CP & SUSY breaking anitg GUT
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1. SUSY GUT and Yukawa structures
2. Fg Unification for Matter sector

Why are larger neutrino mixings?
Horizontal symmetry to solve SUSY flavor problem

New 3. Prediction of /g GUT on FCNC
New 4. Spontaneous CP violation |
5. Summary / \



Topics mensioned In this talk

Quark&Lepton masses & mixings?

SU(5) GUT with an assumption <- E6 GUT

SUSY flavor problem
E6+horizontal (family) symmetry

New « Origin of CP violation(SUSY CP problem)
Spontaneos CP violation in E6+horizontal
KM phase &
CEDM constraints (Hisano-Shimizu) OK!!
7\



Quark&Lepton Masses & Mixings

SU(5) GUT with an assumption can explain
these hierarchies

It may result in large FCNC in SU&moﬁels



Masses & Mixings and GUT
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These can be naturally realized in SU(5) GUT!!



SU(5) SUSY GUT i,
10 = (q,uf%,eR) 5= (1) 1 =v§h

V4101055 5+Y (4 )10i5;5 5+Y0 551135 p+ My 1515

w>de> v Y, B B 55
> 10; have stronger hierarchy than 5;
Stronger hierarchy leads to smaller mixings
4> Quark mixings(CKM) << Lepton mixing(MNS)
10;(q;) 5;(1;)
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Mass hierarchy and mixings

Stronger hierarchy leads to smaller mixings

62 €
((6) 1)%1,62
(% 1)

Stronger hierarchy =) Smaller mixings
7\
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Yul0510j5 5+Y(g,0) 10555 7+ Yop5iLi5 Moy Lil;

SLJ(5) Sl

u>d,e>v %515j5H5H

\yl
:> Quark mixings(CKM) <« Lepton mixing(MNS)
10;(g;) 5;(1;)

Good agreement with masses & mixi{gs\




Large mixings and FCNC

Even if universal sfermion masses at cutoff,
radiative correction induces non-universality.

(8, )12 —=Br(l; — Liy)oc (V] V2 vy, tan 8)2

Borzumati-Masiero 85
Hisano-Moroi-Tobe-Yamaguchi-Yanagida Barbieri-Hall-Strumia 95

Moroi 00 (SU(5))
(6dR)23 — SK¢’ AA4BS Chang-Masiero-Murayama 02 (SO(10))
Large mixings for 5 = (d%,1) Vi~ VynNg

SO(10) GUT relation Yy, ~ Yy ~ Yy
&) Large tang, Y,
m) Large FCNC are expected. . \



Lepton Flavor V
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Constraints to (94;,)i;

EDM Of Hg (neutron) Hisano-Shimizu 03
Im (84;)13(8az)31 < 3(0.2) x 1073

(84;)13 ~ 0.01 — (04,)13 < 0.02
Bs mixing CDF 06
v/ (64,)23(84,)23 < 0.02
(04,)23 ~ 0.04 — (64,)23 < 0.01

fg ~ 500 Ge\// 3



18t Summary & Questions

SU(5) GUT is in good agreement with the
hierarchies of quark & lepton masses and mixings.

Yoy ~ J}) Y(d,e) ™~ ))) Yo~ Ass
Vo ~ h VMNg ~ ”

10; has stronger hierarchy than 5:
Suppressed FCNC & EDM — 0 < 1 — V), < 1
SO(10) GUT relation v, , ~ Y, ~ Yy looks bad.
More unification of quark and lepton ?

Origin of the assumption? \
Origin of various Yukawa hierarchies “? 4




E6 GUT can answer
these questions !



o> L\ “II 'I' 'aYaYe]
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E6 GU I

More unification of quark and lepton ?  Yes
E6 O SO(10) 27=164+10+1

Origin of the assumption ?

Origin of various Yukawa hierarchies ?

Various Yukawa hierarchies can be induced from
one Yukawa hierarchy in E6 GUT.

