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GANIL — Cyclotron & SPIRAL1 Faci

Stable beams :

o spectrometer

2 injectors CO (2MeV/A)
2 CSS (13MeV/A + 95 MeV/A)

Cyclotrons (1983)

Intensity
Energy

Power

ISOL Radioactive beams :

itk 2 palsse

SPIRAL1
"Ela __1SOL Method

—_—
Faisceau
primaire

d'ione

Falscea
dicns
Fenles de sélection
— "'l
S parateur —
o == Faimoepn o jorg
1 chion

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

Heavy ion
lons

Cc-u

< 2.10%3pps
3,8<E< 95MeV/A
< 6kW

ities

»>

A ﬂ a
WA

- ~toire commun CEA/DRF CNRS/IN2P3
/ b?

2 Sources

INJECTORS

O -.
1 Teg @/@/;9 e
Bench: 1 Source@® o
ECS sP1 Type: ECR o”’,o’/'"?:-'n
Name: NanoGAN-3 S
1 Source°
Type: Febiad,
Surface Ionisation
1 Source O
Type: ECR

Name: Phoenix Booster

12/12/2023

IRL-NPA



GANIL - SPIRAL2

INJECTORS

1 Source
Type: ECR
Name: SILHI

1 Source
Type: ECR
Name: Phoenix-V344
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LINAC (2019)

Stable beams :
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laboratoire commun CEA/DRF

GANIL-SPIRALZ2 Target - lons Sources @/ﬁ\ﬂ\% ﬁ {Qﬁl

1 test h:
ECS SP1 @O

1 Source &
Type: ECR € A

Name: Phoenix Booster

INJECTORS
1 Source
Type: ECR INJECTORS
Name: SILHI
2 Sources
Type: ECR
1 Source 0 Name: ECR4, 4M
Type: ECR

Name: Phoenix-V34 2

/4 / "l Target lon Source group managed :
F T - 5 ECRion sources for stables beams Ao
- 3 TISS for radioactives beams %r |
- 1 ECR Charge breeder 1 Source o’oo ,

Name: NanoGAN-3

1 Source @
1 Source (@ Type: Febiad
Type: ECR Surface Ionisation

Name: GTS
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Introduction — SPIRAL1

= AN
=l
S P I RA L 1 laboratoire commun CEA/DRF CNRS/IN2P3

« Target lon Source Systems

New 1+ sources since 2018

Nanogan MonoNaKe FEBIAD TULIP
For gaz For alkaline For condensable  For proton rich isotopes

» The charge breeder
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Nanogan Il @/ﬁ\%

Objective: production of radioactive gaseous ions (since 2001)
e — B (T) Nanogan 3 : 3D magnetic field

Nanogan 3 ECR ion source

Frequency 10GHz

Power SO Reliability High emittance
Type Direct injection Stable Cost

HV plateform 34kV Efficient

Magnetic fields NdFeB
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Percentage of particles

Nanogan Il E Al

laboratoire commun CEA/DRF CNRS/IN2P3

Objective: production of radioactive gaseous ions
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FEBIAD (slide credit P. Chauveau) @/ﬁ\%

laboratoire commun CEA/DRF

Objective: production of radioactive metallic ions (2018)

« 11 tests/experiments with radioactive beams

« FEBIAD TISSes have received 3%Ar (2013,2019,2022), ?°Ne (2018), 4°Ca (2018,2019),
48Ca (2021), 84Kr (2022) and 5°Cr (2023)

« 2 post accelerated beams : 33mK (2019), 4’K (2021)

« 90+ radioactive isotopes/isomers seen, including around 60 at post-accelerable
intensities (>1E5pps).

Features

« Efficient: routinely = 20% on Ar

* Resilient: a 15 days endurance test showed no loss in performance

s 4 s 6 7 8 9 10 0m 12 13 14 15 16 17 18 * Repeatable: comparable results and source behavior between 2 TISS

Elements for which we observed
a radioactive isotope Latest test (°°Cr beam)

48Cr rate ok (1.2E4pps/W) but very slow release
. .. (46min) at low beam power (30W)
39 411142 (| 43
Y Nb || Mo|| Tc
advantage inconvenient

oo U
Hﬂ

ey
o = || oo | [ v
58] [55)=8) 82

=

=

[*2]

