
protoDUNE	
  MC:	
  Intro	
  to	
  LArSo2	
  
Simula8ons	
  and	
  MC	
  Samples	
  

Elizabeth	
  Worcester	
  (BNL)	
  
protoDUNE	
  Science	
  Workshop	
  

CERN,	
  June	
  2016	
  	
  

	
  

June	
  2016	
   protoDUNE	
  Science	
  Workshop	
   1	
  



Overview	
  
•  The	
  purpose	
  of	
  this	
  talk	
  is	
  to	
  give	
  a	
  general	
  overview	
  of	
  how	
  the	
  LArSo2	
  

simula8on	
  is	
  used	
  for	
  produc8on	
  of	
  SP	
  protoDUNE	
  MC	
  
–  My	
  perspec8ve	
  is	
  that	
  of	
  a	
  user	
  and	
  developer	
  of	
  small	
  modifica8ons	
  rather	
  

than	
  that	
  of	
  a	
  core	
  developer	
  
–  A	
  lot	
  of	
  LArSo2	
  documenta8on	
  exists:	
  

•  art/LArSo2	
  course:	
  indico.fnal.gov/conferenceDisplay.py?confId=9928	
  
•  Redmine:	
  cdcvs.fnal.gov/redmine/projects	
  (search	
  LArSo2,	
  LArSim,	
  etc)	
  

–  A	
  number	
  of	
  slides	
  borrowed	
  from	
  Erica	
  Snider	
  and	
  Diego	
  Garcia-­‐Gamez	
  –	
  
thanks	
  to	
  them	
  for	
  their	
  nice	
  overview	
  talks!	
  

•  Basics	
  of	
  LArSo2	
  simula8on	
  
•  protoDUNE	
  geometry	
  
•  protoDUNE	
  simula8on	
  of	
  space	
  charge	
  effect	
  
•  Corsika	
  simula8on	
  of	
  cosmics	
  in	
  LArSo2	
  
•  Cosmic	
  simula8on	
  in	
  protoDUNE	
  
•  Exis8ng	
  and	
  planned	
  MC	
  samples	
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LArSo2	
  is…	
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E.	
  Snider	
  



LArSo2	
  Simula8on	
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Generally	
  external	
  
to	
  LArSo2	
  



protoDUNE	
  LArSo2	
  Details	
  
•  protoDUNE	
  code	
  is	
  part	
  of	
  

dunetpc:	
  
–  cdcvs.fnal.gov/redmine/

projects/dunetpc	
  
–  Wiki	
  on	
  the	
  Redmine	
  page	
  

has	
  valuable	
  technical	
  details	
  
on	
  how	
  to	
  setup/develop	
  
dunetpc	
  code	
  (somewhat	
  
Fermilab-­‐centric)	
  	
  

•  Most	
  code	
  is	
  common	
  with	
  
DUNE	
  FD	
  

•  When	
  protoDUNE-­‐specific	
  
details	
  are	
  required,	
  this	
  
will	
  be	
  set	
  via	
  services	
  fcl	
  
files	
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Event	
  Generators	
  
•  Produces	
  generator	
  level	
  truth	
  informa8on	
  that	
  is	
  input	
  to	
  Geant4	
  simula8on	
  
•  Many	
  op8ons:	
  

–  Par8cle	
  gun:	
  used	
  for	
  protoDUNE	
  MC	
  “beam”	
  events	
  
–  GENIE:	
  neutrino	
  interac8on	
  generator	
  
–  Cosmic	
  ray	
  event	
  generators	
  (CRY,	
  CORSIKA):	
  

•  For	
  protoDUNE	
  MC,	
  we	
  are	
  using	
  a	
  pre-­‐generated	
  CORSIKA	
  library	
  (more	
  on	
  this	
  later)	
  	
  
–  External	
  files	
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Geant4	
  Simula8on	
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D.	
  Garcia-­‐Gamez	
  



Number	
  of	
  Ioniza8on	
  Electrons	
  
•  Two	
  op8ons:	
  

–  ISCalcula8onSeparate:	
  Calculates	
  ioniza8on	
  electrons	
  and	
  scin8lla8on	
  photons	
  independently	
  
(DUNE/protoDUNE	
  default)	
  

