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Snowmass on the Mississippi (July 29 - August 6, 2013)

Archive of video streaming during
the snowmass

Charge: The American Physical Society's Division of Particles and Fields

is initiating a long-term planning exercise for the high-energy physics

community. Its goal is to develop the community's long-term physics

aspirations. Its narrative will communicate the opportunities for discovery

in high-energy physics to the broader scientific community and to the

government.

Physics Slam on Ice! YouTube video link

A science competition so hot, they had to put it on ice! Watch six physicists battle for the audience's applause,

hoping to emerge the champion of science entertainment. Contestants will have 10 minutes to explain their research

to the audience; the winner will be determined by an applause meter. 

Physics Slam webpage

Snowmass Public Lecture by Prof. Saul Perlmutter

8 pm on Monday, July 29 Supernovae, Dark Energy, and Our Accelerating Universe

For Conveners

Conveners, to request room for parallel session use this link Request rooms !!! 

Schedule is now available at Schedule .

A document with a step by step instruction how to upload a presentation to the indico service: Instructions

for Indico uploading. If your upload fails, please visit the help desk for assistance.

Useful Links

Home

Registration

Registrant List

DPF Wiki (Details about the

Snowmass Process)

Events

Snowmass for Families (NEW!)

Directions & Parking

Accommodations

Local Attractions

Contact Us

APS Physics | DPF | Executive

Committee

Local Organizing Committee

Snowmass	
  on	
  the	
  
Mississippi	
  

Summer	
  2013	
  

Building	
  for	
  Discovery:	
  Strategic	
  Plan	
  for	
  U.S.	
  
ParHcle	
  Physics	
  in	
  the	
  Global	
  Context	
  

	
  
Report	
  of	
  the	
  ParHcle	
  Physics	
  Project	
  PrioriHzaHon	
  Panel	
  (P5)	
  	
  

•  The	
  Science	
  Drivers:	
  
•  Use	
  the	
  Higgs	
  boson	
  as	
  a	
  new	
  tool	
  for	
  discovery	
  
•  Pursue	
  the	
  physics	
  associated	
  with	
  neutrino	
  mass	
  
•  Iden;fy	
  the	
  new	
  physics	
  of	
  dark	
  ma=er	
  
•  Understand	
  cosmic	
  accelera;on:	
  dark	
  energy	
  and	
  infla;on	
  
•  Explore	
  the	
  unknown:	
  new	
  par;cles,	
  interac;ons,	
  and	
  physical	
  

principles	
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  2013	
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  for	
  Discovery:	
  Strategic	
  Plan	
  for	
  U.S.	
  
ParHcle	
  Physics	
  in	
  the	
  Global	
  Context	
  

	
  
Report	
  of	
  the	
  ParHcle	
  Physics	
  Project	
  PrioriHzaHon	
  Panel	
  (P5)	
  	
  

Par;cle	
  Physics	
  is	
  Global	
  

The	
  United	
  States	
  and	
  major	
  players	
  in	
  other	
  regions	
  can	
  together	
  address	
  the	
  full	
  
breadth	
  of	
  the	
  field's	
  most	
  urgent	
  scienHfic	
  quesHons	
  if	
  each	
  hosts	
  a	
  unique	
  world-­‐
class	
  facility	
  at	
  home	
  and	
  partners	
  in	
  high-­‐priority	
  faciliHes	
  hosted	
  elsewhere.	
  	
  

•  HosHng	
  world-­‐class	
  faciliHes	
  and	
  joining	
  partnerships	
  in	
  faciliHes	
  hosted	
  
elsewhere	
  are	
  both	
  essenHal	
  components	
  of	
  a	
  global	
  vision.	
  	
  

5	
  science	
  drivers	
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Many Neutrinos over many different energies! 
Tell us about neutrinos and about the universe… 

Oscillations over broad range of distances and energies.. 
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Measured mass splittings 
and mixing angles 

The three neutrino paradigm 



  

 - what is the neutrino mass ordering? 



