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1. Introduction

Flavor symmetries can determine the structure
of the Yukawa couplings(53,54.,D4.,...).

We consider Q6 symmetric model.

In this talk, we will show the flavor symmetry
can work to suppress

1. SUSY FCNCs

2. dim.b proton decay.




Yukawa coupling (with R-Parity)
w = YQUH,+Y;QODH;+Y.LEH,

1
+ wpuH,H;+YNLNH, + §MRNN

VEV <Hu> — Uy <Hd> — V4, Ug + ’0621 p— U2 g (174G6V)

UiLmuUuR = mgiag = diag(my,, me, my)

UngUV — mz(/hag — diag(m17 ma, m3)

1 T
where m, =mny,Mp my,

Vexkm = UiLUdLy VMNs = U!LUV




Soft SUSY Breaking Terms

1

Veort = §Mi)\i)\i + c.c  gaugino masses
+ hQUH, +---c.c. A-terms
+ QTW%Q T scalar masses
+ bH,H; ;+ c.c. B-term

The A-terms and the scalar masses can not be
diagonalized by U,r,Uyz,--- In general.

== F|avor Changing Neutral Currents (FCNCs)




SUSY Flavor Problem Mass Insertion Parameter
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Conditions to suppress FCNCs
Off-diag. elements of 0 generate FCNCs.

1) Alignment

hg o< Yy, m?] X YUYJ, etc.

— Ul haUgr = diag, U], M2U, 1 = diag

2) Degeneracy(Universality)

2 2
m@ocl o UuLmQUuLocl

3) Decoupling

mg, mg > O(10TeV)

1) and 2) can be realized by flavor symmetry




Proton Decay

Baryon and lepton number violating dim. 5 operator
can be generated at the Planck scale.
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From the experimental bound of proton lifetime

(p — KT0)*P = 2 x 10%years — Crp<1077

o 35} - CL,R
S <
o
> 50l Exp. bound ] i /
I; MSSM(wino) 4

-——— wino ~ o~
:ﬁ 25t g,w
. ' N
= . =
§ 20',’ ————————— 1 (

Xg3




Example : U(l),, horizontal symmetry
oSUSY FCNC can be suppressed by Alignment.

eSmallness of the coefficients C; r is related to
the smallness of Yukawa couplings.

H(®) : U(1l)g charge of field ®

&\ HQo)+H(U))+H(H) G\ H(Q0)+H(D,)+H(H)
Wy = (M) QinHu+<M) Q:D;Hgy
g H(L:)+H(E;)+H(Ha)

U(1),is broken at the scale 7 by VEV of the flavon s .

(S) i H(Q; -
W N~ 0.9 ij  \H(Q:)+H(U;)+H(H.,)
Vi 0 * Y A\




A-terms
Uy Ay ~ Mgusymy, etc.  : Alignment

Scalar mass
(m%)ij 2 ey AN TH@QOFH@DI gpe

: Small off-diag. elements

For non-Abelian groups,

Scalar mass

mfgqs}gbl, I=1,2(,3) : Degeneracy




Dim. 5 operators

A Q:iQ;QrLy

g H((U;)+H(D;)+HUx)+H(E)
" (M)

1 [( S )H<Qi)+H(Qa‘)+H(Qk)+H(Ll)

U;D,;ULE,

small Yukawa ==  small Cz r

Examples of Flavor symmetries to overcome SUSY Flavor
Problem and Proton Decay

A(75)  Murayama and Kaplan(1994)
(S3)*  Carone, Hall and Murayama(1996)
U(1)  Ben-Hamo and Nir(1994)
Kakizaki and Yamaguchi(2002)
Harnik, Larson, Murayama and Thormeier(2005)

We consider Q6 symmetric model




2. The Supersymmetric Model with
Q6 Flavor Symmetry

Babu and Kubo(2005)

- Assuming three “generations” of Higgs doublets.
- Every three generations belong to some Q6 irreps.
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Q6 Group

D6 Group (1IE6:
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Q6 symmetric Superpotential

Wp = Y!QsDsHY +Y'Q (o), DSHY
— YyQsD§ (i0®), , H +Y'Q; (o), , DS HS,
Wi = YCSLiESH} +Y,SLsESHY

+ YCfrixLiESHS, 1= —fi11 = fizo = fa12 = fao1

Where all Ys are assumed to be real.

g

Spontaneous CP violation

(H{) = (HY) = vfe?® | (HE) = viel®s




Realistic masses and mixings can be obtained from

the following parameters.

