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1. What is the role of high energy phenomena in the 
formation of cosmic structures?  

Multi-messenger studies (γ, CR, ν,  GW)   

Relevance	  of	  	  neutrinos	  	  for	  the	  3	  major	  questions	  of	  	  
Astroparticle	  Physics	  (APIF/OECD	  deBinition)	  

2. What is the Universe made of?  
Nature of dark matter and energy 

 3. Probe  matter and interactions at the highest energies. 
  Rare decays:  proton lifetime , neutrino properties 

Sterile Neutrinos, Mass Varying Neutrinos, Indirect dark 
matter detection   
Neutrino Oscillation Experiments and Observatories 

Supernova neutrinos, High energy neutrinos for the 
origin of Cosmic Rays, limits of fundamental laws.  
Neutrino Observatories (low and high energy) 

Neutrino Observatories, Neutrino Oscillation 
Experiments, Neutrino Mass experiments  





Outline*	  

1) Person-‐made	  sources	  	  
1.  Present	  and	  short	  term	  results	  	  
2.  Long	  baseline	  oscillations	  

2)	  	  Cosmic	  sources	  and	  archaeology	  	  	  
1.  Solar	  system	  neutrinos	  
2.  Supernova	  neutrinos	  
3.  Proton	  decay,	  

• 	  Will	  not	  cover	  since	  covered	  ,	  sterile	  neutrinos,	  exotic	  possibilities,	  neutrino	  
mass	  detectors,	  or	  	  high	  energy	  neutrino	  observatories.	  	  

• Some	  of	  the	  best	  physics	  may	  be	  with	  them.	  
• 	  Assume	  technologies	  have	  been	  presented	  





Person-‐made	  	  
sources	  



Three-Flavor Neutrino Parameters 
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  Antineutrinos: 

• 	  Cervera	  et	  al.	  2000;	  Freund,	  Huber,	  Lindner,	  2000;	  Huber,	  Winter,	  
2003;	  Akhmedov	  et	  al,	  2004	  
• 	  Corrections	  for	  large	  θ13	  
• 	  Bimagic	  baseline	  at	  2540	  km	  	  	  high	  sensitivity	  to	  Mass	  hierarchy	  	  Raut	  et	  al.	  	  	  
• 	  	  	  	  

νe	  νμ	  οscillation	  formula	  





Despite	  the	  crisis	  jubilation	  in	  Greece	  	  
for	  the	  	  «	  hint	  »	  of	  θ13*	  

*	  «	  Borrowed	  »	  from	  Kam-‐Biu	  Luk,	  	  Lepton-‐Photon	  2011,	  

Θ13	  =	  Θυρα	  13	  =	  	  	  Gate	  13	  





NUMI	  	  Beam	  (400	  kW)	  	  SNUMI-‐1	  (700	  kW)	  

Short	  	  tutorial:	  
700	  KW=	  5,4	  1013pp	  at	  120	  GeV	  	  	  every	  1,467	  s	  	  	  
700	  KW=	  5,4	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  x	  120	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  /1,467	  	  	  x	  1,62	  	  	  
For	  a	  107s	  year	  	  	  5,4/1,467	  1020	  pot=	  	  3,7	  1020	  pot	  

Relatively	  	  
Near	  term	  	  



Near	  Detector	  210	  t	  (20	  t	  FID)	  

SNUMI-‐1	  beam	  turns	  on	  2013,	  2/3	  of	  FD	  constructed,	  FD	  completion	  2014	  



NOVA	  Physics	  reach	  (6	  years	  after	  start	  	  	  ca	  2020)	  	  

Sensitivity	  to	  sin2(2θ13)	  	  ≈	  0.01	  	  	  as	  T2K,	  DayaBay	  etc	  

1.  Resolution	  of	  Mass	  hierarchy	  ?	  	  
2.  Resolution	  of	  θ23	  	  ambiguity	  ?	  
3.  Measure	  δ	  ?	  	  	  	  	  	  	  	  



The	  mass	  hierarchy-‐CP	  violation	  degeneracy	  	  hurts	  NOVA	  
Adding	  T2K	  helps	  in	  the	  unfavourable	  CP	  violation	  region…	  
Sensitivities	  get	  better	  if	  CP	  sign	  known	  from	  elsewhere	  	  	  	  









What will we know   by 2018-2020  ? (M. Mezzetto-T.Schwetz  hep-ph-1003.5800)  



Future	  	  
Large	  

Detectors	  



    EUROPE 



3.	  Upgrade	  existing	  CNGS	  (Umbria?)	  
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Results	  of	  LAGUNA-‐1	  
7	  studies	  for	  the	  7	  

sites	  
	  choice	  























A new optimisation for the SPL beam 
A. Longhin et al. 

