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Dimuon charge asymmetry of semileptonic B decay [DO]

i
x|
g

/ [_g" ........... R
H X
++_ -
Ab — Nb _Nb
Sl Nb+++Nb__

Ab = —0.00957+0.00251(stat)+0.00146(syst)
ARSI =Je? 31 S a IO

3.2 sigma deviation from SM

et

A hint of a large CP violating phase in Bs system!




In GUT models,
T — uy and DBs-Bs mixing are related.

Experimental data for Lepton Flavor Violation (LFV)

Br(r — uy) <4.4x107° (Babar & Belle)

bounds the phase of Bs-Bs mixing.
(YM-Dutta, Parry, Hisano-Shimizu, Park-Yamaguchi, Goto et.al. ...)

£ D

We will study the constraints to obtain the large CP phase
and the correlation to the other observables (e.9. Bs — uu)
in SU(5) and SO(10) GUT models.
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{ Basic Scenario of flavor violation in GUTs J

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.




SU(5) GUT

Down quarks (D¢) and lepton doublet (L) are unified in 5.

Q.U E°: 10 Right-handed neutrino : N €

Wy = Y, 10-10 Hs + Y;10 - 5 Hz + Y, 5 N¢ Hg

—~— L

(Moroi, Akama-Kiyo-Komine-Moroi, Baek-Goto-Okada-Okumura, ...)
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Y, = Uy, 29yl
My = M3?9

k1,ko <1

diag\2 2

Y A
U : unitary mixing matrix K =~ (V33 ) (3 -+ —%) In M

T

0

87{2 ZVfG UT

If Ur =1, Uisthe PMNS neutrino mixing matrix.




(m8)23 = —5mg £ Sin 2053 '
1 b Origin of ¢NP
size of ANP
Definition . ‘Mf?
Ml asme- 2 e 8 0 _ L oig
i ASM —2i0; T

Cf. . .
(m%)lg, = m%fﬂ(—% ko Sin 2615 sin 923—|—635 Sin 913 COS 6’23)6?’ﬁ
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M1, complex plain

When ASM ~ A2M+NP

SM+NP NP
As ANP Sin g ~ %AgM
265 Az

ASI\/I

S

S—= Bound from AM, = 2| M3, |

(f5, B, ambiguity)

Note:
D
(AMS) — MBS V%s z fJQBsBBS
AMg/sm Mp, [ Vig /3 BB,

(More accurate) ;



2
r12 _u Al— s \2 Al 2 L rg‘-z
s 3
’\/[152 = (4.97 £0.94) x 10—
M12lgm
Lenz-Nierste
M M| = Tp, |M 12|5M
X CDF Run Il Preliminary  L=5.210"
: U.Ef— 85% CL
gt I — es%CL
© U.'q-.: —=— SM pradiction
| i
~ 0.2| == )
8 | @,
E 0.0 v n ke o
-
-0.2
0.4
210 8 6 4 2 0 2 4 6 8 10 12 0.6 .
3 -1 0 i
AT/ AM_ x 10 B, (rad)

a® = (—12.74+5.0) x 1073 (Combined data)
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@ Check the scheme in this talk.

* Dimuon asymmetry comes from the mixing amplitude M7y,

 Modification from "> (by Lenz-Nierste) is not considered
in this talk.

* We do not touch the modification of B« mixing.

* We investigate the constraints to have the large CP phase
in GUT FCNC scenarios.



SUSY contributions in B-B mMixings

S
Gluino box contribution.

S
ali

@
Wi

Mass insertion approximation:

MSUSY
A}iszm ~ a[((S%L)%Q—I-(é%R)%Q]—5(5%L)32(5%R)32 L

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

0% rr = (M2) 11 RR/T? M : average squark mass

_ull M2 M2 7t (M2);; =m2Z + -
duin (G Gb ) () MPeTma
d d R (MC%)RR=(’W%C)T+W




<1

ot

Double penguin contribution. (Hamzaoui-Pospelov-Toharia,

Buras et.al., Bobeth et.al. ,...)

