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Periodic Table of Elements 
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48Ca-beam 

Pu-target 

recoil 
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 Ta-/Ti-getter 
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SiO2 filter 

Ta getter 
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 Insitu-Volatilization and On-line detection apparatus 

Experimental setup 



PSI - recoil chamber 
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Synthesis of element Flerovium (Z=114) 

48Ca 244Pu 292Fl* 288Fl 

244Pu(48Ca, 4n)288Fl 

1×1019 

atoms in target 
2×1017 

ions  
per day 

5×108 

compound nuclei 
per day 

7 

atoms produced 
per day 
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Nuclear synthesis in PSI - recoil chamber 

48Ca 
beam 

244Pu 
target 



 Milan, 23.10.2012 

R. Eichler, et al.: Radiochim. Acta 98 (2010) 133 
Yu. Oganessian: J. Phys. G 34 (2007) R165 

287Uuq 
0.48 s 

10.02 MeV 

283Uub 
3.81 s 

 9.54 MeV 

279Ds 
0.20 s 

 9.70 MeV 

284Uub 
0.097 s 

288Uuq 
0.80 s 

 9.94 MeV 

284Uub 
0.072 s 
108 + x 

6b 

288Uuq 

 9.81 MeV 

3t 
288Uuq 
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18b 
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61 + x 
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287Uuq 

10.04 MeV 
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19b 
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9.53 MeV 

19t + 19b 
279Ds 
0.17 s 

114  + 103 

244Pu + 48Ca 242Pu + 48Ca 

σestimated = 3.7 pb 

3.1•1018 48Ca during 16 days 4.5•1018 48Ca during 16 days 

Nrnd = 2.0•10-2 

Nrnd = 1.5•10-3 Nrnd = 1.1•10-2 

Observed decay chains 
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From 3D CAD model to COMSOL® geometry 
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3D modeling & meshing 

• elements:              504298 
• min.quality:           4.886×10-4 

• average quality:    0.7592 
• degrees of freed.: 466377  



Steady state flow pattern 

inlet 1 inlet 2 

outlet 

reaction  
products 

Flow pattern  
(velocity magnitude) 

Flow pattern 1.5 l/min 100% inlet 1 
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Reaction product distribution 
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SRIM-2008 over estimates the stopping force 
of heavy ions in argon about a factor 1.4 

SRIM - The Stopping and Range of Ions in Matter 
J.F. Ziegler, J.P. Biersack, M.D. Ziegler 
http://www.srim.org (Lulu Press Co. 2008) 

D. Wittwer, et al.: Nucl. Instr. and Meth. in Phys. Res. B 268 (2010) 28 
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Parameterization for reaction products 
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Flush out of reaction products 

Initial space distribution 

Flush out during 1st second 

• transport of diluted species 
• coupling to flow pattern 
• SRIM parameterization as initial value 
• time dependent flush out  



 Milan, 23.10.2012 

Yield with 100% flow inlet 1 
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Flow pattern 1.5 l/min 5% inlet 1 / 95% inlet 2  

Flow pattern 

Flush out during 1st second 



 Milan, 23.10.2012 

Time dependent yield 
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Yield vs. inflow condition 
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Flow pattern 1.5 l/min 80% inlet 1 / 20% inlet 2  

Flow pattern 

Flush out during 1st second 



 Milan, 23.10.2012 

Conclusions & Outlook 

Heat deposition in materials  
by 48Ca beam 

Conclusions 
 
• COMSOL® Multiphysics usable to 
  calculate flow in PSI-RC 
• optimum flow condition for transport 
  of super heavy elements obtained 
 
Outlook 
• coupling flow with heat transfer 
• thermal load by 48Ca beam 
• heat transfer to PSI-RC hardware 
  and active cooling parts 
• additional momentum due to 
  interaction with 48Ca beam 

25 W 32 W 80 W 
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   your attention 
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