4	  targets	  (M.	  Dracos	  et	  al)	  	  	  



	  	  	  	  	  Physics	  reach	  of	  Memphys+SPL	  (New	  design)	  	  
	  	  	  	  	  LBL+	  ATM	  	  	  	  (older	  studies,	  Campagne,	  Mezzetto,	  Maltoni,	  Schwetz)	  



LENA 



LENA 



What	  we	  urgently	  need	  
Sensitivity	  	  versus	  	  exposure	  ($)	  
Redo	  V.	  Barger	  et	  al.	  hep-‐ph0610301	  





DUSEL 





DUSEL 



DUSEL 



DUSEL 



DUSEL 



DUSEL 



DUSEL 

























CERN-Frejus	  	  (low	  Q,	  γ=	  100)	  betabeam	  starts	  appearing	  feasible	  	  (on	  paper)	  	  



Betabeam	  to	  Frejus	  
	   	  	   	   	   	  	  

sin22θ13	  	  	  	  	  	  	  	  	  	  	  	  	  	  0.0004	  	  
	   	  (75%	  CP	  fraction)	  	  	  

For	  sin2θ13	  	  ≥	  0.03	  	  	  	  Sign(Δm23
2)	  	  

	   	  (75%	  CP	  fraction)	  	  
For	  sin2θ13	  ≥	  	  0.001	  	  δCP	  	  

	   	  	  (60%	  CP	  fraction)	  



Global fit 
Fogli et al, 2011 

Betabeams,	  Neutrino	  factories	  etc.	  (New	  report)	  



Betabeams,	  Neutrino	  factories	  etc.	  (New	  report)	  

Global fit 
Fogli et al, 2011 



  	  It	  seems	  as	  the	  value	  of	  θ13	  with	  a	  few	  sigma	  	  	  	  will	  be	  known	  by	  end	  of	  
2012	  (or	  new	  limits)	  

  If	   the	   value	   of	   	   θ13	   	   remains	   in	   the	   present	   range	   a	   medium	   term	  
superbeam	  program	  could	  be	  sufqicient	  to	  probe	  the	  largest	  part	  of	  the	  
parameter	  space	  

  Need	   to	   determine	   the	   mass	   hierarchy	   soon	   ,	   	   either	   by	   	   a	   single	  
experiment	   (bimagical	   distance	   Pyhaslmi	   ?)	   or	   2	   complementary	  
detectors	  near/far	  

  We	  will	  probe	  the	  θ23	  	  with	  atmospheric	  	  neutrinos	  

  We	   may	   know	   the	   preferred	   CPV	   quadrant	   by	   2017-‐2018	   but	   need	  
dedicated	   experiments	  with	   large	  mass	   unless	  we	   are	   lucky	   (guerilla	  
tactics	  ?	  )	  

  Exposure	  optimisation	  should	  be	  the	  name	  of	  the	  game	  

  Worldwide	  coordination	  should	  also	  be	  the	  name	  of	  the	  game	  	  	  	  	  	  	  

What	  strategy	  ?	  	  



Cosmic	  	  	  sources	  











LENA  @ Fréjus 



















An extraordinary snapshot of the 
SNII explosion interior !!!!!!!! 

1.  Si burning (LENA, GADZOOKS) 

2.  Neutronisation burst (all, best 
GLACIER) 

3.  Access to θ13 option (ALL) model 
inedendeent ideas 2 detectors, 
earth matter effects 

4.  SN pointing (elastic neutrino electron, all)…. 

5.  Forward and reverse shock 
(MEMPHYS) 

6.  Black hole formation 

A supernova trigger 
• Using	  star	  formation	  rates	  and	  recent	  catalogs	  one	  
expects	  1	  SN	  /year	  <10	  Mpc	  

• 	  9	  have	  been	  observed	  <10	  Mpc,	  in	  3	  last	  years	  =	  x3	  
the	  above	  estimate	  

• AT	  MEMPHYS(450kt)	  we	  expect	  	  

• 20	  ν	  events	  at	  1	  Mpc	  

• 2	  ν	  events	  at	  3.3	  Mpc	  

• Backgrounds	  1/day	  

• For	  1	  Mton	  (or	  x2	  present	  rates)	  
• 50%	  Detection	  probability	  	  of	  equal	  or	  more	  
than	  1	  event	  up	  to	  5	  Mpc	  	  

• 50%	  	  detection	  probability	  of	  equal	  or	  more	  
than	  2	  events	  up	  to	  3	  Mpc	  

• Two	  possible	  strategies:	  
• See	  two	  events	  inside	  10	  seconds,	  Issue	  a	  SN	  
alert	  