JJ) JJ) ))) J)(

Y(de) Yy




Guisey-Ramond-Sikivie,

T N = £ tech, Shafi,
\E6l 1 1 ﬁ Ez]rlil neonoqu:,I
Bando-Kugo,...
27, = 16,[10; + 5+ L + 10,65+ 5 + 1,11
(=123 (160) (i

Three of six 5 become superheavy after the breaking

W = Y*H27,27,(27y) + Y©27,27,(270)

Once we fix YH YC (275), (270),
three light modes of six 5 are determmed

We assume all Yukawa matrices ~~ ’J ¥



Milder hierarchy for 5;(1)

5 fields from 273 become superheavy.

—'3 53 D 5
\55 Superheavy 5 J}) J})

5 5 unless{27yg) >> (27-)

I Ol

Light modes (5,5, 5,) have smaller Yukawa

couplings and milder hierarchy than (104,105,103)
YI/D’ Yd << Yu
Larger mixings In lepton sector than in quark sector.

Small tan g3 o
Small neutrino Dirac masses } Suppressed rad}twg LFV



(51,52,53) — (51, 5%, 52)

3 )




2Nnd Summary

Eg unification explains why the lepton sector has
larger mixings than the quark sector.

Suppressed radiative LFV

Small Y,,  Small tang
A basic Yukawa hierarchy Y ~ Y}, JJ)

==) The other Yukawa hierarchies

Vi 388 Yo~ Yo~ A

Hierarchy of 10; is stronger than that of 5,

3 7
Three 5; come from the first 2 generation of 27, 275



SUSY flavor problem

E6+horizontal (family) symmetry
More structures for suppressing FCNC.

7\



orlzontal Sy nrekKenleimn

Pomarol-Tommasini

m e t T y Barbieri-Hall- -
*QOrigin of Yukawa hierarchy

*Universal sfermion masses to suppress FCNC
cD(la CD?)? Hu,Hd(CD — Q: Ua Da LaEaN)
The 1st 2 generation have universal sfermion masses.
Large top Yukawa coupling

U(2)H — U(I)H — X
(F9/N~e (AN~

> 0 € 0 1 0 0
Y~ | € € ¢ 'ffz,?m 0 14 €2 € m

O € 1 0 € O(1)

NIWN

Yu~ Y~ Ye ~ Y, ? Notsufficient to suppress FCNC
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The universal sfermion masses only for the 1st 2
generation 5 do not suppress FCNC sufficiently

O 0 O A2 ALS )
55-1~Vi[0 0 0|Vg~alAlS A 205
O O a

A\ 20-5 1 ) A~ 0.2
if Vs ~Vuns . ﬁ a~ O(1)

D12l < 4 x 1073 (52y)
/

Universality for all three generations is required!



N.M. 02,04

E6 +h0r|ZOnta| Symmetry N:I\/I:T. \,(amashita 04

In E6 various Yukawa hierarchies are produced
from one basic hierarchy from U(2) breaking.

Unification of generations by U(2)y (or U(3) z)
realizes the universality of sfermion masses.
We(27,2) + W3(27,1) (a =1,2)
A prediction for sfermion mass spectrum
m?|We(27,2)|° m3|w3(27 1)2

Universal mass Universal mass
leferent m3
This shift makes this model consisitent with the

present experiments.(Universal masses for/ 5 )
The 3" generation FCNC can be large. (Testable)



Structures suppressing FCNC for 5;

Small Yukawa couplings
Small tan 3
Universal sfermion masses for 9;

1 can increase without destabilizing the weak
scale. (Effective SUSY)

Wo(27,2) w3(27,1)

m >>m3 ~ O(myy)

7\



How does FCNC processes take place in this model?

flavor violating ﬁ rﬂ No source of flavor violation

m2 - m2
10: m? 5: m2
m3 m2

10 :(Q, US, ES) 5:(L, D%)