(do neutrinos oscillate at the same rate as anti-neutrinos?) 

       - is CP violated in the neutrino sector? 

       

 - to what extent does the 3ν paradigm describe nature? 



•  Propelled	
  by	
  surprising	
  discoveries	
  from	
  a	
  series	
  of	
  pioneering	
  experiments,	
  neutrino	
  
physics	
  has	
  progressed	
  dramaHcally	
  over	
  the	
  past	
  two	
  decades,	
  with	
  a	
  promising	
  
future	
  of	
  conHnued	
  discovery.	
  

•  Many	
  aspects	
  of	
  neutrino	
  physics	
  are	
  puzzling.	
  Powerful	
  new	
  faciliHes	
  are	
  needed	
  to	
  
move	
  forward,	
  addressing:	
  	
  

•  What	
  is	
  the	
  origin	
  of	
  neutrino	
  mass?	
  How	
  are	
  the	
  masses	
  ordered	
  (referred	
  to	
  as	
  
mass	
  hierarchy)?	
  What	
  are	
  the	
  masses?	
  Do	
  neutrinos	
  and	
  an9-­‐neutrinos	
  oscillate	
  
differently?	
  Are	
  there	
  addi9onal	
  neutrino	
  types	
  or	
  interac9ons?	
  Are	
  neutrinos	
  
their	
  own	
  an9par9cles?	
  

	
  
•  The	
  U.S.	
  is	
  well	
  posi;oned	
  to	
  host	
  a	
  world-­‐leading	
  neutrino	
  physics	
  program,	
  which	
  

includes	
  an	
  op;mized	
  set	
  of	
  short-­‐	
  and	
  long-­‐baseline	
  neutrino	
  oscilla;on	
  
experiments	
  

•  The	
  long-­‐term	
  focus	
  is	
  a	
  reformulated	
  venture	
  referred	
  to	
  here	
  as	
  the	
  Long	
  
Baseline	
  Neutrino	
  Facility	
  (LBNF),	
  an	
  interna;onally	
  designed,	
  coordinated,	
  and	
  
funded	
  program	
  with	
  Fermilab	
  as	
  host.	
  	
  

•  LBNF	
  would	
  combine	
  a	
  high-­‐intensity	
  neutrino	
  beam	
  and	
  a	
  large-­‐volume	
  
precision	
  detector	
  sited	
  underground	
  a	
  long	
  distance	
  away	
  to	
  make	
  accurate	
  
measurements	
  of	
  the	
  oscillated	
  neutrino	
  properHes.	
  This	
  large	
  detector	
  would	
  
also	
  search	
  for	
  proton	
  decay	
  and	
  neutrinos	
  from	
  supernova	
  bursts.	
  	
  

Pursue	
  the	
  physics	
  associated	
  with	
  neutrino	
  mass	
  	
  	
  



Long Baseline Neutrino Experiment (LBNE) 

•  Wide band beam – 0.5-10 GeV new neutrino beam at Fermilab 
•  Observe oscillation spectrum 0.5-10 GeV 
•  Baseline of 1300km from Fermilab to Homestake – lots of matter 

to observe mass hierarchy effects 
•  34kton LArTPC far detector 
•  Determine mass hierarchy, Meausre CP Violation at the same time 





νe appearance for neutrinos and 
anti-neutrinos 

νµ	
  dis-­‐appearance	
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Long Baseline Neutrino Experiment (LBNE) 

•  Wide band beam – 0.5-10 GeV new neutrino beam at Fermilab 
•  Observe oscillation spectrum 0.5-10 GeV 
•  Baseline of 1300km from Fermilab to Homestake – lots of matter 

to observe mass hierarchy effects 
•  34kton LArTPC far detector  
•  Determine mass hierarchy, Meausre CP Violation at the same time 



