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The	  monitoring	  of	  weapons	  producGon	  
reactors	  at	  long	  distance	  is	  a	  naGonal	  
security	  iniGaGve.	  Also	  important	  
for	  future	  arms	  control	  treaGes.	  

This	  is	  a	  different	  challenge	  from	  "Near	  
Field"	  technology	  
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  fission	  	  	  (~	  70%)	  

240Pu	  +	  n	  	  	  241Pu	  +	  γ	  	  

Note:	  238U	  and	  240Pu	  have	  small	  cross	  secGons	  for	  fast	  	  fission.	  

The	  content	  of	  nuclear	  fuel	  changes	  with	  Gme	  as	  the	  
reactor	  core	  “evolves”.	  The	  240Pu/239Pu	  raGo	  increases	  
as	  the	  core	  evolves.	  	  

Plutonium	  ProducGon	  
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OperaGon	  Pa\ern	  of	  Typical	  Power	  Reactor	  
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Pu-‐239	  can	  be	  used	  to	  make	  nuclear	  weapons.	  Easier	  to	  extract	  chemically	  than	  to	  
try	  and	  isotopically	  separate	  uranium.	  

Pu-‐240	  is	  undesirable	  due	  to	  smaller	  fission	  cross	  secGon	  and	  relaGvely	  large	  
branching	  raGo	  to	  spontaneous	  fission	  which	  can	  cause	  "pre-‐detonaGon"	  or	  result	  
in	  a	  "fizzle".	  

Pu-‐240	  content	  <	  7%	  “weapons	  grade”	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  >	  20%	  “reactor	  grade”	  	  	  



The	  Challenges	  
•  	  239-‐Pu	  can	  be	  produced	  in	  
relaGvely	  small	  (100	  MWth	  
or	  less)	  reactors	  operaGng	  
with	  a	  short	  duty	  cycle	  of	  few	  
weeks.	  E.g.	  the	  reactors	  the	  
U.S.	  used	  at	  Hanford	  were	  
originally	  250	  MWth.	  

•  	  Limited	  thermal	  signature,	  
remote	  locaGon.	  

•  	  Large	  detectors	  needed	  
(megaton	  scale)	  

These	  reactors	  produced	  239-‐Pu	  for	  60,000	  
Nuclear	  weapons	  



WATer	  CHernkov	  Monitoring	  
of	  AnG-‐Neutrinos	  



WATCHMAN	  CollaboraGon	  



WATCHMAN:	  Development	  of	  CriGcal	  Technologies	  

•  	  Megaton	  scale	  detectors	  with	  neutron	  detecGon	  
capability	  to	  tag	  IBD	  events	  (e.g.	  Gd	  doping)	  

•  	  SophisGcated	  background	  rejecGon	  capability	  	  
•  	  Low	  theshold	  (1	  MeV	  is	  ideal)	  to	  achieve	  high	  efficiency	  

•  Low	  cost	  light	  sensors,	  e.g.	  large	  area	  MCP's	  
•  Enhanced	  light	  yield	  (water	  based	  liquid	  scinGllator,	  
WbLS)	  	  



See	  M.Bergevin's	  talk	  at	  AARM	  meeGng	  







StarGng	  in	  June:	  



WbLS	  Development	  at	  BNL	  

M.Yeh,	  BNL	  	  	  APS	  2012	  March	  meeGng	  	  



Factor	  of	  20	  in	  light	  yield	  from	  137-‐Cs	  source	  

M.Yeh,	  BNL	  	  	  APS	  2012	  March	  meeGng	  	  



New	  Photosensors	  
New	  12"	  HQE	  PMT's	  from	  Hamamatsu	  developed	  
for	  LBNE:	  
	  	  -‐	  60%	  improvement	  over	  Super-‐K	  PMT's	  per	  sq.cm	  

New	  Hybrid	  PMT's	  developed	  for	  Hyper-‐Kamiokande:	  
	  	  	  -‐	  goal	  is	  low	  cost	  
	  	  	  -‐	  high	  p.e.	  resoluGon	  

Large	  Area	  Picosecond	  Photon	  Detectors:	  
	  	  -‐	  cover	  large	  areas	  	  
	  	  -‐	  goal	  is	  low	  cost,	  high	  resoluGon	  
	  	  -‐	  possibility	  of	  PPD	  mode	  operaGon	  



Conclusions	  
•  	  Far	  field	  monitoring	  of	  small	  nuclear	  reactors	  
is	  on	  the	  edge	  of	  being	  technically	  feasible	  

•  	  There	  are	  a	  few	  criGcal	  technologies	  that	  are	  
being	  developed	  (rather	  independently)	  for	  
neutrino	  physics	  that	  could	  significantly	  
enhance	  the	  feasibility	  

•  	  There	  is	  a	  dedicated	  group	  (WATCHMAN)	  that	  
is	  pursuing	  a	  demonstraGon	  prototype	  at	  the	  
1-‐kton	  scale	  within	  the	  immediate	  future	  


