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Two	
  Far	
  Detector	
  OpEons	
  
200	
  kT	
  water	
  Cherenkov	
  

34	
  kT	
  liquid	
  argon	
  

Two	
  17	
  kT	
  fiducial	
  LAr	
  detectors	
  
Located	
  at	
  800	
  or	
  4850	
  
foot	
  level.	
  (one	
  detector	
  shown	
  here)	
  

One	
  200	
  kT	
  fiducial	
  WC	
  detector	
  
Located	
  at	
  the	
  4850	
  foot	
  level.	
  	
  

(See	
  B.Fleming	
  talk,	
  this	
  session)	
  





On-­‐Axis	
  means	
  200	
  kT	
  sufficient	
  for	
  CPV	
  

•  Adding	
  mass	
  an	
  effecEve	
  way	
  to	
  improve	
  sensiEvity	
  –	
  but	
  diminishing	
  
returns	
  at	
  large	
  sin22θ13	
  

•  More	
  mass	
  helps	
  all	
  physics	
  

Normal	
  Hierarchy	
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Series1	
  

200	
  ktons	
  background	
  free	
  

p	
  -­‐>	
  e+	
  π0	
  

Can	
  make	
  progress	
  with	
  
200	
  KT,	
  but	
  much	
  beOer	
  
If	
  backgrounds	
  can	
  be	
  
reduced	
  (see	
  talk	
  in	
  
PDK	
  session)	
  



200	
  kT	
  is	
  sufficient	
  to	
  have	
  
huge	
  staEsEcs	
  for	
  a	
  galacEc	
  
SN:	
  Eme	
  resolved	
  spectroscopy	
  	
  	
  

It	
  is	
  also	
  enough	
  to	
  see	
  a	
  supernova	
  in	
  the	
  
Andromeda	
  Galaxy	
  –	
  ten	
  Emes	
  farther	
  
away	
  than	
  the	
  1987A	
  SN.	
  

Time	
  evoluEon	
  depends	
  on	
  
neutron	
  state	
  E.O.S.,	
  flavor	
  
mixing,	
  and	
  ν-ν	
  interac-ons.	
  
What	
  will	
  we	
  see?	
  



Constant	
  SN	
  rate	
  (Totani	
  et	
  al.,	
  1996)	
  
Totani	
  et	
  al.,	
  1997	
  
Hartmann,	
  Woosley,	
  1997	
  
Malaney,	
  1997	
  
Kaplinghat	
  et	
  al.,	
  2000	
  	
  
Ando	
  et	
  al.,	
  2005	
  
Lunardini,	
  2006	
  
Fukugita,	
  Kawasaki,	
  2003(dashed)	
  

Solar	
  8B	
  
(νe)	



Solar	
  hep	
  (νe)	



 SRN	
  predic-ons	
  
(νe	
  fluxes)	
  

Reactor	
  ν 
(νe)	



Atmospheric 
νe	
  

200	
  kT	
  is	
  large	
  enough	
  to	
  
detect	
  the	
  background	
  flux	
  
of	
  neutrinos	
  from	
  SN	
  at	
  
cosmological	
  distances.	
  

This	
  is	
  also	
  due	
  to	
  DEEP	
  DEPTH,	
  
which	
  significantly	
  reduces	
  
backgrounds	
  from	
  spallaEon	
  
(CR	
  flux	
  through	
  200	
  KT	
  at	
  
4850	
  is	
  x10	
  lower	
  of	
  that	
  
through	
  SK)	
  	
  



200	
  ktons	
  

	
  	
  	
  Super-­‐	
  
Kamiokande	
   LBNE	
  

IMB	
  

3	
  
kton
s	
  

22	
  ktons	
  

440-­‐540	
  ktons	
  

Hyper-­‐K,	
  MEMPHYS	
  



Why	
  Take	
  This	
  Approach?	
  
•  	
  Large	
  Size:	
  due	
  to	
  low	
  cost/kT.	
  

Rare	
  events,	
  high	
  staEsEcs.	
  