For example, for the right-handed charged slepton sector,

Since 10 contains Q, the form of unitary matrix V is CKM-like. We can parametrize it with
Cabibbo angle A
1 x A%
Va1 a2 A= 0.22
(A3 A2 1) Am? = (m3 —m?)
. m2 m= Am2)® Am2)3
?‘T‘L%H =g = ﬁléﬁ = VT m2 Ve lam2Xd m2 Am2)2
m2 Am3PX3 Am?2A\2  m$

i 7\



Non universal SUSY breaking

Universal sfermion masses for 5 fields
b5 ~ Bgc ~ 8 ~ O

Non universaltiy for 10 fields
(510 r~J (Sq S (5fUJR il 58R

0 0 O DI I
~ Vi 100 0 [ Vagar~ [ A5 A% A2
0 0 1 DI T

VQNVURNVGRNVCKM

Weak scale stability requires m3 ~ O((100GeV)?)
but almost no constraint for mg 7\



Predictions of E6 GUT
+horizontal symmetry

Kim-N.M.-Matsuzaki-Sakurai-Yoshikawa

M3 must be around the weak scale,
because of the stability of the weak scale,
while 71, can be taken larger.

. (m2 m2 m) : (m2 A mz) v\



Non decoupling feature of this model (in lepton flavor violation)

m2  Am2)2 Am2)3 A=0.22
ﬁ‘z;gﬁ ~ | Am2AS m? Am2)? 5 s o
 \AmS3AS Am?2)? m% Am” = (m3 ~m”)

By picking up the 3-2 element, the size of T—y transition rate is order .2

-~ D 2
I T —r By \ TR (Mzg)32 iR ﬁizAm?Az 1 > A2

~ 2 - 1 = 1
(uoey| Fr TR ap mAmDT L —

If we raise overall SUSY scalem ...

(w7 — ]

Propagator suppression from 1 or 2 generation becomes stronger, but mass differée sz
increase. As a result, both transition rate remain finite, and don’t decouple!



Can we discover the LFV
at the future experiments?

30 _ Brr-ouy) . 30 | Br(u—>ey)
/A | [S1ox10®
>7.0x10° (exclude)
(exclude) 25 1 -
< 010712
/ 20 ( ) MEG
, ~13
? 15 ) 0(10 Al experiment
(super-)KEKB 0(10—14) |
5 10
<7.0x10
5 <1.0x10™
100 200 300 400 500 100 200 300 O
mER?)(GeV) (GeV)

W THY m) Detectable, when tanf is large and ™&grs <250GeV

B U—ey m) Detectable unless Meps <400GeV




This model says that
final state lepton tends to be right-handed.

Final state lepton has different chirality from initial one.

pl
/f
p/
€

q=p-

6 T = ¥&:(p)io,ue” (A7 P + A Prlu;(e)

MSSM+ ¥R

Opposite from

Intermediate state must be right-handed to pick up ﬁ'bgR

the (8

(HD)

How can we see this feature experimentally?

spin

& =
Right-
@ 0—0
>< = handed &1

Qis possible to check this feature experimentally by measuring the angular distribu

<—
AN

of final state lepton.

~




Predictions (Quark sector)

The maginitudes are

ﬁ% =?¥L§L =ﬁz§R~
the same order as of *
the RGE effects in the universal mass case.
New CP phases!!

The CP violation in B meson system may be
detectable.

