
 

what do we learn from the past for neutrino physics in the future?

not much, however…



a brief history of particle physics
 

• prehistory with cosmic rays to ~ 1977:
 
   experiment drives theory (with notable exceptions)
   with many serendipitous discoveries (the neutrino, the muon,
   strange particles, P and CP violation, J/psi, upsilon…
 

• era of the Standard Model*:
 
   most successful theory ever constructed, precision tests
   we find what we look for, and no more**…
 
 
 
 
* first textbooks on the Standard Model appeared in early 80’s
** BSM: lepton universality violation in b-decay, g-2,…?



a brief history of neutrino physics
 

• the era of serendipitous discovery never happened
• we only found what we looked for and no more (with

   possible exceptions*)
 
dedicated experiments found
   the neutrino discovery at a reactor
   the second neutrino with a dedicated accelerator beam
   atmospheric neutrinos in underground muon detectors
   solar neutrinos in radiochemical experiment
   oscillations with SuperK
   a supernova with Kamioka and IMB
   ….
   cosmic neutrinos with IceCube
 
*sterile neutrinos, < 100 TeV atmospheric neutrino excess in
IceCube,…



 
• the neutrino is a coy mistress

 
• by building dedicated precision and exploratory

experiments we may find physics beyond the Standard
Model whose existence in the neutrino sector is well
motivated by the non-vanishing neutrino mass and the
puzzling hierarchy of the neutrino and electron mass

   
 
 



the future of neutrino physics is instrumentation and the future
is bright:
 

• precision:
   intense accelerator beams, short-baseline, DUNE,
   HyperK,…
   ORCA, neutron factories…
   neutrino factory?
 

• exploration:
   double-beta decay, supernova detectors, short-baseline
   reactor beams, neutrino “telescopes”, …
 

• …
 

• results to be discussed in the next History of Neutrino
Physics organized by Daniel and Michel.







eV sterile neutrino ! Earth MSW resonance for TeV neutrinos



no telltale structure
in the zenith angle

distribution



• from 1 ! 7 years of data soon
• the short baseline program at

Fermilab
• “very” short baseline near

reactors
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Symmetry
Magazine

neutrinos: the sun and the Earth

 



why so different?
main result: CP-violation



one half million
atmospheric
neutrinos…

 



oscillations at 20 GeV

DeepCore: !map the first oscillation dip at 10x higher energy
                 !new physics?



IceCube/DeepCore



SuperK

IceCube



two independent analyses
 

one for quality of events
 

one for statistics
 

both blind







! soon ORCA with 110 highly instrumented
strings





Why the precision measurement of another matrix?
 
 

new insights: leptonic CP connection to baryogenesis,
    origin of flavor,…
 

proton decay, supernova, dark matter search…
 

discover new physics: high energy scale and a  
    hierarchy problem
 

what is the alternative?
 
 
 



  mn  =  0   ! new symmetry
 

  mn     0    ! new degrees of freedom beyond the SM
 

  mn  small  ! new high mass scale

neutrinos probe BSM physics just like LHC

(leptogenesis)



BSM with large scale L naturally accommodates
small neutrino masses

 



discover new physics: go and look for it



nn

absolute neutrino mass: KATRIN, Project 8, Holmium, …

double-beta decay: lepton number violation
EXO, GERDA, SNO+, MAJORANA, … NEXT…


