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Outline	
  

•  The	
  ESS	
  detector	
  challenge	
  
–  All	
  instruments	
  in	
  different	
  design	
  phases	
  
–  Diverse	
  set	
  of	
  requirements	
  
–  Challenge:	
  new	
  detectors	
  with	
  several	
  different	
  designs	
  

•  Powerful	
  simula+on	
  tools	
  

•  Applica+on	
  in	
  detector	
  design:	
  
–  Background	
  study	
  for	
  Mul+Grid	
  detector	
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I’m	
  an	
  	
  
end-­‐user!	
  



The	
  ESS	
  detector	
  challenge	
  

•  Various	
  detectors	
  for	
  various	
  instruments	
  at	
  ESS	
  
•  All	
  with	
  different	
  designs,	
  all	
  have	
  to	
  be	
  op4mised	
  

for	
  respec+ve	
  instrument	
  requirements	
  
	
  
•  Good	
  measurement	
  	
  

	
  =>high	
  signal-­‐to-­‐background	
  

•  ESS:	
  increased	
  flux	
  	
  
•  Low	
  level	
  background	
  

	
  =>	
  need	
  to	
  understand	
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Effec4ve	
  and	
  universal	
  	
  
simula4on	
  tool	
  

SANS	
  

BandGEM	
  (Milan/CNR/INFN/CERN/ESS)	
  

Molecular	
  crystallography	
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The	
  ESS	
  detector	
  challenge	
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Effec4ve	
  and	
  universal	
  	
  
simula4on	
  tool	
  

Background	
  suppression	
  

e.g.	
  Mul+Grid	
  for	
  inelas+c	
  instrument	
  

Using	
  scien+fic	
  quan++es	
  
for	
  op+misa+on	
  



•  Several	
  already	
  exis+ng	
  simula+on	
  codes	
  
•  New	
  or	
  improved	
  features	
  needed:	
  

–  Physics	
  
•  Coherent	
  scaHering 	
  	
  
•  Inelas+c	
  scaHering	
  
•  Single-­‐	
  and	
  polycrystals…	
  

–  And	
  more	
  
•  Communica+on	
  
•  Visualisa+on	
  
•  Ready-­‐to	
  use…	
  

	
  

The	
  detector	
  simula+on	
  challenge	
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NXSG4	
  extension	
  
[Thomas	
  KiHelmann,	
  Mirko	
  Boin]	
  

•  nxs	
  library	
  
–  Low-­‐energy	
  neutron	
  

scaHering	
  
–  Polycrystalline	
  materials	
  

•  Coherent	
  and	
  
•  Incoherent	
  neutron	
  scaHering	
  

•  hHp://cern.ch/nxsg4/	
  
–  examples,	
  license	
  details	
  
–  instruc+ons	
  for	
  installa+on	
  

and	
  usage	
  	
  
–  usage	
  of	
  the	
  code	
  (including	
  

nxs	
  and	
  SgInfo)	
  is	
  free	
  for	
  
non-­‐commercial	
  purposes	
  

6	
  doi:10.1016/j.cpc.2014.11.009	
  

NXSG4	
  makes	
  nxs	
  library	
  	
  
available	
  as	
  Geant4	
  extension	
  



	
  

NXSG4	
  extension	
  
[Thomas	
  KiHelmann,	
  Mirko	
  Boin]	
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Free-­‐gas	
  model	
  Geant4	
  
aluminum	
  

NXSG4	
  	
  
aluminum	
  

n	
  n	
  

Geant4	
  simula+on	
  



NCrystal	
  
[Xiao	
  Xiao	
  Cai,	
  Thomas	
  KiHelmann]	
  

•  NCrystal	
  	
  
–  Neutron	
  scaHering	
  on	
  	
  

single-­‐	
  and	
  polycrystalline	
  
materials	
  

–  detailed	
  Bragg	
  diffrac+on	
  	
  
–  first	
  principle	
  inelas+c	
  model	
  

•  C++	
  	
  
•  open	
  source	
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full-­‐instrument	
  simula4on	
  

monochromators,	
  analysers,	
  
filters,	
  powder	
  samples	
  

Standalone	
  NCrystal	
  
tool	
  coming	
  soon	
  

See	
  Xiao	
  Xiao	
  Cai’s	
  talk	
  
Friday	
  09:55	
  (Neutronics	
  2)	
  



