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Introduction

» Baryon asymmetry of the Universe Yz = -2 ~ 8.7x10~ 11

S

« Baryogenesis
- heavy particle decays in GUT scenarios (Sakharov 1967)
- electroweak baryogenesis (Kuzmin et al. 1985)

4 leptogenesis

- supersymme

(Fukugita and Yanagida 1986)
ric condensate baryogenesis (Affleck and Dine 1985)

- and many others...

* In this work, we discuss the generation of Yz through leptogenesis
- in the framework of minimal gauged U(l)Lu—LT model



Minimal gauged U(l)Lu—LT model model

K. Asai, K. Hamaguchi, N. Nagata, arXiv:1705.00419, Eur. Phys. J. C77 (2017) 763

« Extending the gauge sector of SM
|SU(3)CXSU(Z)LXU(l)Y,XU(l)La—LB

R. Foot, Mod.Phys.Lett. A6 (1991) 527-530
Gsum X.-G. He et al, Phys. Rev. D 43, R22

U(l)Le—Lu U(D)L, -1,

* Less constrained by the experiments



* Charge assignment

Ly — L, Leyr | ersptR, TR | Nepr | o | H

U(l)y -1 -1 0 0 | +3
U)L,-r, | 0411 | 041-1 [ 0411 | +1| 0

SU(2) 2 1 1 1 | 2

Ly =—ANE(Le - H) = \,N(L,, - H) — A, N¢(L, - H)
1
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Nertrino physics : after the SSB of o

 Neutrino mass matrices

e 0 0 M Aep(0)  Aer(0)
MD:% 0 )\,u 0 MR: )\,u<0_> 0 M,m-

0 0 M\ Aer(o)  M,, 0
_ _/

*

*
M, = —(Mp")" MgMp* = ( 0
*

two-zero minor structure



Nertrino physics : analysis of M,,

Myt = — (M) MMyt = U, (M)~ 0T

two-zero minor structure .
dlag(ml' mz, mS)

PMNS matrix
C12C13 S12C13 Slge_i5 1
—812C23 — C12503513€"  Ci2C23 — S12523513€"°  S23C13 s
512893 — C12C23813€"°  —C12893 — S12C23513€%°  C23C13 oS

cij = cosB;;,s;; =sinb;;,0;;: mixing angles,é: Dirac CP phase, a,, a;: Majorana phases

l]’

Solve the equations corresponding to the zero entries in M1

|_>m0 mo 01]? Am ) , (5 = (S(Qij, Amfj) , 052,3 = 052,3(01'3', Amfj)



Nertrino physics : results

0;, Amg; from

ijr

global-fitting group
NUFIT 4.1 (2019)

Minimal gauged U(l)Lu_LT model, normal mass ordering
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take 8,3 = 51" in the following analysis



Le ptog e n eS I S M. Fukugita, T. Yanagida, Phys. Lett. B174, 45 (1986)

* Yy =ng/s ~8.7x10~11
. we consider Tp < My
° SakharOV COndItIOnS A.D. Sakharov, JETP Lett. 5 (1967) 24-27

- nonconserved baryon number
- C and CP Vi()lati()ns %
- departure from thermal equilibrium v ‘

V. A. Kuzmin et al., Phys. Lett. 155B (1985) 36 A
sphaleron 7

J

I'(N; — LH) —T'(N; — LH* K
= DD L) ~ TR 2 L) _ > im{ (0217 (5%
[(N; — LH) + (N, — LH*) 8” W )i 7

 Nonthermal |eptOgeneSiS T. Asaka et al., Phys. Lett. B 464 (1999) 12 f(f”)=\/5[1—(1+f”)ln(l+x)+1ix]

- N;s are produced nonthermally in|inflaton| decays '
| »U(1);,-1, breaking field ¢

Yp




Nonthermal leptogenesis

 Take o as inflaton

Ly =—ANE(Le - H) = \,NS(L,, - H) — A, N&(L, - H)