	
  LArTPCs	
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q  Passing	
  charged	
  parHcles	
  ionize	
  Argon	
  
q  Electric	
  fields	
  dri`	
  electrons	
  meters	
  to	
  wire	
  chamber	
  planes	
  
q  InducHon/CollecHon	
  planes	
  image	
  charge,	
  record	
  dE/dx	
  



E	
  

Beautiful images of events to use 
topology to differentiate event classes 

 
Take advantage of calorimetry to tag 

electrons vs gammas using dE/dx 
before electromagnetic shower evolves 

ArgoNeuT	
  data	
   ArgoNeuT	
  data	
  

Electron	
  

Converted γ:	
  e+e-­‐	
  



Detectors have spatial resolution on 
the order of the wire spacing 

(several mm) -> topology to identify 
interactions 

 
Charge collected measures dE/dx 



Liquid	
  Argon	
  TPC	
  development:	
  very	
  briefly….	
  
	
  

•  Early	
  R&D	
  in	
  the	
  US	
  in	
  the	
  1970s	
  
•  Willis	
  and	
  Radeka:	
  electrodes	
  in	
  LAr	
  
•  Chen:	
  first	
  prototypes	
  of	
  small	
  detectors	
  

•  Pioneered	
  by	
  European	
  neutrino	
  physics	
  Community	
  
•  ICARUS	
  prototypes	
  
•  Surface	
  run	
  of	
  the	
  T300	
  ICARUS	
  detector	
  in	
  2001	
  
•  Successful	
  running	
  of	
  ICARUS	
  underground	
  2010-­‐2013	
  



Liquid	
  Argon	
  TPC	
  development,	
  cont.	
  
	
  

•  Extensive	
  conHnued	
  R&D	
  towards	
  next	
  generaHon	
  LArTPC	
  detectors	
  
•  ArgonTube,	
  electronics	
  tesHng	
  and	
  development,	
  HV	
  studies,	
  at	
  BERN	
  
•  Double	
  phase	
  detectors	
  at	
  ETHZ/CERN	
  
•  Growing	
  R&D	
  program	
  at	
  CERN	
  with	
  WA104,	
  WA105,	
  ARGONCUBE	
  

WA105	
  

ArgonTube	
  
Long	
  Dri`	
  Test	
  

Cold	
  Electronics	
  Test	
  



Liquid	
  Argon	
  TPC	
  development:	
  cont.	
  
Renewed	
  interest	
  in	
  the	
  US	
  in	
  LArTPC	
  development	
  

•  First	
  tracks	
  in	
  small	
  prototype:	
  2007	
  
•  Materials	
  Test	
  stand	
  at	
  FNAL:	
  2007-­‐present	
  
•  ArgoNeuT	
  data	
  taking	
  in	
  the	
  NuMI	
  beam	
  2008-­‐2009	
  

	
  
•  Now	
  many	
  tests	
  and	
  experiments	
  underway	
  

•  LAPD	
  test	
  
•  35	
  ton	
  prototype	
  
•  MicroBooNE	
  -­‐>	
  LAr1-­‐ND	
  -­‐>	
  ICARUS	
  on	
  the	
  BNB	
  
•  ArgoNeuT	
  -­‐>	
  LArIAT	
  calibraHon	
  experiment	
  
•  CAPTAIN	
  calibraHon	
  experiment	
  
•  Small	
  prototypes	
  to	
  address	
  specific	
  quesHons	
  (ie:	
  light	
  collecHon)	
  

•  LArTPC	
  chosen	
  for	
  the	
  far	
  detector	
  technology	
  for	
  LBNE	
  in	
  2012	
  
	
  

Many	
  of	
  these	
  programs	
  include	
  InternaHonal	
  CollaboraHon	
  and	
  Swiss	
  
collaborators	
  

	
  

MicroBooNE	
  construc.on	
  
(Thomas	
  Strauss,	
  BERN	
  PD)	
  

Materials	
  Test	
  Stand:	
  FNAL	
   ArgoNeuT	
  

MicroBoone	
  
laser	
  System	
  
from	
  BERN	
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Large	
  to	
  	
  

	
   	
   	
   	
