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Mo'va'on	
  
•  The	
  need	
  for	
  accurate	
  post-­‐absorber	
  muon	
  
measurements	
  has	
  grown	
  with	
  Near	
  Detector-­‐less	
  
LBNE	
  redesign	
  

•  The	
  hope	
  is	
  to	
  rely	
  on	
  detailed	
  beam	
  simula'on	
  plus:	
  
–  Extensive	
  hadro-­‐produc'on	
  measurements	
  
–  Ter'ary	
  muon	
  measurements	
  in	
  both	
  LBNE	
  and	
  NuMI	
  
–  NuMI	
  muon	
  +	
  neutrino	
  measurements	
  “translated”	
  to	
  
LBNE	
  

•  Onus	
  is	
  upon	
  the	
  muon	
  systems	
  to	
  provide	
  sufficient	
  
measurements	
  to	
  characterize	
  the	
  neutrino	
  beam	
  at	
  
the	
  far	
  detector	
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Muon-­‐Neutrino	
  Correla/on	
  

•  Muons	
  and	
  neutrinos	
  
are	
  an'-­‐correlated	
  in	
  
the	
  two-­‐body	
  decays	
  
of	
  pions	
  and	
  kaons	
  

•  Muons	
  take	
  most	
  of	
  
the	
  momentum	
  in	
  the	
  
decay	
  

•  For	
  pions:	
  
o  Eν=(0-­‐0.43)Eπ	
  
o  Eμ=Eπ-­‐Eν=(0.57-­‐1.0)Eπ	
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Neutrinos	
  at	
  the	
  Far	
  Detector	
  
(early	
  absorber	
  design)	
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BLM	
  Scope	
  

•  Loca'on	
  of	
  in-­‐situ	
  measurements	
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ND	
  Muon	
  measurements	
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Absorber	
  Hall	
  Eleva'on	
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Beam	
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BLM	
  Muon	
  Systems	
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Crane	
  

Muon	
  Alcove	
  

Absorber	
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Service	
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Complex	
  Absorber	
  
Structure	
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Absorber	
  Pile	
  Plan	
  

•  Complex	
  structure	
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Prompt Dose (mSv/hr) 

12 Neutrino Flux, PittsburgH - Geoffrey Mills 

(N.	
  Mohkov)	
  
1	
  par'cle/cm2/pulse	
  ~	
  2x10-­‐8	
  mSv/hr	
  



Muon	
  Alcove	
  Environment	
  

•  Intense	
  flux	
  of	
  muons	
  
– ~108	
  muons/cm2/pulse	
  
– Muons	
  energy:	
  ~	
  0-­‐50	
  GeV	
  

•  ~	
  1	
  rad/pulse	
  
– Rad	
  hard	
  materials	
  only	
  in	
  direct	
  muon	
  beam	
  

•  ~103-­‐104	
  stopped	
  muons/cm3	
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System	
  Overview	
  
•  Hadron	
  produc'on	
  (base	
  program)	
  

–  Evaluate	
  hadron	
  produc'on	
  measurements	
  relevant	
  for	
  LBNE	
  
–  Oversee	
  and	
  plan	
  for	
  any	
  measurements	
  deemed	
  needed	
  for	
  LBNE	
  

•  Michel	
  (stopped	
  muon)	
  counters:	
  
–  Determine	
  the	
  stopped	
  muon	
  rate	
  at	
  several	
  absorber	
  depths	
  (σ~4-­‐5%)	
  
–  	
  Separate	
  mu+	
  from	
  mu-­‐	
  decays	
  (σ~4-­‐5%)	
  

•  Ion	
  chamber	
  array:	
  
–  Measure	
  the	
  muon	
  profile	
  and	
  centroid	
  aler	
  the	
  absorber	
  on	
  a	
  pulse-­‐by-­‐pulse	
  

basis	
  (σ~10cm)	
  

•  Muon	
  cherenkov	
  counters:	
  
–  	
  Measure	
  muon	
  spectrum	
  as	
  a	
  func'on	
  of	
  posi'on	
  across	
  the	
  rear	
  of	
  the	
  

absorber	
  (σ~4-­‐5%)	
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NA61	
  Hadron	
  Produc'on	
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From	
  A.	
  Blondel	
  T2K	
  presenta'on)	
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Ion	
  Chamber	
  
Beam	
  Centroid	
  Simula/on	
  

•  In	
  this	
  toy*	
  simula'on	
  
beam	
  centroid	
  is	
  
measured	
  to	
  ~	
  1-­‐2	
  cm	
  
corresponding	
  to	
  a	
  
beam	
  angular	
  resolu'on	
  
of	
  <	
  0.1	
  mrad	
  

*	
  Early	
  absorber	
  design	
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Cherenkov	
  Counter	
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SS	
  can	
  able	
  to	
  withstand	
  20	
  atm	
  (~300	
  psi)	
  

PMT	
  

Muons	
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•  Pressure	
  varies	
  from	
  vacuum	
  to	
  ~20	
  atm	
  
•  Collect	
  forward	
  light	
  from	
  muons	
  near	
  Cherenkov	
  threshold	
  
•  Flat	
  mirror	
  op'cs	
  



Choice	
  of	
  Cherenkov	
  Radiator	
  Gas	
  

•  Radia'on	
  damage	
  to	
  materials	
  
– Noble	
  gas	
  (?)	
  