1 c c c C 1 C C 1 K C C
IMNENE M NN L S s - T N e
a,B=e,u a,B=e,T
PO i k(o> = (0)7)” e— L, = L(97) — kA" |tanh? (i) - (@f 2
T 0= [o[P/A2)? 775 NaT A

> ensure the flatness of inflaton potential at large o _
* Inflaton mass = V2Re(o)

~ ~ 10 ) A B Ne B Py h( ¢>
my, ~ 2v/k (o) ~ 3 x 10" GeV x (1013 GeV) (1016 GeV) (50) oA an 7oA

CMB normalization




Baryon asymmetry

Nonthermal leptogenesis g

2 Zi €;Br(¢p — N;N;) + Zm<n(6m + €,) Br(@p = Ny Ny) = 2Xe€qg




€eff < (

A =10.01

(o) = 1013 GeV
A = 101% GeV
NuFIT inputs

€eff = Zi GiBT(¢ - NiNi) + (1/2) Zm<n(6‘m + En) BT((.b - NmNn)
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Baryon asymmetry : result

(o) =102 GeV,0 = 60°,¢p = 30°

3X1017J \ [ I I L]
cosmic string
(o) < 2 x 10 GeV
Y = 8.7x10711

3
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Summary

* We have investigated the baryon asymmetry in the Universe
- nonthermal leptogenesis with minimal gauged U(l)Lﬂ—Lr model

* [t is shown that Y; can be reproduced in this framework

* Future prospect
- thermal leptogenesis, etc



Backup



Introduction

* Light neutrino mass — adding RH neutrinos

Seesaw mechanism
MV — —MD ME 1Mg P. Minkowski, Phys. Lett. B67 (1977) 421-428

T. Yanagida, Conf. Proc. C7902131 (1979) 95-99

I mass terms tightly restricted by the U(l)La_LB symmetry

(%l 0 0 « 0 0\/* 0 O0\/* 0 0
ko 0 */]=[(0 x o][o o ][0 = 0O block-diagonal
O« 0] \NO O *x/\0 *x 0/\0 O =

this simple structure fails to explain the sizable neutrino mixing...




Introduction

» Spontaneous breaking of U(l)La_LB symmetry

introduce only one additional scalar field

X 3 3
M;1 ~ (* 0 *) or | M, =
*x % [0

S
* O *
* OO
B X
o

Two-zero structure leads into strong predictive power!



What are the contents?

* The SM
L—(VL €ER —<UL URr dR H
er, dL
SU(3)c 1 1 3 3|3 |1
SU(2)r, 2 1 2 1 |1 |2
Gy | -3 |4 & [ &[-4[3

 Three RH neutrinos

* One extra scalar field




Input parameters

global-fitting group

NUFIT 4.1 (2019)

with SK atmospheric data

Normal Ordering (best fit)

bfp 1o 30 range

sin? 612 0.31079:013 0.275 — 0.350
012/° 33.8270-7% 31.61 — 36.27
sin? 023 0.5631005% 0.433 — 0.609
023/° 48.611°9 41.1 — 51.3
sin? 613 0.0223710-00095  0.02044 — 0.02435
013/° 8.6010 15 8.22 — 8.98
dcp/° 221739 144 — 357

A 2
10—?—3/2 7.3910-21 6.79 — 8.01

Amgg

10-3 eV?

