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1. Introduction ~ 4. 0vBp decay in the seesaw mechanism —

v’ Neutrino mass (oscillation experiment)
v’ Dirac type or Majorana type ?
v’ Right-handed neutrino ...?

Puzzles of neutrino in SM

Oscillation experiment data
‘ Neutrino mass hierarchy H AmZ,/107%eV? ‘ Am32, /107 3eV?

[NUFIT 5.1(21)]

NH (m1 < mg < m3) 7.4270-2 2.5101007
IH (m3 < mq < ma) 7.4270% —2.49073:0%

L - index of lightest active neutrino

@ At least two generations of neutrinos are massive.
® Smallness of neutrino mass,

— _ m, : active neutrino mass
m, ~ O(10 “)Gev« Me ~ 1072GEV e i uecronmas

Beyond SM physics is needed to explain these discrepancies

2. SM + RHv

Fqr : Yukawa coupling L : SM lepton doublet @ : SM Higgs doublet
Vg : right-handed neutrino M, : Majorana mass of right-handed neutrino

. _— Mp——
L = Lsm + iUrrY"Ouvrr — (Fa[La‘I)l/R] + 7111?311/31 + h.c.)

Weak interaction of neutrino

[Pontecorvo(‘58)]  [Maki, Nakagawa, Sakata (‘62)]

Via = Z Uaivi + Z G')UJN;
i I

Uy : Mixing element of active v (PMNS matrix) e
0, : Mixing element of RHv

. vi, NE )
All mass eigenstates Ui, Ot
have the weak interactions.

Yukawa coupling

[Casas, Ibarra(‘01)]

7
F = UDY2Qp/?
<<I)>U v N

D, = diag (m1, ma, ms)

Dy =diag (My, M) ¢ _ (

w : Complex parameter

0 0
cosw —sinw
Esinw  Ecosw
Predictions

» Majorana neutrino

» Smallness of neutrino masses

Seesaw mechanism works!
Assumption for Dirac mass &
Majorana mass Mp (= (®)F) < M;

» New particles and interactions

[P. Minkowski (‘77)]

3. 0OvBp decay

Why is OvBpS decay? -

~

One possibility for the decay is Majorana

neutrino mediation.

- It is possible to verify the Majorana
nature of the neutrino.

* The decay process violates the lepton

number.

—> Application to Leptogenesis is expected.

Active v’s contribution  (xamtano-zen (16))
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Suppression factor by the propagator

36 — 156 meV

[KamLAND-Zen (‘22)]

[Faessler, Gonzalez, Kovalenko, Simkovic(‘14)] [Barea, Kotila, lachello(‘15)] F . t £ lei ] 100 =
A2 Testable region Miightest = 0 ermimomentum or nuclel cOE
76 . 50 (=
Jo(Mp) = 2| When M; < Ag, . | = {145 = 3.68 meV (NH) Lde : 159.0 ~193.0 MeV g i
Aﬁ -+ JMI RHv great contribution!! CH 18.6 — 48.4 meV (IH) Xe : 178.0 — 211.0 MeV 1| 4T i 1 P i T AT TTT RN FTET
[Faessler, Gonzalez, Kovalenko, Simkovic(‘14)] 107 100 10" 10 1070 10° 10! 10%
\ / L My [GeV] M [GeV] )

Cancellation by N Mass assumption M; < Ag < My [M“[]):l ﬂ

Jo(Mp) =0

The effective mass can be expanded into a concrete expression by using
Casas-lbarra parametrization.
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mor = UZmi+ Y 04 Mifs(M1) | NH case (my
i I
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’ . 2 . 2
=[1— fs(My)] [UEQITI;/Z cosw + Uegm_,l}/z sin w} + 1= fa(My)] [Ueyn;/z sinw — UE(;TH;/Q cos u,}

2 2
1/2 . 1/2 1/2 1/2 .
= (Uegm,z/ sinw — Uﬁgmg/ cos w) + (Uegmz/ cosw + Ué;_gmg/ smw) X 6%

L

q Even if no decay is observed, the
solved ¥ nature of RHv can be characterized!
¢ A:ti()f - 107 ———3
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e2My 3 3]
Decay suppressed wh e e e

by the RHv!!
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Enhancement by N Assuming the effective mass observed at |meg| = mfy

Mass assumption M # Mo 107

T \HHH‘ T \HHH‘ T \HHH‘ TT
Mi=1GeV, My=200GeV

L

* The absolute value of the mixing element E
is determined by the effective mass of

the observed decay.
Mett — Meg (1 — f3(M2)]
My [fs(M1) — fp(M2)]
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Mass assumption M; = My = My

+ Predictions are obtained "'
regarding the absolute
value of the sum of the 10°
mixing elements and the
mass of the RHv.
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(5. Future experiments )

Effective mass of the decay
observed for nuclei with
The effective masses of the Predicted effective mass A = 200 MeV.

i i ’ i i = fa (My) — f5 (]
decays |nc|yd|ng N's contrlputlon e = [1= o (M) it + (ma = e [1 = fs (V)] 7?; 82; — ﬂj 82;
becomes different depending

. 100 T T AT T TTTI T AT T
on the decay nuclei. 90 - Kyisomev | 190 mey *E 200
. 80 B 10 meV ---~
- The nature of RHv is more

Rp=250 Mev [ 100 meV
limited.

50 meV
10meV -

f (mev]
W‘

6. Conclusion

» We discussed the OvBf decay in the seesaw mechanism.

» We comprehensively investigated the contribution to the decay of the RHv. 10" T T 10°
» Especially, when it is lighter than the typical fermi momentum, the decay is strongly \

suppressed and may no longer occur.

> We showed that the properties of RHv may be characterized by the future decay- =

observation-experiments.

» We pointed out that multiple experiments using different nuclei are important to
understand the properties of right-handed neutrinos (masses and mixing elements).

Huge region can be searched on future experiments.

AL B L N R B L

£ [ o=o_

o Lo

107 1072 10! 10° 10! 10? 107? 10?2 10! 10 10! 10°
M, [GeV] M, [GeV]

UGAP2022, 13th-15th, Jun., 2022, Tokyo University of Science