=

=

~J

=

=

co

7 [ IR < e [ ] (] e (i ] ][] ] (e ] 2] [8 = _
Resilient Release time
* Many isotopes Purity
HERR R RERREERE B
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laboratoire commun CEA/DRF

MonoNaKe (slide credit P. Jardin) @/ﬁ\%

Vacuum chamber Graphite

| ===}

Objective: production of radioactive alkali ions (2023)

|
Resilient
100 — 4 - " + . .
. Selecti :l Pt ionizer I
. elective R \ﬁxl ;
Relase time £ \ *Pt
£ 10
5 kfc
g
5
g 1
E T =2000K \_ I
i N E
| |
0.1 . e
4 45 5 5.5 .
Potentiel d'ionisation (eV) 13C 60 MeV/A primary beam

First on-line test with a Pt ionizer :

8Li* rate = 2,2.10% pps (or AIT efficiency~10-> for 830 W of primary beam), to be compared to AIT efficiency of 0,05 obtained
in 2007 with a carbon ionizer.

Two points to analyse :

« Transport in the beam line (results obtained in 20 minutes after the first ion was observed)

« Condensation of Li? at the exit of the tube observed during the off-line test

=> Pt and C ionizer will be compared during an off-line test planned in February and March 2024.
=> On-line test before production in April 2024

26/10/2023 11 IRL-NPA



TULIP AAPG ANR 2018 @/ﬁ\%

CES 31: Physique Subatomique (PRC) aboratore commn CEAPDR?
(P. Jardin, M. MacCormick and the TULIP collaborators)

Université de
Caen
Basse-

vemande - QP jective of the TULIP project
« Production of short-lived neutron-deficient isotopes.
» Production by fusion evaporation
* Two main steps
v Proof of principle with 7478Rb*in 2023
v' Extension to metallic isotopes

TULIP cavity ' Vacuum

€ ¢ chamber DLC

Ay window
Graphite )
catcher Mo-Ni-Mo

arget

’ /‘\ P N “ ‘$
Under assembl

SO

¢ NS
£ N\ _
| S . o8 « So far used on-line at 1200-1300°C.
3 ’ Vs o \ * Primary beam power : ~100W
» S Ne Primary | ¢ Irradiation time : 3 days.
\ V' 4 “H beam

/ sswevia | => TISS still operating
/" Diam.~40mm |«  74Rb* production lower than expected.
Under analysis

Radioactive
ion beam

Full carbon cavity (wall in graphlte, catcher in
Papyex (>125 um), window in Diamond Like
Carbon (2 pum)




TULIP AAPG ANR 2018 @/\N

CES 31: Physique Subatomique (PRC) e commun CEARE j NS NP3

Université  de (P. Jardin, M. MacCormick and the TULIP collaborators)
C
Basse-
N di . - . . .
o MELODICA (MEsure en Ligne de cQOefficients de Diffusion et de temps de Collage Atomique)
* Objective : to measure the diffusion coefficients of atoms out of different target of catcher materials in a
“standardized” way (same experimental conditions) to make them easily comparable.
» Use of stable ion beams at “low” energy (< Coulomb energy) to minimize nuclear safety constraints
» Use of a pulsed beam to directly extract the diffusion coefficient from the release time measurement
Plungerto adiust ~ *  Design on standby. Need of support to continue
the cavity volume o Nlew Post-doc presently working on a base gathering diffusion coefficient data
— Collaboration conditions must be discussed.
- FEBIAD Diaphragms Sii
arge : its
L) |on i{ource / \
Target I — ) ~ T
carrouss Extraction and focussing lens Wien filter Electrostatic lens
el  pulsed Detection
stable ion Design: M. Lalande. Ganil internal report (CP)
beam
26/10/2023
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Beam production (status)

3456 7 8 91011 121314151617 1819 2021 2223 24 252 27 28 25 30 31 32 33 34 35 36 37 33 39 40 41 42 43 44 45 46 47 48 45 0 51 52

012

Eriquettes de lignes.

