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Neutrino Oscillation Physics and More… 
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LBNF/ DUNE Overview
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999 (!) Collaborators from 164 institutions in 31 nations
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DUNE meeting @ CERN, Geneva, Switzerland, January 2017
   ! CERN is a member of DUNE
   ! This is the first off-site experiment for CERN
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The DUNE Science Program
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The DUNE Detector Choice: LArTPC
Major	
  challenges	
  
!Technology	
  for	
  very	
  
	
  large	
  detector	
  volumes	
  
!Event	
  reconstruc7on	
  
	
  	
  and	
  classifica7on	
  
	
  (eg	
  using	
  deep	
  learning	
  	
  
	
  techniques…)	
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!Electron-­‐Neutrino	
  appearance	
  amplitude	
  depends	
  on	
  the	
  	
  
	
  	
  and	
  maAer	
  effects.	
  All	
  four	
  can	
  be	
  measured	
  in	
  a	
  single	
  experiment.	
  
!Broadband	
  and	
  long	
  baseline	
  break	
  the	
  degeneracy	
  between	
  CPV	
  and	
  	
  	
  
	
  maAer	
  effects.	
  

LBL Experimental Strategy
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Appearance and Disappearance spectra
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All	
  the	
  following	
  sensi7vity	
  plots	
  take	
  
the	
  assump7ons:	
  

!Oscilla7on	
  parameters	
  from	
  	
  	
  
	
  	
  NuFit2016	
  

!Staging	
  scenario	
  with	
  equal	
  running	
  	
  
	
  	
  in	
  the	
  	
  neutrino	
  and	
  an7neutrino	
  	
  
	
  	
  modes:	
  
	
  	
  	
  	
  -­‐	
  Year	
  1	
  (2026):	
  20-­‐kt	
  FD	
  with	
  1.07	
  	
  
	
  	
  	
  	
  	
  	
  	
  MW	
  beam	
  
	
  	
  	
  	
  -­‐	
  Year	
  2	
  (2027):	
  30-­‐kt	
  FD	
  
	
  	
  	
  	
  -­‐	
  Year	
  4	
  (2029):	
  40-­‐kt	
  FD	
  
	
  	
  	
  	
  -­‐	
  Year	
  7	
  (2032):	
  upgrade	
  to	
  2.14	
  MW	
  	
  
	
  	
  	
  	
  	
  beam	
  
!GLoBES-­‐based	
  fit	
  to	
  the	
  FD	
  samples	
  with	
  
parametrized	
  detector	
  response	
  	
  

arXiv:1512.06148	
  

LBL Experimental Sensitivities
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!Width	
  of	
  the	
  bands	
  represents	
  the	
  range	
  of	
  sensi7vi7es	
  for	
  the	
  	
  
	
  	
  	
  90%	
  CL	
  	
  region	
  in	
  the	
  	
  	
  	
  	
  	
  	
  	
  	
  value	
  range.	
  
!Sensi7vity	
  increases	
  with	
  increasing	
  	
  

Sensitivity to Mass Hierarchy
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!Width	
  of	
  the	
  bands	
  represents	
  the	
  range	
  of	
  sensi7vi7es	
  for	
  the	
  	
  
	
  	
  	
  90%	
  CL	
  	
  region	
  in	
  the	
  	
  	
  	
  	
  	
  	
  	
  	
  values	
  range.	
  
!Sensi7vity	
  increases	
  with	
  increasing	
  	
  

Sensitivity to CP violation
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Sensitivity versus Time
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Electron	
  neutrino	
  	
  
and	
  an7-­‐neutrino	
  
sensi7vity	
  



You Inst Logo 



You Inst Logo 

arXiv:1512.06148	
  



You Inst Logo 

Searches for BSM Physics: Example 

!Baryon	
  number	
  viola7on	
  process:	
  	
  	
  	
