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OPERATION STATUS OF HIGH INTENSITY 
ION BEAMS AT GANIL

F. Chautard, G. Sénécal
June 9th, 2009

ν GANIL/SPIRAL1 operation
ν High intensity
ν Foreseen improvements 
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SPIRAL: Radioactive ion beams 
with «ISOL» method since 2001
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SPIRAL: Radioactive ion beams 
with «ISOL» method since 2001

PRODUCTION 
target

Heavy Ion Beams up to 95  MeV/A 
onto a thick carbon target

radioactive atoms
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SPIRAL: Radioactive ion beams 
with «ISOL» method since 2001

PRODUCTION 
target

Heavy Ion Beams up to 95  MeV/A 
onto a thick carbon target

radioactive atoms

Ionisation by an ECR ion source
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SPIRAL: Radioactive ion beams 
with «ISOL» method since 2001

PRODUCTION 
target

Heavy Ion Beams up to 95  MeV/A 
onto a thick carbon target

radioactive atoms

Ionisation by an ECR ion source

Acceleration and Purification in 
the compact cyclotron CIME

Post-acceleration by CIME cyclotron
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IRRSUD: low energy 
beam irradiation line

[0.3, 1.0] MeV/A 1

Multi-Beam Operating Mode:
4 experiments in parallel

2

3

1α spectro

Stripper

4 SME: after a stripper, one 
charge state  is sent to the D1 
room  => the medium 
energy exit   [3.7, 13.7] MeV/A

2

High Energy Beam GANIL [24, 95] MeV/A
3 4
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2

3

1α spectro

Stripper

4

High Energy Exotic Beam 

[1.2, 25] MeV/A 3 4

SPIRAL1 operating mode:
4 experiments in parallel
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Multi-beam operating mode:
Beam schedule
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Running Statistics 2001-2008

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: 8500h of exotic beams. More 
than 30 exotic beams

Availability over 8 years: 83%

Availability in 2008 : 91%



H
IA

T0
9,

 8
 -

12
 J

un
e 

20
09

F.
 C

H
A

U
TA

R
D

Repartition time between GANIL 
and SPIRAL1 beams
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From 2001 to 2008
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Beam Imax
[μAe]

[pps] Emax
[MeV/A]

Pmax
[W]

Used with
Spiral

12C6+ 18 1.9 1013 95 3 200
13C6+ 18 2. 1013 80 3 000 X
14N7+ 15 1.4 1013 95 3 000
16O8+ 16 1013 95 3 000 X
18O8+ 17 1013 76 3 000 X

20Ne10+ 17 1013 95 3 000 X
22Ne10+ 17 1013 79 3 000
36S16+ 6.4 2.5 1012 77.5 1100 X

36Ar18+ 16 5.5 1012 95 3 000 X
40Ar18+ 17 6. 1012 77 3 000
48Ca19+ 4-5 1.3 1012 60 600-700 X
58Ni26+ 5 1.2 1012 77 860
76Ge30+ 5 1.2 1012 60 760

78-86Kr34+ 7.5 1.4 1012 70 1200 X
124Xe46+ 2 2.7 1011 53 300

(http://www.ganil.fr/operation/available_beams/available_beams_tabular.htm).

Intense Primary beams
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SPIRAL operation
(http://www.ganil.fr/operation/available_beams/radioactive_beams.htm)

ions W 
[MeV/A] 

[pps] ion W 
[MeV/A] 

[pps] 