I ECR Nerogan (done)

z
&

Surface ionization (done with FEBIAD/MonoNake/Tulip)
FEBIAD (done)

-stable or long lived

&
28 39 57 65 65 53 39
00 20 26 36 4962 52 24[Jff 33| 00|
00 24 22 25 34 44 59 47 32 22 24 00| 00 00 00 00 00 00 00 00
24 24 30 35 a5 s7[f] 3¢] oo cofffl o0 00 00 00 00 a0
14| 00 00 00 00 00 Q0 00 00 00
o 13 ool 09 00 00 00 00 00 00 00

00 00 00 00 e w0
unstable/unbound ]
refractory element

]

N (Mtdoneyﬁ) 00 00 00 00 00 00 00 00 00 00 00 00
Surface ionization (not done yet) = :E: 0 00 00 00 05 05 6o
FEBIAD (not done yet) 00 00 00 00 00 00 00 00

BENNURRRYBESRRERYERRRYYEEEEN
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»
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laboratoire commun CEA/DRF

Experiences/Tests radioactifs at SPIRAL

CNRS/IN2P3

Upgrade

—>
2
I II IIIIII IIIIII
H O A @ O 0O N A O X H OO0 OO QO N A g
PO PN AN NN NN NN P QY
PP PP PP PP D P PP PP

MonoNake

3 00 00 00 00
00} 00 00
0] aof a0

mNanogan ®FEBIAD ®TULIP

25
= B Available energies after CIME
% - —— Bmin/Bmax limitations
= 20— —— Vmin/Vmax limitations
e -
L L. —— Fmin/Fmax limitations
15—

Cooledvacuum  Oven— production target

vessel A

Transfer tube 1 I
L1
/1 /

1+

* _ Chambre Alurefroidie

Tube foniseur (C ou Pt)

Thir foil {Ta)
Cible graphite
BLi+ Fenétre Ta ép. 7um
Thermal screens

Radicactive
beam

Faisceau primaire 13C 60MeV/A

Driver beam

Primary

Target beam

(Thin Foil)

Electric field ——

Electrical O]
current _— >
" Recoils

Catcher

60mm

Exit hole

Fig 1: Vertical cross section of the TISS

0.50
Q/A
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CNRS/IN2P3

Charge breeding status =AN
v

Gaz & Alkali ions Metallic ions

-
s

Charge 16 . .
514_ - S6palt =5 56Fe15+ + He !
14 —e—Kr with Klystron 350W, O = -» Falt =5 S6pals+ 4 Y, ¥ 3
—e—Rb with Klystron 350W, He 2 121 e
12 Kr with Klystron 350W + 2 'Y s
TWT 100W@12.21GHz, O E 10 : : ?
10 Rb with Klystron 350W + ] ¢35 0E
c TWT 133W@11.19GHz, He o3 ’ XA
+ £ Yk 312
X TR
= 8 g 6 EF 3y
i il
3 > ¥ 3 : :
6 'é’ 4 2 il "
s, SERERRET
4 o] o 2 P iiii111%
L& XS 3y LEdL LW
5 0 1 A7 O O .
10 15 20
0 Charge state (Q)
0 5 10 15 20 % 30 L. Maunoury et al, Journal of Physics:

Total efficiency <70% Conference Series 2244 (2022) 012066
Charge state efficiency 5-20% depending on Z

0123456789

v

==m=ﬂ=:5$RNHBXMHHMMHHHHYHHHHHS:“%E‘
i

Klystron 14,5 GHz
0-600W

Einzel lens in
extraction box

Electrostatic
quadrupoles
lens

Two Soft iron
rings

Deceleration
tube
-

|‘g‘ 7 /4‘ |~“

PLOXTQRA<QITIOZOYPRRNTIFO<

zw

FEX

Tzcpprzom

TWTAS8 -18 GHz
0-200W
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R&D on SPIRAL1 & A

laboratoire commun CEA/DRF

CNRS/IN2P3

Eriquettes de lignes. 01234567 8 91011121314151617 181952021 2223 242526 27 2825 30 31 3 33 34 35 36 37 38 35 40 41 42 43 44 45 46 47 48 45 S0 51 %2
v Another important ingredient:

2 ~> structure & reaction theory

I ECR Nanogan (done)
- Surface ionization (done with FEBIAD/MonoNake/Tulip)

