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CARIBU – Californium Rare Ion Breeder Upgrade 

CARIBU was commissioned in 2010 
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CARIBU Isotope Yield at Low Energy (50 kV) 
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CARIBU EBIS Charge Breeder 
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     EBIS vs ECR:  

• Higher breeding efficiency (about factor 2)  

• Better purity of beams (several orders)  

• Shorter breeding time (factor 5-10) 

     Choice for CARIBU:  

• “Classical” EBIS  

      - Proven technology (REXEBIS, CERN)  

      - Higher acceptance (larger electron beam size) than in case of EBIT 

• BNL RHIC and Test EBIS are prototypes (the most advanced EBIS 
technology nowadays)  
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EBIS Charge Breeder – Principle of Operation 

Sergey Kondrashev, Breeding Efficiency Measurements at BNL Test EBIS, EBIS Review, January 30-31, 2012 

E-gun 

Solenoid 

Barrier drift tubes 
Collector 
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Main Parameters of CARIBU EBIS Charge Breeder 
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Low current e-gun will be used to study efficiency 
 gain at shell closures 
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Off-line Commissioning Configuration 

HV platform 

E-gun 

6 T superconducting solenoid 

Rails 

Electron collector 

Einzel lenses and steerers 

Acceleration tube 

Bending magnet 

Cs+ ion source 

FC PP 
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Drift Tube Structure  

Supporting tube (scaffold) 

Drift tubes with longitudinal slots 

Openings for pumping 

NEG coating 

Openings for potential leads 

Potential leads (SS roads, Ø 3 mm) 
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Commissioning of 6 T Superconducting Solenoid 

• Unshielded solenoid with warm bore  
• Supplier: Cryomagnetics, Inc.   
• Delivered: October 2011  

6 T solenoid installed at HV platform  
In final position for on-site  
commissioning 

Magnetic axis was aligned with  
mechanical axis of warm bore  
in real magnetic environment 
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Results of 6 T Solenoid Commissioning  

Parameter Specification  Measurements 

Central Field 6.0 T 6.05 T @ 82.66 A 

Maximum Field 6.6 T 6.6 T @ 90.17 A 

Charge Time to 6 T 70 min 70 min 

Field Homogeneity ± 0.4% over ± 30 cm on axis ± 0.2% over ± 30 cm on axis 

Coil Inductance 195 H 193 H 

Field Decay Rate < 1 ppm/hour < 0.01 ppm/hour 
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Electron Guns  

Engineering model of e-gun (1 – IrCe 
thermionic cathode, 2 – anode, 3 – 
vacuum chamber, 4 – magnetic coil) 

2 A and 0.2 A e-guns are exchangeable by exchanging cathode units 

Supplier:    BINP (Novosibirsk, Russia)  

Delivered: April 2012  

Parameter CARIBU  
(high current)  

CARIBU  
(low current) 

Current Up to 2 A Up to 0.2 A  

Current density at the 
cathode 

10–15 A/cm2 10–15 A/cm2 

Magnetic field at the cathode 
surface 

~ 0.15 T ~ 0.15 T 

Cathode material IrCe IrCe 

Cathode diameter 4 mm 1.6 mm 

Radius of cathode convex 
surface 

6.6 mm 1.8 mm 

Expected cathode lifetime ~ 20000 hours ~ 20000 hours 

IrCe thermionic cathodes demonstrated the longest live time 
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IrCe Thermionic Cathodes Tests  

* 
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E-gun Commissioning Results 
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Summary 

• EBIS charge breeder is an excellent choice for acceleration of CARIBU 
beams 

• Design of CARIBU EBIS charge breeder has been completed and 
manufacturing of different components is in progress 

• 6 T superconducting solenoid and high-perveance e-gun have been 
recently commissioned and met all specified parameters 
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