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 Seesaw mechanism|

by right-handed neutrinos is an attractive mechanism for
tiny neutrino masses

Leptogenesis

Such right-handed neutrinos can also generate the baryon

asymmetry of the universe (BAU)
M.Fukugita and T.Yanagida Pays.Lett. B174 (1986) 45

npg

YO8 = 2| =(0.870+0.006) x 107'®  [Planck 2018]
S lobs

When right-handed neutrinos are hierarchical,
they must be heavier than © (10%) GeV .
S. Davidson and A. lbarra, Phys. Lett. B535 (2002) 25
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Resonant leptogenesis

When right-handed neutrinos are quasi-degenerate,

the production of the BAU is enhanced
A.Pilaftsis and T. E. J. Underwood, Null. Pays. B 692 (2004) 303

Masses of right-handed neutrinos can be
L smaller than G (10°) GeV

m—b Flavor effect of leptogenesis becomes important

—3 The BAU can depend on the mixing matrix of
* active neutrinos !
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In this talk

We consider resonant leptogenesis by TeV-scale
right-handed neutrinos

1) The dependence of the BAU on CP-violating phases in
the PMNS matrix

2) The impacts on Ov B B decay from
resonant leptogenesis
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Model
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« We consider the SM with 3 right-handed neutrinos vrr (1=1,2,3)

— —_— M
L= Lsy + WWRrIOY'VRI — (Faﬂa@l/}zz + A;U

Sl e RIS RS A S IS ey i R RN SRR R RE RIS B e ey e S

VRIVRJ + h.c.)

Majorana masses My = dzag(Ml, Mo, Mg)

. Yukawa couplings L{F TSN
for the seesaw mechanism , <¢ l

[Casas lbarra '0O1]

- Active neutrino masses D, = diag(mi, m2, m3)
mixing
C13C12 C13512 Slge_wcp 1 0 O
; ; @21
Uppmns = | —Ca3s12 — $23513C1260  Cagcio — S23513512€70 23013 0 e 2 0
] 3 @31
$23512 — C23513C126%0P —893C12 — C23513512€°02  Ca3C13 0 0 e

L
T =5~
o

Dirac phase Majorana phases

- Orthogonal matrix for vr Q)
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eptgnsi nroant leptogenesis

« Leptogenesis 7

AN e

CP asymmetry parameter

A I (vrr = la+®) — T (vrr — o + ?) regulator: A = M;I'; + M;I';
I = — —
i} I (VRI — EI + Q) + I (VRI — £I + Q) M. Garny, A. Kartavtsev and A. Hohenegger,
. ; ) ) Annals Phys. 328 (2013) 26
1 M F Py (FTF) | MMy (M= M) e St i S
8T 1Z1 (F'F) (M% _ M;)2 + A2
(M} — MJ)? = (MyAM)? = A

Eatlmas = 1 Im[F}; Fos(FTF) 5] MiM; for AM, = Al 2My)

ollmaz = g (FTF)g 2|A| Mn : average value of Mi and M,

AM : difference between M and My
2019/4/11 Prospects of Neutrino Physics 9



Parameters

Assumptidns ‘

} - Only two RHv are responsible to leptogenesis and seesaw

"~ mechanism.
- The lightest active v is massless.

- CP-violation occurs only in the active v sector (wuis real)

0 —sinwsgg coSwos 0

sinwio 0

1 0 0 COS W12
Q=10 coswzs sinwss (for NH) —sinwyy coswiy 0

0

1

) (for IH)

AM, = Al 2My)

- Take the central values of 6ijand Am3j

012

023

013

Ams, [eV?]

2 2
Am?, [eV?]

NH

33.62°

47.2°

8.54°

7.40x 1070

+2.494x1073 (£ =1)

IH

33.62°

48.1°

8.58°

7.40x107°

—2.465%x1073 (¢ =2)

BAU depends on {

Activev :
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[NuFIT 2018]

Ocp, a21-a31: NH (a21: IH)
Sterilev : Rew23: NH (Rew12: IH)

10




Resonant leptogenesis by
TeV-scale right-handed neutrinos

2019/4/11 Prospects of Neutrino Physics 11



Contour plot of BAU (6., and Majorana phase)

Las o RN eu pae .

NH case
Rewz23s=m /4

« Y can be large as O(10-5)

2.0
. YB depends on not only

1.5 difference of Majorana
& phase(az1 - as1) but also
? 10 Dirac phase(0 cp)
5 - Dependence on CPV phases
0.5, Is approximately given by
Yp sm(a‘21 at) +6Cp)
0.0-

~1.0 To.s )
' Ocp/m

central value of observation
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Contour plot of BAU (6cp and Majorana phase)

IH case

Rewi2=m /4

« YB can be large as O(10-8)

« YB depends on the Majorana
phase significantly as the NH

« The dependence on the Dirac
phase is much milder than the
NH case

. Dependence on CPV phases
IS approximately given by

. (X712
Yr x sm(—)
B 2

-1.0 -0.5 0.0 0.5 1.0

ﬁ Ocp/m

central value of observation
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Resonant leptogenesis and
neutrinoless double beta decay
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Ovpf decay
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e In the seesaw mechanism neutrinos are Majorana fermions.
. The lepton number is then broken.

« If there is lepton number violation, it occurs neutrinoless double
beta decay. (A, Z) - (A, Z+2)+2e
Effective neutrino mass of Ov 8 [" 0v B BxMeff2
Meff = |ZmiU§,-

NH

IH
. <N | Take central value of dcp
St 5 1
0 10 b= | 07007 (234°) for the NH
= - | —0.4567 (278°) fortheIH
> > 0
) v 35-
g g>
g 25 N ]
g g 30 1
: ] (1.5-3.7) meV forthe NH
L m =
2.0 25/ =) (18-48)mev  fortheIH:
: L 0l ,
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5 2.0
(a21—a3)/x az/x
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Ovf3 decay

NH case
40

The BAU constraints on mess

T

i when Rew23<0: '

ANIEIGEPI

w
=

no

| | when Rew23>0 :

Megr [MeV]
(\®)
wn

N

s
m
X
O
c
Q
)
o

the lower bound

E m by BAU | e —

| When AM becomes large,

~ BAU gives the upper bound on mef
AM =1.0 x104 AM« :red line

AM =6.0 x104 AM« : blue line

=
i

=
S

-04 -0.2 0.0 0.2 0.4

The allowed region disappears when

AM =G (10°)AM,
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Ovf3 decay

IH case
s T he BAU constraints on mefs
45 ! when Rew23<0 : }
40 maximal value of mes !
% 35 ! (21 ~ 2m)
= 30 ' when Rew23>0 :
. Excluded no
25 pyBAU o R
f S— .. When AM becomes large,
15— BAU gives the upper bound on meft

AM=1.0x102 AM« :red line
Rewra/n AM =2.5 x102 AM« : blue line

The allowed region disappears when
AM 2 300 AM.
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Summary
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-We Iinvestigated resonant leptogenesis at TeV-scale.

-We found that sufficient baryon number can be
generated.

-We demonstrated how the baryon asymmetry correlates
with CP-violating parameters in the PMNS matrix.

-We showed that the region of effective neutrino mass in
neutrinoless double beta decay is restricted in order to
explain the observed baryon asymmetry.
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