•  	
  Low	
  Threshold:	
  5-­‐7	
  MeV	
  with	
  
high	
  efficiency.	
  Light	
  nuclei	
  for	
  
spallaEon	
  backgrounds.	
  

•  	
  Excellent	
  e/µ	
  	
  >99%	
  νµ	
  rejecEon	
  
in	
  T2K	
  νe	
  data	
  

•  	
  Free	
  protons:	
  proton	
  decay,	
  
inverse	
  beta	
  decay,	
  no	
  hep	
  "wall"	
  

•  	
  Excellent	
  -ming:	
  1	
  ns	
  or	
  beUer	
  

•  	
  Upgradability:	
  100	
  ps	
  light	
  
collectors,	
  gadolinium	
  loading,	
  
WLS	
  addiEon,	
  water-­‐soluble	
  
scinEllator,…	
  

LBNE	
  

MEMPHYS	
  

HYPER-­‐K	
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Detector	
  Site	
  



Can such a big hole be 
constructed? 





Deck Design  

10 m  
Wide work 
deck 

Trusses 
supported 
from dome   

Investigating low mass tensile architecture design 



PMT	
  Deployment	
  
  Wall	
  PMTs	
  deployed	
  from	
  deck	
  and	
  

supported	
  on	
  steel	
  cables	
  

  No	
  aUachment	
  to	
  wall	
  

  Buoyant	
  force	
  resisted	
  by	
  ring	
  truss	
  on	
  floor	
  

  Signal	
  cables	
  supported	
  by	
  steel	
  cables	
  and	
  
routed	
  to	
  balcony	
  

•  Floor	
  PMTs	
  supported	
  on	
  frames	
  on	
  floor	
  
•  Access	
  isles	
  between	
  Eght	
  but	
  possible	
  

•  Cables	
  routed	
  to	
  perimeter	
  and	
  up	
  to	
  
balcony	
  

•  Deck	
  PMTs	
  supported	
  similarly	
  but	
  
inverted	
  Colorado State and PSL 
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Photodetectors	
  



•  The	
  200kt	
  detector	
  was	
  modeled	
  in	
  MC	
  
–  The	
  PMT	
  and	
  water	
  characterisEcs	
  included	
  
–  Model	
  was	
  verified	
  with	
  cross	
  check	
  to	
  Super-­‐K	
  

•  	
  38k	
  tubes	
  had	
  equal	
  light	
  yield	
  to	
  Super-­‐K	
  II	
  
•  Assume	
  a	
  40%	
  increase	
  in	
  light	
  yield	
  is	
  

possible	
  with	
  use	
  of	
  Winston	
  cones	
  or	
  
scinEllator	
  plates.	
  

•  Present	
  design	
  is	
  based	
  on	
  	
  29,000	
  12”	
  PMTs	
  
with	
  light	
  collectors.	
  

•  Used	
  the	
  R11781	
  12”	
  Hamamatsu	
  PMT	
  for	
  
present	
  design	
  

–  Final	
  PMT	
  decision	
  will	
  be	
  result	
  of	
  a	
  detailed	
  
procurement	
  process.	
  

•  If	
  selected	
  the	
  HQE	
  version	
  would	
  be	
  used.	
  	
  
•  Peak	
  QE	
  for	
  10”	
  tubes	
  is	
  35%	
  higher	
  then	
  

NQE	
  tubes.	
  
•  Assumed	
  a	
  30%	
  increase	
  in	
  peak	
  QE	
  for	
  the	
  

12”	
  to	
  be	
  conservaEve.	
  
•  HQE	
  tubes	
  are	
  blue	
  enhanced	
  so	
  this	
  

corresponds	
  to	
  about	
  a	
  60%	
  increase	
  in	
  light	
  
yield	
  in	
  air.	
  	