0 Qu.d/Yu,da O
mip | —Qu,d/Yu,d 0 bua |,
0 b;,d yi,d

0.0002260, b, = 0.04596, b/, = 0.08959, y,, = 0.99746
0.005110, by = 0.02609, b/, = 0.7682, yq = 0.8000,

—Y5 Y3 Y5 ys = 0.04206
me | vs w5 vE |,y =0.0002893
vy vyg; O ye = 0.7057




The mixing matrices are obtained as follows:

0.7446  0.6667 0.03238
Uur| = 0.6675  0.7439 0.03235 |,
0.002518 0.04571  0.9990

0.6167  0.7871 0.009848
Uar| = 0.7872  0.6166 0.01436 |,
0.007876 0.01553  0.9998

0.003427  0.7071 0.7071
0.003452  0.7071 0.7071
1.000 0.004864 0.00001722

’UeL‘




' 3.SUSY FCNC constraints

Q6 invariant Soft SUSY Breaking Terms

scalar mass m2¢tdr + mipleos
ms —m3 =mil, #0
(a =Q,u,d,e)
Real A terms
A-term Y; — yzA’L
Ai = A; 70 NO SUSY CP
Problem
Degeneracy and alignment are partially realized
by the flavor symmetry. T e, Ligh and Kagan(1859)

Mass insertion parameter § depends on A, and A; — A;

(Ulym3Uar)
d Q ij
(57’-7>LL — D) etC.

mg




Exp. bound Q¢ Model
\/|Re(5f2)%L7RR| 4.0 x 1072 1; | (LL)1.2 x 10~%Ag, (RR)L.7 x 10~ 1Ay
VIRe(0%) L (0%)rR] || 2.8 x 1072 1w 4.5 x 1073 /Aoy
V/IRe(65)3 | 4.4 % 103 1, ~ 10~
\/|Re(5f3)%L’RR| 9.8 x 10~2 1z | (LL)7.9 x 1073 A, (RR)1.4 x 107 1A,
VIRe(0%) 1r (6% rr| || 1.8 x 1072 1y 3.4 x 1072 /AgAy
VIRe(5%:)2 3.3 x 1073 7, ~ 104!
VIR, pel || 10X 1070 g | (LL)L2x 107 Aq, (RR)4.4 x 10744,
VIRe(0%) L (0%) rr] || 1.7 x 1072 my 2.3 x 107*/AgA,
VIRe(61,)3 5| 3.1 x 1073 g ~10™*m "
1(093) ... RR| 8.2 mg (LL)1.6 x 107?Ag, (RR)4 7x 1071A,
(045) LR 1.6 x 1072 m2 ~ 10" %m ;"

Table 1: Experimental bounds on d’s, where the parameter m; denote mg;/500

GeV.

The degeneracy conditions

Ag <10, Ay <107, A, <1073




4. Suppression of proton decay

dim.5 operators (AB # 0, AL # 0) at Mp;,
are controlled by a flavor symmetry.

Murayama and Kaplan(1994), Carone, Hall and Murayama(1996)
Ben-Hamo and Nir(1994),Kakizaki and Yamaguchi(2002)
Harnik, Larson, Murayama and Thormeier(2005)

=) QO symmetric dim.5 operators

Ws = MPL CrQrQrQ)sLs

1 C C C 2 C C C C
+ CREf (1), UsUSDS + O Bf (o), UsUS DS |

¥

D) = Vay @™
329, =0(gluino dressing)

small suppression factor

cf. |
Nno suppression

CrQ1Q1Q2L;

g MpL factor




The properties of Q6 symmetric dim.5 operator

) Suppression by small mixing parameters

O] = V3ol = (Ugr)s, = 0.01553
) Enhancement by gluino dressing diagrams

Ag <10, Ay < 107!, A, <1077

cf. In usual (MSSM,GUTs,etc.)models,
small FCNC

—degenerated squark mass d

—negligible gluino contribution \




ii) The ratio of the gluino and wino contribution top — Ko
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==P- (Gluino dressing can be comparable to wino.

