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Ongoing work: gathering input from community 
                              & synthesizing 

first  
drafts 
posted: 
see 
twiki 

we 
are 
here 

Because we just had a workshop in March  
full of talks, for this meeting’s parallel 
  sessions we had only discussions 
 
   (except one talk with physics news since the SLAC meeting) 
 

83 one-page whitepapers received 

http://www.snowmass2013.org/tiki-index.php?page=Neutrinos!
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Neutrino physics has been 
 tremendously successful over the past 
  two decades...  

We now have a pretty robust, simple 3-flavor neutrino  
  paradigm, describing most of the data 
 
Still unknown: 
  what is the absolute mass scale? 
  are neutrinos Majorana or Dirac? 
 
    

Symmetry 



What do we not know about three-
flavor oscillations?  

basically 
unknown 

sign of Δm2 
unknown 
(ordering 
of masses) 

Is θ23  
non-negligibly 
 greater 
 or smaller 
than 45 deg? 



Outstanding ‘anomalies’ 
 LSND @ LANL (~30 MeV, 30 m) 
    
Δm2 ~ 1 eV2:  inconsistent with 3 ν masses  

Also: possible deficits of reactor νe (‘reactor anomaly’)  
    and source νe (‘gallium anomaly’ ) 

  Sterile neutrinos?? (i.e. no normal weak interactions)  
   Some theoretical motivations for this, both from particle 
   physics & astrophysics.     Or some other new physics?? 

�̄µ � �̄eExcess of νe interpreted as  

 MiniBooNE @ FNAL (ν,ν ~1 GeV, 0.5 km) 
 - unexplained >3 σ excess for E < 475 MeV in neutrinos 
     (inconsistent w/ LSND oscillation) 
 - no excess for E > 475 MeV in neutrinos 
      (inconsistent w/ LSND oscillation) 
 - small excess for E < 475 MeV in antineutrinos  
      (~consistent with neutrinos) 
 - small excess for E > 475 MeV in antineutrinos  
      (consistent w/ LSND) 
 - for E>200 MeV, both nu and nubar consistent with LSND 

 ???? 
more data needed 



Information about neutrinos 
  from Planck 

Talk by Sudeep Das 



Panel Discussion Topics 
Overall Neutrino Physics Strategy 
 
US Strategy Part I 
 
Neutrino Theory Needs 
 
Inter-Frontier Connections 
 
Neutrinos and Society 
 
US Strategy Part II 
 
International Coordination 

-  comments from panelists and audience in 
  response to specific questions 

-  not always consensus, or answers, but in the following, 
 we will try to capture some of the most commonly 
  expressed ideas (not comprehensive!) 



Overall neutrino physics strategy	


Moderator: Boris Kayser	

Panelists: F. Halzen, K. Lande, W. Louis, W. Marciano, S. Parke, ���
   R. Patterson, R. Plunkett, J. Rosner	


-  What are the most important neutrino physics goals? 

-  How well do we need to know the standard neutrino sector  
   parameters? 

-  What is the relative importance of testing the 3-flavor 
   paradigm and exploring anomalies? 

-  How do we frame a convincing and accurate narrative  
  regarding the importance of the PMNS phase for understanding  
  the lepton/baryon asymmetry of the Universe?  



•  we don’t have full answers to all these yet... working on it!  
  
•  along with the Higgs, the neutrino is the one type of particle 

   we don’t understand well yet 
 
•  we do have a clear list of questions, and good  

 experimental ideas for getting the answers 
 
•  especially important physics questions: 

•  CP violation 
•  0νbbdk (lepton number violation) 
 

•  exploring existing anomalies should not be ignored 
   (we are “blessed, not plagued”) 





•  getting LBNE underground is scientifically important 
    and critical  

•  breadth of program is very important 

•  depth & near detector make LBNE attractive to  
   international partners 



Neutrino theory needs	


Moderator: André de Gouvêa	

Panelists: K.S. Babu, B. Balantekin, P. Huber, J. Link, H. Gallagher, ���
   J. Morfin, H. Lee	


-  What is the role of neutrino theory? 

-  What are the most pressing questions for neutrino theory today? 

-  How do we increase the number of nuclear phenomenologists and  
      attract them to join the neutrino theory and experimental effort?  

-  What should be the size of the neutrino theory community? 

-  If we need to grow the neutrino community, how can we do it?   



•  need more neutrino theorists 
  
•  need theorists who can calculate (not just speculate)  

   and interface with experimentalists 

•  need theorists who can connect between frontiers, 
  and with nuclear physics (neutrino interactions) 

 
 
Meeting of neutrino theorists on May 20 at FNAL to  
  discuss concrete initiatives (contact André de Gouvêa) 



Inter-Frontier Connections	

Moderator: Yuri Gershtein	

Panelists: D. Cowen, R. Henning, B. McKeown, A. Piepke, M. Ramsey-Musolf,	

   R. Roser,  J. Yoo	


-  How do we communicate the importance of neutrino physics to 
  the other Frontiers? 

