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1. Introduction

: - oncept only
| ?hort review for GU_I?orget mathematical difficulty
. 0 &om GUT

iil. Flavor violatingo e



[ i. Short review foIGUT J[ GUTIis marvelous !l J[Ol/[]_]_}
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Acharge explanation
Y'Y 8§ O
=) Y™ diagonal generato¥ "O diagonal generator
espleciallyY(p) charge =Y(p) generator

c ~
€.g. C - Y Yo part
_ _ _ q -
5 = dr(3,1)r +1r(1,2)_1 o VL
3 2 o/ | Y X part

¢cd o -d - traceless
0 Q 0 o GUT explain SM chart

fanomaly free explanation
SM charge I1s anomaly free

=GUT explain why SM Is anomaly free
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The SM Is gauge theory

Gauge groups describeot only interactions but alsgparticles.

AUnification of particlesrealize simultaneously!!

Unification of SM fermions iilY Yo GUT model
10 — QL(37 2)% + u%(gv 1)—% + 6%(1, 1)1 5 — dclj%(gv 1)% + ZL(]-v 2)—

1
2

Unification of SM fermions in minima¥y p mGUT model
16 — q1(3,2)1 +uR(3,1) 2 +eR(1, 1)1 +dR(3, 1)1 +11(1,2)_1 +vE(1,1)o
N 6 3 3 21 \ /

>, .

v v

10 5 1
Unification of interactions and particles Is great advantage of G
but unification of particles makes some troubles



| ishortreviewfoUT || Unification of particles || 04/41]

What will happen when particles are unified into
samelrepresentation?

One of the"Y' Y0 Yukawa terms
R "Y™0 Yukawa relation
-}/;] 107/5] 5H Y:Yd:YeT @ GUT scale

Unification of SM fermions iilY Yo GUT model
10 — qL(S, 2)% + u%(g, 1)_% -+ 6%(1, 1)1 5 — d%(g, 1)% +1(1,2)_

1
2

Unified particles have same character (here mass) at GUT scale.

A a |
A O + atGUT scale
A A

—
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g 10 // mS L mu
“;510-3- ; e . md me
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Does RG eq. effect from GUT scale toscale modify this problem?
m Y d 3 2 2
5 75 Eya:ya+zcigiyawzcigiya
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m=) RG eq. effect does not modify this problem.
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GUT group breaking

non-renormalizableY YO GUT contribution

_ — Y,’L _ — ‘ _ -
Y;j10,5;85 + —210,2455,55 +--- = (Y + Y’) 10,5.5,
ij
A = A pranck or smaller Y, # vy T
&

non-renormalizable terms contribute to mass of the firahd
second generation particles.

j> these nonrenormalizable contributions solve this problen
| will use this mechanism later
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0 Yo @
origin of additionaky: o &
gauge group rank
O (Y Y  Yp) ) | 4FZFI+L)+1=5
Yp e rank of SM grour
Y™ minimal unification group | 4T
YUp TT &

GUT is one of the famous candidates for additianal

But lightw & allowed ? Does proton decay restrict it “
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origin ofw e
SO(10) —» SU(3)e x SU((2)L x U(1)y x@
at GUT scalB p it GeV
constrained by proton decay

S SU3)e x SUQ2)x U(1)y

light ¢ @aass scale
constrained byo ghysics

light &£ & possible
In this work we do not specify how to realize lighte

some cancelation and/or some additional symmetry Is neces
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Fermion gauge interaction froftY p asymmetry
In interaction basis

L d1 1
QZ’Z;{Y“ ( V1 Yo Py ) q2 V2
q3 (R
n :°Y p aeharge for
we have to transfer from interaction basis to mass bas
to make Yukawa matrix diagonal

/
Vi =V = U0,
interaction basis mass basis
unitary transformation
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AInSM Zinteractom( 1 14 n)
after unitary transformation

q ()
9z Zuy" ( V' Yy Y ) q V'
q V'3

flavor universal charge = identity mati

A In some’Y p asymmetry which hadavor non
universal chargénotp n  n)

L d1 (]
gz Z, M (Y Yy Yy ) U q2 U [ o'
‘ q3 V'3

non-diagonal matrix = flavor violating ae
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In some’Y p asymmetryflavor nortuniversal chargés
essential to realize anomaly cancelation.

but

A’Y p agyauge symmetry comes from GUT symmetry
U no anomaly problem
U generation universalchargg( n n)

summarizing the above

V GUT can be a origin af ee
V but thisw & flavor conserving



Vita 2SUSY GUT modd Content J[12/41

2. Flavor violatingo $8om “YOp mSUSY GUT mod

i. Problem ofYU{p MGUT
ii. Flavor violatingo &
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IN"YUp TTGUT model

16 — q1(3,2)1 +uR(3,1) 2 + €R(1, 1)1 +dR(3,1)1

Y

10

+ ZL(]-J 2)—% + V}:?,(]-a 1)0

—

1

Y

5

U advantage
unify all quark and lepton

U0 dzi X
cause some trouble

hij16;16,;10x = Y, =Y=Y.=
How to realize observed quark and lepton masses

and mixings?
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U add new Higgs (e.@. ¢ 1]

IN"YOUp TTgroup

~
o~

E

new contribution, break GUT relation

U use SUSY threshold correction

If O A lis largeSUSY threshold corrections solve this probl
> 40
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U extend matter sector
introduce three sof“YUp Tt
SO(10) D SU(5) x U(1)x
16 >10_{+55+1 - 10 —=5_5+ 5