Am2NY  m2  Am2)?

m?  Am2)® Am?)3
Am3X3 Am2)2 m%

7\



CP violation in B meson

SM E6
SBe—J /W 0(0.04) | O(0.006) | iz~
ASKp DSky <0.15
[ Acp(b—s7) | 0006 | <0.01 |G
Acp(B = V7) very small
SB—>K37r0,Y very small }(6dR)23 -

For tangs ~ 10 7\



B, 2 ¢Ks,n'Ks

SM (we have already seen.) Loop = SM + NP

d V% t Vi b/

] 1

B

E@b é t % d°
az

Vis .
. __ i — - —~— _/
(BalBa) < (VEVia)® {pKs|Bg) oc Vi Vi; ~ real (in SM)
(2, 1)
2| ’ (BylBa)* ($Ks\By) ] Vs Vit Vis oc €791
G, — (B4lBa) (6KsIBa))  _ 1 th‘é"&@Ksle)] (B)6n
oKs — 1+|(¢K5|B_d) 2 VipVia (#Ks|Ba) (0,0) VAV, ©n
(¢Ks|Bg) cb 7S
5, ($Ks|Ba) : (pKs|By) (pKs|Bg)
= Im[ 2‘9{’1@—] = sin2¢1 R 241
O RalBy] 2R G + cos2him| |

Ks|B
(@ |d)/ \

~ Sin2¢1 ~ 0.68 (in SM)



Numerical Estimation

We estimate quKs by using parameters R, that is ratio of SUSY and SM amplitude.

(K< B) ASM 4 0| ASUSY| 1+ e ¥R, . ASYSY)
(¢’Ks|Bd> ASM + ezelASUSY| 14 626R¢K3 (R¢K |A¢K,| <1 )
o~ 1 —i2(sin8) Ry, [ @ :susY phase J

P

SqBKs — sin 2¢1Re[(¢KS| Ba)

(pKs|By)

(¢K5|B_d>]

] + C0S2¢1Im [(¢K5|Bd)

~ Sin 2¢; — COS2¢; - 2sinfRy,, =~ 0.68 — 1.46 Rk, sin @
(SM) (SUSY)

ST)}KS ~ 0.68 — 1'46R?ff\"3 Sin @

(SM) (SUSY) / \

SUSY contribution to Sd)Ks is linearly depend on R.



B, 2 ¢oKs,n'Ks
ASZRSY, AS2T5Y ~ 0(0.1) is possible.
Gluino contribution is decoupled.
Chargino contribution is not decoupled.
In the limit m >> m3

O(0.1) deviation in B factory may be confirmed
in SuperB factory.

sin(2B"") = si f2¢»‘i D)L EAG

PRELIMINARY
b—ccs World Average | 0.68 + 0.03
_ BaBar 0.12£0.31 +0.10
i Belle f , 0.50 +0.21 + 0.06
Average | ; 0.39+0.18

o BaBar ' 0.55+0.11 + 0.02 \
X Belle : : 0.64 +0.10 + 0.04
= Average : 0.59 +0.08




QI irmyrimmAaarys/ 'I'f'\l"\ 7\ f\'F ER V'\V'f\f’l:f\'l':f\hf\
Ullliiial AVJICT VUl LYV IJlUUIbLIUIID
SM EG
Br(p — ey) ~0 (107 -107% ©
Br(r — uvy) ~ 0 108-1070| ©
SBy—sJ/We 0(0.04) | O(0.006)
ASK¢, ASKn’ <0.15 /\
Acp(b— s7v) 0.006 <0.01
Acp(B = V7), 55k 70+ very small

7\



Discussions

Strictly speaking, 05 70 orLr 7= O
hen U e.g. A>Tt ASS
W H g 55 ~ ( \4 A3 )\2.5)
)\3.5 )\2.5 /\2
This can be consistent with the experiments,
but the predictions can be changed.

If we take mo >> m3, this model dependent
parts can be neglected.

No weak scale unstability!!

7\



SUSY CP problem

Sb pontaneous CP violation by the VEV of F.

N 4

The severe constraints from CEDM are also
satisfied because of real up-Yukavg/cow{plings.



