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1, Introduction

Texture-zeros in guark—lepton mass
matrix are successful to predict masses
and mixings.

x 0 O
M= 0 X X
0O X X
HoweVver, the origin of zero is not clear!

Discrete flavor symmetry approach

The favorable mass matrix structure can
be derived when certain Yukawa couplings are
forbidden by discrete symmetry.



When we consider small discrete flavor
Symmetry S 3, Texture-zeros can be
derived??

_ S 3 ! permutations of three objects
Mass matrix >|

M;; = y;; (H)
1L

To derive Texture-zeros, we consider VEV — o




Higgs : All representations are
taken into account.

S3 irreducible
representation — lS lA

—_—_ =

To analyze whether VEV= o IS possible or not,

Wy

o)

Higgs potential analysis
on SUSY




contents

1, Introduction

3, 4, S3 invariant Higgs scalar potential
analysis (VEV=0)

5, Phenomenology

6, Discussion



2..53 invariant mass matrix
on SUSY

N. Haba and K. Yoshioka, hep-ph/051118

Tensor product of 53 doublet

(;ff’, ’ll) . S3 doublet (complex representation)

pxp = (Pieo, chwl)T + (51 — P5n) + (5ep1 + Pphepo)

2 14 lg
¢ x P = (pao, mwl)T + (P12 — d2p1) + (102 + d2th1)
2 14 lg

P = 01¢™ : S3 doublet ¢ = (f;l),w (f;;)



Supersymmetric Dirac mass matrix

W = ®MpW

: fermion Higgs 2 (Hy, H>)
32+ 1q) i ’
=rsTa 1a 1 Hy
Third generation 15 : HS
. chiral superfield

aHq bHg + cH 4 | dH>
MD: bHs—CHA GHQ dH]_

EH2 EH]_ .fHS

Supersymmetric Majorana mass matrix
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3,93 invariant Higgs
scalar potential

superfields
H,q, Hys : Sz symmetric singlet

H,., H;x : Sz antisymmetric singlet
H,1, Hg1, E[ug, ﬁd2 . S3 doublet
hat : superfield
gauge groups
U(1l)y ; up type Higgs: %, down type Higgs: —%
SU(2); ; all Higgses are SU(2) doublet



Higgs potential

Vsusy =+ Vsoft

= (lusl® + m3s) vis + (Insl® + mds) vis — 2bsvusvas
+ (lnal? +m24) v34 + (Ial® +m3a) via — 2bavuavas
+ (|P‘3D|2 + m«ﬁp) vi1 + (|;.;,D|2 + mﬁp) Vo — ﬁm
+ (l,u,D|2 + mﬁD) “52 + (|JUHD|2 T mﬁp) Uﬁl — 2 1@
2

g9 + 95

+ A?
9y + 95 [, > 2 2 > > > 2 >
4 5 = {(“”us = vgs) + (via — vga) + (v — vg) + (vi — '”dl)}

4
U(u,d)S = |<H(ﬂu,d)5‘>‘ » U(u,d)A = ‘(H(Gu@m)‘* U(ud)l = (H{(ju,dﬂ)" V(ud)2 = ‘(H?u,d)2>

* assumption Charged Higgs VEVs are zero.




4, Potential analysis

Equations at vacua

S (( s ° 55) Vys = bgﬂds — Avyg (|ﬁ5'|2 + mﬁs) Vgg = bsyus -+ A’”ds

A ((|”A|2 +mga) vua = bavaa— Avus (Inal® +m3a) vaa = baves + Avgy

2 2
(|ﬁ5D| + m’uD) Vy1 = bpugo — Avya (lMDlz i mﬁ[}) Vg2 = bpuyl + Avgo
2
(|ﬁ5D| —r ﬂluD) Vy2 = bpvgr — Avyo (“—’:'Dlz + mﬁD) Vg1 = bpuys + Avgq
A = 3(9§+93) {(”5.5 —v3s) + (v 4 —v3a) + (i — vgo) + (vis - ’”51)}



4.1, Classification of vacua about
W A O3 symmetric singlet,
PMNEW  Ssantisymmetric singlet

* Bh up-type and down-type Higgs VEVs are zero

This solution always exists. U, § — ’Uds =0

VyAd = Vga = 0O

(Insl® + mas) vus = bsvas — Avys (|HS|2 + ‘mﬁs) Vg5 = bguvys + Avgg

* One of up-type and down-type Higgs VEVs is zero
Vys = 0 Vs =0 or vy 0 vgg = 0

bg = 0 isnecessary for this solution to exist.

