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The	  WCSim	  simulaAon	  package	  
WCSim	  is	  a	  Geant4	  based	  WC	  
Monte	  Carlo	  	  
	  
We	  built	  a	  flexible	  system	  in	  
Geant4	  and	  used	  it	  to	  simulate	  
several	  geometries	  including	  the	  
the	  SK	  tank	  so	  we	  can	  tune	  the	  
simulaAon	  with	  real	  data	  and	  
exisAng	  MC.	  	  

è	  We	  are	  now	  using	  this	  for	  Hyper-‐K	  
	  
Use	  shared	  physics	  properAes	  -‐>	  with	  many	  geometry	  configuraAons	  
(cavern	  size	  /	  shape	  /	  number	  or	  tubes	  /	  Tube	  characterisAcs/hadronic	  models	  all	  adjustable)	  

2	  

Hyper-‐K	  so1ware	  group	  members	  from	  Duke,	  ICRR,	  TIT,	  UBC,	  TRIUMF,	  Manitoba	  
and	  UCI	  are	  working	  on	  various	  aspects	  for	  Hyper-‐K.	  	  
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Geometry	  and	  physics	  configuraAons	  can	  	  be	  chosen	  without	  compilaAon	  through	  macro	  files.	  

The	  program	  is	  extremely	  flexible.	  	  By	  specifying	  a	  set	  of	  	  
parameters	  we	  can	  define	  and	  simulate	  any	  cylindrical	  
geometry	  and	  tube	  combinaAon.	  
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Current	  Goals	  and	  Roadmap	  

•  Create	  a	  realisAc	  “one-‐chamber”	  Hyper-‐K	  
geometry.	  	  This	  will	  allow	  us	  to	  study	  the	  
performance	  as	  a	  funcAon	  of	  chamber	  size	  
and	  length.	  

•  Study	  basic	  distribuAons	  in	  the	  new	  detector.	  
•  Study	  the	  performance	  of	  new	  reconstrucAon.	  
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è	  See	  Okajima	  and	  Patrick’s	  talk	  



Updates	  from	  last	  meeAng	  

6/21/13	   3rd	  Hyper-‐K	  Open	  MeeAng	  -‐	  Kashiwa	   5	  

We	  reported	  on	  a	  shape	  discrepancy	  at	  the	  last	  
meeAng.	  This	  was	  due	  to	  a	  plo`ng	  bug.	  	  The	  	  
actual	  physics	  response	  is	  fine.	  	  

CURRENT	  



Good	  low	  energy	  agreement	  with	  skdetsim	  
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A1er	  applying	  all	  tuning	  
factors	  properly	  and	  fixing	  	  
some	  issues	  introduced	  	  
with	  a	  recent	  consolidaAon	  
of	  the	  tube	  geometry	  we	  	  
see	  good	  agreement	  with	  	  
skdetsim	  	  even	  at	  low	  	  
energy	  (when	  using	  	  
digiAzed	  charge)	  in	  Super-‐K	  
mode.	  	  

10	  MeV	  



ImplemenAng	  the	  “egg”	  
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20 II EXPERIMENTAL SETUP OVERVIEW

FIG. 6. Cross section view of the Hyper-Kamiokande detector.

wall in the existing tunnels and sampled bore-hall cores are dominated by Hornblende Biotite

Gneiss and Migmatite in the state of sound, intact rock mass. This is desirable for constructing

such unprecedented large underground cavities. The site has a neighboring mountain, Maru-yama,

just 2.3 km away, whose collapsed peak enables us to easily dispose of more than one million m3

of waste rock from the detector cavern excavation. The site also has the benefit – well-suited for

a water Cherenkov experiment – of abundant, naturally clean water located nearby. More than

13,000 m3/day (i.e., one million tons per �80 days) will be available. The Mozumi mine where

the Super-K detector is located is another candidate site for which less geological information is

available at this moment.

In the base design, the Hyper-K detector is composed of two separated caverns as shown in

Fig. 1, each having a egg-shape cross section 48 meters wide, 54 meters tall, and 250 meters long

as shown in Fig. 6, 7, and 8. These welded polyethylene tanks are filled up to a depth of 48 m

with ultra-pure water: the total water mass equals 0.99 million tons. The 5 mm thick polyethylene

sheet which forms the water barrier has been used in waste disposal sites, and based upon that

experience its expected lifetime is longer than 30 years. We expect a much longer lifetime than

•  Hyper-‐K	  has	  an	  “egg-‐like”	  
geometry	  for	  geo-‐technical	  
reasons.	  	  So	  the	  top	  is	  not	  
the	  same	  as	  the	  bofom.	  

