
	  When	  gas	  molecules	  hit	  the	  cryogenic	  
ma2er	  (temperature	  about	  20K	  or	  below),	  
they	  condense	  on	  its	  surface.	  This	  is	  called	  
cryogenic	  pumping.	  

The	  par@cle	  size	  distribu@on	  in	  
the	  KAGRA	  several	  vacuum	  
chambers.	  The	  curve	  was	  fi2ed	  
by	  power	  low	  and	  scaling	  
exponent	  was-‐1.27	  +/-‐	  	  0.05	  

	  	  Dust	  par@cles	  adhere	  to	  mirror	  surface.	  Because	  some	  dust	  
par@cles	  have	  size	  similar	  to	  laser	  wave	  length	  (1064nm),	  it	  
may	  be	  strongly	  sca2ered.	  At	  first,	  we	  will	  check	  how	  much	  
op@cal	  loss	  will	  be	  occurred	  in	  a	  Fabry-‐Perot	  cavity	  due	  to	  
this	  contamina@on.

Fig[1]:	  Dust	  par@cle	  size	  distribu@on	  
in	  KAGRA	  vacuum	  chamber	  

2.Size	  distribu.on	  of	  dust	  Par.cle

	  In	  the	  case	  of	  cryogenic	  mirror,	  like	  sapphire	  mirror	  of	  
KAGRA,	  this	  cryogenic	  pump	  effect	  	  makes	  contamina@on	  
on	  mirror	  surface	  and	  refrac@vity	  decreased.[1,2]

To	  know	  the	  absolute	  number	  
of	  dust	  par@cles,	  silicon	  wafers	  
called	  witness	  samples	  were	  
installed	  in	  KAGRA	  vacuum	  
tanks.	  

Fig[3]:	  Cryogenic	  
contamina@on	  speed.
(From	  Ref[2])	  

3.Experiment

A	  study	  of	  contamina.on	  in	  gravita.onal	  wave	  detectors	  
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Abstract：	  
The	  cryogenic	  sapphire	  mirrors	  in	  KAGRA	  are	  expected	  to	  suffer	  from	  many	  contamina@ons	  due	  	  to	  dust	  	  
and	  gas	  molecules	  adhesion.	  The	  contamina@on	  due	  to	  dust	  par@cles	  is	  occurred	  during	  their	  installa@on	  	  
process.	  The	  cryogenic	  contamina@on	  effect	  has	  not	  been	  studied	  correctly	  in	  	  the	  actual	  KAGRA	  cryostat	  	  
system.	  	  Especially,	  the	  cryogenic	  contamina@on	  con@nue	  during	  cryogenic	  opera@on	  might	  require	  to	  stop	  	  
observa@on	  for	  several	  months	  per	  every	  year	  to	  warm	  and	  clean	  up	  the	  sapphire	  mirrors.	  To	  minimize	  
observa@on	  dead	  @me	  due	  to	  the	  cryogenic	  	  contamina@on,	  a	  par@al	  heat	  up	  method	  will	  be	  tested.	  As	  a	  	  
first	  step,	  we	  are	  now	  trying	  to	  know	  the	  rela@on	  between	  the	  op@cal	  loss	  of	  a	  mirror	  and	  dust	  par@cle	  
diameter	  and	  its	  distribu@on.	  

1.Contamina.on	  due	  to	  dust	  par.cles
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Fig[4]:	  KAGRA	  situa@on	  

Fig[2]:	  Witness	  samples	  
for	  MCI	  chamber	  

5.Future	  Plan

Op@cal	  loss	  due	  to	  contamina@on	  controlled	  mirror	  will	  
be	  checked	  by	  the	  storage	  @me	  and	  transfer	  func@on	  of	  
a	  Fabry-‐Perot	  cavity.	  

	  	  To	  measure	  the	  dumping	  effect	  of	  KAGRA	  cryogenic	  
shield,	  we	  need	  to	  know	  the	  conductance	  of	  cryogenic	  
vacuum	  duct	  because	  conductance	  of	  a	  vacuum	  duct	  for	  
molecular	  flow	  is	  propor@onal	  to	  the	  speed	  of	  gas	  
molecule.	  

Cryogenic	  contamina@on	  speed	  will	  be	  also	  measured	  in	  
this	  equipment	  with	  a	  Fabry-‐Perot	  cavity	  .	  

To	  measure	  the	  dependence	  of	  op@cal	  loss	  on	  the	  number	  
and	  size	  of	  par@cles,	  contamina@on	  on	  the	  mirror	  for	  a	  
Fabry-‐Perot	  cavity	  need	  to	  be	  controlled.	  	  

By	  using	  a	  NIST	  standard	  par@cles,	  contamina@on	  could	  be	  
controlled	  to	  some	  extent.

4.The	  cryogenic	  contamina.on

FP	  Cavity	  
(w/o	  contamina@on)	  
R~99.995%	  
T~20ppm	  	  	  	  F~66000	  
L=0.25m	  	  	  	  	  	  τ=200us	  
fc=5kHz	  