–  NEST:	
  “Noble	
  Element	
  Simula8on	
  Technique”	
  calculates	
  ioniza8on	
  electrons	
  and	
  scin8lla8on	
  
photons	
  together	
  to	
  capture	
  correla8ons	
  

•  Number	
  of	
  electrons	
  depends	
  on	
  energy	
  deposit,	
  calibra8on	
  factor	
  conver8ng	
  
energy	
  to	
  electrons,	
  and	
  recombina8on	
  factor	
  

•  Recombina8on	
  factor	
  calculated	
  with	
  Birks’	
  model	
  or	
  modified	
  Box	
  model	
  (DUNE/
protoDUNE	
  default	
  is	
  modified	
  Box)	
  
–  ICARUS	
  paper:	
  NIM	
  A523:275-­‐286	
  (2004)	
  
–  ArgoNeut	
  paper:	
  JINST	
  8	
  (2013)	
  P08005	
  
–  Depends	
  on	
  electric	
  field:	
  recombina8on	
  factor	
  will	
  vary	
  with	
  posi8on	
  due	
  to	
  SCE	
  (LArSo2	
  

implementa8on	
  in	
  progress:	
  M.	
  Mooney,	
  ETW)	
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Birks	
  model:	
   Box	
  model:	
  



Charge	
  “Dri2”	
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D.	
  Garcia-­‐Gamez	
  

Now	
  includes	
  
posi8on	
  distor8on	
  
from	
  space	
  charge	
  
effect	
  (M.	
  Mooney)	
  

See	
  previous	
  slide	
  
for	
  recombina8on	
  

details	
  



Detector	
  Response	
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D.	
  Garcia-­‐Gamez	
  

protoDUNE	
  using	
  
nominal	
  DUNE	
  

electronics	
  
response	
  for	
  now	
  



Op8cal	
  Simula8on	
  

June	
  2016	
   protoDUNE	
  Science	
  Workshop	
   11	
  

D.	
  Garcia-­‐Gamez	
  

•  protoDUNE	
  
op8cal	
  library	
  
generated	
  by	
  A.	
  
Himmel	
  

•  Op8cal	
  
simula8on	
  
included	
  in	
  
nominal	
  
protoDUNE	
  MC	
  

•  protoDUNE	
  
simula8on	
  of	
  
photons	
  has	
  not	
  
been	
  studied	
  yet	
  



protoDUNE	
  Geometry	
  
•  In	
  gdml;	
  includes	
  wires	
  and	
  nowires	
  version	
  
•  Developed	
  by	
  Mar8n	
  Tzanov,	
  star8ng	
  from	
  

script	
  to	
  generate	
  DUNE	
  FD	
  gdml	
  wripen	
  by	
  
Tyler	
  Alion	
  

•  Ac8ve	
  volume	
  and	
  wire	
  planes	
  are	
  correctly	
  
implemented	
  with	
  sufficient	
  detail	
  

•  Basic	
  cryostat	
  volume	
  implemented	
  based	
  on	
  
Mar8n’s	
  reading	
  of	
  engineering	
  drawings	
  

•  Includes	
  basic	
  implementa8on	
  of	
  field	
  cage	
  
(needs	
  work)	
  

•  Simple	
  “beam	
  window”	
  implemented	
  as	
  
nitrogen-­‐filled	
  steel	
  pipe	
  (needs	
  work)	
  
–  25	
  cm	
  outer	
  diameter,	
  0.5	
  mm	
  thick	
  steel	
  wall	
  
–  Does	
  not	
  represent	
  details	
  of	
  beam	
  window	
  

design	
  
–  Loca8on	
  somewhat	
  arbitrary	
  
–  S8ll	
  some	
  issues	
  with	
  par8cles	
  interac8ng	
  more	
  

than	
  expected	
  
•  Work	
  ongoing	
  to	
  correct	
  material	
  in	
  outer	
  

volumes	
  (foam,	
  steel	
  support)	
  that	
  affects	
  
cosmic	
  simula8ons	
  

•  Thanks	
  to	
  Mar8n	
  for	
  his	
  work	
  so	
  far…we	
  should	
  
generate	
  a	
  wish	
  list	
  of	
  desired	
  	
  improvements	
  at	
  
this	
  workshop	
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Star8ng	
  posi8on	
  
for	
  par8cle	
  gun	
  MC	
  

Simple	
  “beam	
  
window”	
  

(Yellow	
  part	
  
penetrates	
  foam,	
  

magenta	
  part	
  in	
  LAr)	
  



protoDUNE	
  SCE	
  Simula8on	
  
•  Not	
  going	
  to	
  repeat	
  details	
  

here	
  -­‐-­‐	
  see	
  talk	
  by	
  M.	
  