SUSY CP problem

EDM constraints from 1 loop
u=lple®n, A = IAlew;
_2( M
Op,A < 10 (108%?\//)
CEDM from Hg(neutron) evenif 6, 4 =0

Hisano-Shimizu ‘04

Im (5031;)13(55(}8531 < 3(0.2) x 103
Im (Ou;)23(0up)32 < 3(0.2) x 1073 X ~2x1073

IM (6u;)13(0up)31 < 3(5) x 1072 A°~ 1074

Contributions through stop loop are not decoupiéd)\
Complex Yukawa couplings induce them generically.



Difficulties in CEDM constraints

We usually assume complex Yukawa
couplings to induce KM phase.

Complex Yukawa couplings induce the
complex uy = UuL'ffb%LUJ«,L generically.
Then CEDM constraints become severe.
Im (0u;)23(0up)32 < 3(0.2) x 1073
IM (u;)13(dup)31 < 3(5) x 107>

7\



Spontaneos CP violation

in E6 + SU2)g(+U(1)4)
Ishiduki-Kim-N.M.-Sakurai
|dea:

1,If the Higgs F' which breaks horizontal

symmetry has complex phase, we can
obtain complex Yukawa couplings, and KM

phase.
2, Naively the suppression (FF) ~ A% can
be expected for the phase of SUSY

arameters.
’  \



+ To suppress the relative CP phase between 1
and Bpu, non-trivial discrete charge must be
iImposed to I .

(eMF Wy ~ Wy  (F%)~(0,0)




A model with a discrete symmetry
Bonus 1 (Z12)
Real up-type Yukawa couplings®) real 6y, dur

CEDM constraints can be satisfied.
Complex down-type Yukawa couplings
KM phase can be induced. 0
: (Fa) ~ (,Uez'(s)
The point
YH(I”: F) : real, Hy,~1 H Yu — YH
YC(F, F) : complex
Hg~ 10 + 10¢ +

W =YH27,27.(274) + Y027i27j<27c>



A model with a discrete symmetry

Bonus 2: small up quark mass is realized.

1 X )3

Usually, to obtain the CKM matrix VCKMN(A 1 )

A3 N2 1

Too large = good value! 7\



A model with a discrete symmetry

Bonus 37: # of O(1) parameters =10

13 physical parameters
== Mu, Mq, Me, VOK M

One of the relations

my = m+(1+ O(N))

(ms = O(l)mu)
mg = O(1)me v 3



A manAdAal wanth A Al
A\ 1TTIUUCIT WILIT Aad UloUu

The discrete symmetry is consistent with
the E6 Higgs sector which realizes
doublet-triplet splitting and

HuN H
Hy~ 10y + 10¢ + 16¢

~ Mmixing is required to avoid massless
electron in this model.

7\



Summary

In £ GUT, one basic hierarchy for Yukawa couplings
results in various hierarchical structures for quarks
and leptons including larger neutrino mixings.

Horizontal symmetry can easily reproduce the basic
hierarchy, and suppress FCNC naturally in Eg
GUT. (not in SO(10) GUT)

Spontaneous CP violation solves SUSY CP
problem(CEDM)

The simpler unification of quarks and leptons
explains the more questions.

Fg 3 x27 == larger neutrino mixings

mo o U@n 227,24+ 1) SUSY FlavorProblem
671 UB)y 1(27,3) B SUSY CP Problem



Summary

Peculiar sfermion spectrum can be tested.

Unlversal mass
Unlversal mass m=3
leferent

m%|wa(27 2)‘2ﬁ E m3|\U3(27 1)|2

mq > > m3 without unstability of weak scale.
FCNC of 39 generation becomes larger.

LFV (1 — ervy, ™ — pRr7y ) and CP violation
in B ( B— ¢Ks,n'Ks etc) may be detectable
in future.

Polarization of final lepton can test the’ GUT
scenario.



Future work

What is the signature in LHC?
CP violation in neutrino oscillation?

The origin of SUSY breaking”? The mediation
mechanism of SUSY breaking?

Can the D term contribution be sufficiently
small? Dsy(2)+ DEg
Decoupling feature mildens the constraints
Non-Abelian discrete symmetry?
Cosmology?