18Ne 7 10+6 31Ar 1.45 1.5 
8He 15.5 10+4 6He 5 3.10+7 

8He 3.5 10+5 8He 15.4 2.10+4 

24Ne 4.7 2 10
+5

 8He 3.9 8.10+4 

74Kr 4.6 1.5 10
+4

 8He 3.5 6.10+5 

8He 15.4 1.5 10
+4

 18Ne 7 10+6 

8He 15.4 9 10
+3

 24Ne 10 2.10+5 

24Ne 10 2 10
+5

 26Ne 10 3.10+3 

8He 15.4 2.5 10
+4

 44Ar 10.8 2.10+5 

15O 1.2 1.7 10
+7

 46Ar 10.3 2.10+4 

24Ne 7.9 1.4 10
+5

 74Kr 2.6 1.5.10+4 

33Ar 6.5 3 10
+3

 76Kr 4.4 6.10+5 

6He 3.8 2.8 10
+7

 75Kr 5.5 2 10
+5

 
8He 15.4 2.5 10

+4
 44Ar 3.8 3 10

+5
 

35Ar 0.43 4 10
+7

 6He2+ 20 5 10
+6

 
6He 2.5 3.7 10

+7
 6He1+ Lirat 2 10

+8
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SPIRAL operation
(http://www.ganil.fr/operation/available_beams/radioactive_beams.htm)

ions W 
[MeV/A] 

[pps] ion W 
[MeV/A] 

[pps] 

18Ne 7 10+6 31Ar 1.45 1.5 
8He 15.5 10+4 6He 5 3.10+7 

8He 3.5 10+5 8He 15.4 2.10+4 

24Ne 4.7 2 10
+5

 8He 3.9 8.10+4 

74Kr 4.6 1.5 10
+4

 8He 3.5 6.10+5 

8He 15.4 1.5 10
+4

 18Ne 7 10+6 

8He 15.4 9 10
+3

 24Ne 10 2.10+5 

24Ne 10 2 10
+5

 26Ne 10 3.10+3 

8He 15.4 2.5 10
+4

 44Ar 10.8 2.10+5 

15O 1.2 1.7 10
+7

 46Ar 10.3 2.10+4 

24Ne 7.9 1.4 10
+5

 74Kr 2.6 1.5.10+4 

33Ar 6.5 3 10
+3

 76Kr 4.4 6.10+5 

6He 3.8 2.8 10
+7

 75Kr 5.5 2 10
+5

 
8He 15.4 2.5 10

+4
 44Ar 3.8 3 10

+5
 

35Ar 0.43 4 10
+7

 6He2+ 20 5 10
+6

 
6He 2.5 3.7 10

+7
 6He1+ Lirat 2 10

+8
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High Intensity Beam Transport

ν In 1995, a High Intensity Transport safety system 
(THI) was studied and validated in 1998 in order to 
allow sending a several kilowatt beam into the 
experimental rooms (poster D4).

ν The system protects equipment against the beam 
power loss. 

ν The safety regulation rules allow the GANIL to 
accelerate beam to a maximum of 2 1013 ions per 
second or 6 kW out of CSS2. 
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Injector mode 
This mode allows the acceleration of a 400W ion beam up to the injection of CSS1.  
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Tuning mode 
By using of a chopper to reduce the mean beam 
intensity (equipment protection) and keeping the 
crest intensity identical (space charge limitation) a 
400W beam can be tuned overall the machine. 
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Watching mode 
The high power beam (up to 6kW) is reached in this 
mode by reducing the chopping rate and monitoring 
the safety system controls beam losses 
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A 26μAe (5kW) for 36Ar at 95MeV/A 
has been successfully accelerated.

High Intensity Beam Transport
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High Intensity Beam Transport
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High Intensity Beam Transport
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Before SPIRAL2
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Foreseen  Machine Developments

νν A GANIL 2015 committeeA GANIL 2015 committee was created to identify the 
strength and weakness of the actual facility in the 
close future range. 

ν One of the main recommendations is to extend the extend the 
radioactive ion beam varietyradioactive ion beam variety available from the 
SPIRAL1SPIRAL1 facility. 