  Verified	
  by	
  lab	
  tests.	
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•  Projected	
  physics	
  sensiEviEes	
  based	
  on	
  measured	
  Super-­‐K	
  II	
  performance	
  

•  	
  Super-­‐K	
  performance	
  was	
  fairly	
  constant	
  when	
  coverage	
  changed	
  from	
  
11,146	
  20”	
  PMTs	
  to	
  5,182	
  PMTs	
  	
  

•  MC	
  studies	
  are	
  underway	
  and	
  iniEal	
  results	
  are	
  as	
  expected	
  

•  WCD	
  coverage	
  adjusted	
  to	
  give	
  same	
  light	
  yield	
  as	
  Super-­‐K	
  II	
  
•  Note:	
  pixelizaEon	
  is	
  beUer	
  than	
  SK-­‐II	
  (1.3	
  pixel/m2	
  for	
  LBNE	
  versus	
  1.0	
  for	
  

SK-­‐II).	
  LBNE-­‐specific	
  so|ware	
  sEll	
  being	
  developed.	
  

Electron	
  vertex	
  resoluEon	
   Muon	
  	
  vertex	
  resoluEon	
  

Electron	
  energy	
  resoluEon	
  
Muon	
  energy	
  resoluEon	
  

Electrons	
  mis-­‐idenEfied	
  as	
  muons	
   Muons	
  mis-­‐idenEfied	
  as	
  electrons	
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 A	
  request	
  for	
  informaEon	
  was	
  sent	
  to	
  PMT	
  
vendors	
  with	
  the	
  LBNE	
  specificaEons.	
  
  Hamamatsu	
  and	
  ADIT/ETL	
  expressed	
  interest	
  and	
  are	
  developing	
  PMTs	
  

 Candidate	
  PMTs	
  are:	
  
 10”	
  Hamamatsu	
  	
  HQE	
  	
  
 12”	
  Hamamatsu	
  HQE	
  PMT	
  (First	
  tubes	
  delivered)	
  
 11”	
  ADIT/ETL	
  PMT	
  (Under	
  Development	
  delivery	
  in	
  
Spring)	
  

  First	
  12”	
  Hamamatsu	
  High	
  QE	
  PMTs	
  under	
  test	
  
  First	
  11”	
  ADIT/ETL	
  mechanical	
  samples	
  
available	
  
 Working	
  in	
  conjuncEon	
  with	
  SchoU	
  Glass	
  

Process	
  of	
  working	
  with	
  vendors	
  toward	
  the	
  final	
  selecEon	
  is	
  underway	
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Static Pressure Testing  

First Hamamatsu 12” PMT tested at 300 PSI without implosion! 
 Three times the maximum pressure in the WCD 



NUWC Testing 

Test Facility	



•  Propulsion Noise Test facility	


•  50 ft diameter	


•  Rated for 100 psig at centerline	


•  ½ million gallons water	


•  ~10ms data without reflections	







Upgrades	
  



AddiEon	
  of	
  Gadolinium	
  

24	
  

Tests	
  with	
  Super-­‐Kamiokande	
  have	
  shown	
  that	
  neutron	
  tagging	
  via	
  gadolinium	
  
in	
  the	
  water	
  is	
  feasible.	
  LBNE	
  Case	
  Study	
  document	
  details	
  the	
  increased	
  light	
  collecEon	
  
needed	
  for	
  LBNE.	
  Roughly	
  a	
  factor	
  of	
  two	
  is	
  desirable	
  to	
  achieve	
  good	
  efficiency.	
  	
  

Cosmological	
  and	
  galacEc	
  SN,	
  DAEDALUS,	
  proton	
  decay,	
  
solar	
  neutrinos,	
  possible	
  beam	
  event	
  tagging?	
  



Expected	
  Backgrounds	
  for	
  p	
  	
  e+π0	
  

*PRL	
  102:141801	
  (2009)	
  

Calculated:	
  	
  	
  2.1	
  +/-­‐	
  0.9	
  ev/Mton/yr	
  

Measured*	
  
in	
  LE	
  beam:	
  	
  1.63	
  (+0.42/-­‐0.33	
  stat)	
  (+0.45/-­‐0.51	
  syst.)	
  ev/Mton/yr	
  	
  	
  

Efficiency	
  dominated	
  by	
  nuclear	
  
effects.	
  Background	
  dominated	
  
by	
  resolu-on.	
  



