Np 18(0) 36
\l \ e — el oo oap Gas Ar’ Ne’ O’ S
\)\66 — S extraction Intensity : Up to 10ppA
Metallic oven = T \ AR
g —— - ®
»»»»»»»»»»»» @6 Metals : 58Ni, 40-48Ca, 59-54Cr, 50Tjj, 50V/,
2013-2019 707n. 30S;j
TR
RF Frequency/power . 18GHz/2kW IntenSIty * Up to 2p|“lA _%‘
Axial Mirror 2.1-0.47-1.3T (
Radial magnetic field 1.28T
Plasma volume (2Ph1.“' v2) Energy : 4_7MeV/A e
Aaiagn <60kv Run : 3 weeks-2 month

In operation since 2019

Installed in 2020, in commissioning
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ECR lons source : technical aspects
Beam intensity available in operation is related to

Design of ion source

Frequency / Magnetic field
Volume of plasma chamber
Extraction voltage

echnique used to inject neutral eleme

2.45/10/14,5/18 GHz

ﬂ o]
— []oven —
EE ] Gaz compound, MIVOC B C N Ol E I Ne
[ Sputtering
Na |[Mg E plis faj ar
TCaE Ti v.@ ‘ CHBAS Se ;?
e v 2w IIZEEEEFI
@EE » I [ [ o o [ [ ][]

* ﬁmmu
- Hl!

Reliability

laboratoire commun CEA/DRF CNRS/IN2P3

Isotope purity

= Cost / availability
= Chemistry

48Ca, °4Cr, 36S, ...

+

Stability

5000,00— T T T T
4500,004— . : .
4000,0( { Y

!?W 1#.““""4"“* L
3500,0 :

[ERENRAL

45 5 55 6 65
Temps [ms]
E1-D11
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Technical of the ions beams production with ECR ion sources %

+* Oven method

vapor pressure (Torr)

10

0.1

0.01

0.001

0.0001

1E-5

800 1000 1200 1400 1600 1800 2000 2200 2400 2600
T(C

Advantages:

» A lot of isotopically enriched elements are
evaporated by oven (oxyde and metallic form)

» High charges states can be optimized by the
control of evaporation

Disadvantages:

» Start and tuning of beam for a long time (>6h)
» Difficulties to control the evaporation for
T° <500° c with LCO
» Low ionization efficiency (<10%)
» Low capacity (stop the Run to replace the
sample)

11/09/2023
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800
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Temperature (°C)

High temperature oven GANIL On-line in ECR4M —First beam of 238U

&= A

laboratoire commun CEA/DRF

CNRS/IN2P3

; __:\ |
laboratoire commun CEA/DRF : (NRS 1N25‘3

| Inductive

In“mnp\" isc: il
t:{nu UMEN
STRASEOURG!

Resistive

Low Temperature Oven

L>SC

Grensule
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‘:’ M IVOC methOd laboratoire commun CEA/DRF . CNRS/IN2P3
Metallic beams with MIVOC at GANIL.: oL eoooe
1 1 BP1 BPFE I
Ni, Fe, Mg, Cr, Ti, Ru, Va... - . &\/’_L—' |
S
For natural elements : Several Commercial compounds \Il . ;—):
can be found. — JOe P2 o A
RF !l |
R&D to obtain synthesis with the isotopically enriched A >/ -
element. NTT X
=> B.GALL’s team IPHC- Strasbourg -~
Several syntheses could be developped to replace the Advantages: oo g
evaporation of element with high vapor pressure
(difficulties of evaporation control with oven) » Tuning is easy and good beam stability
y TR K7 » Level of intensity more important than oven
\ > No change of sample during the run
Disadvantages:
» No possible to optmize the high charge states
» Can’t used for A/Q=3
» ionization efficiency between 20%
» Need to develop syntheses
11/09/2023 15
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= A 13
«* Sputtering method /“\%

——

Metallic beams : 238U, 181Tq,

c2

{\/\J TT 1 - | Advantages:

| » Production of refractory elements

L] » Good stability of beam (<+/-5%)
3 H H| ] | » Optimisation of high charge states
Lo J&, A ,,Jl[\ pernbll | » No change of sample during the run
238U31+=3H Ae Disadvantages:

Realized by ECR4M > Low ionization efficiency (<8%)

» Low intensity (with ECR4/ECR4M)

11/09/2023 Workshop Target lons Source 16



Upgrade of Spiral2’s ion sources for operation mod @/\%

** lon source H*/D*

» Very stable ion source with the good intensity — stability
Tube accélérateur _ _ o o
=extracion > But deterioration of boron nitride plates inside the plasma chamber
. Need maintenance to change them after 500 hours for D* or 1000 hours
for H*

Couronnes
magnétiques

Inje LUUH

Need to increase the lifetime of plates to reduce maintenances and
increase availability of the machine (represent around 10% downtime)

\ J
N

. " N

Ridge HF

Plaques #
nitrure de

Bore . iiictrodes

Chambre Electrode Electrode
plasma HTsource HTEI

A collaboration with CEA/IRFU will start soon to fixe this issue

11/09/2023 17
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oratoire commun CEA/DRF

s* PHOENIX V3 : upgrade in collaboration with LPSC-Grenoble

Long term operation at 60kV require ion source upgrade .

