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Multi-beam operating mode:
4 experiments in parallel
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tuning 128 %

visit- no beam supphy 0.8 %

machine beam test 56 %

technical intervention 3.5 %
>

tuning after failure 1.1 %

failure 9.6 %

Availability: 90%

wailting for users (pilof) 4.7 %

bearm used by physics 61.9 %

GANIL per year: 35 weeks / 4 periods: 5700h of

operating time. Leading to 7200h of beam time for
users (multi-beam effect)

SPIRAL since 2001: 5000h of exotic beams / 700h

of stable beams. More than 30 exotic beams




Primary beans /

(http://www.ganil.fr/loperation/available _beams/available_beams_tabular.htm).

Beam Imax [pps] Emax Pmax Used with
[MAe] [MeV/A] [W] Spiral

12C6+ 18 1.9 1013 95 3 200

13C6+ 18 2.1013 80 3 000 X

LaN 7+ 15 1.4 1013 95 3 000

1608+ 16 1013 95 3 000 X
S 1808+ 17 1013 76 3 000 X
b 20\ @10+ 17 1013 95 3000 X
S 22|\ @10+ 17 1013 79 3 000
o 36516+ 6.4 2.5 1012 775 1100 X
5 36Aris: 16 5.5 1012 95 3000 X
g 40Ar18+ 17 6. 1012 77 3000
2 48Cg19+ 4-5 1.3 1012 60 600-700 X
o 58\[j26+ 5 1.2 1012 77 860
% 76Ge30* 5 1.2 1022 60 760 E
S 78-86K 34+ 75 1.4 1012 70 1200 X 2
i; 124 X o6+ 2 2.7 101 53 300 (E




SPI RAL oper ati on ,ﬁ

(http:/lwww.ganil.fr/operation/available beams/radioactive_beams.htm)
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Ageing Problems and Maintenance ‘

* Since few years, the accelerating cavities of the SSC’s
encountered water leaks due to 25 years of functioning.
* Interventions require to remove the whole cavity.
 Inducing one week delay to physics experiment.

. Injection
Extraction !

/ M agprétic I':::::;.,
s;—z(:ftor I

Corrective actions:
» Replacement of defective compone
* Tuning of SSC with one RF cauvity.
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Ageing Problems and Maintenance ‘

*Simulations and analytical calculations show that compensation of
a RF acceleration can be done by modifying the magnetic field law.

DB
% (r) = 0.5 c0s(45°) S injection Minjection '

IDB/B]| 4
DB/B
theory
\ DB/B
N feasible
» Radius
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1000

On a Radial probe: Still precession, but 90%
transmission
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In-Flight Separation techniques (SISSI)
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In June 2007, the second solenoid S2 of the SISSI device quenched
during current rising and cannot be used since. The reasons of the

repetitive quenches are still unknown (ageing, device weakness, neutrg
effects ...) : Short term alternative solutions are studied.

Cyclotrons 2007,september 30th to 5october 2007

F. CHAUTARD



R2 Rebuncher

he clear interest of such arebuncher is to reduce the beam
losses in CSS2 deflector improving the beam stability, (especially
heavy ions such as krypton).

 Unavailable since 2002 because of defective RF contactors.
* The cavity is repaired and has been put back in line in 2007.
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e Large Energy range of post-accelerator : from 1.2 MeV/A
to 16 MeV/A (for Q/A=0.25)

» Mass purification of the cyclotron R= few 10-4.

» Good energy definition of the CIME beams DE/E <5 103
» Good transmission for such an accelerator technology
20%-40%.

o Great target-source selectivity + cyclotron purification
giving a pure beam of most of available ion beams.

» 40 isotopes available.

» Possiblility to run detectors developments with stable
beam of CIME in a stand alone operation.
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#But SPIRAL has also its limitations:

e Still, too few radioactive ion species are available (He, O, N,
Ne, Ar, Kr, F).

* Intensity is a parameter of utmost importance; It is the main
limitation for most of experiments.

e The large turn number in CIME impacts the beam

emittance: DTFWHM < 2ns and emittance ~ 16p.mm.mrd
Imply multi-turn extraction.
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What about improvements since
20017
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2004 Modification of thejﬁ
high voltage platform CO1 (100 kVolts)

Goal: Increase the beam intensity of the

source

Limitation: space—charge

Solution: Increase the extraction

voltage from 25 kV to 100 kV in two

stages.

First stage: extraction at 25 kV and

R selection to remove unwanted intense
e <Gl beams

Second stage: acceleration to the

wanted energy for injection into the CO

1 | i=> Beam more stable, gain of a factor 1.5 - 2
in intensity (S, Kr, Mg, Ar)

AT 38 mAe
BKrix* 30 mAe
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Irradiation control of Spiral Targetiﬁ

Until few days ago the irradiation time was limited to 15 days due to
safety regulation (worst computed figure for target activation).