•  This	  geometry	  has	  now	  
been	  implemented	  in	  
WCSim	  by	  Peter	  and	  Alex.	  



	  	  
	  	  	  	  

8 

Construct	  Half	  (top	  or	  bofom):	  

Centre	  ==	  G4Trap	  

Union1	  ==	  G4UnionSolid(G4Trap	  +	  Slice(pos1))	  

Union2	  ==	  G4UnionSolid(Union1	  +	  Slice(pos2))	  

	  

WaterTank	  ==	  G4UnionSolid(Top+Bofom)	  

Slice	  ==	  G4SubtracAonSolid(G4Tub	  -‐	  G4Box)	  

Water	  Tank	  (from	  Peter)	  
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PMT	  Geometry	  
	  	  
	  	  	  	  

9 

Gap	  is	  exaggerated	  for	  display	  purposes.	  	  
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WCSim	  in	  Hyper-‐K	  mode	  
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Alex	  took	  Peter’s	  geometry	  descripAon	  
and	  merged	  it	  in	  with	  the	  WCSim	  code	  
base.	  
	  
We	  can	  now	  run	  MC	  parAcles	  through	  
the	  Hyper-‐K	  configuraAon.	  	  	  



Includes	  both	  ID	  and	  OD	  tubes	  
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The	  tube	  creaAon	  funcAon	  
can	  now	  have	  more	  than	  
one	  tube	  type	  exisAng	  
simultaneously.	  	  	  
	  
Shown	  in	  this	  view	  are	  the	  
OD	  tube	  looking	  up.	  
	  
The	  OD	  is	  not	  yet	  funcAonal	  
for	  returning	  hits.	  



Event	  displays:	  electrons	  
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50	  MeV	   600	  MeV	  



Event	  displays:	  electrons	  
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1000	  MeV	   5000	  MeV	  



Event	  displays:	  muons	  
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50	  MeV	   600	  MeV	  



Event	  displays:	  muons	  
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1000	  MeV	   5000	  MeV	  



Event	  displays:	  pizero	  
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50	  MeV	   150	  MeV	  



Event	  displays:	  pizero	  

6/21/13	   3rd	  Hyper-‐K	  Open	  MeeAng	  -‐	  Kashiwa	   17	  

600	  MeV	   5000	  MeV	  



Dark	  Noise	  
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We	  now	  have	  added	  the	  ability	  to	  include	  dark	  noise	  in	  the	  simulaAon.	  	  This	  work	  
was	  done	  by	  M.	  Askins	  from	  the	  WATCHMAN	  collaboraAon	  and	  Y.	  Okajima.	  

Controlled	  by	  .mac	  file.	  	  Currently	  on	  global	  rate.	  	  



Tube	  Type	  /	  QE	  
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The	  photons	  can	  have	  the	  efficiency	  applied	  at	  generaAon,	  at	  the	  tube,	  or	  a	  hybrid	  which	  is	  
useful	  for	  WLS.	  

Not	  currently	  being	  used	  but	  we	  have	  the	  ability	  to	  easily	  modify	  the	  QE:	  



Example:	  150	  kton	  Mailbox	  design	  with	  30%	  PMT	  coverage	  
displayed	  in	  root	  based	  display.	  

We	  have	  a	  root	  based	  event	  display	  used	  in	  T2K	  2KM	  and	  LBNE	  in	  
the	  past.	  	  We	  need	  to	  modify	  it	  for	  Hyper-‐K	  use.	  

The	  program	  produces	  self	  
descripAve	  geometry	  and	  
output	  files.	  	  	  
	  
You	  describe	  the	  geometry	  
you	  want	  and	  the	  program	  
generates	  it	  and	  simulates	  the	  
events.	  	  It	  then	  writes	  out	  all	  
of	  the	  tube	  informaAon	  and	  
other	  self	  descripAve	  
informaAon	  needed	  for	  
reconstrucAon	  and	  display	  by	  
external	  programs	  further	  
down	  the	  analysis	  chain.	  
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Conclusions	  /	  Plan	  

Conclusions	  
•  Good	  agreement	  is	  found	  in	  

SK	  mode	  for	  digiAzed	  
charge	  even	  at	  low	  energy.	  

•  We	  have	  implemented	  and	  
started	  to	  use	  the	  Hyper-‐K	  
geometry.	  

•  We	  need	  to	  add	  some	  
analysis	  tools	  (like	  event	  
display).	  