  
	
  	
  neutron	
  spontaneously	
  oscillates	
  into	
  	
  
	
  	
  an	
  an7neutron	
  
! Search	
  for	
  a	
  subsequent	
  annihila7on	
  	
  
	
  	
  with	
  a	
  bound	
  nucleon	
  inside	
  the	
  nucleus	
  
!	
  Preliminary	
  expected	
  sensi7vity:	
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DUNE and Atmospheric Neutrinos
!Preliminary	
  studies	
  of	
  the	
  350	
  kt-­‐year	
  exposure	
  were	
  performed	
  
!Neutrino	
  interac7ons	
  on	
  argon	
  were	
  simulated	
  using	
  the	
  
	
  	
  the	
  Bartol	
  3	
  D	
  flux	
  model	
  and	
  GENIE	
  	
  	
  

arXiv:1512.06148	
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Neutrino Oscillation Sensitivities with 
Atmospheric Neutrinos
!Neutrino	
  oscilla7on	
  sensi7vi7es	
  are	
  calculated	
  using	
  a	
  joint	
  fit	
  to	
  	
  
	
  	
  the	
  muon	
  and	
  electron	
  neutrino	
  sample	
  
! MSW	
  resonance	
  enables	
  determina7on	
  of	
  the	
  mass	
  Hierarchy	
  
!Resonance	
  occurs	
  for	
  neutrinos	
  in	
  case	
  of	
  normal	
  hierarchy	
  and	
  for	
  	
  
	
  	
  an7neutrinos	
  in	
  case	
  of	
  inverted	
  hierarchy	
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Beam and Near Detector
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-­‐>Further	
  op7miza7on	
  s7ll	
  ongoing	
  

Optimization of the neutrino beamline 
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The	
  ND	
  has	
  a	
  fundamental	
  role	
  for	
  LBL	
  physics,	
  
constraining	
  the	
  systema7c	
  uncertain7es	
  via	
  
measurements	
  of	
  the	
  neutrino	
  flux	
  and	
  
interac7on	
  cross	
  sec7ons	
  

It	
  will	
  record	
  the	
  largest	
  sample	
  of	
  neutrino	
  
argon	
  interac7ons	
  ever	
  collected	
  allowing	
  for	
  
precision	
  measurements	
  (EWK,	
  QCD)	
  

Sensi7ve	
  to	
  new	
  physics	
  (eg	
  Heavy	
  Neutral	
  
Leptons/Sterile	
  neutrinos,	
  light	
  dark	
  maAer…)	
  

DUNE	
  ND	
  is	
  currently	
  under	
  design.	
  Conceptual	
  
design	
  planned	
  to	
  be	
  for	
  2018	
  

It	
  will	
  likely	
  include	
  a	
  modular	
  liquid	
  
argon	
  TPC	
  and	
  a	
  magne7sed	
  high	
  resolu7on	
  
tracker,	
  ECAL	
  and	
  muon	
  system	
  (hybrid	
  system)	
  

DUNE Near Detector
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2017:	
  start	
  excava7on	
  at	
  the	
  far	
  
site	
  (Sanford	
  Underground	
  
Research	
  Facility	
  SURF)	
  

LBNF/ DUNE Far Site
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LBNF/ DUNE Far Site
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DUNE Far Detector
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DUNE Far Detector Technologies
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Liquid argon TPC: Single and dual phase 
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Pre-ProtoDUNE Dual Phase   1x1x3m
! Installa7on	
  completed	
  end	
  2016	
  

Now	
  being	
  taking	
  	
  
cosmics	
  data	
  

WA105	
  @	
  CERN	
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Prototypes at CERN Neutrino Platform
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Prototypes at CERN Neutrino Platform
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DUNE Timeline
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Summary
 !DUNE will use a broadband beam and a long baseline (1300     
km) to make a precise, simultaneous measurement of the mass 
ordering, the CP-violation phase and the neutrino mixing angles
!The mass and high granularity and deep underground location of 
the DUNE far detector provide good sensitivity to baryon non-
conservation and supernova burst neutrinos
!Ground-breaking ceremony at far site took place on 21st of July!
!On track to operate the ProtoDUNE-SP and ProtoDUNE-DP at 
CERN in summer 2018
!We look forward to start operation of the first far detector module 
in 2024 and first data with beam, near detector and first two far 
detector modules in 2026.