   	
  Huge	
  



LBNE	
  detector	
  design	
  concept	
  
34ktons	
  total	
  fiducial	
  volume,	
  
modularized,	
  and	
  sited	
  deep	
  

underground	
  
Near	
  Detector	
  Concept	
  



•  For	
  a	
  long-­‐baseline	
  oscillaHon	
  experiment,	
  based	
  on	
  the	
  science	
  Drivers	
  and	
  what	
  
is	
  pracHcally	
  achievable	
  in	
  a	
  major	
  step	
  forward,	
  we	
  set	
  as	
  the	
  goal	
  a	
  mean	
  
sensi;vity	
  to	
  CP	
  viola;on	
  of	
  be=er	
  than	
  3σ	
  (corresponding	
  to	
  99.8%	
  confidence	
  
level	
  for	
  a	
  detected	
  signal)	
  over	
  more	
  than	
  75%	
  of	
  the	
  range	
  of	
  possible	
  values	
  
of	
  the	
  unknown	
  CP-­‐viola;ng	
  phase	
  δCP.	
  	
  

•  By	
  current	
  esHmates,	
  this	
  corresponds	
  to	
  an	
  exposure	
  of	
  600	
  kt*MW*y	
  
assuming	
  systemaHc	
  uncertainHes	
  of	
  1%	
  and	
  5%	
  for	
  the	
  signal	
  and	
  
background,	
  respecHvely.	
  With	
  a	
  wideband	
  neutrino	
  beam	
  produced	
  by	
  a	
  
proton	
  beam	
  with	
  power	
  of	
  1.2	
  MW,	
  this	
  implies	
  a	
  far	
  detector	
  with	
  
fiducal	
  mass	
  of	
  more	
  than	
  40	
  kilotons	
  (kt)	
  of	
  liquid	
  argon	
  (LAr)	
  and	
  a	
  
suitable	
  near	
  detector.	
  

•  The	
  minimum	
  requirements	
  to	
  proceed	
  are	
  the	
  idenHfied	
  capability	
  to	
  reach	
  an	
  
exposure	
  of	
  at	
  least	
  120	
  kt*MW*yr	
  by	
  the	
  2035	
  Hmeframe,	
  the	
  far	
  detector	
  
situated	
  underground	
  with	
  cavern	
  space	
  for	
  expansion	
  to	
  at	
  least	
  40	
  kt	
  LAr	
  
fiducial	
  volume,	
  and	
  1.2	
  MW	
  beam	
  power	
  upgradable	
  to	
  mulH-­‐megawan	
  power.	
  
The	
  experiment	
  should	
  have	
  the	
  demonstrated	
  capability	
  to	
  search	
  for	
  supernova	
  
(SN)	
  bursts	
  and	
  for	
  proton	
  decay,	
  providing	
  a	
  significant	
  improvement	
  in	
  
discovery	
  sensiHvity	
  over	
  current	
  searches	
  for	
  the	
  proton	
  lifeHme.	
  

Neutrino	
  OscillaHon	
  Experiments	
  (Long	
  Baseline)	
  



•  For	
  a	
  long-­‐baseline	
  oscillaHon	
  experiment,	
  based	
  on	
  the	
  science	
  Drivers	
  and	
  what	
  
is	
  pracHcally	
  achievable	
  in	
  a	
  major	
  step	
  forward,	
  we	
  set	
  as	
  the	
  goal	
  a	
  mean	
  
sensiHvity	
  to	
  CP	
  violaHon	
  of	
  bener	
  than	
  3σ	
  (corresponding	
  to	
  99.8%	
  confidence	
  
level	
  for	
  a	
  detected	
  signal)	
  over	
  more	
  than	
  75%	
  of	
  the	
  range	
  of	
  possible	
  values	
  of	
  
the	
  unknown	
  CP-­‐violaHng	
  phase	
  δCP.	
  	
