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degrader 

1000–1500 MeV/u 

100 – 500 MeV/u 

cryogenic stopping cell 

energy buncher 

cryogenic stopping cell is part of the ion catcher apparatus 
transforming the Super-FRS ions into a low-energy ion beam 

2-5 MeV/u 

D. Rodríguez et al., Eur. Phys. J. Special Topics 183 (2010) 1 
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•  high-energy ions stopped in noble gas 

•  stopped ions transported using DC and RF fields to exit-hole 

•  extraction by gas flow 



FRS User Meeting  8- 9 November 2010 Peter Dendooven – KVI / University of Groningen Status of the (Super-)FRS cryogenic stopping cell 

 range: up to 20 mg/cm2 He 
  (~1 meter bar at room temperature) 

 lateral size: 25 x 10 cm2 

 ionisation rate density: up to 1011 /cm3 /s for selected beams 
  (no worry at the moment) 

•  from simulations of Super-FRS 
 (Helmut Weick, Chiara Nosiforo) 

•  need to be efficient (low production rates) 

•  need to be fast (short half-lives) 
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suffered from: 
1.  poor stopping efficiency 
2.  presence of impurities 

G. Savard et al., NIM B 204 (2003) 582 
M. Petrick et al., NIM B 266 (2008) 4493 

successful proof-of-principle 

solutions now implemented: 
1.  high-density operation 
2.  cryogenic operation 
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ρ  : gas density 
µ  : ion mobility 
r0  : ½ RF electrode spacing 
Vrf  : RF amplitude (p-p) 
m  : ion mass 
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for high-density operation: 
•  large EDC 

• small r0, large Vrf 

we aim to extend the operating density of these devices 
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• Ultra-pure helium: ideal for ion survival 
P. Dendooven et al., NIM A 558 (2006) 580 

• Possible survival as 2+ ions 
faster extraction 

• Ultra-high vacuum standard not required  
easier, more flexible construction 

• Operational reliability ! 
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outer chamber 
(room temperature) 

inner chamber  
(temperature down to 60 K) 

extraction 
RFQ 

insulation 
vacuum 

DC  ring electrodes exit-hole RF carpet DC  grid electrode 

100 cm 
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by-pass for T control 
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 thickness:  0.8 mm 
 diameter:  250 mm 

 number of rings:  500 
 electrode spacing:  0.25 mm 

 PCB material:  Rogers 4000 
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back side 

coupling DC and RF 

front side 

1 cm 
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223Ra source 
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100 cm 
10 cm 

RF carpet 

Extraction 
chamber 

Source 

Collection foil 
& α detector 

DC DC+RF collection 
voltage 



FRS User Meeting  8- 9 November 2010 Peter Dendooven – KVI / University of Groningen Status of the (Super-)FRS cryogenic stopping cell 



FRS User Meeting  8- 9 November 2010 Peter Dendooven – KVI / University of Groningen Status of the (Super-)FRS cryogenic stopping cell 



FRS User Meeting  8- 9 November 2010 Peter Dendooven – KVI / University of Groningen Status of the (Super-)FRS cryogenic stopping cell 

223Ra88	  

219Rn86	   215Po84	   211Pb82	  

207Tl81	  

211Bi83	  

207Pb82	  

11.44	  d	  

3.96	  s	   1.78	  ms	   36.1	  m	  

2.17	  m	  

4.77m	  

Stable	  

α	

100%	  

5716	  keV	  
5607	   α	


100%	  

6819	  
6553	  
6425	  

7386	  

α	

100%	  

β-	


100%	  

β-	


100%	  

α	

99.7%	  

6623	  
6279	  



FRS User Meeting  8- 9 November 2010 Peter Dendooven – KVI / University of Groningen Status of the (Super-)FRS cryogenic stopping cell 

Historic event 
P=24 mbar @T=83 K 
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 extraction efficiency: 2.8 %  
  ~10% of the maximum achievable efficiency (30%) 

next: 
 continue efficiency optimization vs. p, DC, RF 
 pulsed source for transport time measurements 

P=24 mbar @T=83 K 
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W. Plaβ 

Full Mass Range,  
m/Δm ~ 2000 

m/Δm >105,  
Mass Accuracy 10-6-10-7 

m/Δm >105 

Accumulation 
Trap 

Energy 
Buncher 

MCP 
Detector 

Ion Gate Post-Analyzer 
Reflector 

Time-of-Flight 
Analyzer 

Differential 
Pumping 
Section 

Injection 
Trap 

Curved 
RFQs 

Isobar 
Separation 
Mode 

High 
Resolution 
Mode 

Diagnostics 
Mode 

10-4 mbar 

10-6 mbar 

10-8 mbar 

10-2 mbar 10-2 mbar 

Kinetic Energy 
1.5 keV 

Injection  
from CIC 

W.R. Plaß et al., NIMB 266 (2008) 4560 
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• off-line commissioning at KVI is ongoing 
  2.8 % efficiency reached (unoptimized) 

• cooling system has been ordered 

•  installation at FRS is being prepared at Gieβen/GSI 

Aim: 
performance tests and on-line characterization  
of a new device based on a new concept 
(worldwide the first cryogenic stopping cell that is used on-line?!) 