•  	
  background	
  is	
  from	
  
atmospheric	
  neutrino	
  
interacEons	
  

•  	
  EsEmate	
  that	
  this	
  is	
  
dominated	
  by	
  CC	
  (81%),	
  
with	
  51%	
  of	
  these	
  1+	
  pion	
  
producEon	
  (PRL	
  102,	
  2009)	
  

•  	
  How	
  many	
  background	
  
events	
  will	
  have	
  one	
  or	
  
more	
  neutrons,	
  either	
  from	
  
iniEal	
  interacEon,	
  FSI	
  in	
  
nucleus,	
  or	
  nuclear	
  de-­‐
excitaEon?	
  

•  	
  Discussions	
  ongoing	
  about	
  
a	
  low-­‐energy	
  neutrino	
  
beam	
  experiment.	
  	
  



Will	
  Proton	
  Decay	
  Result	
  in	
  Neutrons?	
  



Neutrons	
  from	
  Proton	
  Decay	
  in	
  Water	
  
•  	
  2/10	
  of	
  protons	
  are	
  free	
  protons.	
  No	
  neutrons.	
  
•  	
  2/10	
  of	
  protons	
  are	
  in	
  P1/2	
  shell.	
  If	
  they	
  decay	
  nucleus	
  is	
  
already	
  in	
  the	
  ground	
  state.	
  No	
  neutrons	
  	
  

•  	
  4/10	
  of	
  protons	
  are	
  in	
  P3/2	
  shell.	
  If	
  they	
  decay	
  then	
  a	
  
P1/2	
  proton	
  will	
  drop	
  down,	
  giving	
  a	
  6	
  MeV	
  gamma.	
  No	
  
neutrons.	
  (Ejiri	
  gives	
  94%	
  B.R.	
  for	
  this)	
  

•  	
  ~80%	
  of	
  proton	
  decays	
  should	
  give	
  neutrons	
  only	
  
indirectly	
  from	
  FSI.	
  (such	
  FSI	
  usually	
  makes	
  them	
  
undetectable	
  anyway)	
  This	
  is	
  fairly	
  model	
  independent.	
  
Ejiri's	
  more	
  detailed	
  esEmate	
  gives	
  81%	
  

•  	
  Similar	
  numbers	
  for	
  neutron	
  decay.	
  



…But	
  Do	
  Atmospheric	
  Neutrino	
  
InteracEons	
  Have	
  Neutrons?	
  

•  	
  Direct	
  neutron	
  producEon	
  via	
  CC-­‐QE	
  
•  	
  FSI	
  scaUering	
  in	
  nucleus	
  (p,n),	
  (π,n)	
  
•  	
  Nuclear	
  de-­‐excitaEon	
  with	
  neutron	
  emission	
  

•  	
  Secondary	
  producEon	
  in	
  water.	
  E.g.	
  π-­‐	
  capture	
  
and	
  (p,n)	
  interacEons	
  

•  	
  Difficult	
  calculaEon,	
  but	
  esEmates	
  are	
  that	
  
there	
  should	
  be	
  1-­‐3	
  neutrons	
  on	
  average	
  per	
  
event.	
  What	
  is	
  the	
  actual	
  number?	
  Can	
  we	
  
measure	
  it	
  for	
  relevant	
  neutrino	
  energies?	
  







Water	
  Tank	
  
~	
  5	
  tons	
  

Discussions	
  between	
  WCD	
  
groups	
  have	
  started	
  

H2O	
  







Conclusions	
  
•  	
  possible	
  large	
  θ13	
  has	
  added	
  	
  
momentum	
  to	
  LBNE	
  

•  	
  ambiEous	
  program	
  to	
  be	
  
ready	
  for	
  CD-­‐1	
  next	
  year	
  

•  	
  water	
  Cherenkov	
  is	
  a	
  viable	
  
far	
  detector	
  opEon	
  	
  

•  	
  interest	
  in	
  broadening	
  the	
  
science	
  program	
  through	
  NSF	
  
proposals.	
  This	
  is	
  sEll	
  being	
  
worked	
  out	
  but	
  one	
  or	
  more	
  
Fall	
  2012	
  proposals	
  are	
  likely.	
  