  

•  By	
  current	
  esHmates,	
  this	
  corresponds	
  to	
  an	
  exposure	
  of	
  600	
  kt*MW*y	
  
assuming	
  systemaHc	
  uncertainHes	
  of	
  1%	
  and	
  5%	
  for	
  the	
  signal	
  and	
  
background,	
  respecHvely.	
  With	
  a	
  wideband	
  neutrino	
  beam	
  produced	
  by	
  a	
  
proton	
  beam	
  with	
  power	
  of	
  1.2	
  MW,	
  this	
  implies	
  a	
  far	
  detector	
  with	
  fiducal	
  
mass	
  of	
  more	
  than	
  40	
  kilotons	
  (kt)	
  of	
  liquid	
  argon	
  (LAr)	
  and	
  a	
  suitable	
  near	
  
detector.	
  

•  The	
  minimum	
  requirements	
  to	
  proceed	
  are	
  the	
  iden;fied	
  capability	
  to	
  reach	
  an	
  
exposure	
  of	
  at	
  least	
  120	
  kt*MW*yr	
  by	
  the	
  2035	
  ;meframe,	
  the	
  far	
  detector	
  
situated	
  underground	
  with	
  cavern	
  space	
  for	
  expansion	
  to	
  at	
  least	
  40	
  kt	
  LAr	
  

fiducial	
  volume,	
  and	
  1.2	
  MW	
  beam	
  power	
  upgradable	
  to	
  
mul;-­‐megawa=	
  power.	
  The	
  experiment	
  should	
  have	
  the	
  
demonstrated	
  capability	
  to	
  search	
  for	
  supernova	
  (SN)	
  bursts	
  and	
  for	
  proton	
  
decay,	
  providing	
  a	
  significant	
  improvement	
  in	
  discovery	
  sensi;vity	
  over	
  current	
  
searches	
  for	
  the	
  proton	
  life;me.	
  

Neutrino	
  OscillaHon	
  Experiments	
  (Long	
  Baseline)	
  



PIP-­‐II	
  
•  800	
  MeV	
  SC	
  pulsed	
  LINAC	
  
•  Higher	
  energy	
  injecHon	
  into	
  Booster	
  
•  >1MW	
  by	
  2025	
  
•  Upgradeable	
  to	
  2.3	
  MW	
  
	
  



•  For	
  a	
  long-­‐baseline	
  oscillaHon	
  experiment,	
  based	
  on	
  the	
  science	
  Drivers	
  and	
  what	
  
is	
  pracHcally	
  achievable	
  in	
  a	
  major	
  step	
  forward,	
  we	
  set	
  as	
  the	
  goal	
  a	
  mean	
  
sensiHvity	
  to	
  CP	
  violaHon	
  of	
  bener	
  than	
  3σ	
  (corresponding	
  to	
  99.8%	
  confidence	
  
level	
  for	
  a	
  detected	
  signal)	
  over	
  more	
  than	
  75%	
  of	
  the	
  range	
  of	
  possible	
  values	
  of	
  
the	
  unknown	
  CP-­‐violaHng	
  phase	
  δCP.	
  	
  

•  By	
  current	
  esHmates,	
  this	
  corresponds	
  to	
  an	
  exposure	
  of	
  600	
  kt*MW*y	
  
assuming	
  systemaHc	
  uncertainHes	
  of	
  1%	
  and	
  5%	
  for	
  the	
  signal	
  and	
  
background,	
  respecHvely.	
  With	
  a	
  wideband	
  neutrino	
  beam	
  produced	
  by	
  a	
  
proton	
  beam	
  with	
  power	
  of	
  1.2	
  MW,	
  this	
  implies	
  a	
  far	
  detector	
  with	
  fiducal	
  
mass	
  of	
  more	
  than	
  40	
  kilotons	
  (kt)	
  of	
  liquid	
  argon	
  (LAr)	
  and	
  a	
  suitable	
  near	
  
detector.	
  

