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The 1+ n+ scenario for ISOL postThe 1+ n+ scenario for ISOL post-
accelerators

• Stripping foils Very efficient for light and short-lived ions
But:Stripping foils But: 
• drop in efficiency for heavy ions
• preacceleration stage required

• ECRIS and EBIS charge breeders

ISOL target 1+ ion source Accelerator

1+ n+1+ separator A/q separator
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Matching the A/q acceptance of the post-accelerator



Charge breeders at ISOLDEg
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Singly charged ions n+ ions transformation
• More post-accelerated beams available
• More radioactive isotopes available
• Better purity in some cases
• Some applications for physics experiments of charge bred beams 

Molecular sidebands from 
the ISOLDE targets
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• Efficiency: 1 - 20% in one charge state depending on Z



The PHOENIX ECR Booster
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Status of IS397 “Charge breeding of radioactiveStatus of IS397 Charge breeding of radioactive 
ions with a ECR ion source at ISOLDE”

IS397 dd d M 2005P l d d i ti ti (“ ft l ”) 2007IS397 addendum May 2005
“The goals of the IS397 breeding experiments are to investigate and optimize the
injection of ions into the ECRIS plasma, the loss mechanism, the maximum breeding

Pulsed mode investigation (“afterglow”)

Charge breeding of intense beams (Kr, Xe)

2007

efficiency and the breeding times.” (intc-2005-022)
g g ( , )

Investigation of the chemistry role in the charge 
breeding process What charge breeding efficiency 2007breeding process What charge breeding efficiency 
for what element?

The trapping and charge breeding of daughterThe trapping and charge breeding of daughter 
nuclides

Th l l id b d i j ti

2007

The molecular sidebands injection

The charge breeding of NUPECC elements
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g g
Light ion injection difficult



Results obtained so far
CW PulsedCW Pulsed
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Plasma chamber high voltagePlasma chamber high voltage
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2 experiments2 experiments
Investigation of the role of chemistry in the charge 2007Investigation of the role of chemistry in the charge 
breeding process

2007

Injection of a cocktail beam m=142Injection of a cocktail beam m=142

The trapping and charge breeding of daughter 
nuclides
Pulsed mode investigation (“afterglow”)

2007

Pulsed mode investigation ( afterglow ) 2007

Trapping and charge breeding of 61Mn+/61Fex+

Still under analysis
M M i J
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Th d t ti t f di ti i

I. Reminder: the IS397 experiment

The detection setup for radioactive ions

ββ−γ coincidences
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M 142 kt il bMass 142 cocktail beam

1.22s 1.689s 10.6min 91.1min

UCx target with hot plasma ion source

1.22s 1.689s 10.6min 91.1min

UCx target with hot-plasma ion source
No absolute branching ratio for 142Xe

Got much more Xe than expected!!
CW mode

ISOLDE workshop and Users meeting, 12/19/2007 10/20

CW mode



I j ti ffi i iInjection efficiencies

120V Xe Cs (from plasma)-120V Xe, Cs (from plasma) 
-55V Cs (surface ionized?)
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Ch t t di t ib tiCharge state distribution
Optimal charge state is 24+, i.e. A/q=5.9

Charge state distribution
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charge state



Ch b di f d ht lidCharge breeding of daughter nuclides

Measurement cycle:y

1. ECR plasma is on
2. 61Mn injected into the ECR

3. RF is kept on for a time that 
can be varied (0s, 800ms…)

4 Ej ti f th i l

670ms

RF 4. Ejection of the ions as a pulse 
when RF is switched off

6min

B field in a
tr p c nfi ur ti n
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trap configuration1h39min



Aft l diti i ith 84K 15+Afterglow conditioning with 84Kr15+

84 15+84 15+84Kr15+ afterglow pulses
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Fi t h b di ti f 61M
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1800ms trapping configuration



Fi t ffi i i
Efficiencies as a function of the trapping time

First efficiencies
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Trapping time (ms)



61Fe questq
Continuous measurement of 61Fe decay in various conditions

First observations
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61Fe compton suppressed
PreliminaryPreliminary

0s trapping compton-suppressed 61Fe 400ms trapping compton-suppressed 61Fe
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No clear conclusions yet
• a lot of Fe around the tape
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OutlookOutlook
2 i i h i i l• 2 experiments with interesting results
– cocktail beam ΔV measurement quite successful q
– Trapping experiment still requires a careful 

analysisanalysis 
• afterglow effect on the Mn activity
• Fe is trapped or not and if yes with what mechanism?Fe is trapped or not and if yes with what mechanism? 

ISOLDE workshop and Users meeting, 12/19/2007 19/20



Charge breeding of intense RIBsCharge breeding of intense RIBs

Low Energy RIBs
Postacceleration

RIB manipulation 
1+ to n+

Low Energy RIBs
Postacceleration

RIB manipulation 
1+ to n+

ECR source A/q, E
RFQcb ECR source A/q, E
RFQcb

Target

UHV device1+ Cooling
Bunching

Target

UHV device1+ Cooling
Bunching
P. Delahaye and M. Marie-Jeanne,
EMIS 2007

Cooled and 
bunched beams!

UHV design 
and A/q,E separator

ISCOOL
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