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Introduction

Recent result: B.- B, mass difference (oo, coF)

AM,=17.77 +£0.10 + 0.07 ps—1

(CDF, hep-ex/0609040)

Recent result: D-D mMIXING  (Babar, Bell, 2007)

rp=87139 %1073, yp=(6.6+2.1)x10"3 (HFAG)
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[ Basic Scenario }

Too much FCNCs in general SUSY breaking masses.

|:> Flavor universality of SUSY breaking is assumed.

Even if so, FCNCs are induced by RGEs.
In MSSM, the quark FCNCs are small due to tiny CKM mixings.

If there is a heavy particle, the loop corrections can
induce sizable FCNCs. (e.g. right-handed neutrino)
(Borzumati-Masiero)

Investigating accurate measurement of FCNCs in quarks and leptons
IS very important to find a footprint of the GUT models.

This talk: we study FCNCs from grand unified models SU(5), SO(10)
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In this talk, we feature

1. sin2¢41-V,,;, disCrepancy in unitarity triangle

2. phase of Bs-Bs mixing
CP violation of Bs — J/v%¢ decay

Vid v *
v, Vib

C

Unitarity Triangle

|Vcd|



Sin 2@1 — 0.680 + 0.026 (World average, Belle and Babar)

Vig|?
Vis

Vid
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—0.006 AM, Mp,

Bg. f2
2 — ZBs'Bs — (1.21 4+ 0.06)2
(s = )

Vgl = 0.2258, |Vl = (41.6+£0.6) x 1073, |Vis| = [Vl [Vl =1

- =

Vsl = (3.524+0.17) x 1073 (Unitarity)

Experimental measurement of |Vy,|  (Tree-level dominant)
PDG average : |V,,;| = (4.31 £0.30) x 10~3

< ¢ (Recently, inclusive decay data become accurate.)
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Global fit :
Consistent with SM
But 1.5-2 sigma discrepancy in sin 2¢1-V,,;

New physics is hiding there ? Or statistical phantom ?
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2. phase of Bs-Bs mixing
CP violation in Bs — J/v%¢ decay
Mqo = <BS‘H’B5>
AM;s = 2| M| Mip = |Myp|e2"Ps

SM prediction : 268s = 0.03 — 0.04 (rad)

D@ preliminary : 23, = _0,79‘_|'8_'§'g (rad)

(hep-ex/0702030)

Waiting for more statistics.



SU(5) GUT
Down quarks (D¢)and lepton doublet (L) are unified in 5.
Q,U° E°: 10 Right-handed neutrino : [N €

Y, 10-10 Hs 4+ Y;10 -5 Hz + Y, 5 N¢ Hs

e o

i, He
YI/ YV Y]/ YVT
NC NC

Both RH down-squarks and sleptons can have sizable FCNC effects.

(Moroi, Akama-Kiyo-Komine-Moroi, Baek-Goto-Okada-Okumura, ...)
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SO(10) GUT
All Q,U¢, D¢, L, ES,N¢ are unified in 16.

h16-16 Hip + f16 - 16 Hysg + h'16 - 16 Hyog

Yg=ri(h+ f+ 1)

Ye = r1(h —3f + cch') typell
Y, = h — 3rof + cuh/ My = fr(AY) Mg = fp(A})

Type |

Naively, Vf p~ 1. (Yo = VeV Vg

The right-handed neutrino loop effects are not very large.



However, f16-16 Hisg coupling has large mixings.

The coupling includes the Majorana couplings : fLLLA + frRLL°AR

2 2 a2 ~m2 ~m2 e~ 2~ o2
mie = ME=Mge = Mpe X MF X Mipe = Mg
m%6 o~ m% 1—-rU )
(1559)2 AG M,
Threshold parameter :  ~ ~ ~~2= ( —Q n -~
™ mo GUT
My: String/Planck scale
: Am?
~ []* ~ |
f= delagUT U~ U¥ynsp ko Am—m

tm

Both left- and right-squarks have sizable FCNC effects!
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SUSY contributions in B-B mixings

Mo = (B|H|B) AM = 2|Mq5|
. . . b = S
The gluino box diagram dominates. |9
b b
Mass insertion approximation: S J b
MSUSY

A/lliSQM ~ a[((S%L)%@' + (5?%}’%)%@] o 5(5%[,)3@'(5%3)3?: ‘l‘ T

1 =1 for By, + = 2 for Bs
a ~ O(1), b~ 0O(100) for mgysy ~ 1 TeV (Ball-Khalil-Kou)

04, pp= (M2) 11, rrR/T? M : average squark mass

( )LL (M )LR &T (Mg)LL:m%—I—
(dr,dR) ( q q ) ( e ) d
Home SHDRRIN D) 02 = (30T +



Both left- and right-squarks have sizable FCNC effects in SO(10).