• See	  an	  optical	  supernova,	  and	  examine	  a	  10s	  
time	  span	  around	  neutrinos	  seen	  and	  trigger:	  

• Gravitational	  detectors,	  Neutrino	  
telescopes  



DSNB	  



















SRN at GLACIER (Cocco et al. hep-ph0408031) 

•   
•  Good energy resolution  

• No sensitivity beyond z=1 

• 2 irreducible backgrounds: 

• Solar and atmospheric νε 

• 30% systematic on atm flux  

• No background from  

• “invisible muon decays” 

•  spallation from CR muons 

• NC recoils 

• Dependence +-20% to beta slope 

•  Dependence on oscillation scenario   

€ 

ν e

57 events for 500 kton-years and scenario I (4σ) 

43 events for 500 kton-years and II  





Supernova relic neutrino in MEMPHYS  

5σ in a few years 









Neutrino	  mass	  and	  proton	  decay	  are	  our	  best	  probes	  of	  these	  extensions	  
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Proton	  decay	  

Complementarity	  
to	  LHC?	  



Proton	  decay	  	  	  
In	  4D	  SUSY	  SU(5),	  SO(10)	  dimension	  6	  operators	  “Msusy	  
independent”	  depend	  essentially	  on	  uniqication	  mass	  
generically	  predict	  τp=1034-‐1036y	  

In	  4D	  SUSY	  SU(5),	  SO(10)	  dimension	  5	  operators	  	  
	  depend	  on	  sparticle	  spectrum	  (msusy),	  family	  structure,	  
triplet	  higgs	  mass	  generically	  predict	  τp=	  3	  x1033-‐	  3x1034y	  
LHC	  interplay	  (Ellis	  et	  al.)	  

• 	  SUSY	  at	  4D	  enhances	  	  dim	  5	  operators	  	  
• Uniqication	  in	  higher	  dimensions	  (5D,6D)	  suppresses	  dim	  5	  
operators	  and	  enhances	  dim	  6	  	  

• Complementarity	  of	  the	  two	  channels.	  









Proton decay the “gallup” argument 

WC 

LAr 

Higher dimension models (eg. 6D SO(10)) not included 

Definitively not exhaustive.  









	  	  	  	  	  	  	  	  	  	  	  	  	  	  What	  	  is	  the	  	  Astroparticle	  Physics	  	  	  International	  	  
Forum	  	  (APIF)	  supposed	  to	  do	  ?	  
1.  Exchange	   information	   about	   relevant	   national	   and	   regional	   developments,	  

plans	  and	  priorities.	  Regularly	  update	  the	  strategic	  vision	  of	  	  the	  OECD	  report.	  	  

2.	  Explore	  the	  prospects	  for	  joint	  actions	  (design	  studies	  for	  experiments,	  research	  
and	  development)	  

3.	   Study	   options	   and	   solutions	   for	   governance	   structures	   and	   mechanisms	   for	  
potential	  new	  international	  collaborative	  projects.	  	  

4.	   Consult	   on	   relevant	   generic	   science	   policy	   issues,	   such	   as	   access	   to	   research	  
facilities	  and	  to	  data,	  or	  contributions	  to	  operating	  costs	  of	  facilities	  by	  users.	  	  

5.	   Analyse	   the	   needs	   and	   requirements	   for	   rare	   resources	   such	   as	   isotopes	   for	  
detectors	  and,	  if	  appropriate,	  promote	  sharing	  or	  joint	  procurements.	  	  

6.	   Engage	   in	   a	   collective	   dialogue	   with	   governmental	   and	   non-‐governmental	  
entities	  (space	  physics,	  high-‐energy	  physics,	  nuclear	  physics,	  	  astrophysics)	  	  

7.	   Develop	   strategies	   and	   procedures	   for	   promoting	   transfer	   of	   technology	   and	  
other	  beneqits	  to	  industry	  and	  to	  society	  in	  general.	  	  



●  The	   astroparticle	   physics	   community,	   despite	   its	   relatively	   short	   history,	   has	   achieved	   good	  
levels	   of	   international	   coordination.	   Nevertheless,	   the	   scale	   of	   the	   next	   generation	   of	   large	  
infrastructures	  will	  require	  enhanced	  forms	  of	  international	  coordination.	  	  	  

●  In	   some	   areas	   (e.g.,	   dark	   matter,	   or	   neutrino	   mass	   searches)	   a	   healthy	   diversity	   and	  
competitiveness	  is	  desirable	  for	  the	  instruments	  under	  construction,	  even	  while	  procurement	  of	  
rare	  materials	  needs	  to	  be	  coordinated,	  and	  convergence	  should	  be	  encouraged	  for	  future	  very	  
large	  third-‐generation	  experiments.	  	  	  

