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Recent result: Bs- B mass differenaeo, coF)

u,c,t
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AM, =17.77+0.10+0.07 ps—1
W W

(CDF, hep-ex/0609040)
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Recentresult: D-D MIXING  (Babar, Bell, 2007)

rxp=87139 %1073, yp=(6.6+2.1)x 1073

TD="T, YD =215

Additional FCNC constraints 2
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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 patrticle, the loop corrections can
induce sizable FCNCs. (e.g. right-handed neutrino)

(Rar7ziimati-Mac<iern)
\I—JUI e WAL T ICALRIL IVIMU'\J'U/

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¢1-V,,; disCcrepancy in unitarity triangle

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

Vid /%
v Vib

Unitarity Triangle

|Vcd|



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

Vig|?
Vis

Vid

. 40.008 AMs _ 2 Mp,
74| = 0.206 R = ¢

—0.006 AM, Mp,

B 2
<§2 = B’;—S% = (1.21 + 0.06)2>
d’ By

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

V5| = (3.524+0.17) x 1073 (Unitarity)

Experimental measurement of |Vy,|  (Tree-level dominant)
PDG average : |Vi3| = (4.31 £0.30) x 1073

< £ (Recently, inclusive decay data become accurate.)
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Global fit :
Consistent with SM
But 1.5-2 sigma discrepancy in Sin2¢1-V,;

New physics is hiding there ? Or statistical phantom ?
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2. phase of Bs-Bg mixing
CP violation in Bs — J/1¢ decay

Myo = (BS|H‘BS>

SM prediction : 23s = 0.03 — 0.04 (rad)
D@ preliminary : 23, = —(),79"_|'O‘47 (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 €

YulOo1OH5—|—Yd10°5H5—I—YV5NCH5

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

h16-16 Hig+ f16-16 Hsz + h'16 - 16 Hyog

Yo=htraftrsht ot — ar v, Mty T3

Yy=ri(h+ f+ 1)
e — Tl(h —3f Ceh,) Type ll Type |

Yy =h—3raf + ol My = fi{A})  Mp = fp{AR)

Naively, VE p~1. (¥, = viv/aovgh

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 + frRLCL° AR

2 2 2 2 2 2 2
’m16 ~ mézmﬁczmﬁczmzszczmﬁc
2 2 kl
’m16 ~ mo ].—K}U kQ UT
1

M, String/Planck scale

Amsol

— diagys T ~ ~
f=Ufesu U= Unnsp (RN .

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

M1 = (B|H|B) AM = 2|M;o|
. . . b = S
The gluino box diagram dominates. |9
b b
Mass insertion approximation: S J b
MESY

e = al(07 )3 + ORp)3i] = 0007 )3i(Ohp)ai + -+

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

04, pp= (MZ) 1, rR/T? M : average squark mass

. M?2 M2 71 (M2); 7 =m2 + -
(G b ) (%) e
! ‘ i (M2)pr = (mF)T + -



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

MSUSY
J\}%Q'V' ~ a[(87 )35 + (0% )3 — b(67 1)3i (0% )3

1 = 1 for By, 1 = 2 for B
a~ O(l), b~ 0O(100) for mgygy ~ 1 TeV

- =

Cl. Only 6% 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|M12(Bs)|
does not constrain size of SUSY contribution |1M2Y°Y| much.

_ SM SUSY
Mio = MP5" + M5

arg MPY>Y is a free parameter in the model:

due to free phase in Yukawa couplings

There is room for sizable SUSY contribution. ====> Next page
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10....,....,...._«....,..../Expt.bound
[ [ ---suE) * '
| | —— SO(10) (symmetric)
| [ —-—- SO(10) (hermitian)
\—A 5_
2 total
"0
Q9
N i
S ! SM
£ Z
N 5L
Bp,f5, ~ 20% error
_10-|||.I....I....-"....I....
0 ) 10 15 20 25

2 Re M;,(Bg) (ps™)

One can always find a solution as long as |M>Y>Y| < 2|MM|.

Accurate measurement of not only the mass difference
but also the Bs-Bs phase is very important. 14



ji=12 : K-K

MSUSY 4 p ! 3
MS'V' x (5LL)ji(5RR)ji ji = 13 : Bg-By
ji = 23 : Bs-Bs
=g+ D= 05T+
5
k
m2 ~ m2 ~ m2 > 1 1
.
Parameterization of phase:
eiOé]_
U — PUq P pu— e’l:O42
eiOé3

Phases in P are cancelled in the SUSY contribution.