NCrystal	
  
[Xiao	
  Xiao	
  Cai,	
  Thomas	
  KiHelmann]	
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Powder	
  Diffractometer	
  PUS	
  at	
  IFE,	
  Norway	
  

Standalone	
  NCrystal	
  
tool	
  coming	
  soon	
  

Geant4	
  simula+on	
  



•  Monte	
  Carlo	
  Par+cle	
  List	
  	
  
–  hHps://mctools.github.io/

mcpl/	
  
–  Interchange	
  par+cles	
  with	
  

all	
  their	
  proper4es	
  
between	
  MC	
  packages	
  

–  flexible	
  yet	
  efficient	
  
storage	
  of	
  par+cle-­‐state	
  
informa+on	
  

MCPL-­‐Monte	
  Carlo	
  Par+cle	
  List	
  	
  
[Thomas	
  KiHelmann,	
  Esben	
  Klinkby,	
  Erik	
  B.	
  Knudsen,	
  
Peter	
  Willendrup]	
  

10	
  
hHp://sine2020.eu/news-­‐and-­‐media/mcpl-­‐a-­‐new-­‐format-­‐
that-­‐simplifies-­‐data-­‐interchange-­‐between-­‐applica+ons.html	
  

Best	
  code	
  for	
  	
  
best	
  applica4on	
  

arxiv:1609.02792	
  

Contact:	
  
mcpl-­‐developers@cern.ch	
  



ESS	
  Coding	
  Framework	
  
[Thomas	
  KiHelmann,	
  Xiao	
  Xiao	
  Cai,	
  Kalliopi	
  Kanaki]	
  

•  Geant4	
  simula4on	
  framework	
  
–  Developed	
  by	
  ESS	
  Detector	
  Group	
  
–  Used	
  by	
  other	
  groups	
  in	
  ESS	
  e.g.	
  	
  

Accelerator	
  Group,	
  Shielding	
  and	
  Op+cs	
  Group	
  
•  Contains	
  all	
  afore	
  men+oned	
  tools:	
  

–  Integrated	
  
–  Transparent	
  for	
  end-­‐user	
  	
  
–  Out-­‐of-­‐the-­‐box	
  usage	
  

•  And	
  more:	
  
–  Effec+ve	
  build	
  system	
  
–  Python	
  interface	
  
–  Easy-­‐to-­‐handle	
  histograms	
  for	
  analysis	
  
–  3D	
  visualisa+on	
  
–  Griff:	
  an	
  effec+ve	
  binary	
  format	
  for	
  results	
  
–  Powerful	
  parameter	
  scan	
  without	
  recompila+on	
  

	
  
–  Intui+ve	
  
–  User	
  friendly	
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Contact:	
  
Thomas	
  KiHelmann:	
  thomas.kiHelmann@esss.se	
  
Xiao	
  Xiao	
  Cai:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  xcai@dtu.dk	
  
Kalliopi	
  Kanaki:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  kalliopi.kanaki@esss.se	
  

Fast	
  to	
  develop	
  new	
  simula4ons	
  

Available,	
  just	
  
send	
  a	
  mail	
  ☺	
  

I’m	
  a	
  happy	
  
end-­‐user!	
  



ESS	
  Coding	
  Framework	
  
[Thomas	
  KiHelmann,	
  Xiao	
  Xiao	
  Cai,	
  Kalliopi	
  Kanaki]	
  

•  Geant4	
  simula4on	
  framework	
  
–  Developed	
  by	
  ESS	
  Detector	
  Group	
  
–  Used	
  by	
  other	
  groups	
  in	
  ESS	
  e.g.	
  	