MSUSY
J\/lliSQM ~ a[(5%L)§@- + (5?%1?)%@] o 5(5%[,)36(5%3)3?2 ‘l‘ P

1 =1 for By, 1 = 2 for Bs
a ~ O(l), b ~ O(].OO) for mgysgy ~ 1 TeV

Flavor violating effects are larger in the box diagram in SO(10).

Ct. Only ¢4 is large in SU(5).
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Remark :

Accurate measurement of mass difference Is consistent with SM.

However, experimental result of AMs; = 2|M15(Bs)|
does not constrain size of SUSY contribution |M2YSY| much.

M12 — M _I_ MSUSY

arg MY>Y is a free parameter in the model;

due to free phase in Yukawa couplings

There is room for sizable SUSY contribution. ====p> Next page
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10 ————

_10-| P R

One can always find a solution as long as | M35

- - - sU()

— SO(10) (symmetric)
—-—- S0(10) (hermitian)

total

SM

10 15 20

2 Re M5(Bg) (ps™)

25

U

__— Expt. bound

Bp,f5. ~ 20% error

SY|<::”A4§£AL

Accurate measurement of not only the mass difference

but also the Bs-Bs phase is very important.
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MSUSY J p - -
Msm < (05 1)5i(0%R)ji ji=13: BB,
ji = 23 : Bs-Bs
(M(%)LL:m%‘I'"': (MC%)RR:(WQ‘”C)T‘I' 5
/ ]
k
2~ ~ 2, ~ m2~ 2 1 1 T
Mg =Mge =MpHe = Mg — kU ko U
1
Parameterization of phase:
el
Z'Oz3

Phases in P are cancelled in the SUSY contribution.

di diag
Y, = CKMY 9P Vekm Y=Y, 'a

P, provides the phase of SUSY contribution of K-K, By-B,, Bs-Bs



There are only two phase freedom (approximately)
for SUSY contributions to K-K, B;-B,;, Bs-Bs mixing amplitudes.

The SUSY maodifications of the phases are related.

o6+

0.4

072 074 076 078 080 082
_ sin24°" (sin ng?fr)

SUSY K-K phase is fixed _
as 0,7/2,m- (Bg-Bq phase) 16



¢p,. VS SIN 206 with e constraint

0.85

sin2p°" (sin 245"

M~ 10 eff — BSM _ 4p = (=23 4+ 16)°

D® preliminary *’



k1

m%zm%z %1—*m0 1-xrU ko Ut
1
U = PU, Uqg = (015,013, 0%3,0%)
K-K |0¢ 2|_H3| ko sin 2609, cos 645 + €% sin 895 sin 63 |
Bg-Bg: 1645 _ﬁ:|1k25m 209, sin 645 — %" sin §%5 cos 64 ‘
Bs-Bs |5‘2’3 | ~ ; sin 261,

SUSY contribution of K- K mixing can be cancelled when §9 ~ 7.
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D-D mixing amplitude can be calculated in a similar formula,
but it is calculated in the up-type quark Yukawa diagonal basis.

Uy o~ [VEem 0DV mli2 0o + Vausksin? 63

K-K and D-D cannot be cancelled simultaneously
if ksin?0%5 is sizable.