7\



B, 2 J/yo

Strategy |
Loop = SM + NP Tree ~ SM

s VW t Vi b/ ZCJM,
N
B@b % : % T
a2

* S 3 K'I'

S ‘f;::s 3 ¢ ..................... 4
‘/ts | \4-\ .......................... > K—

I — :\ ~ —
(Bs|Bs) o (ViiVis)? . (Y| Bs) x V V7, =~ real
Time dependent CP asym.
1
MBs(t) = $¢] — MBs(t) — vl Vi =1+ ZA%X" +O(°)
F[Bs(t) = v¢] + M[Bs(t) = ] Vie = —AN? —inAX* + - -

(Bs|Bs)* (| Bs)
% Svo = =l Gisy i tm[$BeABT] o g (VW] o _pa2— 0(1072) « 1
Vo= T e L(BalBa | Wl T T O\

+ -~ T "7
In SM, 544 is very small! NP contribution may be dominant!

(¥¢|Bs)



Nalve Estimation

(SM) (SUSY)
‘fts t; ‘[tz b S _:%;_ _)(____E_ b
B3|Bs ~ BS . % 889 + B@ 9%1,5 22 5%19 Bs
wb % Y VT X 9
2
x W (AN 4 i Anr*)2 A4
mW m-

q

_ 25 \4 , s~ 0.11
~ (Bs|Bs)*] ™3 T ‘mw ~ Il | ow=~0.034

E%L A2)\4 a%v ma mg ~ 400GeV

Naively, it is expected that SUSY contribution make S¢¢ 10 ﬁﬁeNarger
than SM prediction !!



Numerical Estimation

S¢¢2 ©(0.04) } (SM) (mg = 380GeV, m; = 400GeV)

+2.65[(843)% 1 + (643)%R] + 57.3[(333)F r + (643)%:]
—90.3[(593) L r(9593) rr] — 374[(053) 1 (393) rE]

4 N

2
(825) B = (m 6)0;191‘13 (,=1,2,3) In E¢ + Horizontal model

mz (A,B=L,R)

} (SUSY)

(083)rr = 22 (6%3)LR, (6%3)RR~ 0

N s y

/ONR A\

(SM) (SUSY)

S¢¢ ~ 0(0.04) + ©(0.006)

Actually, SUSY contribution is too tiny with compared to SM prediction.
It is difficult to observe it.

o(1) O(1)
—
Csy = @(1@%3)230 (m—gtz) Cstrsy = — 052 (023)11 l24( q) fﬁ( q) T Eﬁfﬁ(mq”

miy My, 216m 2




Rough Estimation of the BRs
a N

main diagram : (F0)

Stan ﬁ(??lgﬂ)gj

2
| Br{l; — evv)

1 2> A3
M2 ~Am2 |25 1 A2

a
G% Mgr-gy

€R

A3 A2 o)

7 .\

This model leads large LFV rate within reach of near future experiments.



Mer1,2 dependence

=

/

At this point, m=mj,

\

| In this reason, the BRs are no

(M2 );; x Am=
e { longer changed for mizg, ,.

= (m3 - m2) = 0.
There are no source |

\of LFV. Yy,

l§-l*'i#—>ey)

BRs don’t decouple as ™ég; >
becomes large.

| | | | | | | | i | These behavior are explained
O 200 400 600 800 1000 1200 1400 | | qualitatively already.

~  (GeV
mem,z( ) K J

tang = 5
M, = 120GeV
g = 200GeV
Mg, = 100GeV
Ot

0O 200 400 600 800 1000 1200 1400
- GeV
Mzpy 5 OV / \

[ Branching Ratio is independent of Mgy 5 unless Még; , < 600GeV ]




Quark sector

Constraints from B, — B, mixing is OK.