Mooney	
  at	
  this	
  workshop	
  

•  Posi8on	
  distor8ons	
  based	
  
on	
  calculated	
  varia8on	
  in	
  E-­‐
field	
  implemented	
  in	
  
LArSo2	
  (LArG4/
LArVoxelReadout)	
  

•  Adjustment	
  to	
  E-­‐field	
  used	
  
to	
  calculate	
  recombina8on	
  
factor	
  in	
  process	
  of	
  being	
  
implemented	
  in	
  LArSo2	
  
(LArG4/
Ioniza8onAndScin8lla8on)	
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Δz	
  

Typical	
  loca8on	
  of	
  par8cle	
  
gun	
  par8cles	
  in	
  current	
  
geometry	
  



CORSIKA	
  in	
  LArSo2	
  
•  CORSIKA	
  cosmic	
  ray	
  simula8on	
  implemented	
  in	
  LArSo2	
  by	
  Map	
  Bass	
  

–  Originally	
  for	
  uBooNE	
  
–  See	
  talk	
  at	
  LArSo2	
  coordina8on	
  mee8ng:	
  

indico.fnal.gov/conferenceDisplay.py?confId=10893	
  
•  CorsikaGen	
  module	
  in	
  LArSo2	
  samples	
  from	
  pre-­‐generated	
  library	
  of	
  

CORSIKA	
  samples	
  
•  Data	
  files	
  containing	
  pre-­‐generated	
  samples	
  produced	
  on	
  per-­‐experiment	
  

basis	
  –	
  thanks	
  to	
  Map	
  for	
  genera8ng	
  this	
  library	
  for	
  protoDUNE	
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M.	
  Bass	
  

Quick	
  check	
  of	
  muon	
  rates:	
  
•  uBooNE:	
  ~160	
  Hz/m2	
  
•  protoDUNE:	
  ~170	
  Hz/m2	
  
•  Expected	
  difference	
  based	
  on	
  

al8tude	
  ~6%	
  
•  This	
  exercise	
  uncovered	
  issues	
  

with	
  material	
  in	
  outer	
  layers	
  of	
  
DUNE/protoDUNE	
  geometry	
  –	
  
fix	
  in	
  progress.	
  



Cosmic	
  Simula8on	
  in	
  protoDUNE	
  

•  SampleTime	
  and	
  TimeOffset	
  must	
  be	
  
adjusted	
  for	
  protoDUNE	
  readout	
  window	
  

•  ProjectToHeight:	
  Showers	
  start	
  here	
  (just	
  
above	
  the	
  top	
  of	
  the	
  cryostat	
  volume	
  in	
  
exis8ng	
  geometry	
  because	
  we	
  do	
  not	
  have	
  
realis8c	
  simula8on	
  of	
  building,	
  etc)	
  

•  ShowerInputFiles:	
  Files	
  in	
  dCache	
  persistent	
  
•  Only	
  private	
  (MB/ETW)	
  implementa8on	
  so	
  

far;	
  will	
  commit	
  fcl	
  files	
  to	
  dunetpc	
  when	
  
ready	
  for	
  more	
  general	
  use	
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D.	
  Stefan	
  



Exis8ng	
  MC	
  Samples	
  
•  MCC6	
  samples:	
  

–  No	
  SCE	
  
–  Par8cle	
  gun	
  injected	
  at	
  front	
  face	
  

of	
  “beam	
  window”	
  
–  Both	
  mono-­‐energe8c	
  and	
  Δp/p-­‐5%	
  
–  Positrons	
  (1	
  GeV)	
  
–  Kaons	
  (1	
  GeV)	
  
–  Protons	
  (1	
  GeV)	
  
–  Pions	
  (200	
  MeV)	
  
–  Muons	
  (200	
  MeV)	
  
–  Samples	
  chosen	
  based	
  on	
  needs	
  of	
  

reconstruc8on	
  effort	
  (Robert/
Dorota)	
  and	
  to	
  for	
  first	
  exercise	
  of	
  
MCC	
  machinery	
  with	
  protoDUNE	
  

•  Privately	
  generated	
  samples:	
  
–  Mono-­‐energe8c	
  MCC	
  samples	
  with	
  

SCE	
  posi8on	
  effect	
  
–  Addi8onal	
  par8cle	
  momenta	
  using	
  

mono-­‐energe8c	
  MCC	
  setup	
  w/	
  and	
  
w/o	
  SCE	
  posi8on	
  effect	
  (BNL	
  
summer	
  students	
  J.	
  Larkin	
  and	
  A.	
  