For antisymmetric singlet § — A



Proof

When bg = O the following solutions exist.

condition
Vs = 0
(|p5|2 + miS) + A|'”d.€=0 =0 Uds — 0
UHS —_ O (lﬂ’SF + mig) =S A|'*—’u5'=0 =0
2
(|#S|2 + ‘mig) +A=0 (@ + m24 + mﬁ@

] 2
_ 9y T 95y, 2 > > > 2 2 > >
A 4 4 {(UuS o U(.ES) + ('UUA o “dﬂ) + (Uul _ Ud?) + (1’1142 _ vdl)}

The solution that one of two VEVs is zero is contained.
Oppositely, when v, = 0, vgg9 7= O,

bs =0 (|usl® +m3g) — Al,, —0 =

Therefore bg = O is the necessary condition of
Vyus = Ovgg # Oorvys # 0vgs = 0



4 2 Classification of vacua
‘about 53 doublet

% Independent candidates of \VEV/=0 are below.

# all of VEVs are zero b D dependence

Vul1 =0, vgo =0, v,o =0, vg7 =0
# three of VEVs are zero

’Uu1=0, ‘Ud2=0, ’Uu2=0, ’Udl;ﬁo b[):'o
# two of VEVs are zero

Vu1 = 0, vgp =0, vy2 #0, vg1 0

Vu1 =0, vgo 0, vypo =0, vy 0 bp =0
AN\vy1 =0, v30 F0, vy0 0, vg1 =0 bp =0
# one of VEVs is zero
A’Ufu,l # 0, Vd2 #= 0, vy # 0, Ud1 — bp =20

# all of VEVs are non zero

Vy1 =0, v40 F 0, vy2 =0, vq;1 0



* Why are the followings not taken?

’Uu1=0, Udg;ﬁo, ’ng;ﬁo, ’Ud1=0
!U’le#oﬁ vd?#oﬁ ’Uu2?&0= vd1=0

These solutions satisfy 2 \i--ff1)|2 + ’”15 pT ’”1’*30 —
l bD p— 0

The condition could be satisfied at certain energy scales
but RGE (Renormalization Group Equation) dependent.

|

It is difficult 1o construct models
that satisfy that condition,



gy SUummary of potential analysis
- - symmetric singlet % ’Uu g — V dS p— O
x Uy,s 7= 0, vgg = O

antisymmetric singlet * Uy A — UJA — O
*UyA 7 0, vga 7= 0

doublet

Vul | Yd2 || Yu2 | Yd1
0 0 0 0
0 0

0 0

Consequently, there are 14 patterns in terms of Texture-zeros.

(2 X 2 X 4)-2

assumption

bs 70, by 70, bp #0




it 5, Phenomenology
s Quark /Lepton mass matrix structure

* left handed neutrino mass matrix analysis

Supersymmetric Dirac mass matrix

AV (y,d)1 bv(y.d)s T CV(ud)A | QV(y.d)2
Mua)p = | _OVu.d)s ~ V(u.d)A AV (y,d)2 AV(y,d)1
€V(y,d)?2 eV(y.d)1 foud)s

Supersymmetric Majorana mass matrix

0O M| 0
0O 0 |M




see-saw mechanism
— asTas—1

4

As results of potential analysis, there are two interesting
solutions in terms of Texture-zeros,.

VuS | VdS || YuAd | VdA || Yul | Va2 || Yu2 | Vd1

0] 0] 0 0
/ f
0 coyq doy avqy cv4q O X X X
_ / —
My=| —cvyq avy2 0 |Mg.=| —cvgy O dvyy | Mv=1] x x X
EVy?2 0 0 0 B"fudl 0 X x 0
VyS | UdS || YuA | YdA || Vul | Ud2 || Vu2 | Ud1
0 0 0 0
AUy1  CUyA 0 / 0 CF‘UEE A dIUdQ X X X
/ f
My=1| —cvyg O dvyy [Mye=1| —cuvgy avgp O M,=| X X X
x 0

0 EVy1 0 \ Exﬂdg 0 0 X



6, Discussion

B¢ : Problem

Global symmetry - massless Higgs??

1l

- Higgs mass spectrum

- S3 breaking in Lagrangian

% Future work

- S37, X S3p symmetry









. permutations of three objects

(a,b,c)

3 elements 3 elements

,5’3 IS the smallest group of non abelian finite groups.

<



S 3 irreducible representation
2 1lg 1jx

Y z
7 2 F o« Fy + F5 + F5
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