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Why do simulations? 

3

Q = 3x10-5 Å-1, λ = 6 Å

•  Cross	  check	  analy=cal	  results	  
•  Consider	  configura=ons/geometries	  that	  are	  hard/
impossible	  to	  calculate	  analy=cally	  

•  Examine	  experimentally	  inaccessible	  quan==es	  
•  Predict	  instrument	  performance	  
•  Design	  experiments	  
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What are Monte Carlo methods? 

Used by Nature since ... (a long time) : diversity of Life 
First application using computers: 
Metropolis, Ulam and Von Neumann at Los Alamos, 1943 

 Neutron Scattering and Absorption in U and Pu, Origin of MCNP 
 
Name:  
Monte Carlo casino, a random generator (Ulam’s father played poker)  



What are Monte Carlo Methods 

•  Use	  random	  generators	  
•  Explore	  a	  complex	  and	  large	  phase	  space	  (many	  parameters)	  
•  Integrates	  microscopic	  random	  events	  into	  measurable	  quan==es	  not	  a	  usual	  regular	  

sampling	  integra=on	  

•  Metropolis	  algorithm:	  model	  energy	  gap	  E	  as	  a	  probability	  

•  Integrals	  converge	  faster	  than	  any	  other	  method	  (for	  d	  >	  3)	  when	  using	  enough	  
independent	  events	  (central	  limit	  theorem)	  

•  F.	  James,	  Rep.	  Prog.	  Phys.,	  Vol.	  43	  (1980)	  1145.	  



Implementing Monte Carlo 

Good random generator: 
from thermal electronic noise (hardware)  

or quasi-random generators => quasi-Monte-Carlo 

  We encounter a probability 0 < p < 1. 
Crude Monte-Carlo (yes/no choice):  

We shoot n events ξ ∈[0,1]  
We keep events that satisfy ξ < p 
np events  → low statistics 

Importance sampling (fuzzy choice – event weighting):  
Keep n events, no more random number... 
But associate a weight p to each of them (we set ξ = p) 

Retain statistical accuracy 



Software Packages 

High	  Energy	  
•  MCNP(X)	  
•  PHITS	  
•  FLUKA	  

Low	  Energy	  
•  McSTAS	  
•  Vitess	  
•  RESTRAX	  
•  NISP	  

Calcula=on	  of	  
radia=on	  shielding	  	  
and	  nuclear	  devices.	  

	  
No	  coherent	  sca`ering	  

GEANT	  

Calcula=on	  of	  neutron	  
transport	  and	  sca`ering	  in	  

neutron	  instruments.	  
	  

Includes	  coherent	  
sca`ering	  



•  Neutrons	  are	  described	  as	  (r,	  v,	  s,	  t),	  and	  are	  transported	  along	  models.	  	  
•  Determinis=c	  propaga=on	  simply	  uses	  Newton	  rules,	  incl.	  gravita=on.	  

•  Instrument	  Monte	  Carlo	  methods	  implement	  coherent	  sca`ering	  effects	  
•  Uses	  determinis=c	  propaga=on	  where	  this	  can	  be	  done	  
•  Uses	  Monte	  Carlo	  sampling	  of	  “complicated”	  distribu=ons	  and	  stochas=c	  processes	  

and	  mul=ple	  outcomes	  with	  known	  probabili=es	  are	  involved	  
–  I.e.	  inside	  sca`ering	  ma`er	  

•  Uses	  the	  par=cle-‐wave	  duality	  of	  the	  neutron	  to	  switch	  back	  and	  forward	  between	  
determinis=c	  ray	  tracing	  and	  Monte	  Carlo	  approach	  

•  Result:	  A	  realis=c	  and	  efficient	  transport	  of	  neutrons	  in	  the	  thermal	  and	  cold	  range	  

Simulating Neutron Transport and Scattering 

Each time physics takes place (scattering, absorption, ...) random choices are made.   

Source	   Component	   Sample	  



McSTAS 

•  Flexible,	  general	  simula=on	  u=lity	  for	  neutron	  
sca`ering	  experiments.	  

•  Original	  design	  for	  Monte	  carlo	  Simula=on	  of	  
triple	  axis	  spectrometers	  

•  Developed	  at	  DTU	  Physics,	  ILL,	  PSI,	  Uni	  CPH,	  ESS	  
DMSC	  

•  V.	  1.0	  by	  K	  Nielsen	  &	  K	  Lefmann	  (1998)	  RISØ	  

•  Currently	  2.5+1	  people	  full	  =me	  plus	  students	  

 GNU GPL 
license 
Open	  Source	  

mcstas-‐users@mcstas.org	  mailinglist	  Project	  website	  at	  h`p://www.mcstas.org	  



How Does McSTAS Work? 

Time	  (t)	  
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Local,	  internal	  coordinate	  system!	  
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How Does McSTAS Work? 

Three	  levels	  of	  source	  code	  :	  
•  Instrument	  file	  (All	  users)	  –	  Describes	  instrument	  and	  defines	  order	  and	  

parameters	  of	  instrument	  components,	  samples	  etc.	  
•  Component	  files	  (Some	  users)	  –	  Implements	  physics	  of	  component	  
•  ANSI	  C	  Code	  (no	  users)	  –	  Common	  core	  rou=nes,	  transport	  between	  

components	  etc.	  
	  



Instrument File 
Wri`en	  by	  User	  –	  You!	  



Component File 
Wri`en	  by	  Developers	  or	  maybe	  by	  User	  



Generated C-Code 
Wri`en	  by	  McStas	  

McStas	  is	  a	  (pre)compiler	  
	  
Input	  is	  .instr	  and	  .comp	  files	  +	  
run=me	  func=ons	  from	  core	  library	  
for	  e.g.	  random	  numbers.	  
	  
	  
Output	  is	  a	  single	  c-‐file,	  which	  can	  be	  
compiled	  with	  your	  favourite	  C	  
compiler.	  
	  
	  
	  
Can	  be	  made	  to	  take	  input	  arguments	  
if	  required,	  for	  e.g.	  scans	  of	  
instrument	  parameters	  



Live Demo 



Try it out! 
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