Yu = Vdem Y P9 P, Vekm Y, =

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



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

The SUSY modifications of the phases are related.

o6+

0.72 0.74 0.76 0.78 0.80 0.82
. eff . ff
sin2g~" (Sin2¢%")

SUSY K-K phase is fixed _
(B4-B,; phase) 16

as 0,7w/2,m.



¢p. VS SIin 20 with ex constraint

0.85

sin2p™" (sin 2¢5™)

oM~ 10 eff — gSM _ 4 = (=23 4+ 16)°

D@ preliminary '



mg = mi. = mpe  m3|1- kU o Ut
1
U = PUq Uq — ((9]_27 13 237(S )
K-k 8¢ |N/£‘ ko sin 209, cos 05 + €' sin 895 sin 64 ‘
By-By: 1043 ~ ki |Skasin 209, sin 035 — ' sin 095 cos 03

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 4+ Vusksin? 635

K-K and D-D cannot be cancelled simultaneously
if ksin?02, is sizable.

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 [D-/D mixing.
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Bs-Bs mixing and 7 — ury

Br(t—>puy)

10°

B SU(B)

e SO(10) (m
& SO(10) (m =400 GeV)

(m =200 GeV)
=200 GeV)

0
0
0

25 30 35 40
AMg | AM

45

m1/2 = 300 GeV, tanﬁ = 10
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Br(t—pny)

Br(r — p7) constrains the CP phase of B, decay

—_—
Q
~J

—_—
<
(o]

BR <45 x 10°°
(Belle)

——S0(10) (m, =500 GeV, tanp =10)
--=- 80(10) (m =200 GeV, tanp =10)
-=--80(10) (m,=500 GeV, tanp =30)
- - -SU(5) (m =500 GeV, tanp =10)

15 20 25

max(2 |¢BS|)

ff — ASM
S _68 _¢Bg

30

= (—23 4 16)°

D@ preliminary #



Br(7 — uy) vsS Sin 2¢q

=

—

‘_)

et :

— 9 : ; .

m 10 ¢ i SN \ E
[ | —— s0(10) ; N\
L| - = - 8sU((5),5°,=0.08 | N
- o ‘\
|| —-=- SU(5), 57,=0.15 E -

10'10 1 1 L L i i i Ii L L 1 1 \l \l 1
0.60 0.65 0.70 0.75 0.8(

eff

sin2p

V.| = 0.0041

T
——~ ']0_8 c T o -~ =
a_ F u_‘- ]
o
‘_)
~—
b -9
F| —— s0(10)
[| - - - su@), s°,=0.08 _
|| —-=- SU), s°,=0.15 ‘-\ '
10_10 L PR 4 1_ ¥ S i L 1 1 | 1 | \u ".
0.60 0.65 0.70 0.75 0.80
. eff
sin2p

V.| = 0.0045

mo = 1.2 TeV, my ,, = 300 GeV, tan =10, Ag =0
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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

(1@a | (3,3,3) cause proton decay
(q0)s | (6,3,3) light in flipped-SU(5)
(¢q0)a | (6,1,3) |favorable to suppress p decay
qut, qd€ | (1,2, :I:%)
qu®, qd® | (8,2,£5) | favorable to suppress p decay
weu® | (3,1,-%) cause proton decay

ued® | (3,1,-3) colored Higgs

dede (3,1,%) PS higgsino

uwu® | (6,1, —%)

u¢d® | (6,1,—3) | favorable to suppress p decay
dede (6,1,%) light in flipped-SU(5)

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

(*)

(*)

()
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lepton-lepton-Higgs coupling

(40)s | (1,3,—1) | important in type II seesaw
(40)q | (1,1,—1) SU(2)p higgsino
e, Lef | (1,2,45) | important in type I seesaw
veue© (1,1,0)
vCe€ (1,1,1) SU(2)g higgsino
eCe (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

av | (3,2,2) flipped-SU(5) higgsino

ge | (3,2,§)

ut | (3,2, —%)

0de | (3,2,-%) flipped-SU(5) higgsino
ur® | (3,1, —%) PS higgsino

ue® | (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.
0 C b 0O —c* -b* b~ ¢~ \a
BT = —c 0 a ct 0 —aF
—b —a O b* a* O A~ 0.2
a? a*b a*c
= (a®+ b+ — | ab* b2 b*c
ac* be* 2 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.

