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Centrifugal	
  
enrichment	
   Most	
  expensive	
  single	
  step	
  in	
  

produc3on	
  of	
  Ge	
  detectors	
  is	
  
enrichment.	
  	
  Look	
  into	
  global	
  
possibili3es.	
  

Enrichment	
  

Plenty	
  of	
  Ge	
  

Hydrolysis	
  Gas	
  form	
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Enrichment	
  
Hydrolysis	
  Gas	
  form	
  

68Ge	
  and	
  60Co	
  are	
  background	
  sources	
  for	
  experiment.	
  	
  Enrichment	
  used	
  
to	
  reduce	
  light	
  isotopes	
  of	
  Ge	
  to	
  slow	
  cosmogenic	
  produc3on	
  of	
  these	
  
isotopes.	
  
	
  
68Ge	
  accumulated	
  aNer	
  enrichment;	
  60Co	
  aNer	
  crystal	
  pulling.	
  
T1/2(68Ge)	
  =	
  270	
  days;	
  T1/2(60Co)	
  =	
  5.27	
  years	
  



Enrichment	
  

ECP	
  Plant	
  
Zhelenogorsk,	
  Russia	
  

Need	
  cascade	
  of	
  centrifuges	
  –	
  months-­‐
long	
  process.	
  	
  Throughput/year	
  ?	
  



Transport	
  



Enrichment	
  	
  
In	
  the	
  following	
  talks,	
  we	
  will	
  hear	
  about	
  opportuni3es	
  in	
  Russia,	
  USA	
  
and	
  China.	
  	
  I	
  will	
  say	
  a	
  few	
  words	
  about	
  Europe	
  in	
  the	
  next	
  slide.	
  
	
  
Important	
  considera3on:	
  	
  what	
  is	
  the	
  op3mal	
  level	
  of	
  enrichment,	
  
considering	
  total	
  cost,	
  background,	
  etc.	
  ?	
  	
  Throughput	
  at	
  different	
  
sites	
  ?	
  	
  Cleanliness	
  of	
  enrGeO2	
  material	
  ?	
  
	
  
Expect	
  	
  

Frac3on	
  76Ge	
  

Cost/kg	
  76Ge	
   Cost/kg	
  76Ge	
  
enrichment	
   Further	
  steps	
  

Generally	
  expect	
  background	
  to	
  increase	
  with	
  total	
  mass	
  of	
  detectors;	
  
i.e.,	
  decrease	
  with	
  higher	
  enrichment.	
  	
  Some	
  ac3ve	
  background	
  
suppression	
  techniques	
  improve	
  (an3coincidence).	
  

Frac3on	
  76Ge	
  



Enrichment	
  in	
  Europe	
  	
  

Bernhard	
  has	
  been	
  in	
  
discussions	
  with	
  
URENCO,	
  including	
  
paying	
  them	
  a	
  visit.	
  

Dear	
  Mr.	
  Schwingenheuer,	
  
	
  
We	
  are	
  working	
  on	
  an	
  expansion	
  of	
  our	
  produc3on	
  capacity	
  by	
  the	
  end	
  of	
  2017.	
  
With	
  this	
  expansion,	
  we	
  will	
  be	
  able	
  to	
  reserve	
  a	
  part	
  of	
  our	
  capacity	
  for	
  enrichment	
  of	
  76GeF4.	
  
My	
  expecta3ons	
  are	
  that	
  we	
  should	
  then	
  be	
  able	
  to	
  produce	
  >60	
  kg	
  per	
  year.	
  	
  
	
  
…	
  
Possibly	
  an	
  interes3ng	
  op3on	
  !	
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Reduc3on	
   Purifica3on	
  

A	
  lot	
  of	
  ‘black	
  magic’	
  –	
  
par3cularly	
  in	
  crystal	
  pulling	
  to	
  
achieve	
  the	
  desired	
  impurity	
  
concentra3ons.	
  

Purifica3on	
  &	
  xtal	
  pulling	
  
Crystal	
  pulling	
  



Purifica3on	
  
Zone	
  refiner	
  –	
  pass	
  melted	
  zone	
  across	
  
Ge	
  bar	
  

LBL	
  





Purifica3on	
  &	
  Crystal	
  Pulling	
  
We	
  will	
  hear	
  about	
  opportuni3es	
  in	
  Europe,	
  USA	
  and	
  China	
  in	
  the	
  next	
  
talks.	
  
Important	
  considera3on	
  –	
  transport	
  logis3cs,	
  background	
  via	
  ac3va3on,	
  
cost.	
  	
  About	
  50%	
  of	
  material	
  ends	
  up	
  in	
  useable	
  crystals	
  on	
  first	
  pass.	
  

Saturation concentration 
 in enrGe:  

~1600 68Ge kg-1,  
~10.000 60Co kg-1 
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Transports	
  in	
  
shielded	
  
container,	
  
storage	
  

underground	
  at	
  
HADES	
  

	
  5	
  BEGe	
  detectors	
  used	
  in	
  
GERDA	
  Phase	
  I	
  

Phase	
  II	
  –	
  BEGe	
  Produc3on	
  



Purifica3on	
  &	
  Crystal	
  Pulling	
  
Some	
  Considera3ons	
  -­‐	
  enrichment	
  
•  Op3miza3on:	
  Cost	
  vs	
  degree	
  of	
  enrichment	
  vs	
  background	
  expected	
  
•  Throughput	
  at	
  different	
  facili3es	
  
•  Logis3cs/transport	
  

Some	
  Considera3ons	
  –	
  Reduc3on/purifica3on/crystal	
  pulling/(det	
  
manufacture)	
  
•  Cost	
  &	
  throughput	
  
•  Logis3cs	
  –	
  do	
  not	
  want	
  to	
  ship	
  material	
  around	
  the	
  world	
  for	
  different	
  
steps	
  

•  Ac3va3on	
  –	
  is	
  it	
  a	
  problem	
  ?	
  	
  Should	
  these	
  steps	
  be	
  performed	
  
underground	
  at	
  loca3on	
  of	
  experiment	
  ?	
  


