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1. U acceleration 

Cyclotron-based heavy-ion accelerator complex 
goal intensity; 1 puA (= 6.24x1012 /s) 

RI beams via in-flight fission 
Expansion of nuclear chart 

create a thousand of new RI 
 



controlled by Ion source & Charge-state stripper 
                             
•

Low charge state to avoid space charge 
 

•
Highly charged ions  
Charge stripping at intermediate energies outstanding issue!! 

         No established ways for high-power beams 
                                                              (Low-Z gas, liq-Li, plasma strippers etc.) 

1. U acceleration 



dE/dx  Z12 Z2/A 

11 MeV/u 10 puA 238U  400 MeV 500 mA proton!!! 

1. U acceleration 



before after H. Hasebe et al. 

1. U acceleration 

•
• fragility, thickness non-uniformity, poor thermal conductivity 



 
 

•

•

H. Okuno et al., PRST-AB 14, 033503 (2011) 

66+ 
72+ 

56+ 

N 
He 

H 
e- capture 

e- loss 

2. He stripper development 



Prototype systems 

2. He stripper development 



Gas was directly confined within beamline (H2 1 mg/cm2, He 3 mg/cm2) 

2. He stripper development 



 
 

He gas w/ thickness of 2 mg/cm2  was confined in 0.5-m target region 

2. He stripper development 

He; 2 mg/cm2  
N2; 30 mg/cm2 



 
 

2. He stripper development 

H. Imao et al., PRST-AB 15, 123501 (2012) 

 shell effect 

 target thickness [mg/cm2] 

 target thickness [mg/cm2] 



2. He stripper development 



 
 

U35+ 

U64+ 

•

•

•

•

Charge exchange here 

2. He stripper development 



•

•

2. He stripper development 

high-flow  
purification system 



 
 

•

•

2. He stripper development 

                                                He liquefaction facility 



 
 

2. He stripper development 

 

 

 

 



recycling rate of 99.6% 

less than 100 ppm of impurity is required)

3. Highlight data 



 
 

   

   

   

   

3. Highlight data 



 
 

3. Highlight data 



 
 

3. Highlight data 

45K rise in temperature 

The TOF of U64+ beams as a
function of the beam intensity
using phase probes.  

Calculation 
flow3D  (K. Ogata) 
SW flow simulation (H. Imao) 

1 p A 80 W energy deposit 

U35+ 

He gas 



17 big pumps array 

Air target;  25 kPa  20 mg/cm2 

124Xe40+ 

51 MeV/u 

124Xe51+ 

46 MeV/u 

compressed air (<400 SLM) 

•

•

•

•

3. Highlight data 



840 mm 
Highly-integrated 5-stage differential pumping 

Glow of Xe beams in air

Air; 
 25 kPa 
 20 mg/cm2 

•
•

3. Highlight data 
Constructed this March and operated this June 



New acceleration scheme with recirculating He gas 
stripper for high-power 238U is realized  

4. Summary and future prospect 

•

•
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