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Neutrino oscillations 

 Flavor oscillations of three massive neutrinos 

 

 

 

 

 

 

 

 Need for physics beyond the SM !    

 “What is the origin of neutrino masses?” 

 “How do we test it experimentally?” 
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Global 3 oscillation analysis 

Fogli, Lisi, Marrone, Plazzo, Rotunno (‘11) 

[3s range with new reactor fluxes] 
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13sin 2 0.092 0.016 0.005   
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Non-zero 13 



Extension by RH neutrinos 
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active-sterile mixing 
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Scale of Majorana mass 
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Scale of Majorana mass 
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Conventional GUT 

Leptogenesis 

MSM 

Sterile neutrino 
dark matter 

Baryogenesis 
via sterile 
neutrino osc. 

Osc. Exp. 

X-ray 
Obs. 

Direct 
search 



In this talk 
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Can we observe such sterile neutrinos 
  produced in atmosphere  
    at Super-Kamiokande (SK)? 



Production  
of sterile neutrinos 
in atmosphere 
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Production of ATM neutrinos 
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Active neutrinos 

Cosmic rays 
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Fluxes of ATM neutrinos 

29 March, 2012 Takehiko Asaka (Niigata Univ.) 

10 

Honda, Kajita, Kasahara, Midorikawa (‘95) 

Kusenko, Pascoli, Semikoz (‘05) 

Volkova (‘80); Mitsui, Midorikawa, Komori (‘86); Butkevich, Dedenko, Zhelsnykh (‘89);  
Gaisser, Stanev, Barr (‘88); Lipari (‘93); Honda, Kajita, Kasahara, Midorikawa (‘95); … 
Battistoni, Ferrari, Montaruli, Sata (‘02); …; Honda, Kajita, Kasahara, Midorikawa (‘11);…  



Flux of ATM sterile neutrino 
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Detection  
of sterile neutrinos 

at SK 
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 Decay mode      BR 

 

 

 

 

 

 Decay length 
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PhD Thesis by S. Nakayama ‘03 



Event rate 
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 Number of event decays inside fiducial volume with 22.5kt water 

Rate = SK 

Earth 
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PhD Thesis by S. Nakayama ‘03 

SK (1489 days) 

PRD71, 112005 (2005) 
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Invariant mass distribution 
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PRD71, 112005 (2005) 
SK data (1489 days) 



Visible energy 
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Opening angle 
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Impacts of Evis and ee cuts 
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Invariant mass distribution with cuts 

29 March, 2012 Takehiko Asaka (Niigata Univ.) 

21 

 SK data (1489 days) 



Upper bound on mixing -1- 
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 Comparison with previous analysis 

w cuts 
wo cuts 

Kusenko et. al. 



Upper bound on mixing -2- 
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 Comparison with other search experiments 

CERN PS191 
(1984) 



Summary 
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Summary 

29 March, 2012 Takehiko Asaka (Niigata Univ.) 

25 



Summary -2- 
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 For better sensitivity 

 More advanced analysis 

 Prediction vs Observational data 

 Understanding of BG properties, … 

 More statistics with larger detection volume 

 

There will be a good chance to discover  
atmospheric sterile neutrino 

 with the refinements of analysis and  
the upgrade of facility (e.g. HK) !!! 



Backup 
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Event distribution 
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Up-down asymmetry in events 
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