
A	
  forum	
  for	
  neutrino	
  physics	
  discussions	
  at	
  Nikhef	
  



Why	
  this	
  mee6ng?	
  

Neutrino	
  physics	
  is	
  superinteres)ng.	
  
Neutrino	
  mass:	
  solid	
  evidence	
  for	
  beyond-­‐the-­‐original-­‐SM	
  physics	
  
Window	
  towards	
  new	
  physics:	
  leptogenesis/flavour	
  puzzle/sterile	
  ν/DM…	
  

Lots	
  of	
  acEvity	
  in	
  past	
  years,	
  but	
  much	
  more	
  to	
  come.	
  
There	
  is	
  much	
  more	
  to	
  explore	
  	
  (for	
  discussion!)	
  

The	
  internaEonal	
  field	
  is	
  very	
  dynamic.	
  
How	
  should	
  Nikhef	
  stand	
  in	
  this?	
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Experimental	
  landscape	
  (personal	
  impression…)	
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Goal:	
  an	
  informal	
  forum	
  to	
  discuss:	
  
•  	
  	
  	
  	
  neutrino	
  physics	
  
•  	
  	
  	
  	
  our	
  ambiEons	
  
•  	
  	
  	
  	
  detector	
  technology	
  
•  	
  	
  	
  	
  simulaEon/reconstrucEon/analysis	
  so^ware	
  
•  	
  	
  	
  	
  new	
  ideas	
  
and	
  benefit	
  from	
  each	
  other	
  à	
  strengthen	
  the	
  neutrino	
  community	
  @	
  Nikhef	
  

Informal:	
  no	
  need	
  for	
  slick	
  presentaEons	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  no	
  quesEons	
  are	
  taboo	
  

Format:	
  meeEngs	
  <	
  2	
  hours,	
  1	
  or	
  2	
  presentaEons/meeEng,	
  once	
  per	
  2	
  (?)	
  months	
  

Nikhef	
  strategy	
  discussion	
  spring	
  next	
  year.	
  
Would	
  be	
  nice	
  if	
  this	
  forum	
  could	
  connect	
  to	
  the	
  strategy	
  discussion	
  

I	
  did	
  not	
  invite	
  PhD	
  students/postdocs	
  today,	
  but	
  could	
  join	
  in	
  the	
  future	
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Today:	
  introducing	
  DUNE	
  and	
  protoDUNE	
  

Future	
  topics:	
  
•  status	
  of	
  the	
  field	
  a^er	
  Neutrino	
  2016	
  
•  how	
  does	
  beher	
  knowledge	
  of	
  certain	
  parameters	
  influence	
  the	
  
	
  	
  	
  	
  	
  	
  determinaEon	
  of	
  other	
  parameters?	
  
•  ORCA	
  developments	
  
•  KM3NeT	
  –	
  DUNE	
  –	
  HyperK	
  complementarity	
  
•  KM3NeT	
  PMT	
  technology	
  transfer	
  
•  …	
  	
  	
  (your	
  input	
  here)	
  	
  	
  	
  (CMB	
  expts?	
  	
  UHE	
  cosmic	
  ν	
  ?)	
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DUNE	
  and	
  protoDUNE	
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US	
  Strategy	
  Document	
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European	
  Strategy	
  Document	
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CERN	
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}	
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DUNE:	
  oscillaEon	
  length	
  1300	
  km	
  	
  à	
  large	
  maher	
  effects	
  

Chosen	
  solu6on:	
  wide	
  band	
  beam,	
  access	
  to	
  first	
  and	
  second	
  oscillaEon	
  maximum	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  muon-­‐neutrino	
  beam	
  and	
  muon-­‐anEneutrino	
  beam	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  muon	
  ν	
  disappearance	
  as	
  well	
  as	
  electron	
  ν	
  appearance	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  disentangle	
  mass	
  hierarchy	
  from	
  δ	
  by	
  energy	
  dependence	
  

(Compare	
  Hyper-­‐K:	
  oscillaEon	
  length	
  295	
  km,	
  small	
  maher	
  effects	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  narrow	
  band	
  off-­‐axis	
  beam	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  lower	
  energy,	
  first	
  oscillaEon	
  maximum)	
  

Improvement	
  from	
  
op)miza)on	
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Vacuum: 

Matter: 

Normal Ord Inverted Ord

ν Resonance Suppression

anti-ν Suppression Resonance

2-generation osc probabilty: 
Matter effects

Resonance: cos 2θ → A

Matter contains e, but no μ, τ 
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Three ν generations
Octant: θ23 > 45o  ?