Backup	
  Slides	
  



When	
  loaded	
  with	
  Gd	
  plus	
  commercial	
  WLS	
  or	
  
water-­‐soluble	
  scinEllator,	
  200	
  kT	
  detector	
  is	
  large	
  
enough	
  to	
  allow	
  remote	
  detecEon	
  of	
  nuclear	
  reactors.	
  
An	
  AIEA-­‐sponsored	
  study	
  	
  has	
  recommended	
  this	
  capability	
  
be	
  developed	
  by	
  member	
  states.	
  

Remote	
  monitoring	
  
also	
  part	
  of	
  DOE	
  
Strategic	
  Plan.	
  



New	
  Hamamatsu	
  30	
  cm	
  	
  

Hamamatsu	
  HQE	
  25	
  cm	
  

ETL	
  20	
  cm	
  

New	
  HQE!	
  

The	
  development	
  of	
  new	
  HQE	
  
PMT	
  has	
  impacted	
  the	
  number	
  of	
  
needed	
  for	
  a	
  given	
  coverage	
  

Predicted	
  from	
  	
  Hamamatsu	
  
curves:	
  factor	
  of	
  1.6	
  !	
  This	
  has	
  
Been	
  confirmed	
  in	
  head-­‐to-­‐
head	
  tests.	
  





Alternate Cavern Shape Study Conclusions  

  150 kt cavern is economically constructible. 

  Diameters larger than around 216ft are discouraged. 

  A 300kt 216ft diameter excavation is not recommended. 

  200kt may be the optimal size. 

100kt Design 

Increase Ø for 150kt  

Large diameter  

150kt diameter+deep  

Mailbox (discouraged)  



Thermal modeling at RPI 
  Heat load on 

the detector 
has been 
modeled for 
the new 200kt 
detector 



Requirements for operation 
with Gd 

  Physics requirements 
  High efficiency for neutron capture 

  Light attenuation mean free path 80-100m 

  Implementation 
  Use Gd in a compound that won’t degrade detector 

materials, so far: Gd2(SO4)3 
  Gd clean and injection system on the surface 

  Gd recovery system at L4850/part of  recirculation system 

  Gd removal from leakwater system at L4850 

  Gd detector volume return to surface for drain 

  Gd removal from detector volume on the surface 



Ongoing experiments 
 UC Irvine- 

  Design and small scale testing of  techniques for: 
  Gd cleaning 
  Selective filtration 
  Gd removal 
  Materials testing 
  High precision light attenuation measurement 

  EGADS 
  Large scale testing of  all techniques in Japan 
  Temperature rise test 





Gd Test Set-up in 
Japan 

Gd Pre-treatment 
system 

Gd Recirculation 
system 

200 ton tank 
UDEAL - Light 
transmission 
measurement device 



Cascade	
  Implosion	
  Test	
  at	
  NUWC	
  
●  Goals: 

●  Assess overall likelihood of cascade 
implosion 

●  Validate the simulation for multi-
PMTs implosion test 

●  Check the current PA design 

●  Test Plan: 
●  2-3 cascade PMT implosion tests 
●  5 PMTs per test (Hamamatsu 

R7081) 
●  PA cable mounting scheme 
●  ~11 PCB ICP blast sensors 
●  ~4 Accelerometers 
●  Distance between PMTs ~50cm Turnbuckle design 

Image from R. Sharma and J. Ling 
@BNL 



1.4.6.2 Fill System 

1.4.6.4 
Shaft Systems 

1.4.6.3 
Recirculation 

System 

1.4.6.5 
Sump 

1.4.6.6 To Mine 
Waste Water 

Dump 

1.4.6.3 
Recirculation 

System 

1.4.6.5 
Sump 

District Water 

Value Engineering cost exercises will effect the Gd Option 

Gd 
Insertion 
System 

Raw Gd 
Pre-Treatment 
Plant 

Surface Waste 
Treatment Plant 

Gd 
band 
pass 

Underground Gd 
Removal 

Gd 
band 
pass 

Underground Gd removal and 
Gd bandpass designs will also 
change 



PMT	
  Stress	
  Analysis	
  
Stress analysis of candidate PMTs + potted base assemblies is underway. 