*Co(d,p) and *'Ni(d,
() (@) Type | X-ray bursts

» FEBIAD (done) 5Cu NI, ¥7Cu (He, dy)
s -staueor long lived “UFe,®Kr, e (d,p) <-- surrogate } massive stars oy
E) -uﬁable/unbound
» I oy ot )l STHe ) ST | shape
- s ; "7 7Br(d,ny) coexistence
» 891117 (*He,p) & (*He,*He)) = “Kr(t,p)
= 01286 (*He,p) & (‘He,'He') ’ 7314757677k (d, py) underlying
s 14,160 (p,"He) 11,138 t,*He, “He 727374757651 (d py) nuclear strut.
2 810 (t,5Li) clusters
il %Cr, 52, N (d L)
1 17 14, .
: F(p,a)**0 } 2p-emitters }3N forces
s Pairing and np correlations "G "M, 0 T beams
s a0 80 00 00 SHe(2%pb, 20ph)*He - with **0, *°Cr and *Ti primary beams
: w i g GPV . ¥Si(*He,d)**P
1 “He(ussn: 11sSn)4He } 1 687072 \j(3He, d) shell
24gj, 285, 3432r( 11225, 265, 32307 evolution

- with increased intensity of “°Ca, *°Ar or S

52Fe(d,*Hey)
2n (*He,py) np
and N=Z beams above Zn

pairing

FNwasne u®

Physic cases with accelerated radioactives ions beams

Beams measured and potentially available at SPIRAL1 -
M. Assié : Workshop Target lon Source, Sept. 2023

Logic of beams development:

* Accepted proposal/Endorsed Lol ‘ Specific beam development

* Probing the community (Lol WS 2016 / WS 2023/
discussions with physicists / what we know we can do) mmm) Broadband beam development

« Access to primary beam limitation : Should we work on Batch Mode lon Source ?

26/10/2023 17 IRL-NPA



R&D on SPIRAL1 “sear

Limits and improvements ‘

] Targetor | Diffusion |  Target Effusion
* Primary beam power catcher | Process | cavity S ocess
° Fragmentatlon Cross-section

Time T (Hz) Time T (Hz)

= 12C on new target(s)

Diffusion/effusion time

(refractory materials/short half-lives)
= Target heating,

= TULIP,

— Molecular extraction

Technical developments Objectives

Increase in target intensities (postdoc position)

New Target + 12C beam
MonoNaKe-Pt

FEBIAD

Molecular Beam with FEBIAD
TULIP + FEBIAD

lonisation
Source

> Iradioactifs ion (t)

Purity
— Molecular extraction

Time T; (Hz)

lonization efficiency
= MonoNaKe-Pt,
= FEBIAD heating

8/9Li beam experiment

Fe-Co-Ni Beams (hot target)

Ca beam, selectivity

Metallic shot lived isotopes

26/10/2023
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Stable beam production @ GANIL cyclotrons @/ﬁxﬂ\%fﬂiﬁ%

%% | Ac|| Th || Pa U‘

H
— l:IOVen N —
Li || Be [ Gaz compound, MIVOC B[ € N|O|E
L [ Sputtering [
Na E alsie]s|a
K ||Ca| Sc|| Ti||wv || Cr|Mn Eu Zn || Ga ||Ge || As [|Se || Br
Rb|(Sr | Y || Zr | Nb||Mo|| Tc Rh|| Pd||Ag | Cd || In |Sn | Sb|| Te | I
Cs || Ba|| % || Hf | Ta Re Ir ||Pt | Au||Hg|| Tl ||Pb | Bi || Po| At
Fr || Ra || % .
104 ||10s ||ae6 |[107 |[108 |[10s ||120 |11
* | La||Ce || Pr Pm| Sm| Eu || Gd|Tb || Dy| Ho || Er || Tm|| Yb || Lu

He

Ne

Ar

Kr

Xe

Rn

Oven

Sputtering

Beams delivered since 2010
900

Number of UT (1UT = 8hours)
S § 8 8 8 8 8
U eeesssssss—

- | IIIIIIII
o III......IIII-
[} VO WV EQO S ®ID S Vs = o T VN U U S T L O X
0 = Z o O X 5N U'SULL":¥§I—NLD><ZUEE¥
SRR STAITREEERR8IISE" 858858
[ B ~ ~ ) ~ 5 ~ o S N o
Elements

Long experience in the production of metallic beams
= Sharing technical knowledge to improve beams
at GANIL and FRIB

26/10/2023
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S3 primary beams challenge @/ﬁ\%m

laboratoire commu

A/Q < 3 injectors : hi

ud

gh charge state

b

!