	  

Plan	  
•  We	  now	  will	  study	  detector	  

and	  reconstrucAon	  
performance	  as	  a	  funcAon	  
of	  detector	  size	  etc.	  

•  A1er	  basic	  validaAon	  checks	  
we	  can	  make	  MC	  samples	  
for	  the	  physics	  groups.	  
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Backups	  
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Write	  one	  funcAon	  for	  each	  setup	  
(Super-‐K,	  100kton,	  etc)	  

The	  idea	  is	  to	  describe	  any	  detector	  parametrically.	  

These	  parameters	  describe	  a	  cylindrical	  geometry	  
Can	  also	  be	  done	  for	  Hyper-‐K	  type	  geometry	  
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WCSim	  Tuning	  
•  Goal:	  Tune	  WCSim’s	  opAcal	  properAes	  to	  	  	  skdetsim	  

–  SKDETSIM	  has	  been	  well-‐tuned	  to	  a	  running	  water	  Cherenkov	  
detector	  

•  Parameters	  being	  tuned:	  
–  Black	  Sheet	  ReflecAvity	   	  (higher	  =	  more	  reflecAon)	  
–  Glass/Cathode	  ReflecAvity	   	  (higher	  =	  more	  reflecAon)	  
–  AbsorpAon	  Length	   	  (higher	  =	  less	  absorpAon)	  
–  Rayleigh	  Scafering 	  (higher	  =	  less	  scafering)	  

•  Tuning	  against	  three	  samples:	  
–  1	  GeV	  µ-‐	  
–  1	  GeV	  e-‐	  
–  337	  nm	  calibraAon	  laser	  
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SK	  Monte	  Carlo	  
(Geant3)	  

ParAcles	  (produce	  photons)	  
[Uniform	  /	  Isotropic]	  

Photons	  (SK	  laser	  system)	  

è	  See	  Alex’s	  talk	  



SK	  validaAon/reconstrucAon	  work	  
Our	  most	  powerful	  handle:	  Tuning	  and	  validaAon	  against	  the	  SK	  MC.	  

The	  SK	  MC	  is	  tuned	  to	  
the	  1%	  level.	  	  WCSim	  
includes	  a	  SK	  Mode	  	  

We	  can	  use	  to	  tune	  the	  MC	  
to	  the	  validated	  SK	  MC.	  

A1er	  tuning	  only	  geometry	  and	  	  
tube	  configuraAon	  is	  changed.	  

This	  work	  allowed	  us	  
both	  to	  tune	  the	  
Monte	  Carlo	  and	  

improve	  the	  
underlying	  Geant4	  

opAcal	  model.	  
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Technique	  for	  HE	  validaAon	  

26	  

Note:	  Physics	  models	  are	  someAmes	  different	  
between	  Geant3	  and	  Geant4	  so	  that	  parameters	  
we	  are	  tuning	  don’t	  always	  mean	  the	  same	  thing.	  

Tools	  Developed:	  
	  
WCSim	  Geant4	  based	  calibraAon	  
sources	  (laser).	  
	  
Specialized	  versions	  of	  SK	  library	  
	  
Specialized	  version	  of	  Superscan	  
event	  display.	  
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SimulaAon	  of	  Laser	  System	  
The	  SK	  laser	  calibraDon	  allows	  
us	  to	  measure	  the	  opAcal	  
scafering	  and	  reflecAon	  
parameters	  seperately	  at	  the	  
same	  Ame.	  	  We	  also	  
implemented	  the	  laser	  system	  in	  
WCSim.	  
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Data	  and	  MC	  

Super-‐K	  Data	  vs	  MC.	   WCSim	  MC	  vs	  Super-‐K	  MC.	  

(tuned)	   (not-‐tuned)	  
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Untested/Uncompleted	  items	  

•  The	  “standard”	  physics	  lists	  are	  now	  available.	  
•  We	  merged	  in	  some	  outstanding	  work	  into	  trunk.	  
•  However,	  other	  code	  exists	  in	  development	  branches	  
that	  could	  be	  useful	  from	  various	  LBNE	  collaborators	  
(but	  require	  work	  to	  use)	  
–  ValidaAon/tesAng	  code	  
–  Rough	  ideas	  for	  holding	  PMT	  info	  in	  text	  files	  
–  Rough	  ideas	  for	  swappable	  digiAzers	  
– More	  complicated	  PMT	  efficiency	  funcAons	  
–  Light	  collector	  and	  WLS	  plate	  work	  
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