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Tools	  

•  Handbook	  calcula8ons	  
e.g:	  A.H.	  Sullivan:	  “A	  Guide	  to	  Radia8on	  and	  Radioac8vity	  Levels	  Near	  High	  Energy	  Par8cle	  
Accelerators.”	  Nuclear	  Technology	  Publishing	  Ashford,	  Kent,	  TN23	  1JW,	  England	  

•  Monte	  Carlo	  Par8cle	  transport	  codes	  
•  MCNP(X)	  
•  FLUKA	  
•  PHITS	  
•  MARS	  
•  Not	  GEANT	  

•  Variance	  reduc8ons	  

•  Ac8va8on:	  Hand	  calcula8ons	  

•  Ac8va8on	  Codes	  
•  CINDER	  
•  FISPACT	  
•  Ac8va8on	  Script	  
•  Gamma	  Script	  



Handbook:	  AYenua8on	  through	  solid	  shielding	  
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Accelerator	  source	  term:	  



Handbook:	  target	  shielding	  (Moyer	  Model)	  

Moyer	  Model:	  	  

H=I*H0(Ep)/r2*e-‐βθ*e-‐d/λ	  
•  H0(Ep)=4*10-‐7	  Ep0.8	  Sv	  h-‐1	  m2	  nA-‐1	  =	  source	  term*	  
•  r	  =	  distance	  from	  the	  spill	  point	  to	  the	  detector	  

•  β	  =	  2.3/radian*	  
•  d	  =	  shielding	  thickness	  
•  λ	  =	  dose	  aYenua8on	  length	  in	  the	  shielding	  material	  
•  θ	  =	  angle	  between	   the	  proton	  beam	  and	   the	  direc8on	   from	  the	  spill	   to	   the	  

detector	  	  
•  I	  =	  proton	  current	  
*Thomas	  and	  Thomas,	  Health	  Physics	  46,	  954	  (1984)	  



Handbook:	  Neutron	  dose	  aYenua8on	  lengths	  



Handbook:	  Neutron	  dose	  aYenua8on	  lengths	  and	  
tenth	  layers	  



Handbook:	  Gamma	  and	  Neutron	  dose	  aYenua8on	  
length	  



Handbook:	  Gamma	  dose	  aYenua8on	  lengths	  



Handbook:	  Chicane	  1(3)	  



Handbook:	  Chicane	  2(3)	  



Handbook:	  Chicane	  3(3)	  



Variance	  reduc8ons	  

•  Variance	  reduc8ons	  are	  very	  power	  full,	  while	  
very	  dangerous	  methods	  to	  cheat	  8me	  in	  Monte	  
Carlo	  simula8ons.	  



Variance	  reduc8ons:	  Why?	  

 04/01/16 07:50:13
TSM 14/11/08 THE ESS TARGET
 STATION MONOLITH INTEGRATED
 MCNP MODEL VERSION 2.001
probid =  02/27/16 18:41:18
basis:   YZ
( 0.000000, 0.000000, 1.000000)
( 0.000000, 1.000000, 0.000000)
origin:
(     0.00,     0.00,     0.00)
extent = (   500.00,   500.00)

  1.000E+15
  3.594E+13
  1.292E+12
  4.642E+10
  1.668E+09
  5.995E+07
  2.154E+06
  7.743E+04
  2.783E+03
  1.000E+02
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basis:   YZ
( 0.000000, 0.000000, 1.000000)
( 0.000000, 1.000000, 0.000000)
origin:
(     0.00,     0.00,     0.00)
extent = (   500.00,   500.00)

  1.000E+15
  3.594E+13
  1.292E+12
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Prompt	  dose	  in	  µSv/h	  



Variance	  reduc8ons	  

•  Cell	  importance	  
•  Weight	  windows	  
•  DXTRAN	  sphere	  
•  Forced	  collision	  
•  Energy	  splieng	  
•  Second	  par8cle	  biasing	  



Geometry	  splieng	  



Russian	  rouleYe	  



Weight	  window	  principle	  1(2)	  



Weight	  window	  principle	  2(2)	  



Dxtran	  sphere	  



Forced	  collision	  1(2)	  



Forced	  collision	  2(2)	  



Energy	  splieng	  

•  Energy	  splieng	  is	  like	  geometry	  splieng	  put	  in	  
energy	  space.	  



Secondary	  par8cle	  biasing	  	  

•  Secondary	  par8cle	  biasing	  is	  like	  geometry	  splieng	  but	  
in	  secondary	  par8cle	  space.	  	  



Ac8va8on	  

•  Spalla8on	  produc8ons	  
•  Neutron	  flux	  induced	  

•  High	  energy	  neutron	  flux	  induced	  
•  Thermal	  and	  cold	  neutron	  absorp8on	  



Hand	  calcula8ons:	  Produc8on	  term	  

•  P	  …	  produc8on	  term	  
•  Φ	  …	  volume	  flux	  
•  V	  …	  volume	  
•  σabs	  …	  thermal	  neutron	  absorp8on	  cross-‐sec8on	  
•  ρ	  …	  density	  



Hand	  calcula8ons:	  ac8va8on	  

•  A	  …	  ac8va8on	  at	  8me	  t	  
•  P	  …	  produc8on	  term	  
•  λ	  …	  decay	  rate	  
•  t1/2	  …	  half-‐life	  8me	  



Hand	  calcula8ons:	  inventory	  

•  A	  …	  inventory	  at	  8me	  t	  
•  P	  …	  produc8on	  term	  
•  λ	  …	  decay	  rate	  
•  t1/2	  …	  half-‐life	  8me	  



Ac8va8on	  calculator	  

hYp://www.wise-‐uranium.org/rnac.html	  



Ac8va8on	  script	  



Gamma	  script	  