  

Accelerator	
  Group,	
  Shielding	
  and	
  Op+cs	
  Group	
  
•  Contains	
  all	
  afore	
  men+oned	
  tools:	
  

–  Integrated	
  
–  Transparent	
  for	
  end-­‐user	
  	
  
–  Out-­‐of-­‐the-­‐box	
  usage	
  

•  And	
  more:	
  
–  Effec+ve	
  build	
  system	
  
–  Python	
  interface	
  
–  Easy-­‐to-­‐handle	
  histograms	
  for	
  analysis	
  
–  3D	
  visualisa+on	
  
–  Griff:	
  an	
  effec+ve	
  binary	
  format	
  for	
  results	
  
–  Powerful	
  parameter	
  scan	
  without	
  recompila+on	
  

	
  
–  Intui+ve	
  
–  User	
  friendly	
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Contact:	
  
Thomas	
  KiHelmann:	
  thomas.kiHelmann@esss.se	
  
Xiao	
  Xiao	
  Cai:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  xcai@dtu.dk	
  
Kalliopi	
  Kanaki:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  kalliopi.kanaki@esss.se	
  

Fast	
  to	
  develop	
  new	
  simula4ons	
  

Available,	
  just	
  
send	
  a	
  mail	
  ☺	
  

I’m	
  a	
  happy	
  
end-­‐user!	
  

Now	
  let’s	
  use	
  it!	
  



•  Sources	
  of	
  neutron	
  detector	
  background	
  
–  Neutron	
  induced	
  gamma	
  background	
  (MCNP6)	
  

•  Prompt	
  gamma	
  radia+on	
  from	
  neutron	
  capture	
  
•  Decay	
  gammas	
  from	
  neutron	
  ac+va+on	
  

	
  

–  ScaHered	
  neutrons	
  (Geant4)	
  
•  Elas+c,	
  inelas+c	
  
•  Coherent,	
  incoherent	
  	
  

	
  

Detector	
  background	
  study	
  	
  
with	
  Monte	
  Carlo	
  codes	
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Great	
  impact	
  of	
  Coding	
  Framework!	
  	
  

41Ar	
  ac+vity	
  saturates	
  at	
  128	
  mBq/cm3	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  low	
  

Negligible	
  signal	
  from	
  
self-­‐ac4va4on	
  

General	
  neutron	
  ac+va+on	
  
study	
  prepared	
  with	
  MCNP6	
  
for	
  ESS	
  opera+on	
  condi+ons	
  
-­‐	
  Ar/CO2	
  coun+ng	
  gas	
  
-­‐	
  Aluminum-­‐frame	
  
	
  
E.	
  Dian	
  et	
  al.	
  	
  
arXiv:1701.08117	
  	
  
submiHed	
  to	
  ARI	
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self-­‐ac4va4on	
  



ScaHered	
  neutron	
  background	
  –	
  
power	
  of	
  simula+on	
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Detector	
  

Sample	
  environment	
  

ScaYered	
  neutron	
  

Real	
  and	
  measurable	
  
neutron	
  energy	
  at	
  
conversion	
  point	
  

ScaHered	
  neutron	
  

•  Follow	
  the	
  history	
  of	
  neutrons	
  
•  Study	
  and	
  dis+nguish	
  background	
  effects	
  

•  Guidelines	
  for	
  detector	
  design	
  
	
  

Realis4c	
  simula4on	
  

Geant4	
  simula+on	
  



Large	
  area	
  detector	
  for	
  chopper	
  
spectroscopy	
  -­‐	
  Mul+Grid	
  

•  Bla	
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•  Large	
  area	
  Mul+Grid	
  
detector	
  chosen	
  as	
  
example	
  

•  Chopper	
  spectroscopy:	
  
–  Low	
  background	
  is	
  

essen+al	
  

A.	
  Khaplanov	
  et	
  al.	
  
hHp://dx.doi.org/10.1016/j.nima.2012.12.021	
  

Geant4	
  simula+on	
  



Mul+Grid	
  detector	
  test	
  at	
  ILL	
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In-­‐beam	
  test	
  of	
  the	
  Boron-­‐10	
  Mul+-­‐Grid	
  neutron	
  detector	
  at	
  
the	
  IN6	
  +me-­‐of-­‐flight	
  spectrometer	
  at	
  the	
  ILL	
  
	
  
A.	
  Khaplanov	
  et	
  al.	
  
hHp://iopscience.iop.org/ar+cle/
10.1088/1742-­‐6596/528/1/012040/pdf	
  

Valida4on	
  

No	
  shielding	
  on	
  the	
  rear	
  wall	
  of	
  grids	
  



Mul+Grid	
  detector	
  test	
  at	
  ILL	
  
Measured	
  data	
  (ToF,	
  depth	
  of	
  detec+on)	
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Valida4on	
  