1) (16) ) ; ( )_. MSSM matters
(Vo )=us (2

0
pio) — heavy particles

This mixing is useful to realize observed quark and lepton
masses and mixings.
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30(10) D SU(5) X@ origin ofw ae

16 — 10_1 + 53 +1_5 10 — 95_9 + 99

1) (16) ) ; ( )_. MSSM matters
(Vo )=us (2

y(10) .
— heavy particles
e.g. (51,52,55) = (51,50, 50%)

3 yfgl
gz:ZLY“( Vs Vs, Vs, ) —2 ¥s,
3 Vs,

flavor nonruniversal charge
=) Origin of flavor violatingo s
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U“YUWp dunification group
origin ofw ee
U mechanism to solvéYup mGUT model

make® #avor violating one

This model has following interesting features

V compatible with some higiscale (splitSUSY model
V distinctive flavor violation
only for matters

=) This"Y0Op mtmodel is good origin of F8J e
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Flavor violatingo @teraction in fermion mass basis

QZ’Z,M (Agzjzzz,’)/“li - Afﬁ%v“d%)

W gauge boson is interaction basis
of course other fermions have flavor conserving interac

1 -5 (03), (03),, - -

o) ) i ( Y ) ( Ul AUy )
=U Uy = .
( ¢(10) Y\ h P AUfw Ul% |
o @ @unitary matrix
U{%UI%T + AU¢AU¢T — 1

unitary condition
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Flavor violatingo @teraction in fermion mass basis

922" (AT, — Addpn )
Al =5 (0%) (06') —205 ¢ =dl

kj
What we want to calculate this interaction

o . by hand
A W gauge boson mass: but U (p T)eV is interesting
A gauge coupling Q from gauge coupling unificatior
” 14 . . , M2
A @ @mixing angle — tan 20 = 492 22
gz MZ/

A mixing parameter Y

from fermion masses and mixings
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3. Phenomenology

I. Flavor violating coupling
. Phenomenology
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hfjlﬁflﬁjlﬂﬂ ((A]{iﬁjl)%@

down-quark
chargedlepton

Yukawa up-quark Yukawa

d U
me PR (0
o (Verar)ss = (Uf)a o,
[ U
make Yukawa x A m™m
matrix dl;aggvnal U_Z(Vf;)gz — (U{f;)zk U_,fékj

Ve = Vogps  Thisrelation is satisfied at GUT scale.

We use this relation in low energy scale.

(s
mixing angle is ratio of Yukawa coupling and — (y_z> =0



[i. Flavor violating couplin}{ Flavor violating coupling calculation J[20/41J

To calculate flavor violating coupling we need

up-type quark mass a
down-type quark mass : a&
chargedlepton mass : @
CKM matrix Y

We can calculate these parametersuat scale if we
assume particle contents.

In this model we assunoe U p Tt TTEV.




i, Flavor violating coupling Particle content |[21/41]
SO(10) — SU(3) xSU2) L xU(1)y xU(1)x
at GUT scalB p it GeV
S SUBR)e x SU(2)1 x U(1)y

light @ @aass scale SUSY scala)=p 1t 17eV
In this model we assume higdtale SUSY (split SUSY)

U p 1T 1TeV SUSY particles,
but gaugino mass is O(1) TeV (loop induced)

m) SUSY flavor contributions are negligible

GUT scaled( p 1 GeV) : GUT particles

SUSY scale (p 1t 1TeV) :ws8USY particles,
vector particles (from rep.)
gaugino scale)( p TeV) :gaugino
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Ahigh-scale SUSY
UU p TeV gauginos

U the residual SUSY particles mass(g m)rieV

advantage
U obtainp © GeV Higgs mass

U satisfy SUSY flavor constraints
U more preC|se gauge coupling unification

<[5 uay, : 28 %W‘%SY
20

b 1 from
.. Lowscale §USHisanea | y Q
| slide

.........

108 1010 1012 1014 1016 'IO16
Scale (GeV) Scale (GeV)
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SRq I[N Y TR N (S R | .
SIS A1 o et I A R 1 Giudice, Strumia
70 | | 17 (2012)
20
10
o 8
g 6
5
4
3
2 OAIDo
SNITNU Loy | Is favored when stor
| — "‘ “"':'\""H ‘I|' ‘f"“|‘ |" ' "|" | ‘|' "| \'| \|_ Mass IS:S p Tt "Tev.
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Supersymmetry breaking scale in GeV
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In the minimal’YOp TSUSY GUT model

hfj16f16j10]—] |:> W
a kW OVOEI AN e .
& ko oAie ™ OAIDG G
largeO A |is favorable
In our’YUp TTSUSY GUT model

hij16;16;104 - P
+extra sof YUp Tt o
O ALD4 TG smallO A lis

acceptable
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d U [ U
m, rdy . Mg m; my
—TVerasii = Ule)—E0k;  — 1 (Va)ji = (Ut)in—F Ok;

Introduce higher dimensional operator contributignX() to
realize observed fermion masses and mixings.

d U
m;, * “rd m d
(VOKM)jz’ = (Uig)ik (Tf Okj + 60k:j>

v v

m; 7l my, z
T Vi) = Ol (b0 + e

”U

From these relations we can calculate flavor violating coupling
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Re(A%) Re(A%) Re(AS)
red:f & pm blue:f ®| pm
Re@ )DIM(© )
0 0 0
1-2 generation = 1-3 generation 2-3 generation

K physics B physics
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Indeed 0 9 & &

6 76 |0 |6 a T & |
O

1-3 generation
2-3 generat

1-2 generation