Khalil06

EDM of Hg(neutron) Hisano-Shimizu

Im (64,)13(3¢7)31 < 3(0.2) x 1073 QoK

Im (6u;)23(0up)32 < 3(0.2) x 1073 A*~2x 1073
Im (6u;)13(0up)31 < 3(5) x 107> A®~107*

7\



A structure iIn  Eg explains

the suppression of the radiative FCNC
with unifing Yukawa E;. D SO(10)
why the mixings in lepton sector is larger.

the various mass hierarchies in quark &
lepton sector.

Mg >> Mmd; Mg >> my; , ,
ey mdj’ Me; My 1 <J

7\




Fe +horizontal symmetry

A prediction for sfermion mass spectrum
Universality of sfermion masses are
partly realized.

FCNC can be suppressed without special
assumption for SUSY breaking sector.

Non universality makes the 3 generation
FCNC larger than in the universal case.

7\



10 = (q,u%p, €R)
5= (d%, 1)
1 = I/JC%

+\l \7 g 11 klr\
L IN\U

valv ind -
Ively Inad »

O

Radia ced
WY — (Yu)zjlozlong—f— (Y(d’e))wlozgﬁg

+ (Mvp)ij5:1;57 + (MR)iilil;
Even if universal sfermion masses at the
cutoff, radiative correction induces the non-

universality. Fzs i sse Cmagucni vanagida Barbieri-Hall-Strumia 95
Br(l; — L) (VY2 v tan §)?
Large mixings V; ~ Vi rns
SO(10) GUT relations
Yo, ~ Yy ~ Y e tan g, Yy,
=) too larae LFV



Key Observation
to understand the different mixings

S U ( 5 ) GUT Albright,Barr,Sato,Yanagida,Ramond,,,,

10 = (q,u%, €%) 5 = (d%,1)
Quark mixings(CKM) Mixings of 10,(q;)
A <:> A (/ 1

Lepton mixings(MNS)(‘,:> Mixings of 5. (1)

=) 10;(g;) have stronger hierarchy than 5, (/)

:> Y, have stronger hierarchy than Y/
Y»10;10,;57 + Y310,5;5 5



Z
D
X

~
e
C
D
92

cn
)

Why do 5;(I) have milder
hierarchy than 10;(g;) 2




Unification of Yukawa hierarchies

Bando-N.M.
N.M.

All Yukawa couplings have the same
hierarchical flavor structure.

==> Various hierarchies of quarks and leptons
Only one basic hierarchical flavor structure
(to realize Y,, ) Not fix the origin.
An example
A A5 )3
VvH oyC oy ~ ()\5 24 )\2) [(fs v fz)}
A~ 0.22 A A2 1 AR



How to fix light modes of 5 ?
27; = 164[10; + 5; + 1;] + 10;[5; + 5;] + 1;[14]

M(5,5) /(1)

Light modes (51,51, 55)

A S



SO(10) GUT relations v, =y '=v, =V,
10; 102 103 1, 1 13

6 5 3 X E 6 5 3
101/ A6 X5 A3y TR VAR Y
Yy ~ 105 A\° x4 22 YI/DN 51 225 )45 )25

105\ A3 A2 1 ,>‘2 50 A5 A4 A2 ]Ao.s

Yy~ Y~ 105 A5 (279)
103} X° Small tan g
Small Yy,

5 1 A0S )
Vo ~ | A 1 A Visng ~ | 205 1 305
)\ )\0.5 1 |



Eeg GUT is
an interesting target of B factory




Weak scale stablllty reqwrement

m

m3, M1, mpg, p~ O(100GeV) 101 102 <‘,:{>
2

: 51,52, 53 Differant
Not strong constraint ifferen

for ™o because of small Yukawa couplings

If we take mqg >> m3, constraints from
FCNC, EDM, g-2 etc. become much weaker.

lllll

The little hierarchy problem?

Natural parameters == ’@b\}ﬁ'ﬂ@
==> Kim’'s talk
v\