Mul+Grid	
  detector	
  test	
  at	
  ILL	
  
Measured	
  and	
  simulated	
  ToF-­‐depth	
  of	
  detec+on	
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ToF	
  

BackscaHer	
  from	
  the	
  unshielded	
  
rear	
  wall	
  of	
  the	
  detector	
  at	
  4.6	
  Å	
   Valida4on	
  

Measured	
  	
  ToF-­‐depth	
  characteris+c	
  and	
  backscaHer	
  phenomena	
  
reproduced	
  with	
  simula+on	
  at	
  4.1	
  and	
  4.6	
  Å	
  

measured	
   simulated	
  

Geant4	
  simula+on	
  



Mul+Grid	
  detector	
  test	
  at	
  ILL	
  
Measured	
  and	
  simulated	
  ToF	
  spectra	
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Valida4on	
  

Measured	
  	
  	
  
ToF-­‐spectrum	
  
reproduced	
  with	
  
simula+on	
  at	
  4.1	
  
and	
  4.6	
  Å	
  

•  Es+mated	
  flat	
  
alpha-­‐background	
  
added	
  (red),	
  	
  
unique	
  for	
  this	
  
prototype	
  

Geant4	
  simula+on	
  



Mul+Grid	
  detector	
  test	
  at	
  CNCS,	
  SNS	
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Detector	
  Sample	
  environment	
  

3.3	
  m	
  

Isotropic	
  scaYering	
  
par4cles	
  simulated	
  from	
  sample	
  

Geant4	
  simula+on	
  



Mul+Grid	
  detector	
  test	
  at	
  CNCS,	
  SNS	
  
[Anton	
  Khaplanov]	
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•  Chopper	
  spectroscopy	
  
•  Measured	
  quan++es:	
  	
  

–  ToF	
  
–  detec+on-­‐coordinates	
  

•  Energy	
  transfer:	
  
Etrf	
  =	
  Eini+al	
  –	
  Efinal	
  

Etrf	
  =	
  Eini4al	
  -­‐	
  Efinal	
  	
  

Derived	
  energy	
  transfer	
  at	
  3.678	
  meV	
  from	
  
measurement	
  

See	
  Anton	
  Khaplanov’s	
  talk	
  
Today	
  12:10	
  (Detectors	
  1)	
  

Anton	
  Khaplanov	
  et	
  al.:	
  
Mul+-­‐Grid	
  Detector	
  for	
  Neutron	
  Spectroscopy:	
  Results	
  Obtained	
  on	
  Time-­‐of-­‐Flight	
  Spectrometer	
  CNCS	
  
SubmiHed	
  to	
  JINST	
  arXiv:1703.03626	
  



Mul+Grid	
  detector	
  test	
  at	
  CNCS,	
  SNS	
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Etrf	
  =	
  Eini4al	
  -­‐	
  Efinal	
  	
  

Elas4c	
  peak	
  

ScaYered	
  neutron	
  background	
  
from	
  detector	
  

Geant4	
  simula+on	
  



Mul+Grid	
  detector	
  test	
  at	
  CNCS,	
  SNS	
  
	
  

26	
  

Etrf	
  =	
  Eini4al	
  -­‐	
  Efinal	
  	
  

Elas4c	
  peak	
  

ScaYered	
  neutron	
  background	
  
from	
  detector	
  

Geant4	
  simula+on	
  

ScaYered	
  neutron	
  background	
  	
  
from	
  sample	
  environment	
  



Mul+Grid	
  detector	
  test	
  at	
  CNCS,	
  SNS	
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Etrf	
  =	
  Eini4al	
  -­‐	
  Efinal	
  	
  

Elas4c	
  peak	
  

ScaYered	
  neutron	
  background	
  
from	
  detector	
  

Geant4	
  simula+on	
  

ScaYered	
  neutron	
  background	
  	
  
from	
  sample	
  environment	
  



Mul+Grid	
  detector	
  test	
  at	
  CNCS,	
  SNS	
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Etrf	
  =	
  Eini4al	
  -­‐	
  Efinal	
  	
  

Elas4c	
  peak	
  

ScaYered	
  neutron	
  background	
  
from	
  detector	
  

ScaYered	
  neutron	
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Summary	
  

•  Great	
  progress	
  in	
  neutron	
  scaYering	
  
simula4on	
  
–  Improved	
  modeling	
  for	
  neutron	
  scaHering	
  on	
  

crystalline	
  material	
  (NXSG4,	
  NCrystal)	
  