Matter-induced enhancement CP-term

E [GeV] 15



NH
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IH
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New	
  neutrino	
  beamline	
  at	
  FNAL	
  

1.2	
  –	
  2.4	
  MW	
  60-­‐120	
  GeV	
  proton	
  accelerator	
  	
  	
   21	
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Former	
  Homestake	
  goldmine	
  in	
  Lead,	
  South	
  Dakota	
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Caverns	
  for	
  4	
  detectors	
  (each	
  10	
  kton	
  LAr	
  TPC)	
  +	
  infrastructure	
  

DOE	
  approval	
  of	
  first	
  2	
  caverns,	
  excavaEon	
  to	
  start	
  in	
  2017/2018	
  
DUNE	
  far	
  detectors	
  (first	
  two	
  modules)	
  ready	
  2025,	
  beam	
  2026	
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single-­‐phase	
  readout	
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single-­‐phase	
  readout	
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MicroBoone:	
  

31	
  



32	
  



33	
  



34	
  



single-­‐phase	
  proto-­‐DUNE	
  in	
  the	
  CERN	
  SPS	
  test	
  beam	
  in	
  2018	
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900	
  

162	
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900	
  

162	
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CERN	
  taking	
  lead	
  in	
  design	
  of	
  cryostats	
  
CERN	
  funds	
  construcEon	
  of	
  one	
  cryostat	
  

OpportuniEes	
  for	
  European	
  (including	
  Dutch)	
  industry	
  

	
  	
  	
  	
  	
  	
  DOE	
  review	
  now	
  
If	
  pass:	
  start	
  excavaEon	
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What	
  could	
  Nikhef	
  contribute?	
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We	
  want	
  to	
  focus	
  on	
  the	
  single-­‐phase	
  readout	
  TPC	
  technology.	
  



FELIX	
  is	
  being	
  developed	
  in	
  ATLAS	
  for	
  the	
  phase	
  1	
  (LS-­‐2)	
  upgrade,	
  and	
  a^erwards	
  
Get	
  data	
  in	
  computer	
  memory,	
  COTS	
  networking	
  equipment	
  downstream	
  
EssenEally	
  on	
  a	
  PCI-­‐e	
  card	
  in	
  a	
  host	
  PC,	
  equipped	
  with	
  a	
  FPGA	
  
Nikhef	
  is	
  one	
  of	
  the	
  major	
  developers	
  in	
  ATLAS	
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protoDUNE	
  plan:	
  at	
  least	
  APA	
  read	
  out	
  with	
  FELIX.	
  Test	
  setup	
  in	
  ATLAS	
  test	
  room.	
  
PhD	
  student	
  Milo	
  Vermeulen,	
  staff	
  Frank	
  Filthaut,	
  Patrick	
  Decowski,	
  Paul	
  de	
  Jong	
  



FELIX	
  plans	
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DUNE	
  oscilla6on	
  analysis:	
  

Documented	
  in	
  CDR:	
  arXiv:1512.06148,	
  arXiv:1606.09550	
  

Next:	
  more	
  realisEc	
  simulaEon/reconstrucEon	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Technical	
  Design	
  Report	
  2019	
  

•  LBNF	
  beamline	
  simulator	
  à	
  fast	
  MC	
  using	
  GENIE	
  à	
  GLOBES	
  for	
  fit	
  	
  (assumed	
  syst.)	
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Assump6ons	
  in	
  CDR	
  

45	
  



46	
  



DUNE:	
  300	
  kt-­‐MW-­‐year	
  =	
  about	
  8	
  years	
  of	
  running,	
  with	
  current	
  staging	
  esEmates	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  890	
  kt-­‐MW-­‐year	
  =	
  11	
  years	
  with	
  full	
  detector	
  and	
  upgraded	
  proton	
  beam	
  

δCP	
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Role	
  of	
  energy	
  resolu6on	
   arXiv:1607.00293	
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DUNE	
  is	
  more	
  than	
  δCP:	
  

DeterminaEon	
  of	
  mixing	
  angles	
  and	
  Δm2;	
  consistency	
  3-­‐generaEon	
  picture,	
  
BSM	
  physics:	
  non-­‐standard	
  neutrino	
  interacEons,	
  proton	
  decay,	
  
Huge	
  sample	
  of	
  neutrino	
  interacEons	
  in	
  near	
  detector:	
  SF,	
  EW	
  physics	
  
Supernova	
  neutrinos	
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Backup	
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