Conclusions so far: 
•  R7081 has weak region above the equator due to an inflection. 
•  12” PMTs from Hamamatsu and 11” ADIT/ETL have significantly reduced 

stresses due to their more spherical shape. 
•  Should lead to a higher pressure rating. 



SelecEon	
  of	
  the	
  Far	
  Detector	
  ConfiguraEon	
  

•  August	
  2010	
  report	
  from	
  the	
  Physics	
  Working	
  Group	
  evaluated	
  SIXTEEN	
  
detector	
  combinaEons	
  (300	
  WC	
  equivalent).	
  Discussed	
  in	
  week-­‐long	
  
workshop	
  at	
  the	
  INT	
  with	
  theory	
  community	
  for	
  scienEfic	
  impact	
  across	
  
many	
  fields.	
  Available	
  on	
  INT	
  web	
  site	
  

•  	
  LBNE	
  ExecuEve	
  CommiUee	
  Retreat	
  in	
  September	
  decided	
  to	
  consider	
  only	
  
200	
  WCE	
  opEons	
  due	
  to	
  cost,	
  and	
  to	
  look	
  at	
  LAr	
  only	
  at	
  800	
  foot	
  opEon	
  and	
  
WC	
  only	
  for	
  4850	
  opEon.	
  It	
  was	
  decided	
  that	
  a	
  final	
  decision	
  should	
  be	
  
made	
  "on	
  the	
  Emescale	
  of	
  CD-­‐1"	
  



Other	
  Possible	
  Future	
  Upgrades	
  
Wavelength	
  ShiRer	
  

•  Factor	
  of	
  two	
  enhancement	
  
in	
  light	
  collecEon	
  by	
  shi|ing	
  
UV	
  to	
  PMT	
  region	
  

•  	
  SNO	
  iniEated	
  
•  	
  LLNL	
  now	
  working	
  on	
  this	
  

Water	
  Soluble	
  Scin-llator	
  

•  BNL	
  project	
  to	
  develop	
  
actual	
  scinEllator	
  that	
  
dissolves	
  in	
  water	
  

WLS-1 WLS-2 LS 

UV lamp 
irradiation 



ConfiguraEons	
  
evaluated	
  in	
  the	
  
2010	
  PWG	
  
report.	
  The	
  full	
  
document	
  is	
  
available	
  on	
  the	
  
INT	
  web	
  site.	
  

• 	
  	
  At	
  the	
  December	
  2010	
  ExecuEve	
  CommiUee	
  retreat,	
  it	
  was	
  decided	
  that	
  a	
  
	
  	
  	
  "mixed"	
  technology	
  soluEon	
  was	
  preferred	
  "assuming	
  that	
  a	
  funding	
  cap	
  
	
  	
  	
  	
  	
  is	
  not	
  considered."	
  	
  
• 	
  	
  At	
  the	
  January	
  full	
  LBNE	
  meeEng	
  it	
  was	
  decided	
  to	
  prepare	
  three	
  "Case	
  Studies"	
  
• 	
  	
  200	
  ktons	
  of	
  WC	
  at	
  4850,	
  34	
  ktons	
  of	
  LAr	
  at	
  800,	
  and	
  "mixed"	
  150+17/200+34.	
  	
  
• 	
  	
  Completed	
  in	
  April,	
  these	
  studies	
  showed	
  that	
  the	
  "mixed"	
  opEon	
  has	
  the	
  best	
  
	
  	
  	
  science	
  potenEal,	
  but	
  is	
  far	
  more	
  expensive	
  than	
  a	
  single	
  technology	
  opEon.	
  



•  	
  In	
  it's	
  July	
  2011	
  meeEng	
  the	
  ExecuEve	
  CommiUee	
  decided	
  to	
  pursue	
  the	
  "single	
  
technology"	
  opEons,	
  but	
  le|	
  open	
  the	
  door	
  for	
  a	
  "mixed"	
  opEon	
  if	
  there	
  was	
  
sEll	
  sufficient	
  interest	
  in	
  the	
  collaboraEon.	
  This	
  has	
  not	
  materialized.	
  Thus	
  TWO	
  
opEons	
  survive.	
  

