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Introduce two RH neutrinos

�Explain neutrino masses by seesaw mechanism
� Light (active) neutrinos

� Heavy neutrinos

�Explain baryon asymmetry by RH neutrinos
� Mechanism depends on masses of heavy neutrinos

ex) Leptogenesis,     Baryogenesis via Neutrino Oscillation 

�Heavy neutrinos can be tested directly by experiments, 
if their masses are small enough
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In this talkIn this talk
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Can we determine all the parameters of the model Can we determine all the parameters of the model 
by experiments and cosmological observations ?by experiments and cosmological observations ?
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� Parameters of light (active) neutrinos

� Parameters of heavy neutrinos

:  ν masses

: N masses

Dirac phase δδδδ

(in IH)

Majorana phase ηηηη
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� Global analysis

� Unknown parameters

Fogli et al (12)

What can we learn What can we learn 
from present experiments from present experiments 

and and 
ccosmological observations ?osmological observations ?
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Direct search experimentsDirect search experiments
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� PS191 experiment
� Production

� Detection

�� Upper boundsUpper bounds

PLB203,332 (1988)

Ruchayski, Ivashko ‘12
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BBN constraintBBN constraint
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Dolgov, Hansen, Rafflet, Semikoz (’00)

Together with search bounds, Together with search bounds, 
we obtain allowed range !we obtain allowed range !

Gorbunov, Shaposhnikov (07), Ruchayski, Ivashko (12)
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IH caseNH case
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We find other interesting information in IH case !
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Mixing elements in IH caseMixing elements in IH case
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TA, Eijima, Ishida (‘11)

We find allowed range of Majorana phase !We find allowed range of Majorana phase !
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Majorana phase in IH caseMajorana phase in IH case
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Future search experiments by Kaon decaysFuture search experiments by Kaon decays can can 
provide strong information on Majorana phaseprovide strong information on Majorana phase

Excluded by 
BBN +PS191

Excluded by 
BBN +PS191
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Effective neutrino mass from light and heavy neutrinos 
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TA, Eijima, Ishida (‘11)
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Baryon asymmetryBaryon asymmetry
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Oscillation of heavy neutrinos can be a source of BAU

� CPV in oscillation and production generates asymmetries

� Asymmetries are separated into LH and RH leptons

� Asymmetry in LH leptons is converted into BAU

Akhmedov, Rubakov, Smirnov (’98)
TA, Shaposhnikov (‘05), Shaposhnikov (’08), Canetti, Shaposhnikov (‘10)
TA, Ishida (‘10), Canetti, Drewes, Shaposhnikov (’12), TA, Eijima, Ishida (‘12)
Canetti, Drewes, Shaposhnikov (‘12),  Canetti, Drewes, Frossard, Shaposhnikov (‘12) 

Especially, CP violating parameters
and mass difference
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� Global analysis

� Free parameters

Fogli et al (12)
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Oscillation experiments
Future

Search experiments  
in K decays (beam dump/ 
peak search) + BBN

Present and future

Future

Baryon asymmetry
Present



SummarySummary
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