. y . —= A E
Upgrade of Spiral2’s ion sources for operation mode@/é\%m

= New Injection

Bias disc in aluminium : reduce pollution => Major maintenance program for winter 2023 - 2024 -
Cooled system and insulators protection - Hexapolar magnetic field checking
Wave guide 8-18GHz to use double frequencies - New injection
@25mm hole oven diameter for High Temperature Oven - New insultors
= Upgrade of insulator system 1.5 full time equivalent in 2022

= Adaptation of extraction system

11/09/2023 18
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A @
Challenges for the futur /“ %

Beam time increase for Physics on the both
machines

Extend possibility with a new
supraconducting ion source
« Asterics »

(” Production of ions beams for
S S®(Q/A1/3:2puA-2
- months)

Upgrade of cyclotrons facility (extension of runnin
20 years) B
Increase the beams production of SPIRALL1 for LISE

11/09/2023 20
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Cyclotrons — Challenges for the futur

ECR4/ECRAM !on. sources : Frequency 14.5GHz
** R&D to optimize the beams:
? - Power <500W
% * Improve the stability
< e = * New oven for the low temperatures Type Coaxial injection
- e R e o * News syntheses for MIVOC HV plateform  75kv +  25kV
* Increase efficiency with the metallic beam (hot screens) 25kV
¢ Replace ECR4M by more perform ion source ? Q/A 3t09

11/09/2023
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Spiral2 — Challenges for the futur = ANT

Z

......................... orr Cl | ZSEe

S3 . High priority beams S S

Gas ; 3-40Ar, 22Ne, 180, %S -
Large Capacity Oven Intensity : Up to 10ppA -
(S AN
,,,,,,,,,,,,,,,,,,,, e NUE ) _
Metals : %8Ni, 40-48Ca, 50-54Cr, 50Ti, 50V,
YOZn’ SOSi
Intensity : Up to 2ppA @
Low Temperature Oven ; ’ _ i i 58Nil5 58Ni13
P Energy : 4-7MeV/A < < A e o s
L%C Run : 3 weeks-2 month 5 9]
Grencole | @ 16p
=
-
<
Chose an high purity metal to optimize intensity .
m
BT ENENENENEE
ft
Isotopic abundance 68% 26% 1% 3.6% 0.9% @
€/mg for 99% isotope purity 1.87 11.6 65
50 55 60 65 70 75 80
30days@1mg/h 1346€ 8352€  46800€

Intensities decrease a lot in accordance with high
charge states

A strategy have to be defined for the supply, the stock, the chemistry, the budget request for using theses isotopes

11/09/2023 Workshop Target lons Source 22



SPIRAL2 : % NEWGAIN C=AINNG—

NEW GANIL INJECTOR

Design and build a second injector at SPIRAL2 with A/Q=7

Budget obtained by ANR/France in 2021 —
LME2
Planning : 2021-2030
/ LBE13 RFOZ
] ] =]
Element Operational Particle 1 6 RMS I
Beam Current normalized
Current (UA) (PHA) (z.mm.mrad)
48Call+ 150 15 0.25 LEE1 | RF LME1
¥ - T
2R 7 170 5 0.10 | | i
Beams of reference for ions source and plateform design 2 /] 1
|:|. B ‘rEI

 New technology (supraconductor) : Formation for GCS’s team
 Product the ions beams in continuous during severals weeks
« No manpower in GCS ‘s team to participate in this R&D '
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Conclusion:

O Cyclotrons facility:
- Large variety of beams

— Requires to use all techniques availables

— Requires R&D specific to optimize all parameters
- Short experiments

— Involves more tuning and Manpower

|:I
aboratoire commun CEA/DRF CNRS/IN2P3

O Spiral2 facility:
— Upgrades for operation of ion sources
— Reduce breakdowns and maintenance
— R&D specific to optimize the beam stability
— Long experiments
— Increase the capacity of ovens’s samples
— Increase the efficiency ionisation

0 Challenges for the futur:

cyclotrons
— R&D to reduce the re-tuning time
(stability , new oven for the low
temperature.....)
— New ion source?
Spiral2
— Beams for S3
— Supply of all enriched isotopes
— Commissioning of the new
supraconducting ion source

Thank you for your attention
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