-  How do we ensure that “stovepiping” of funding within/between Frontiers 
  doesn’t limit opportunities for science? 

-  How can we mitigate “stovepiping” within/between 
   HEP and NP (DOE and NSF) that can limit opportunities for science? 

 
-  How can we exploit opportunities at the interfaces between the Frontiers? 
 
-  How can we exploit connections with nuclear physics? 



 
 
 

•  we are particle physicists, not neutrino physicists 
  
•  neutrinos naturally cross many boundaries 

•  funding issues have been solved in the past; 
   need constructive solutions in collaboration with  
   agencies 

 
 
 



Neutrinos and society	


Moderator: Adam Bernstein	

Panelists:  E. Blucher, Z. Djurcic, G. Horton-Smith, J. Klein, R. Lanza, ���
   K. van Bibber, H. White	


-  How do we communicate the importance of fundamental and 
  applied neutrino physics to Congress and the public? 

-  What synergies exist between fundamental neutrino physics and  
  proposed applications of neutrinos in other fields? 

-  How can the community best take advantage of these synergies? 

-  What training is useful for scientists to facilitate these synergies? 

-  What technologies – accelerators, detectors– arising directly from  
  neutrino physics are relevant in fields beyond fundamental science? 



 
 
 

•  getting the message out matters 

•  synergies between fundamental physics and  
 applications are a “gift dropped in the lap of the 
   neutrino community”, e.g. 
   nonproliferation & short baseline oscillations 

•  synergies with industry, spin-offs 

•  need to pay attention to other agencies  
   (e.g. NNSA) to tap connections 

  
 
 
 



US strategy, part 2:	

   experiments at different scales	


Moderator: Kate Scholberg	

Panelists: S. Brice, A. Bross, A. Connolly, J. Conrad, J. Formaggio, 	

               G. Gratta,  K. McFarland, P. Mumm	


-  Do we need a robust program of experiments at different scales? 

-  What are the opportunities for smaller projects? 

-  How do we ensure that new ideas can find fertile ground? 

-  What should be the strategy beyond the next decade? 



 
 
 

•  general consensus that different scales 
 (time, money...) are desirable; 
  breadth and diversity matter 

•  high risk acceptable for smaller projects; 
   need to be nimble 

•  smaller projects good for training 

•  initiatives for “incubation” of new ideas? 
 
 
 



International coordination	


Moderator: Sam Zeller	

Panelists:  F. di Lodovico, T. Ekelöf,  M. Goodman, S. Kettell, Y. Kim, ���
   Y.K. Kim, K. Long, S. Mishra, H. da Motta, N. Smith, M. Yokoyama	


-  What are the opportunities for international participation in U.S.  
   neutrino experiments? 

 
-  What are the opportunities for U.S. participation in neutrino physics 

   experiments abroad? 
 
-  How can we optimize the global program? 



 
 
 

 

•  many opportunities for collaboration in the US 
   (notably, LBNE) 

•  international partners will be full 
   scientific partners 

•  follow-through is important 

•  many opportunities abroad 
 (Japan, Europe, Canada, Korea, India, China, S. America,..) 

•  no consensus on meaning of  
   “optimization” 
  (how important is complementarity?) 



Next steps: 

Subgroup conveners are working on  
   synthesizing input for coherent physics case,  
     story for opportunities and plans 
     (difficult due to diversity of neutrino physics!) 

Further feedback: email if-neutrino-conveners@fnal.gov!
 (This reaches all Nu1-Nu7 conveners)!



Neutrino physics has been 
 tremendously successful over the past 
  two decades... we have clear paths 
  forward for building on this success 

We now have a pretty robust, simple 3-flavor neutrino  
  paradigm, describing most of the data 
 
Still a few unknown parameters in this picture,  
  notably mass hierarchy & CP δ, but clear steps to take 
need to push on the paradigm w/ precision  
                measurements 
  ... and plenty of long-term ideas,  
             smaller experiment ideas 
 
Anomalies are still out there...  
          they may or may not go away. 
     



 
 
 

Final thoughts on the message for Snowmass 
  Yuval’s talk on first day: 
 
“Once you find an entrance, there will be an	

 explosion in some direction that will carry	

 on for decades”	

 
That’s happened for neutrinos! 

We can build a world-class neutrino program 
  along three lines: 
 
•  long-baseline oscillations 
•    neutrinoless double beta decay 
•    smaller experiments to search for new physics 

Breadth, and connections between 
  Frontiers, are important 


