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Nuclear	
  Emulsion	


・3	
  dimensional	
  tracking	
  detector	
  
・High	
  spa=al	
  resolu=on	
  (	
  <	
  silver	
  grain	
  size	
  )	
  
・Solid	
  state	
  detector,	
  No	
  power	
  supply	
  
・flexible	
  shape	
  and	
  size(1cm2-­‐100m2),	
  light	
  weight	
  (300g/m2)	


10cm	
  

Thickness	
  	
  
~	
  300µm	


Minimum	
  Ionizing	
  Par=cle	


Chemical	
  
development	
  
process	


Sensi=vity	
  Grain	
  Density	
  ~	
  35/100micron	


These	
  proper=es	
  have	
  advantage	
  in	
  field	
  observa=on	


AgBr	
  crystals	


gela=n	




The	
  present	
  situa=on	
  expected	
  	
  
in	
  Fukushima	
  Daiichi	
  nuclear	
  power	
  plant	


Distribu=on	
  ?	
  	
  
Size	
  ?	
  
…	
  ???	


・High	
  radioac=vity	
  →	
  shielding	
  material	


Reactor	
  
core	


Advantages	
  of	
  nuclear	
  emulsion	
  as	
  muon	
  detector	
  

・Power	
  supply	
  
・Space	


・Compact,	
  light	
  weight	
  
・No	
  need	
  of	
  power	
  supply	
  
・High	
  spa=al	
  resolu=on	




Shadow of 
the reactor 
core	


Exposure	
  required	
  10m2day	


Muon	
  Tomography	


Object	
  
	
  (nuclear	
  reactor,	
  volcano,	
  furnace,	
  …)	


Nuclear	
  emulsion	


Requirements	
  :	
  
high	
  resolu=on	
  	
  -­‐>	
  large	
  area	
  detector	
  (>1m2)	
  
3D	
  mass	
  distribu=on	
  -­‐>	
  mul=	
  detectors	
  

Development	
  of	
  nuclear	
  emulsion	
  
Development	
  of	
  scanning	
  system	
  

Ex.	
  Fukushima	
  Nuclear	
  Reactor	




Present	
  situa=on	
  of	
  Nuclear	
  Emulsion	
  Detector	


・discon=nued	
  product	
  
・noise	
  accumulated	
  
・not	
  enough	
  sensi=vity	
  for	
  MIP	
  10cm	
  

Thickness	
  	
  
~	
  300µm	


Development	
  of	
  higher	
  performance	
  emulsion	
  and	
  its	
  produc=on	
  technologies	


Manufacturing	
   products	
   by	
   Fuji	
  
Corpora=on	
   for	
   the	
   OPERA	
   neutrino	
  
oscilla=on	
  experiment	


Development	
  items	
  
・Emulsion	
  gel	
  produc=on	
  technology	
  
・Emulsion	
  gel	
  pouring	
  technology	
  
・Produc=on	
  speed	


OPERA	
  film	




Gel	
  Produc=on	
  Machine	


Produc=on	
  speed	
  =	
  30OPERAfilm/day	
  
3batch/day	
  -­‐>	
  1m2/day	
  

AgNO3+KBr → AgBr↓+KNO3 �

Controlling	
  crystal	
  size	
  
and	
  sensi=vity	




Performance	
  of	
  New	
  Nuclear	
  Emulsion	
  Gel	


45	
  %,	
  42±2	


55	
  %,	
  46±2	


30	
  %,	
  33±2	

Volume	
  occupancy	
  of	
  AgBr	
  crystals,	
  Grain	
  density(/100µm)	
  

*OPERA	
  film,	
  Volume	
  occupancy	
  ~30%,	
  Grain	
  Density	
  ~35	


100µm	


We	
  achieved	
  1.5	
  =mes	
  higher	
  sensi=vity	
  than	
  OPERA	
  film	
  
by	
  increasing	
  the	
  filling	
  rate	
  of	
  AgBr	
  crystal.	