•  The	
  minimum	
  requirements	
  to	
  proceed	
  are	
  the	
  iden;fied	
  capability	
  to	
  reach	
  an	
  
exposure	
  of	
  at	
  least	
  120	
  kt*MW*yr	
  by	
  the	
  2035	
  ;meframe,	
  the	
  far	
  detector	
  
situated	
  underground	
  with	
  cavern	
  space	
  for	
  expansion	
  to	
  at	
  least	
  40	
  kt	
  LAr	
  
fiducial	
  volume,	
  and	
  1.2	
  MW	
  beam	
  power	
  upgradable	
  to	
  mul;-­‐megawa=	
  
power.	
  The	
  experiment	
  should	
  have	
  the	
  demonstrated	
  capability	
  to	
  
search	
  for	
  supernova	
  (SN)	
  bursts	
  and	
  for	
  proton	
  decay,	
  providing	
  a	
  
significant	
  improvement	
  in	
  discovery	
  sensi;vity	
  over	
  current	
  searches	
  
for	
  the	
  proton	
  life;me.	
  

Neutrino	
  OscillaHon	
  Experiments	
  (Long	
  Baseline)	
  



Large	
  Underground	
  LArTPC	
  can	
  search	
  for	
  	
  Proton	
  Decay	
  	
  

•  Light	
  collecHon	
  for	
  t0	
  
•  Charge	
  collecHon	
  for	
  event	
  signature	
  

SensiHve	
  to	
  Supernova	
  Burst	
  
	
  
•  IniHal	
  burst	
  of	
  neutrinos	
  most	
  

sensiHve	
  to	
  neutrino	
  properHes	
  
•  Several	
  thousand	
  events	
  for	
  a	
  

galacHc	
  supernova	
  in	
  LAr34kton	
  	
  
•  Signature:	
  low	
  energy	
  electrons	
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Far	
  site	
  –	
  SURF	
  facility	
  in	
  Lead,	
  SD	
  



Far	
  site	
  –	
  SURF	
  facility	
  in	
  Lead,	
  SD	
  



•  A	
  more	
  ambiHous	
  long-­‐baseline	
  neutrino	
  facility	
  has	
  also	
  been	
  urged	
  by	
  the	
  
Snowmass	
  community	
  study	
  and	
  in	
  expressions	
  of	
  interest	
  from	
  physicists	
  in	
  
other	
  regions.	
  	
  

	
  
•  To	
  address	
  even	
  the	
  minimum	
  requirements	
  specified	
  above,	
  the	
  exper;se	
  and	
  

resources	
  of	
  the	
  interna;onal	
  neutrino	
  community	
  are	
  needed.	
  	
  
	
  
•  A	
  change	
  in	
  approach	
  is	
  therefore	
  required:	
  The	
  acHvity	
  should	
  be	
  reformulated	
  

under	
  the	
  auspices	
  of	
  a	
  new	
  internaHonal	
  collaboraHon,	
  as	
  an	
  internaHonally	
  
coordinated	
  and	
  internaHonally	
  funded	
  program,	
  with	
  Fermilab	
  as	
  host.	
  There	
  
should	
  be	
  internaHonal	
  parHcipaHon	
  in	
  defining	
  the	
  program’s	
  scope	
  and	
  
capabiliHes.	
  The	
  experiment	
  should	
  be	
  designed,	
  constructed,	
  and	
  operated	
  by	
  
the	
  internaHonal	
  collaboraHon.	
  The	
  goal	
  should	
  be	
  to	
  achieve,	
  and	
  even	
  exceed	
  if	
  
physics	
  eventually	
  demands,	
  the	
  target	
  requirements	
  through	
  the	
  broadest	
  
possible	
  internaHonal	
  parHcipaHon.	
  

Neutrino	
  OscillaHon	
  Experiments	
  (LBNF)	
  



•  A	
  more	
  ambiHous	
  long-­‐baseline	
  neutrino	
  facility	
  has	
  also	
  been	
  urged	
  by	
  the	
  
Snowmass	
  community	
  study	
  and	
  in	
  expressions	
  of	
  interest	
  from	
  physicists	
  in	
  
other	
  regions.	
  	
  

	
  
•  To	
  address	
  even	
  the	
  minimum	
  requirements	
  specified	
  above,	
  the	
  exper;se	
  and	
  

resources	
  of	
  the	
  interna;onal	
  neutrino	
  community	
  are	
  needed.	
  	