C]UC¢(8,2,1/2) + qdc¢(8,2,—l/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 — ey) IS enhanced rather than BR(r — uvy).

$(1.1.1) P(11,-1)

l

!

ey
o
Ry
o

hl h,T hl h’T
L N€

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

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

27



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

® SO(10) model has |mpact on the modification of
meson mixing amplitudes since both le nd right-

~

physics.
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1w — ey bound : BR <1.1x 101!

-
k2 ) Unmnsp

‘ sinf;3 ~ 0.02

sin 26 contribution : small

Sinf3 §0.18

sin 24 contribution : large




T — puy bound : BR <4.5x 1078

m1/2 ~ 300 GeV (mg ~ 1 Te\/)

SUSY contribution of B- 5 box diagram becomes maximal
at mg~ 1 TeV.

Squark masses (diagonal elements)
do not depend much if mo <1 TeV

Off-diagonal elements becomes large for larger mg

Sleptons become heavy for larger mg

LFVs are suppressed at mg ~ 1 TeV.
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Unitarity : |V, = (3.49 £ 0.17)

Inclusive decays

x 10—3

- 0.27) x 1073

V| = (4.49 + 0.19 4

3
IV | (x107)




AMs QMBS V%dz 2:BBS]%3: 121i0062
AMyg § MBd Vis § BBdf]%d (1, 06)
- Lattice calculation

ﬁ _ +0.008

Vis| = 9-200 0 006

|Vis| = [Vl
Vi =~ 1




From unitarity (1 sigma range)

BABAR endpoint (L
440 £0.30 £0.47

| I I LP 2007

3 4 5.
V.| [x 107
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Small FCNC

Flavor universality at boundary condition.
FCNCs are induced by radiative corrections (RGES).

dm%
16m° ——= = Yy Y[]mg +mgv.y,] + YaYjm +miYaY]
n g
+ 2(YumZ Y] 4+ Yom: Y] + Vi YImy + YaYimi, + AuAL + A4AD)
1 2 8
_ 4 M2 2M2 2M
(391 Mi + 392 M3 + 29305)

Origin : Yukawa couplings and A-terms (scalar trilinear couplings)

When Yukawa matrices (Yu, Yy)
and A-term coupling matrices (Aw, Ag) are not simultaneously
diagonalized, off-diagonal elements of ’m% are generated.
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MSSM (MSUGRA boundary condition)
all the scalar mass : mqg  A;; = AgYy;

FCNC : very small (CKM mixings are small)

Seesaw neutrino mass;

Type Il Type |
My = fi{A})  Mp= fr(A})

fLLLA [ + fRLCL°AR 3



measurement of Vbl (Tree-level dominant)

14
* Inclusive decays b — ulv b T~
|Vub|

u
Weak quark decay + QCD corrections
— OPE in as and 1/my

Vi3] = (4.49+£0.194+0.27) x 1073

e Exclusive decays B — X fv

Form factors : need lattice QCD (large error)

Voo = (3.841907) x 1073

PDG average : |Vi,| = (4.31 £0.30) x 1073
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Kmax




Im M, (107 MeV)

o =~ N W b O

-12
Re M, (107 MeV)




m2 ~mg|[1—rV§ ko v

3
0211\
|
Uoz

|
h

Mp = diag(My, M2, M3) Yo = VfYVdiagVET

When V§ ~ 1,

Am? M
€ ~ K ~ sol 2
Vi 2 Unnsp ko > f AmZ, M;

Yukawa couplings P,
Yo =V, VCKI\/IY @ Diagonal phase matrices
Y, =V, Y339 o
d — YgelL'( qeR Minimality:

_ v diag
Ye o Ye quLa quRa Vur ~ 1
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If triplet part dominates the seesaw formula :

Yu=h+rof +r3h , DY
Yd:’l“l(h+f+h/) hN( : )7 fN(A 1 1>>\2
Y, = r1(h — 3f 4 coh’) 1 ALl
Y, = h —3rof + e’
mig = m%zm%czm%czm%zm%czm%c
k1
~ m3(1m6U( ko )UT>
1
£ =y pdiagyT U ~ Ufynep ko ~ AAmLEO'
atm

Both left- and right-squarks have sizable FCNC effects!