–  Effec4ve	
  par4cle	
  interchange	
  (MCPL)	
  

•  Easy	
  to	
  combine	
  MC	
  codes	
  
–  ESS	
  Coding	
  Framework,	
  where	
  all	
  tools	
  are	
  

combined	
  
	
  
–  Full-­‐scale	
  instrument	
  simula+on	
  can	
  be	
  done	
  

with	
  a	
  single	
  applica+on	
  

•  Realis+c	
  Mul+Grid	
  model	
  built	
  
–  reproduced	
  measured	
  results	
  from	
  	
  

IN6	
  and	
  CNCS	
  experiments	
  
•  Ready	
  to	
  use	
  for	
  op+misa+on	
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Thank	
  you	
  for	
  your	
  
aHen+on!	
  

Thanks	
  to	
  the	
  collaborators	
  for	
  all	
  the	
  prepared	
  
tools	
  and	
  materials,	
  	
  

and	
  for	
  making	
  my	
  life	
  easier!	
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•  Chopper	
  spectroscopy	
  
•  Measured	
  quan++es:	
  	
  

–  ToF	
  
–  detec+on-­‐coordinates	
  

•  Energy	
  transfer:	
  
Etrf	
  =	
  Eini+al	
  –	
  Efinal	
  

Etrf	
  =	
  Eini4al	
  -­‐	
  Efinal	
  	
  

Derived	
  energy	
  transfer	
  at	
  3.807	
  meV	
  from	
  
measurement	
  

See	
  Anton	
  Khaplanov’s	
  talk	
  
Today	
  12:10	
  (Detectors	
  1)	
  

Anton	
  Khaplanov	
  et	
  al.:	
  
Mul+-­‐Grid	
  Detector	
  for	
  Neutron	
  Spectroscopy:	
  Results	
  Obtained	
  on	
  Time-­‐of-­‐Flight	
  Spectrometer	
  CNCS	
  
SubmiHed	
  to	
  JINST	
  arXiv:1703.03626	
  



Mul+Grid	
  detector	
  test	
  at	
  CNCS	
  

34	
  

Etrf	
  =	
  Eini4al	
  -­‐	
  Efinal	
  	
  

Elas4c	
  peak	
  

ScaYered	
  neutron	
  background	
  
from	
  detector	
  



Mul+Grid	
  detector	
  test	
  at	
  CNCS	
  

35	
  

Etrf	
  =	
  Eini4al	
  -­‐	
  Efinal	
  	
  

Elas4c	
  peak	
  

ScaYered	
  neutron	
  background	
  	
  
from	
  detector	
  

ScaYered	
  neutron	
  background	
  	
  
from	
  sample	
  environment	
  



Mul+Grid	
  detector	
  test	
  at	
  CNCS	
  

36	
  

Etrf	
  =	
  Eini4al	
  -­‐	
  Efinal	
  	
  

Elas4c	
  peak	
  

ScaYered	
  neutron	
  background	
  	
  
from	
  detector	
  

ScaYered	
  neutron	
  background	
  	
  
from	
  sample	
  environment	
  



Mul+Grid	
  detector	
  test	
  at	
  CNCS	
  

37	
  

Elas4c	
  peak	
  

ScaYered	
  neutron	
  background	
  	
  
from	
  detector	
  

ScaYered	
  neutron	
  background	
  	
  
from	
  sample	
  environment	
  

Etrf	
  =	
  Eini4al	
  -­‐	
  Efinal	
  	
  



Mul+Grid	
  detector	
  test	
  at	
  CNCS	
  

38	
  

Etrf	
  =	
  Eini4al	
  -­‐	
  Efinal	
  	
  
Elas4c	
  peak	
  

ScaYered	
  neutron	
  background	
  	
  
from	
  detector	
  ScaYered	
  neutron	
  background	
  	
  

from	
  sample	
  environment	
  

•  Dis+nguish	
  
different	
  sources	
  
of	
  background	
  

•  Detailed	
  analysis	
  
and	
  quan+fica+on	
  
of	
  background	
  
effects	
  

Energy	
  transfer	
  
reproduced	
  with	
  
simula+on	
  at	
  3.807	
  meV	
  

Valida4on	
  