●  In	  other	   areas	   (high	  energy	  gamma	  rays,	   charged	  cosmic	   rays,	  or	  high-energy	  neutrinos)	  
the	  small	  number	  of	  existing	  observatories	  worldwide	  already	  operate	  (or	  intend	  to	  operate)	  as	  
single	   integrated	  worldwide	   networks.	   	   In	   these	   areas,	   the	   planning	   of	   future	   projects	   should	  
include	  consideration	  of	  enabling	  policy	   issues	  such	  as	  governance,	  site	  selection,	  access	  to	  the	  
experimental	  resources	  and	  to	  data,	  and	  operating	  costs.	  	  	  

●  Lastly,	   there	  are	  very	   large-‐scale	  projects	  (e.g.,	  dark	  energy	  observatories,	   third-generation	  
gravitational	   wave	   antennas	   and	   “megaton”-scale	   proton	   decay	   and	   neutrino	   detectors)	  
whose	   cost,	   complexity	   and	  multiple	   links	   to	   neighbouring	   scientiqic	   disciplines	   (astrophysics,	  
cosmology,	   particle	   physics)	   present	   a	   strong	   case	   for	   worldwide	   convergence	   or,	   at	   a	  
minimum,	  for	  avoidance	  of	  unnecessary	  duplication.	  

APIF	  A	  roadmap	  of	  possible	  coordination	  issues	  



 It	  is	  not	  a	  new	  super-‐agency	  	  
 The	  activities	  of	  APIF	  would	  not	  pre-‐empt	  or	  interfere	  with	  national	  or	  
regional	  mechanisms	   for	   planning,	   prioritising,	   authorising,	   funding	   or	  
overseeing	  speciqic	  research	  projects.	  	  

 It	  is	  not	  a	  scientiqic	  advisory	  body:	  
 As	   needed,	   APIF	   would	   seek	   information	   and	   advice	   from	   the	  
international	   scientiqic	   community.	   It	   could	   invite	   individual	   experts,	  
spokespersons	  of	  projects	  or	  members	  of	  scientiqic	  bodies	  to	  attend	  APIF	  
meetings	  or	  to	  participate	  in	  subsidiary	  activities.	  	  
 The	  Working	   Group	   also	   recommends	   that	   the	   scientiqic	   community	  
strengthen	   its	   activities	   aimed	   at	   ensuring	   vigorous,	   globally	   coherent	  
progress	  in	  astroparticle	  physics.	  Speciqically,	  the	  International	  Union	  of	  
Pure	   and	   Applied	   Physics	   (IUPAP)	   could	   review	   and,	   if	   appropriate,	  
adjust	   its	   mechanisms	   for	   promoting	   international	   scientiqic	   co-‐
operation	  and	  discussions	  among	  scientists	  about	  the	  future	  of	  the	  qield.	  	  

What	  	  APIF	  is	  NOT	  supposed	  to	  do	  ?	  	  



  	   It	   seems	   that	   we	   were	   lucky	   	   θ13appeears	   to	   be	   large	   promising	   a	   rich	  
harvest	  for	  “standard	  matrix	  determination”.	  But,	  need	  to	  keep	  our	  eyes	  open	  
to	  the	  unexpected	  (sterile	  neutrinos,	  Lorentz	  violation,…)	  	  	  

 The	  best	  strategy	  will	  be	  the	  right	  mixture	  of	  the	  two	  
 	  Large	  detector	  technologies	  are	  complementary	  

 The	  best	  strategy	  would	  be	  at	  least	  a	  mixture	  of	  two	  technologies	  	  
 	  Large	  detectors	  also	  are	  astroparticle	  physics	  observatories	  (supernova)	  and	  	  
cosmological	  probes	  (proton	  decay)	  

 The	   best	   strategy	   would	   be	   a	   mixture	   of	   Astroparticle/Cosmology	   and	  
particle	  physics	  goals	  

 This	   gives	   a	   multitude	   of	   possibilities	   across	   the	   world	   	   that	   need	   to	   be	  
coordinated	  at	  least	  wrt	  to	  their	  goals	  
 In	   Europe	   CERN,	   ASPERA	   strategies	   are	   in	   development,	   we	   need	  work	   to	  
optimize	  along	  the	  above	  axes.	   	   	  The	  global	  NNN	  community	  should	  move	  to	  
closer	  coordination	  forms.	  The	  OECD	  GSF	  Astroparticle	  Forum	  (APIF)	   	   	  could	  	  
be	  a	  tool	  for	  promotion	  of	  	  a	  worldwide	  strategy	  

 The	   best	   strategy	   would	   be	   a	   mixture	   of	   a	   European	   strategy	   well	  
embedded	  and	  coordinated	  in	  a	  	  global	  framework	  

Conclusions	  