  
	
  
•  A	
  change	
  in	
  approach	
  is	
  therefore	
  required:	
  The	
  acHvity	
  should	
  be	
  reformulated	
  

under	
  the	
  auspices	
  of	
  a	
  new	
  internaHonal	
  collaboraHon,	
  as	
  an	
  internaHonally	
  
coordinated	
  and	
  internaHonally	
  funded	
  program,	
  with	
  Fermilab	
  as	
  host.	
  There	
  
should	
  be	
  internaHonal	
  parHcipaHon	
  in	
  defining	
  the	
  program’s	
  scope	
  and	
  
capabiliHes.	
  The	
  experiment	
  should	
  be	
  designed,	
  constructed,	
  and	
  operated	
  by	
  
the	
  internaHonal	
  collaboraHon.	
  The	
  goal	
  should	
  be	
  to	
  achieve,	
  and	
  even	
  exceed	
  if	
  
physics	
  eventually	
  demands,	
  the	
  target	
  requirements	
  through	
  the	
  broadest	
  
possible	
  internaHonal	
  parHcipaHon.	
  

Neutrino	
  OscillaHon	
  Experiments	
  (LBNF)	
  

Recommendation 13: Form a new international 
collaboration to design and execute a highly 
capable Long-Baseline Neutrino Facility (LBNF) 
hosted by the U.S. To proceed, a project plan and 
identified resources must exist to meet the 
minimum requirements in the text. LBNF is 
the highest-priority large project in its 
timeframe.  



•  There	
  is	
  a	
  vibrant	
  internaHonal	
  neutrino	
  community	
  invested	
  in	
  pursuing	
  the	
  
physics	
  of	
  neutrino	
  oscillaHons.	
  	
  

•  The	
  U.S.	
  has	
  unique	
  accelerator	
  capabiliHes	
  at	
  Fermilab	
  to	
  provide	
  neutrino	
  
beams	
  for	
  both	
  short-­‐	
  and	
  long-­‐baseline	
  experiments,	
  with	
  some	
  experiments	
  
underway,	
  and	
  a	
  long-­‐baseline	
  site	
  is	
  available	
  at	
  the	
  Sanford	
  Underground	
  
Research	
  Facility	
  in	
  South	
  Dakota.	
  	
  

•  Many	
  of	
  these	
  current	
  and	
  future	
  experiments	
  and	
  projects	
  share	
  the	
  same	
  
technical	
  challenges.	
  Interest	
  and	
  experHse	
  in	
  neutrino	
  physics	
  and	
  detector	
  
development	
  of	
  groups	
  from	
  around	
  the	
  world	
  combined	
  with	
  the	
  opportuniHes	
  
for	
  experiments	
  at	
  Fermilab	
  provide	
  the	
  essenHals	
  for	
  an	
  internaHonal	
  neutrino	
  
program.	
  

	
  	
  
Recommenda;on	
  12:	
  In	
  collabora;on	
  with	
  interna;onal	
  partners,	
  develop	
  a	
  
coherent	
  short-­‐	
  and	
  long-­‐baseline	
  neutrino	
  program	
  hosted	
  at	
  Fermilab.	
  
	
  

Neutrino	
  OscillaHon	
  Experiments	
  (Program)	
  



Summary 
	
  

•  The U.S. is well positioned to host a world-leading neutrino physics 
program. 

•  LBNF is the highest-priority large project in its timeframe. 
•  The	
  far	
  detector	
  situated	
  underground	
  with	
  cavern	
  space	
  for	
  

expansion	
  to	
  at	
  least	
  40	
  kt	
  LAr	
  fiducial	
  volume,	
  and	
  1.2	
  MW	
  beam	
  
power	
  upgradable	
  to	
  mulH-­‐megawan	
  power 

The activity should be reformulated under the 
auspices of a new international collaboration, as an 

internationally coordinated and internationally 
funded program, with Fermilab as host. 

 
 
 
 