Phoenix V3 ECR AIQ<3 ) 2

40Ca + N2 @60kV

“Ca'**@60kV
RF power : 1850W

85 %0 as
| Magnet (A)

All parameters at limits (Magnetic field, HV, RF power)

100 105 110 115 120

High Voltage extraction 60kV 3o s i e
RF (18GHz) 2kW Po e
Plasma Volume 1.4
. e o UL
« Control impurities into ion source o
= |sotope very pure
Sample expensive (1g : 7°Zn: 22k€, %“Ni: 49k€) or not available 48Ca g
— Development of chemical preparation & recycling techniques

1.E-01

LCO

1.E-02

= Qven technique

1.E-03

1.E-04

Vapor pressure (mbar)

1.E-06

Low Temperature Oven

L>SC

1.E-07
0 200 400 600 800

1000 1200 1400 1600 1800 2000 2200 2400

Temperature (°C)

 Grensble

26/10/2023 21

IRL-NPA



SPIRALZ2 : »» NEWGAIN

NEW GANIL INJECTOR

AN ﬂ a
—
AN
laboratoire commun CEA/DRF CNRS/IN2P3

Project to design and build a second injector at SPIRAL2 with A/Q=7
Budget obtained by ANR/France in 2021 '
Planning : 2023-2030

ol

LBE3 L

1

Element Alg Operational Particle 1 6 RMS
Beam Current normalized
Current (HA) (PHA) (m.mm.mrad)
4BCallt 4.36 150 15 0.25
2Rt 7 170 5 0.10
Beams of reference for ions source and plateform design

« 28 GHz + 18GHz ion source on a HV platform ~70 kV
« Design study under progress

* Projectteam : LPSC, CEA/DACM, GANIL, LPC

26/10/2023 22 IRL-NPA



SPIRALZ2

— »—| Cryocoolers

— {Instrumentation

//4 Satellite

HTS
e { current
leads

| Tie
- | Rods

,.1-—{ Magnet

B + Vacuum
— lvessel

ASTERICS : A new superconducting ECRIS for SPIRAL2
T. Thuillier (LPSC) et al, ICIS23, Vancouver

High temperature oven GANIL On-line in ECR4M
First beam of 228U

> NEWGAIN

NEW GANIL INJECTOR

laboratoire commun CEA/DRF CNRS/IN2P3

4K Cryocooler
Feedthrough

Development of SC-ECRIS 11— "T‘
T. Thuillier, LPSC 1 _' I 9

~——— Copper Leads
 RF Equipments :

o DC Breakers

o Mode converter

o Pressure windows 1
 Techniques to maintains and align ion source sub-systems
« 28GHz Plasma Chamber designs ————

HTS Leads 500 A

lon Source Yoke

Shield Suspension

Sextupole coils

[Solenoids coils

Operation with SC-ECRIS and metallic beams

Share feedback on SC-ECRIS

* Metallic oven designs : resistive, inductive
* Metal sputtering for SC-ECRIS N
« Cryogenic operation style

« Safety procedure and parameters to control

« Limits in operation : ion source parameters, tuning

Fins: 0.4 mm*19
Channel: 0.4 mm *20

Superconducting lons Sources @ FRIB
G. Machicoane, Workshop Target lons Source,
2023, Caen
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SUMMARY

GANIL facilities, lon sources

SPIRAL 1
- Beam production
- Charge Breeding , Acceleration
- R&D on SPIRAL1

Stable Beam production
- Challenge for S3 beams
- R&D for Newgain

Conclusions

IRL-NPA
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Conclusions

laboratoire commun CEA/DRF i’ CNRS/IN2P3

Stable beams

Technique around ion beam production with ECR

« High Temperature oven for RT and SC-ECRIS

* Recycling technique for rare isotope

« Stability detectors for operation (OES, X-rays detectors)
» Metallic beams technigques

Share feedback on SC-ECRIS- Joint R&D

* R&D on specific device like plasma chamber, RF,
* Operation with SC-ECRIS and it specificities

ISOL Technique

Share informations about ISOL TISS

« Thin or thick Target/Cavity

* lon sources (ECR, FEBIAD, IS)
e Purity

« Batch Mode lon Source ?

Collaboration on Diffusion coefficient data base

 Share data between FRIB and GANIL to construct database
« Participation on construction of specific device to measure
diffusion coefficient.

Thank you for your attention !
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