D-D data constrain xsin?63,.  (arXiv:0708.3080)

In the scenario where sin 2¢1 and V,; discrepancy is solved
by the SUSY contribution, SUSY contribution may also affect to
the recently measured [)-]) mixing.
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Bs-Bs mixing and 7 — uy

T T L T T
|
' 1|
L n 1l
i H—

Br(t—>pnuy)

SU(5) (m =200 GeV)
SO(10) (M, =200 GeV)
SO(10) (m =400 GeV)

45

my 5 =300 GeV, tan g = 10
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Br(m — p7v) constrains the CP phase of B, decay

107
-
/r
P .
= !
o s
-8 i
10 5;: ——80(10) (m,=500 GeV, tanp =10)
fi;'" --=+ 80(10) (m =200 GeV, tanp =10)
jf,’ —==-80(10) (m,=500 GeV, tanp =30)
]!;', - - -SU(5) (m =500 GeV, tanp =10)
8]
N A T B B S
0 5 10 15 20 25
max(2 |45 |)
SSM ~ 10,

BR < 4.5x 108
(Belle)

ST =M~ ¢p, = (-23£16)°

D@ preliminary
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Br(t — puvy) vS Sin 2¢q
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We have assumed

But, K may depend on the fermion species when (some of)
decomposed fields from 126 and 120 Higgses split from the others.

Variety of induced FCNCs depends on the light decomposed field.

Accurate measurement of quark-lepton FCNCs deviation from SM

-

Information of GUT breaking vacua
23



quark-quark-Higgs coupling

(q0)s | (3,1,3) colored Higgs
(q@)a | (3,3,3) cause proton decay
(qq)s (6,3,%) light in flipped-SU(5)
(qq)a (6,1, 3) favorable to suppress p decay
qu®, qd¢ | (1,2, :I:l)
qut, qd° | (8,2, il) favorable to suppress p decay
uu® | (3,1, — ) cause proton decay
uCdC (3,1,—%) colored Higgs
dedc | (3,1,%2) PS higgsino
uwu’ | (6,1, —%)
u¢d® | (6,1,—3) | favorable to suppress p decay
dcdc | (6,1,2) light in flipped-SU(5)

(*) arXiv:0712.1206 (Dutta-YM-Mohapatra)

(*)

(*)

(*)
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lepton-lepton-Higgs coupling

(W)s | (1,3,—1) | important in type II seesaw
(W), |(1,1,-1) SU(2)pr higgsino

lve, le€ (1,2,i%) important in type I seesaw
vev© (1,1,0)
vCe€ (1,1,1) SU(2)p higgsino
ee’ (1,1,2) light in PS & LR vacua

quark-lepton-Higgs coupling

g | (3,1,—3) colored Higgs

g |(3,3,—3) cause proton decay

qv’ | (3,2,%) flipped-SU(5) higgsino

ge | (3,2,%)

tuc | (3,2, —%)

de | (3,2,—z) flipped-SU(5) higgsino
ur® | (3,1,-%) PS higgsino

u‘e | (3,1,3) colored Higgs

dv¢| (3,1,3) |important in lopsided structure
de | (3,1,%) cause proton decay
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If a field from 120 Higgs is light, the FCNC inducing
fermion coupling is antisymmetric.

o O C b O —C* —b* b ~ C ~ )\(L
T = —c 0 a cc 0 —a*
b —a 0\ ¥ a* O A~ 0.2

(a® +b° 4+ ) — | ab* b2 b*c
ac® bt o2 Hierarchy is inverted.

E.g. If (8,2,1/2) splits from 120 or 126, flavor violations are induced
for both left- and right-handed squarks.

qu-P(g2,1/2) T 4d°P(8.2,—1/2)

If it comes from 120, contribution to Bs-Bs is small,
but V,,;-sin 2¢4 discrepancy can be solved.
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E.g. If SU(2)r remains below SO(10) breaking scale,
and right-handed chargino (1,1,+1) comes from 120 mainly,
BR(T — ev) IS enhanced rather than BR(m — uvy).

5(1,1,1) @1,1,—1)
B Pt W lt
L NE¢

Cf. In usual scenario, BR(T — e7) is much suppressed
since 13 neutrino mixing is small.

Detail of induced FCNC is related to the SO(10) breaking pattern.
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[ Summary }

e \We study the flavor violation in the context of
SUSY GUTs.

® SO(10) model has impact on the modification of
meson mixing amplitudes since both left- and right-
handed squarks can have sizable flavor violation.

® The future observation of FCNCs for both

guarks and leptons as well as sfermion mass
(maybe for upcoming decade from 2010) can probe
GUT scale physics.
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