•  	
  The	
  EC	
  also	
  gave	
  final	
  approval	
  to	
  the	
  "Principles"	
  and	
  "Procedures"	
  for	
  making	
  
the	
  final	
  technology	
  choice	
  by	
  developing	
  the	
  scienEfic	
  Case	
  Studies,	
  costs,	
  and	
  
schedules	
  into	
  a	
  package	
  that	
  could	
  be	
  reviewed	
  internally	
  and	
  externally	
  for	
  
validity	
  and	
  completeness.	
  These	
  are	
  public	
  documents	
  that	
  were	
  developed	
  
with	
  the	
  concurrence	
  of	
  the	
  CollaboraEon,	
  DOE	
  OHEP,	
  and	
  FNAL	
  Director.	
  

•  	
  It	
  was	
  decided	
  that	
  LAr	
  would	
  also	
  be	
  reconsidered	
  at	
  4850	
  due	
  to	
  concerns	
  
with	
  the	
  rising	
  costs	
  for	
  the	
  800	
  level	
  and	
  the	
  disconnect	
  with	
  the	
  potenEal	
  
broad	
  program	
  at	
  4850.	
  It	
  was	
  not	
  thought	
  that	
  this	
  would	
  delay	
  the	
  scienEfic	
  
evaluaEon	
  of	
  the	
  Case	
  Studies,	
  but	
  might	
  delay	
  the	
  final	
  costs	
  unEl	
  late	
  October.	
  	
  

•  	
  The	
  ExecuEve	
  CommiUee	
  is	
  on	
  track	
  to	
  make	
  a	
  final	
  recommendaEon	
  by	
  the	
  
end	
  of	
  2011.	
  

•  	
  While	
  we	
  will	
  move	
  expediently,	
  we	
  will	
  not	
  be	
  rushed	
  –	
  but	
  will	
  do	
  what	
  is	
  
necessary	
  to	
  ensure	
  a	
  complete,	
  thoughnul,	
  and	
  final	
  recommenda-on.	
  Risks	
  
recognized	
  and	
  evaluated,	
  costs	
  understood,	
  schedules	
  not	
  allowed	
  to	
  lapse	
  
unnecessarily	
  or	
  be	
  unrealis-cally	
  op-mis-c.	
  	
  





δCP	
  resoluEon	
  not	
  strongly	
  dependent	
  on	
  θ13	
  	



While	
  resoluEon	
  of	
  	
  
mass	
  hierarchy	
  
improves,	
  CP	
  violaEon	
  
search	
  only	
  requires	
  
sin22θ13	
  >	
  0.01	
  

One	
  needs	
  large	
  
detectors	
  for	
  CP	
  
violaEon	
  searches	
  



Beam	
  Reference	
  Design	
  





Event	
  rates	
  for	
  numu	
  and	
  
numubar	
  events	
  in	
  LAr	
  
(boUom)	
  and	
  WC	
  (top).	
  

These	
  tables	
  indicate	
  why	
  
sensiEviEes	
  are	
  similar	
  in	
  
this	
  mode.	
  The	
  wrong-­‐sign	
  
background	
  in	
  LAr	
  is	
  
compensated	
  by	
  the	
  
reduced	
  background	
  from	
  
non-­‐QE/NC	
  



Event	
  rates	
  for	
  nue	
  and	
  nuebar	
  
events	
  in	
  LAr	
  (boUom)	
  and	
  WC	
  
(top).	
  

Note	
  the	
  difference	
  in	
  the	
  
background	
  components	
  for	
  
the	
  two	
  detector	
  types.	
  

A	
  measurement	
  with	
  two	
  
different	
  detector	
  types	
  would	
  
be	
  complimentary	
  –	
  the	
  
systemaEc	
  uncertainEes	
  in	
  the	
  
background	
  are	
  quite	
  different.	
  



HQE	
  gain	
  verified	
  
by	
  lab	
  tests	
  

J.Felde,	
  UC	
  Davis	
  




