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The Standard Model is the best theory of
describing the nature of particle physics, which is
in excellent agreement with almost of all current
experiments.
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Neutrino hierarchy

Quark sector

m, = 2.3 x 1073 GeV, m, = 1.3 GeV, m; = 173 GeV
mg = 4.8 x 1072 GeV, my, = 9.5 x 1072 GeV, my = 4.2 GeV

Lepton sector
me = 5.1 x 107 GeV, m, = 0.11 GeV, m, = 1.8 GeV
my, ~ 1071 GeV

Neutrino masses are very light



Seesaw mechanism

Dimension 5 Operator

f

KthLVL

m, ~ O(0.1)eV mp % ~ 0(10—14)G6V—1

f~O(1) A~ O(10'")GeV



Radiative seesaw

mechanism
1 fo?
m,, — )
(1672)" \/2A

Neutrino masses are suppressed by loop factor

LN (167%)" x O(10~*)GeV !

A
~ OO0 M GeV 1



Particle contents

Lepton Fields

Scalar Fields

Lp=(vr.er,ek) || S | n | p | X
SU(3)r 3 6 | 3| 3| 3
U(l)x 0 0|0 1 ]-1

Ly =ye, Y Lpi(Lp)inie?® +yo, Tr[LLS(LL)] + hec.

ij,k=1—3
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Anomaly

V7 Q = diag(0,—1,1) + X
Ly =1 e; | ~(1,3,0)
erR”
ul ] Z, 7;
Q.= | @ | ~(3,3,23 Ur~(31,2/3)7r~G15/3)
Jr diy ~ (3,1,—1/3)
[ | |
Qi B u]L ~ (3’3*7 _1/3) ub}% ~ (37 17 2/3) ']]]:g ~ (3, 1, —4/3)

dl, ~ (3,1,—1/3)

®10



Why sextet?

> 2 Lri(Lr)§mipe®

i ik—1-3 Mass eigenvalues are 0, -M, M

o]l



Why sextet?

> YA Lr(Lr)snie "

i ik—1-3 Mass eigenvalues are 0, -M, M

Lyi(Lp)§ ~ (1,3 +67,0)
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Why sextet?

yp Lri(Lr)§ne?"

i ik—1-3 Mass eigenvalues are 0, -M, M

ELZ(LL)§ ~ (17 3+ 6*7 O)

m) Yo, Tr[LrS(LL)
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Why sextet?

> Yl Lri(Ly)jnpe*

i ik—1-3 Mass eigenvalues are 0, -M, M

ELZ(LL)§ ~ (17 3+ 6*7 O)

m) Yo, Tr[LrS(LL)

Ly =ye, Y  Lri(Lp)snie?® +yo, Tr[LLS(LL)] + hec.
i,5,k=1—3
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Symmetry breakings
SU(3). x SUB), xU(1)x
¥ X
SU(S)C X SU(Q)L X U(l)y + W’i, 7' Vb

¥ ), ), (S)
SU(S)C X U(l)em &= W't 7/ Uytt
5= W=, Z



Bounds

Q parameter Pisano, Pleitez 1992

2 — 2
M7 :__——415 ,_ _9x
Mz, 1+ 3t2 9sU)L
2 Sty

T 1452, ) =1
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Bounds
My > 230GeV [ — elVelVy Ngioos

MZ/ > 22T€V Coutinho,
LHC Nepouic i
Uy > 3.61eV 2013

Neutrino oscillation
LFV(u->evy,...)
Muon g-2
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Neutrino oscillation

t *) T] 2 [ ( t *> T} 2
m m +2 +2 m

(M), A [yel ( et )Yy | 1 dmf2 . | Y M T Y| | dmyt | et
e (4m)? m? —m?, m?, (4m)? m2, —m?, m2,

Lo M2 M2 hy hy hy

(yelmZ Vi, + Yt mZyZ) sm+2 m? (ye2 myyg, + yelmZygTQ) smt2
_ ab > 72 12 In ;72 . 5 ab 5 1 22 111
2(4m)2 m°, —m m 2(4 -
(4m) wt T nt (4m) T
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BR(u—ey)
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Radiative seesaw in 3-3-1 model

neutrino mass hierarchy
3 generations
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Buckup



3-3-1 model
eauge group
SU3). x SU3)L xU(1)x
wmp SU(3)e x SU(2)L x U(1)y
m  SU@B)e xU(1)em
Q=T;—V3Ts+ X

1
diag(1,1, —2
NG q( )

1
T5 = §diag(1, —1,0) Is=
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Parameter regions

NH

1 GeV < (v,,v,) < 100 GeV, 0.1 GeV? < (5m77 . 5mn2h1) < 10 GeV?,
100 GeV <my s <1000 GeV, =1 < (5,1(Ryij» Cer(ryig) < 1,

IH

33 GeV < vy, <37 GeV, 44 GeV < v, <48 GeV, 0.1 GeV? < (dm}5 ,om 5 ) <1 GeV?,
100 GeV S mnfg S 1000 GGV, —1 S SelL12 S O, 0 S Sel.23 S 05, —1 S SelL13 S —0.7,

— 0.4 < scr12 < —0.1, 0 < 5¢go3 < 0.2, 0.4 < s.g13 < 0.7,
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Our parameter

o )os (o) = (21 [(yyi " (yyi] (en)s = (0)alVuslmf ) (Vo) (el

1 0 0 Cerryiz O Ser(ms Cer(rR)12  Sen(ry1z 0
Vermy = | 0 Cen(mas Ser(myzs 0 1 0 “Ser(R)12  CeL(R)12
-5 c —5 0 2B 0 0 1
eL(R)23 eL(R)23 eL(R)13 13
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The red points do not satisty the LFV constraints
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