•  Light	
  yield	
  
–  Index	
  of	
  refrac'on	
  

•  Dispersion	
  
– Threshold	
  varia'on	
  versus	
  wavelength	
  

•  Scin'lla'on	
  light	
  
–  	
  can	
  be	
  minimized	
  with	
  small	
  impuri'es	
  of	
  O2	
  (?)	
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Cherenkov	
  Response	
  for	
  Several	
  
Indexes	
  of	
  Refrac'on	
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G4	
  simula'on	
  of	
  op'cs	
  with	
  an	
  assumed	
  distribu'on	
  of	
  input	
  muons	
  in	
  momentum	
  and	
  angle	
  



Stopped	
  Muon	
  Counter	
  

•  Measures	
  rates	
  of	
  stopped	
  muons	
  
– Sensi've	
  to	
  mu+	
  and	
  mu-­‐	
  separately	
  

•  Mu+	
  seen	
  through	
  usual	
  Michel	
  decay	
  
–  2.2	
  μs	
  life'me	
  with	
  a	
  52.8	
  MeV	
  endpoint	
  

•  Mu-­‐	
  seen	
  through	
  capture	
  reac'on:	
  
–  	
  12C(mu+,numu)12B(GS)	
  
–  12B(GS)	
  beta	
  decays	
  with	
  30ms	
  life'me	
  with	
  a	
  13	
  MeV	
  
endpoint	
  energy	
  

•  Sensi've	
  to	
  neutrino	
  and	
  an'neutrino	
  fluxes	
  
separately	
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Graphite	
  Block	
   PMT	
  

Cherenkov	
  
radiator	
  



NuMI	
  Near	
  Detector	
  Hall	
  

NuMI	
  Muon	
  Alcoves	
  

NuMI	
  Muon	
  Alcoves	
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NuMI	
  Muon	
  Chamber	
  

NuMI	
  Muon	
  Alcoves	
  

Current	
  idea	
  to	
  use	
  second	
  alcove	
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Proposed	
  arrangement	
  in	
  alcove	
  2	
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Side	
  view	
   Top	
  View	
  

Beam	
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Planning	
  

•  First	
  step	
  is	
  to	
  arrange	
  for	
  modifica'ons	
  to	
  the	
  
NuMI	
  underground	
  areas	
  for	
  services	
  
– Power,	
  racks,	
  gas	
  system,	
  water	
  system,	
  DAQ,	
  
electronics	
  

•  Goal	
  is	
  to	
  have	
  services	
  in	
  place	
  prior	
  to	
  May	
  
turn-­‐on	
  

12/8/12	
   Neutrino	
  Flux,	
  Pi<sburgH	
  -­‐	
  Geoffrey	
  Mills	
   26	
  



Summary	
  of	
  Costs	
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Item	
   M&S	
  Cost	
   Total	
  Cost	
  

NuMI	
  Services	
   30k	
   125k	
  

Electronics	
   25k	
  

Ion	
  chambers	
   11k	
   30k	
  

Cherenkov	
  counter	
   55k	
   92k	
  

Stopped	
  muon	
  counter	
   20k	
   62k	
  

Total	
   141k	
   310k	
  (+70k	
  project)	
  

•  M&S	
  split:	
  70k	
  FNAL,	
  70k	
  LANL/CU	
  
•  Priority	
  should	
  be	
  on	
  services	
  to	
  alcoves	
  



Current	
  Plan	
  

•  Develop	
  services	
  for	
  prototype	
  detectors	
  prior	
  
to	
  beam	
  start	
  up	
  in	
  March	
  
– Power,	
  signal/HV	
  cables,	
  stand,	
  gas	
  lines,	
  racks,	
  
ACNET(?),	
  etc.	
  

•  Will	
  work	
  to	
  produce	
  prototype	
  modules	
  for	
  
February	
  installa'on,	
  but…	
  
– Tight	
  schedule:	
  might	
  not	
  be	
  ready	
  for	
  installa'on	
  
un'l	
  summer	
  (2013)	
  

– Would	
  require	
  short	
  (1	
  day?)	
  shutdown	
  for	
  alcove	
  
access	
  if	
  alcoves	
  are	
  prepped	
  properly	
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Possible	
  Improvements	
  

•  Magne'c	
  spectrometer	
  concept:	
  
– Use	
  dipole	
  magnets	
  to	
  bend	
  muons	
  out	
  of	
  high	
  
radia'on	
  field	
  

– Momentum	
  and	
  charge	
  selec'on	
  
–  Compe''ve	
  in	
  terms	
  of	
  cost	
  

•  Inves'gate	
  installing	
  stopped	
  muon	
  counters	
  
inside	
  the	
  absorber	
  
–  Lower	
  muon	
  energy	
  threshold	
  (less	
  absorber	
  for	
  
muons	
  to	
  penetrate	
  

– Difficul'es:	
  higher	
  radia'on	
  field	
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Beam	
  C/L	
  

2m	
  offsets	
  to	
  beam	
  C/L	
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FNAL	
  SDWF004-­‐1	
  Dipole	
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FNAL	
  SDWF004-­‐1	
  Dipole	
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Magnet	
  Concept	
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Magnet	
  Concept	
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SDWF004-­‐1	
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Summary	
  

•  Opportunity	
  to	
  op'mize	
  muon	
  systems	
  
•  Poten'al	
  cost	
  savings	
  
•  Needs	
  to	
  be	
  addressed	
  prior	
  to	
  CD-­‐2	
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