CARIBU Charge Breeding
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 CARIBU ECR charge breeder
e Charge breeding results
* Areas of investigation
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ECRCB ion source
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Charge breeding with ECR source
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ECR charge breeder

* Multiple frequency operation
— Klystron: 10.44 GHz, 2 kW
— TWTA: 1113 GHz, 0.5 kW

* Open hexapole structure
— RFis injected radially

— Uniform iron in the injection
region for symmetrical fields

— Improved pumping to the plasma
chamber region
* Base pressure: 2x10% mbar
* Operation: 7x10® mbar
* Extraction pressure: 4x10% mbar

Movable grounded tube
— 2.5 cm of travel

50 kV high voltage isolation
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Charge breeding results

lon Efficiency AIQ lon Efficiency (%) AlQ
(%) 2Na 6+ 6.6 3.83
BIKr 17+ 15.6 .92
7+ 10.1 3.29
85Rb 19+ 13.7 4.47
129 25+ 13.4 5.16 8+ 8.6 2.87
133Cs 27+ 13.0 4.93 *K 9+ 34 2.56
WCs (14) 27+ 11.7 5.30 7+ 3.0 557
t,,=1.79
(= 1.795) 27+ 14.7 5.30 8+ 49 4.87
14383 (2+)
(t,, = 14.335) 9+ 15.6 4.33
10+ 17.9 3.90

* Multiple frequency operation
* 30 > 36 kV extraction
e Helium plasma for Na and K, oxygen for all others
* For sodium injected 12.6 enA of Na-23
* With sodium, He-4 was replaced with He-3
*  Noimprovement
* Adding oxygen did not help
* 13.8% breeding efficiency for 39K1%* with 16.5 nA injected
* Adding oxygen to the helium mixing gas was not beneficial
* Breeding time was 150 msec for 3°K®* and 160 msec for 39K10*
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Worldwide charge breeding results
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Radioactive beam tuning

252Cf source, gas catcher, isobar separator
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Accelerator is first tuned with a stable guide beam
from the ECRCB which has a similar g/m as the
radioactive beam

All machine elements are then scaled to the desired
g/m with no tuning after scaling

Beta decay of the fission products are monitored on
surface barrier detectors placed at key locations

Tune out of ECRCB for stable guide beam and
radioactive charge bred ions are different



Beam contaminants

* Many species are extracted from the ECRCB, but there are many g/m combinations
which can yield a relatively clean spectrum
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Beam contaminants - quartz liner

* Have installed a quartz liner

e Similar to one used for Ar-39 AMS work
* There it reduced the K-39 background by factor of 100

* Have not yet fully characterized its usefulness in background reduction for ECRCB
* Initial tests show an improvement but no firm numbers
e Liners can be troublesome

* High pressure rinsing or coating may be better but will require disassembling
the source __

v

R. Vondrasek June 22,2012 HighMass2012



B, (X,z) y=0 symmetric

e

uﬁ
ZY

0.800

1.200

N\ ‘ 1.200

2 4 6 8 10 12

B. (x,z) y=0 asymmetric
1G

1.200

0.8000
/\ Sy
& R Vondrasek June22 2012 HighM4gss2012 6 8 10 12



Injection B field profile
B, (X,y) symmetric
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133Cs1* Injection
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ECR charge breeder development tasks

e Better understanding of the difference between stable and radioactive
beam tunes with regard to the charge breeder
* Improve the beam purity from the ECRCB
* Quartz liner has been installed
* Fully characterize
 Does make operation a bit more difficult
* Changed over to high purity aluminum components
* This has reduced iron component
 Remove the grounded tube
* Aluminum coat the iron plug

s | R. Vondrasek June 22,2012 HighMass2012



