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Introduction : Two Righhanded Neutrinos

SM extended bywo Righthanded (RH) neutrinos
L:LSM _i-ﬁRl nug Rﬁ F_aI:a RFH%_—CI;I I£? hI: alig’?,m

Neutrino masseg bnt,, D, M, >M 1t { BF

Light (active) neutrinog?, 71, 1,

Seesaw mechanism—> .
Heavy neutrinos N, N,

Baryon Asymmetry of the Universe (BAD)

ex) Leptogenesis [Fukugita Yanagida Qy c 0 8
Resonant_eptogenesis [Pilaftsis Underwood Qnn 0 8
Baryogenesigia neutrino oscillation [AkhemedoyRubakoE { Y A N/ 2

To probe the origins of neutrino masses and BAL
the experimental test of RH neutrinos Is crucial




Parameters in 2RiHmodel

' Physics of heavy neutrinos is describedNby Fand

F., =iU_,DY W /< I; a: j; 3/77 [Casas,Ibara Q n »
Light neutrino sector Dirac phased (in 1H)
D,Y? = diagy/m ~/m, A/m =0) \ Majoranaphase/?
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Heavy neutringsector
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Sign parameter = 1

Complex parameteV



Parameters in 2RiHmodel

' Physics of heavy neutrinos is describedNby Fand

F, =i U_, DY wWDl? /< I; [Casas,lbari@ Q n
— F(|rr!|" rrb! m31 QI21 q31 1gd1 /|7’|MN 1DM 1Re Wm y ,/’/')
Lightr'1 sector Heavyn sector

This model introduced 2 real parametersn addition to sign paramete

From oscillation experiments

Global analysis m =0.0488eV m, =0.0496eV m, =0
(IH)[FogliS G I ¢ 0 G 51;:60_307 sin? q,, = 0.392 sin? g, = 0.024¢

Unknown parameters

Can these unknown

- h=[0,
a=[0.24 0.4 parameters be
My o DM (M) x=1 determinec
Rew=[ -g2, pd X, =exp(Imw) 21 experimentally?




d¢Sail o-haBded Neutridds ()

Seesaw mechanis]n Baryogenesisia neutrino oscillatior

ResonantLeptogenesi
Toy model with 1LRl+ 1Rk
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Neutrino Yukawa Coupling
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When Majoranamass Is T TR
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IS testable by experiments.




Framework In this talk

Target heavy neutrinod\, , N,
o Lighter than chargelaonmass M,,<m, Z93MeV

—> Direct test byKaondecays is possibleK™ - | N
o Quasidegenerate M,-M, =ND<2M,, M, M3

= Baryogenesisgia neutrino oscillation is possible
[AkhemedoyRubako¥ { Y A NJ

In this framework, we show

1. Parameters are restricted from current experiments
and BigBangNucleosynthesi$BBN)

2. All unknown parameters might be determined by
future experiments and BAU



Constraints of heavy neutrings, N,

Direct search (PS191 experimgnipernardietaiso y y v 8

Production: p°, K™~ eN, N Mixing elements
Detection : N- 11 n, | p N, =(Ues), {7 +Qu NF
Upper bounds of mixing elements g Mo),, _ (F)F 4

2 2 b 2 2 M, M,
|Qa'| (a| Q'| ‘ Qﬁ‘ +C| q ) (a,b,c:dependn M and channe

BigBangNucleosynthesi¢éBBN)

To keep the success of BBN [Dolgoy HansenRafflet Semiko Q 7
= Upper limit of lifetime 7 <0.1sec

= Lower bounds of mixing elements(Z"N1 = G’ IQIZ)

From above two types of constraint
we evaluate the allowed region of heavy neutrings N,

[Gorbunoy Shaposhnikow Q n [RucBayskivashkod Q m H



Allowed region ofN,, N,
, X,, = exp( Imw)
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2 = Bounds ofQ" — Bounds ofX,,
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We find the allowed range ofM , and X, = O(10)




Allowed region ofN,, N,
, X,, = exp( Imw)
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We find another interesting result in IH case!



Mixing elements of heavy neutrinos

When DM <M and X, >1,

mixing elements oN, andN,are sameQ_, = () [AsakaSE,IshidaQm

Mixing elements Iin IH
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= Flavor dependencef mixing elements



Mixing elements of heavy neutrinos

Mixing elements in IH M, =100MeV, X =10, Rev =
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Allowed range oMajoranaphase in I1H

Majoranaphase Iis restricted by direct search experiment and BBN
Excluded by PS191 + BBK': eéN N- gp*+cc
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Excluded by PS191 + BBN : 7iIN N- mp’ +cc

Majoranaphase is restricted foM < 350MeV
= |mpact onneutrinolessdouble beta decay

350 400




On b decay in IH

Impact on @ b decay by restrictedajoranaphase

Effective neutrino masBl

ms=mU; +L(M)M D & f{ M) gl [Asaka,SE, IshidaQ M M 1
. :cos?c713(n1_2 co$ g +nt sit g ¥2mm cos ,gsin %

Only light neutrinos
My 7=0- ¢

nHeavy neutrinos give
negative contribution ofm,
o The restricted”

predicts the limitedm,|
for M < 350MeV
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Allowed range oMajoranaphase in IH
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Excluded by

PS191 + BBN _ PS191 + BBN
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o Future search experiments b{aondecays can provide
strong information orMajoranaphase

o |If M Is determined by a experiment (Peak search),
Majaranaphase may be also determined



Heavy neutrino masl, from experiments

Direct search experiments of heavy neutrirjos

Peak Search experimenshrock oy no 6

ex)p” - € +N, Search for the peak
o St corresponding to heavy neutrino
mixing Q. measured in positron energy distribution

‘conservation of momentum and energy
two-body decay

_ 1 2 pp2
Ee+—2mp(nﬁ m, M)

Unique for a heavy neutrino mass

From-

= M v IS determined by the Peak search experiment



I\/Ia'|orana|ghase/7 from experiments
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— |nformation of CP phase
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Majoranaphase/? from experiments

‘2

BR(K - e+N)., |Qc

Ratia BRK- mN) [Qf —— Information of CP phase
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' { Once the ratio is measured
\ / Majoranaphase is limited
i 1 only the two points.
NG

Heavy neutrino search

el T =M X, X and!
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' are determined
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Relation betwee? andew  from BAU

Baryogenesisia Neutrino Oscillation

Generation of asymmetry is controlled by,

o Dependence ofd
o Relation between /7

o

isvatyY £ f YR R2SayQi
andew

Contour of baryorto-entropy ratio Y M, =250MeV,d =/

0.5 —

Rew/n
o

-0.5 —

Correct sign of BAU restricts
the region ofRew dependin
on 1



Relation betweerRew amil from BAU

Baryogenesisia Neutrino Oscillation

Temperature of oscillation is crucial
T,..~ (MM DM )
olf /1 is determined = Relation betweerRew and

Contour of baryorto-entropy ratio Y

The order of IS determine
If IS not around  or