==p How do the mixings work?




i) The ratio of gluino in Q6 model and wino in MSSM

%5 \ rgAQ=10
:KE O a4t
z 0
E
13
$)
To 0.2}
18
>
g 0.1}
3
m(:)j oL . . . ) ]
0 2 4 6 8 10
Xg3
40&3 ~
CgL(UddV)lMNE = 47T— Z U (F (Tg1,Tg3) — Fg(xglaxgl»
1=1,2
i 112¢ _ 2 W @
CYp(uddv) sy = 4Amagcos® O (FY(Twts Yws) + F (w1, Tw))
and the loop function is
F§($91,$g3): ! ! [xgl I g1 _ Tgo 11‘1:1793] etc.
Mg Tgl — Tg3 | Tg1 — 1 Tgz — 1




The partial lifetime of proton is calculable with

Log t(p ->K " V)[years]

order 1 coefficient.

T(p — KT0)%P = 2 x 10%years
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Then, we can obtain the upper bound of the coefficient of the

OySSM <

dim.b operator.

1076~ =P C¥0 < 107G




The relative decay rate induced by the same(LLLL)
operator is also calculable .

BR(p — K%™)

_ -4
BRO - K0 (3 x 10 0.2)

& 2x107°% (m-SU(5))
BR(p — K°u™)
BR(p — K*p)

= (7x107? ~5x107°)

BR(p ->K%")/BR(p ->K*V)

& 7Tx107* (m — SU(5))

B(p — K°(«%)ut) _|UZZ? ([ me
B(p— K(n%)et) U212 \my

0,+ 2
Blp - K°p™) Ms ~ 103 (M-SU(5))
B(p — KVet) My, sin O¢
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5. Conclusion
We have considered the extended model of the MSSM
with Q6 flavor symmetry, and shown:

1. Q6 symmetry can work to suppress SUSY FCNC, and the
conditions of the degree of degeneracy for the scalar
masses have been obtained.

Ag <10, Ag <107, A, <1077

2. Proton decay induced by the Q6 symmetric dim.5 operators
are suppressed than that of the MSSM.

CMSSM 10=(6~7) C20 < 10~(Ud)

3. The relative decay rates in Q6 model are specific.

B(p — KO(x)t) _ U2 _ (m

2
— — ~ 2.4 x107°
B(p — K%(n0%)et)  |UJL|? )

my,




Exp. bound Qs Model
1(6%) L] 4.0 x 107° m? 4.9 x 1073 Aa%
6%)RR 9x 1074 mg 8.4 x 1078Aa%
0S5 LR 8.4 x 1077 m2 | 5.1 x 10%(A5 — Ag)m; "
6%3) L 2 x 1072 m? 1.7 x 1075 Aa}
053)RR 3 x 107" m? 5.9 x 1072Aa%,
053) LR 1.7 x 1072 m? | 3.1 x 1077 (A5 — A )m; !
053)LL 2 x 1072 m? 8.4 x 1078 Aaf
053)RR 3x 1071 mg 1.4 x 107%Aa,
(653) LR 1x 1072 m2 | 1.5 x 1079(Af — A5 )m; "
)2(6%3) L 1 x 107 m? 1.4 x 10712(Aa} )?
rr(0%3)RR| 9% 10~* m3 8.4 x 1078(Aa%)?
10 (0%3) RR 2 x 107° 3 5.0 x 1079Aa} Aa$
) rR(0%3) L] 2 x 107° m? 2.4 x 1071 Aat Aak

The degeneracy conditions

~

Aab <1072,

¢ —A¢ <1071