Emulsion	
  Pouring	
  Facility	
  at	
  Nagoya	
  University	


Dark	
  Room	
  
Temperature	
  Control	
  
Humidity	
  Control	
  

Produc=on	
  speed	
  :	
  1m2/4days	
  
We	
  are	
  planning	
  to	
  increase	
  the	
  speed	
  of	
  1m2/day	
  

Parallel	
  produc=on	
  
10	
  OPERA	
  size	
  films	
 Drying	
  shelf	




New	
  Nuclear	
  Emulsion	
  (OPERA	
  film	
  size)	

12.5cm	


10cm
	


・Emulsion	
  layer	
  thickness	
  
・Emulsion	
  distor=on	
  
・Improvement	
  of	
  sensi=vity	
  and	
  signal	
  noise	
  ra=o	
  



Thickness	
  Distribu=on	
  of	
  Emulsion	
  Layer	


The	
  un-­‐uniformity	
  of	
  the	
  thickness	
  of	
  
10µm	
  per	
  10mm	
  is	
  1mrad	


20µm	


New	
  
Emulsion	


20µm	


OPERA	
  
film	


Enough	
  performance	
  for	
  muon	
  tomography	




Track	
  measurement	
  accuracy	
  in	
  emulsion	
  layer	

New	
  emulsion	
OPERA	
  film	


New	
  Emulsion	
  distor=on	
  is	
  equivalent	
  value	
  to	
  OPERA	
  film	


σ	
  =	
  15mrad	
 σ	
  =	
  15mrad	
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Performance	
  of	
  discrimina=on	
  from	
  Noise	
  tracks	


OPERA	
  film	
  (Grain	
  density	
  ~35)	
 New	
  Emulsion	
  (Grain	
  Density	
  ~46)	


Cosmic	
  ray	
  muon	
Cosmic	
  ray	
  muon	


Electron	
  scalered	
  
by	
  γray	


Electron	
  scalered	
  
by	
  γray	


Pulse	
  Height	
Pulse	
  Height	
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Cosmic	
  ray	
  muon	
  angular	
  distribu=on	
  achieved	
  
by	
  using	
  one	
  new	
  emulsion	
  plate	


Measured	
  on	
  the	
  roonop	
  of	
  the	
  building	
  at	
  Nagoya	
  University	


Very	
  high	
  …	




Future	
  prospects	


Threefold	
  scale	
  emulsion	
  
gel	
  produc=on	
  machine	
  
	
  
Speed	
  ~	
  1m2/batch	
  

Automated	
  emulsion	
  
pouring	
  machine	
  
	
  
Speed	
  ~	
  10m2/day	


These	
  machines	
  are	
  in	
  designing	
  	


Emulsion	
  gel	
  produc=on	


Emulsion	
  pouring	




Conclusions	

•  Several	
   10m2	
   nuclear	
   emulsion	
   area	
   detector	
   is	
   needed	
   for	
   muon	
  

tomography	
  

•  We	
  are	
  developing	
  nuclear	
  emulsion	
  produc=on	
  techniques	
  
–  Gel	
  produc=on	
  
–  Gel	
  Pouring	
  

•  We	
   achieved	
   enough	
   performance	
   (flatness,	
   distor=on)	
   and	
   higher	
  
performance	
   (noise	
  discrimina=on)	
   for	
   cosmic	
   ray	
  muon	
   tomography	
  
at	
  the	
  produc=on	
  speed	
  of	
  1m2/4days	
  

•  We	
   can	
   start	
   1m2	
   area	
   detector	
   experiment	
   with	
   high	
  
sensi=ve	
  new	
  nuclear	
  emulsion	
  soon	
  !	
  

•  If	
  you	
  are	
  interested	
  in	
  usage	
  of	
  our	
  new	
  emulsion,	
  please	
  contact	
  me.	
  