In the following is reviewed the evolutions machine-
side to take into account the committee 

recommendations. 

http://ganil2015.ganil.fr/
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Development of 1+/N+ radioactive 
ion sources
Actual

• GANIL group project constituted
• Overview of source developments for SPIRAL1: done
• Evaluation phase until October 2009

• 1+/N+ Compact source
• 1+ source  +  Charge breeder
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Constraints for development of a 
COMPACT 1+/N+ radioactive ion source
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Constraints for development of a 
COMPACT 1+/N+ radioactive ion source

Limited volume for new 
ECR
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Development of a COMPACT 1+/N+ 
radioactive alkali ion source

Actual
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Development of a COMPACT 1+/N+ 
radioactive alkali ion source

•2006: Radioactive 1+ alkali production tests with IS source

•2007: Radioactive n+ alkali production tests coupling IS 
and ECR source (but very low efficiency 0,04%)

•2008: production tests with improved source

•2009: Ongoing tests
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Development of a 
1+ source + charge breeder

New
Charge 
breeder

Experimental
area

• 1+ source = compact to fit in the cave
• Breeder outside cave to accelerate beam in CIME
• Access to the other exotic species
• Allows beam deliverance during installation of the new charge breeder
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Increase the primary beam intensities

Gains Low 
energies

Middle energies 
(<13 MeV/A) High energies

Intensities
Light Ions
Heavy Ions
Very heavy Ions

1 to 2
2 to 4

10

1MeV/A
For all ions

1  to  2
2  to  4

10

1  to  2
2  to  4

10

Max Energies
Light Ions
Heavy Ions
Very heavy Ions

13.6MeV/A
For all ions

No gain
Possible gain

Gain

• Ganil Test Source: 
Characterized on test 
bench until middle 2010.

•Then, installation on 
Ganil injectors ?
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Beam Imax
[μAe]

[pps]
<2 1013

Emax
[MeV/A]

Pmax
[W]

<6kW

Used with
Spiral

12C6+ 18 1.9 1013 95 3 200
13C6+ 18 2. 1013 80 3 000 X
14N7+ 15 1.4 1013 95 3 000
16O8+ 16 1013 95 3 000 X
18O8+ 17 1013 76 3 000 X

20Ne10+ 17 1013 95 3 000 X
22Ne10+ 17 1013 79 3 000
36S16+ 6.4 2.5 1012 77.5 1100 X

36Ar18+ 16 5.5 1012 95 3 000 X
40Ar18+ 17 6. 1012 77 3 000
48Ca19+ 4-5 1.3 1012 60 600-700 X
58Ni26+ 5 1.2 1012 77 860
76Ge30+ 5 1.2 1012 60 760

78-86Kr34+ 7.5 1.4 1012 70 1200 X
124 Xe46+ 2 2.7 1011 53 300

Primary Beams

2. 1013pps
Safety 
limitation 
reached

Possible 
improvement
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SPIRAL1 Beam Purity Improvement

• Even with a selective source, the 
exotic beam might be polluted (18F, 
14O …)
• Purification SPIRAL choices:

•Stripping
•Energy loss in degrader
•Vertical deflector 
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In-Flight Separation techniques (SISSI)

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, neutron 
effects …) : Short term alternative solutions are studied.

Ageing Problems
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ν The first beam of GANIL was sent to an experimental 
room in 1983. 

ν Since then, the variety and intensity of the ion beams 
available always increased. 

ν Progresses in the source domain make possible to 
potentially transport of kW beams. 

ν The cyclotrons and the beamlines had to be 
upgraded to handle such a new constraint. 

GANIL: HISTORY
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ν In 2001, the first exotic beam of SPIRAL1 was 
produced with the existing cyclotron used as a driver.

ν The exotic ion production was then depending on the 
target power resistance and the increase of the 
primary beam power. 

ν This leading to the developments of 3 kW target of 
SPIRAL1 and meanwhile increase the primary beam 
power within the safety rules (<6kW).

SPIRAL: HISTORY
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ν The variety of the ion species is now the main 
concern at GANIL. The actual selective ECR ion 
source should be replaced by an alternative one in 
order to reach metallic beams.

ν The great care given to the maintenance of the 25 
year old machine allows us to still expect to increase 
its performances and be competitive until the 
SPIRAL2 arrival and after.

GANIL-SPIRAL:  Looking toward the Future  
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Thank you for your attention
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