Depoian)	
  
•  Positrons	
  (300	
  MeV,	
  500	
  MeV,	
  1	
  GeV,	
  

5	
  GeV)	
  
•  Protons	
  (700	
  GeV,	
  1	
  GeV,	
  2	
  GeV,	
  3	
  

GeV)	
  
•  Pions	
  (300	
  MeV,	
  500	
  MeV,	
  1	
  GeV,	
  5	
  

GeV)	
  
•  Muons	
  (500	
  MeV,	
  1	
  GeV,	
  5	
  GeV)	
  

–  Small	
  (100	
  event)	
  test	
  samples	
  of	
  
cosmic	
  ray	
  events	
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All	
  samples	
  stored	
  on	
  FNAL	
  DUNE	
  disks	
  (/dune/data	
  or	
  /pnfs/dune/scratch).	
  Some	
  
samples	
  have	
  been	
  copied	
  to	
  CERN	
  for	
  local	
  access	
  during	
  workshop.	
  Please	
  contact	
  
Elizabeth	
  and	
  Dorota	
  for	
  loca8ons.	
  Addi8onal	
  samples	
  easily	
  available	
  upon	
  request.	
  	
  



Planned	
  MC	
  Samples	
  (Near	
  Future)	
  
•  More	
  “official”	
  cosmic	
  sample	
  

–  Once	
  details	
  of	
  readout	
  window	
  and	
  geometry	
  updates	
  in	
  place	
  
•  Cosmic	
  overlays	
  with	
  par8cle	
  gun	
  (“beam”)	
  events	
  

–  LArSo2	
  has	
  capability	
  of	
  using	
  mul8ple	
  generators	
  in	
  the	
  event	
  generator	
  step,	
  
so	
  overlay	
  of	
  par8cle	
  gun	
  and	
  CORSIKA	
  events	
  can	
  be	
  done	
  nearly	
  trivially	
  

–  Cosmic	
  genera8on	
  very	
  “expensive”	
  (compare	
  hundreds	
  or	
  thousands	
  of	
  
par8cles	
  in	
  the	
  TPC	
  volume	
  for	
  cosmic	
  simula8on	
  to	
  handful	
  of	
  par8cles	
  from	
  
single	
  par8cle	
  gun	
  event)	
  so	
  will	
  produce	
  samples	
  with	
  cosmic	
  overlays	
  for	
  
requested	
  samples	
  only	
  

–  Makes	
  sense	
  to	
  wait	
  on	
  this	
  un8l	
  reconstruc8on	
  of	
  test	
  cosmic	
  samples	
  more	
  
fully	
  understood	
  

•  Samples	
  with	
  space	
  charge	
  effect	
  implemented	
  in	
  recombina8on	
  factor	
  
–  Once	
  LArSo2	
  implementa8on	
  complete	
  

•  Goal	
  to	
  have	
  all	
  of	
  the	
  above	
  plus	
  geometry	
  improvements	
  in	
  place	
  for	
  
next	
  MCC	
  challenge	
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Summary	
  
•  Work	
  on	
  protoDUNE-­‐specific	
  simula8on	
  began	
  fall	
  2015	
  

–  LArSo2	
  protoDUNE	
  services	
  defined	
  
–  Geometry	
  with	
  many	
  details	
  implemented	
  

•  Improvements	
  ongoing	
  
–  Space	
  charge	
  effect	
  simula8on	
  

•  Posi8on	
  distor8on	
  implemented	
  
•  Recombina8on	
  effect	
  in	
  progress	
  

–  Cosmic	
  simula8on	
  
•  CorsikaGen	
  implemented	
  
•  Overlays	
  coming	
  soon	
  

–  Con8nued	
  addi8on	
  of	
  features	
  and	
  improvements	
  to	
  exis8ng	
  features	
  
will	
  be	
  driven	
  by	
  analysis	
  needs	
  

•  Many	
  MC	
  samples	
  exist	
  –	
  please	
  start	
  to	
  analyze	
  them!	
  
•  Addi8onal	
  MC	
  samples	
  available	
  on	
  request	
  –	
  please	
  ask!	
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