The goal is to be more precise in the criteria of limitation: ion species,
Intensity, energies.

This will be achieved by controlling the ion integrated flow over the
lifetime of the target.

Solution: use of a Current Transformer coupled to an automatic beam
stop and data storage.

GAIN:

» Decreases the volume of the nuclear waste.

e Optimises the device availability.

» Decreases the frequency of the handling operations and manpower.
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Development of a 1+/N+ radioactive#"
alkali 1on source

Isotopes

4

Krypton | 69 84 [ 85| 86
Agon | 30 36 [ 37 ]38 39] 40 47
Neon 16 28
Fluorine | 14 20 w271 28] 29
Oxygen | 12 ] 13 241251 26
Nitrogen | 10 | 11 2|1 23] 24
Helium 3 4
Stable *Physicists demands
B Exotic Radioactive 1+ alkali production
tests with IS source (in 2006)
E wtraction
Primery SRS ke Radioactive n+ alkali production

e tests coupling IS and ECR

: source (may 2007, very low
m - efficiency 0,04%)

MonoNakE ii|""',~2:7:::-:i_ =" I o

=i eConstraints of the production
cave (compact solution)
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Extension for a Low Energy beagﬁ

lne 10r radlos 0 Hea

Fishbone
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u 1 beam line for long-term experiments
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Direct line CIME-experimental caves:

IE?‘
Since 2004

Direct beam line between CIME and G1/G2 allowing the transport of ions into
experimental rooms in parallel to SSC2 beams. -

CIME

M |

VAMOS - access

f'llI:,r Lo

L EXOHAN]
Lt i

Cyclotrons
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Status Summary ‘

SPIRALTarget-Source developments:
*Alkali ions: compact solution to be validated in
April 2008 for stable ions
*Metallic ions: stand by

 Low energy line extension:
*Predesign study achieved
*Project under discussion

e Direct line CIME-experimental caves:
*Predesign study achieved
eUnder discussion in the frame of the SPIRAL?2

project
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GANIL-SPIRAL Looking Toward the Futur

n A new machine, SPIRALZ2, is about to be constructed
on the GANIL site (talk TUZCRO04 by P. Bertrand).

n The post-acceleration of the exotic beams produced
will be done by the actual cyclotron CIME from
SPIRALI.

n Therefore, new safety requirements have to be
applied and constraints taken into account for those
exotic beams accelerated. In this frame, projects
were launched such as access control upgrade,
Improvement of the SPIRAL1 equipment reliabllity,
new transfer line, ...

n Internal report compiles about 15 potential SPIRAL
Improvements identified before SPIRAL2 coming
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Beam dynamics in cyclotron

4 . | Two RF cavities:

Smooth H=2 oscillations

Br

Cyclotron orbit

»
|

q
RF1 RF2  RF1 1 RF cavity (1 OFF)

! | STRONG H=1 oscillations
| Simulation in CSS1

radial oscillation : up to 7cm

T Experimentally

| mpossibility to extract the
beam

Cyclotron orbit
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v

0% transmission ! 111
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Field Corrections

(P-PrefyPref Pref=Pinj+ g/2p * (DP)xg

A e mmarem.—m—.———.————r—.———————
7%;5 (Bohojcavite
RF1 RF2(OFF) RF1
+DB  +DB -DB -DB
B C D A
+DB +DB
RF
Cavity

DB, (R)/B=- 0.5 cos(45°) sinjection R injection/ R?
DB (R)/B=+ 0.5 cos(45°) sinjection R injection/ R?
DB (R)/B=+ 0.5 cos(45°) sinjection R injection/ R?
DB (R)/B=- 0.5 s cos(45°) sinjection R injection/ R?
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S injection=turn separation At injection
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Beam dynamics :

Hill equation over 1turn for the central
tral

DBr Dr

Br r

S
r

1 S S
cos(—)+ —

X“+(r 2(s) ) k)X»@Zr (s) r” r(s) B

=0 With 1 cavity + field correction

Reduction of the h=1 oscillation :
=> |DB (R)| /B=-0.5s cos(¢R)/R

_ DBA(R)/B=- 0.5 cos(45°) sinjection R injection/ R?
Correction of the  pg_(RyB=+ 0.5 cos(45°) sinjection R injection / R2
Sectors DB.(R)/B=+ 0.5 cos(45°) sinjection R injection/ R?

DB,(R)/B=- 0.5s cos(45°) sinjection R injection / R?
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*  sinjection=turn separation at injection
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