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Novel	
  Scin+llators	
  with	
  Rapid	
  Temporal	
  Response	
  and	
  High	
  Light	
  Yield	
  

J.P.	
  Knauer,	
  53rd	
  Annual	
  MeeQng	
  of	
  the	
  American	
  Physical	
  Society,	
  Division	
  of	
  Plasma	
  Physics,	
  
Salt	
  Lake	
  City,	
  UT,	
  November	
  14-­‐18,	
  2011.	
  

Bibenzyl+0.5%	
  S+lbene	
  	
  

Spec20	
  nTOF	
  

To	
  verify	
  the	
  shape	
  of	
  the	
  neutron	
  spectrum,	
  the	
  total	
  neutron	
  
response	
  of	
  the	
  scin+llator	
  as	
  a	
  func+on	
  of	
  energy	
  must	
  be	
  measured.	
  

Rapid	
  temporal	
  
response	
  	
  
R.	
  Hatarik,	
  et	
  al.,	
  
Rev.	
  Sci.	
  Instrum.	
  
83,	
  10D911	
  (2012).	
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Neutron	
  Spectrum	
  Characteriza+on	
  using	
  nTOF	
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BB + 0.5% Stilbene	



Fit	
  two	
  curves:	
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Tunable	
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  Beam	
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§  Energy-­‐dependent	
  neutron	
  
detec+on	
  scin+lla+on	
  
efficiency	
  measured	
  at	
  WNR	
  
at	
  LANL	
  

§  Calibrated	
  using	
  238U	
  fission	
  
chamber	
  Cardboard	
  housing	
  

with	
  1.5	
  cm	
  diameter	
  
aperture	
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Temporal	
  Response	
  

CFD	
   TDC	
  

L.M.	
  Bolinger	
  and	
  G.E.	
  Thomas,	
  Rev.	
  Sci.	
  Instrum.	
  32,	
  1044	
  (1961).	
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Temporal	
  Response	
  

CFD	
   TDC	
  

L.M.	
  Bolinger	
  and	
  G.E.	
  Thomas,	
  Rev.	
  Sci.	
  Instrum.	
  32,	
  1044	
  (1961).	
  



Methodology:	
  Temporal	
  Response	
  

dnS
dt

= −KSnS −KSTnS +φKTTnT
2 Temporal	
  evoluQon	
  of	
  single	
  state	
  

populaQon	
  density	
  

dnT
dt

= −KTnT +KSTnS −φKTTnT
2 Temporal	
  evoluQon	
  of	
  triplet	
  

state	
  populaQon	
  density	
  

KTT ≈ 0 Highly	
  suppressed	
  triplet-­‐triplet	
  annihilaQon	
  

KST << KS
Rate	
  of	
  intersystem	
  crossing	
  is	
  much	
  smaller	
  
than	
  the	
  fluorescence	
  rate	
  



Methodology:	
  Temporal	
  Response	
  

dnS
dt

= −KSnS
Temporal	
  evoluQon	
  of	
  single	
  state	
  
populaQon	
  density	
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Time	
  dependence	
  of	
  the	
  intensity	
  of	
  scin+lla+on	
  light	
  	
  

τ = 2.46± 0.01 (fit) ±  0.13 (systematic) ns

Consistent	
  with	
  Hatarik,	
  et	
  al.,	
  within	
  esQmated	
  uncertainty	
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Scin+llator	
  Light	
  Output	
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Characterizing	
  Maximum	
  Light	
  Output	
  for	
  Recoiling	
  Protons	
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Data	
  of	
  Interest	
  

Pulse	
   height	
   for	
   elas+c	
   recoil	
  
protons	
   is	
   determined	
   using	
  
the	
   pulse	
   height	
   at	
   1%	
   of	
   the	
  
height	
  of	
  the	
  fi_ed	
  distribu+on	
  
	
  



Scin+llator	
  Light	
  Output:	
  Methodology	
  

dL
dx

=
S dE

dx( )
1+ kB dE

dx( )

dL
dE

=
S

1+ kB dE
dx( )

Birks	
  Rela+on	
  
dx	
  

L(E) = S

1+ kB dE
dx
(E ')

!

"#
$

%&

dE '
0

E

∫

dx
dE
!

"
#

$

%
&
dL
dx

=
S dE

dx( )
1+ kB dE

dx( )
dx
dE
!

"
#

$

%
&



C
HARACTERIZATIO

N	
  O
F	
  SCIN

TILLATIO
N	
  R

ESPO
N
SE	
  

Light	
  Output	
  as	
  a	
  func+on	
  of	
  Proton	
  Energy	
  

kBBB = 3.86± 0.80
mg

cm2MeV
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Analysis	
  of	
  Light	
  Output	
  for	
  NE-­‐213	
  Results	
  from	
  Verbinski,	
  et	
  al.,	
  	
  

V.V.	
  Verbinski,	
  et	
  al.,	
  Nucl.	
  Instrum.	
  Meth.	
  65,	
  8	
  (1968).	
  

kBNE-213 =11.2±1.1 mg
cm2MeV

Energy	
  (MeV)	
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Comparison	
  of	
  Light	
  Output	
  for	
  BB+0.5%	
  S+lbene	
  and	
  NE-­‐213	
  

V.V.	
  Verbinski,	
  et	
  al.,	
  Nucl.	
  Instrum.	
  Meth.	
  65,	
  8	
  (1968).	
  
R.L.	
  Craun,	
  et	
  al.,	
  Nucl.	
  Instrum.	
  Meth.	
  80,	
  239	
  (1970).	
  

kB	
  (mg/cm2	
  MeV)	
  

Bibenzyl	
  +	
  0.5%	
  SQlbene	
   3.86	
  ±	
  0.80	
  

NE-­‐213	
  (Verbinski,	
  et	
  al.)	
   11.2	
  ±	
  1.1	
  

NE-­‐213	
  (Craun	
  and	
  Smith)	
   12.5	
  

Verbinski,	
  et	
  al.	
  
Bibenzyl+0.5%	
  SQlbene	
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Conclusions	
  

l  Bibenzyl+0.5%	
  SQlbene	
  proton	
  response	
  curve	
  was	
  measured	
  
l  20%	
  discrepancy	
  between	
  BB	
  &	
  NE-­‐213	
  proton	
  response	
  at	
  2	
  MeV	
  
l  Can	
  be	
  used	
  in	
  Stanton	
  calculaQons	
  to	
  obtain	
  neutron	
  response	
  

155	
  ns	
  

l  InstallaQon	
  of	
  beam	
  chopper	
  will	
  remove	
  every	
  other	
  beam	
  pulse	
  
l  Development	
  underway	
  

Ed	
  =	
  16	
  MeV	
  

These calculations can be correlated with experiment!	
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