+2.528+0:929

+2.436 — +2.618




Inflaton physics . (R ) = 2mpPa(E + F) 2P
Ve “ T 5 o0 Hiy &
Fe= 1272 MEV 72 Pelh) = tn2(g)2 12w (V)2 M

, d’V

771(7:6{—@,2

B — 4 (0)° (1—<X>22>2

P=Cmin

P; = 2.1x107°

A% [k A N\
—9 -2 Ho.o~_— |2 ~4x100 GeV x -
N A w3 \s (57 aev) (35)
o3 % 10-6 5 ( . Ma\ 3 106 GeV / \ 50

50 1016 GeV



Non-thermal leptogenesis

 Taking ¢ as inflaton

1 .-
L:G = 5(8@)2 — /ﬁl/\4

V(@)

()
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Inflaton potential
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Cosmic string

L =D, 3D*" - iFwF“" — N(®'® — o?/2)’
y = %:/Mﬁ@%: —/rdrdBL
_ /owfoz"rdrde [%% 2+ %i?% _ieAy® 2+V(¢>)+—2—
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Leptogenesis
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Leptogenesis
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Le ptog e n eS I S M. Fukugita, T. Yanagida, Phys. Lett. B174, 45 (1986)

¢ YB — TlB/S ~ 8.7)(10_11

« Decays of RH neutrinos generate lepton asymmetry
[(N - [H)—T(N - [H")

“TT(NS ) + [(N - [Ht)

CH H m
/// g -
N; < + + Ni/ N;
\\ H -
( l, T~



Leptogenesis

» Baryon asymmetry in the universe

« Decays of RH neutrinos generate lepton asymmetry

1 1
(87) [ATA]n Zlm HLAT)41%) g (%)

J A: Yukawa coupling

g(x) = Vx 1x | 1—(1—|—x)ln(1i_x>_ x].:M_fz

25



Leptogenesis

np

» Baryon asymmetry in the universe  Yap=—~87x10""

« Decays of RH neutrinos generate lepton asymmetry

SL
SL

tr
» Sphaleron processes \ |

V. A. Kuzmin et al., Phys. Lett. 155B (1985) 36 cr \ /// br

28 dy, —>—- Sphaleron »—<— by

B=-—x(B—L) Pa. o
E /TN

Vr

dr,

ur, Vi

Ve



Right-handed neutrino sector

* RH neutrino mass matrix Mp = —@M;lMD

 Parameters (Aes Ay A7) = A(cos 8, sin O cos ¢, sin 8 sin ¢)

- ) ZAM (Lo - H)Nf — —ZMglngCNC h.c.

a=e,u, 7 1=1

Mp = Q" M50 | N Z QLNE L Xai =Y AapQpi

(6NN & 2



Non-thermal leptogenesis

* As a concrete example, we first consider this simple scenario

 Pairs of RH neutrinos generated from inflaton decays

* Nk out-of-equilibrium decay : Ty ~ ( )4 F,Mp <M,

T2 g,
 Taking ¢ as inflaton
AL =~y L HY — g uS L, HY — g 75 L HY
~ANE(Le - H) = A NS(L,, - H) — \.N&(L, - H)

1 C C C C C C '=I< C C
— S M NENG = My NN7 = A@NN;; — Mgl NENS + b,




Non-thermal leptogenesis

 Pairs of RH neutrinos generated from inflaton decays

* Nk out-of-equilibrium decay : Ty ~ ( A )4 F,Mp <M,

 Taking o as inflaton
L, =

‘auJP

(1 —lof?/A%)?

—h(lo* = (0)*)?




Non-thermal leptogenesis

 Pairs of RH neutrinos generated from inflaton decays

* Nk out-of-equilibrium decay : Ty ~ ( 2 )4 I, Mp

T2 g,

 Taking o as inflaton ’

1
EJ - 5((9@/5)2 - KJA4

e () ()] -



Non-thermal leptogenesis

 Pairs of RH neutrinos generated from inflaton decays

* Nk out-of-equilibrium decay : Ty ~ ( A )4 F,Mp <M,

T2 g,

 Taking o as inflaton

~ 2/A (o) ~ 3 x 1010 GeV x [ —2 AN (N
My = 2VRA0] = © 103 GeV ) \ 1016 GeV 50

from CMB normalization




Non-thermal leptogenesis

* Inflaton decay