b S
s FCNC Higgs-Penguin operator
h,H,A ¢ comes from finite mass correction.
g LT =Y, QDH; + e QD H*
s b LFCENC — cODCH: — (etan 8)QDH,
x ta n4 )6 (in the basis where the eff. mass is diag.)
sin?(a—pB) = cos?(a —f) 1
(6rr)32(6LL)32 > + w5 = | e
_ 'NLH mh ‘HLA_
(ma > Mg, tan3 > 1)

Dominant contribution

(0r0)32(0RR)32 (

sin?(a — 3)  cos?(a — f) 1 )
My

2 i 2 I 2

L ULy



Wino box Gluino box Double Penguin
MSUGRA
Minimal FV Winl!
(k. =0) (but small)
k%= 0 .
tan B ~ 10 Winl
k %= 0

tan g ~ 40

Winl



(1TeV)? + mj
M2~ (1TeV)? + m3 M3

DC
ﬁ:m% (1TeV)= + m%

(0.2TeV)? + m3
M% ~ (0.2TeV)? + m% mn%
F.:m% (0.2TeV)~= + m%

Diagonal elements are enlarged by gaugino loops.

- =

Large mg affects to = — py suppression more effectively
rather than ANP suppression.

15



ANP/ASM bound from + — uy

1.0 — — E :
0.9 <& E
0.8 F N 3
\}f i
0.7 F S, E
= : ,;f‘ 5
%) 0.6 — QA ’\*ﬂG\! ;'
3 0.5 :_(from Bs — J/¢ 2.8fb~1) . . "r"':— _i
S oafes% . F e
A 0.3 f L1l ]
T f os% M g0 CeY
02 — mwf"L —E
0.1 F .
0.0 1 PR T T B ]
500 1000 1500 2000 2500
m: (GeV) E. ) 1 00
ms = Mpe = MF
> s ’ tan 3 = 10
mio — m@ — Mre — M e m1/2 — 300 GeV 16




vV

ptan Bm-

R

N
SSSSS
N

Large msg,mig, 1 are needed to suppress  — uvy.
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SO(10) GUT
All Q,U°, D L,E°, N are unified in 16.

h16-16 Hig+ f16-16 H-== + h/16 - 16 H{>g

126
—1 / :
Yg=ri(h+f+h)
Y, = Tl(h s 3f Ceh/) Type Il Type |
Yy = h —3rsf 4+ e b Mg = fL<%%> Mp = fr{AR)

SU(2); triplet

Naively, U, g ~ 1. (Y =U.v90})

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




However, f16 -16 Hi5z coupling can have a source of large mixings.

The coupling includes the Majorana couplings : frLLLA + fRLCL°AR

diag\?2 A2
Threshold parameter : x =~ 145“38‘:}2) (

: M. String/Planck scale
T delagUT
Am?2

kz i —250|
Amatm

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

19



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

MSUSY
venr = ol(5f )3+ (530l 00 )a2(0m)za + - -

a ~~ O(l), b ~ O(].OO) for mgysy ~ 1 TeV

- = W

Cf. Only 6% is large in SU(5).

20



SM

ANP /A

1.4

1.2

0.8

0.6

0.0

Br(r — uy) < 4.4 x 1078
tan3 = 10
m1/2 = 300 GeV

1.0:

0.4 :

0.2 :

I I |
L ; —_
S @ ]
i S o ]
© n? i
- s/ 3 RO
N N N
- s/ s g
-.:-q;ﬂ
_ (0 ]
®
[ _ 500 GV _1
suB) Mo
—— el T L N
500 1000 1500 2000 2500

mg (GeV)
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% Check the scheme in this talk.

« SU(5) GUT with type | seesaw (FCNC source =Y, )
Only 6%, is large in SU(5).

« SO(10) GUT with type Il seesaw (triplet term dominant)
(FCNC source = 16 16 126 coupling)

Both ¢, and %, is large in SO(10).

G-
“SO(10) > SU(5)” for box contribution



Double penguin contribution _
y h,H,A

L =Y,QDH,; + e QD H? g

LECNC — cOoDeH* — (etan 8)QDCH, -

“Left-handed” penguin  ex3spb%HO

en3 x O(Vig)(chargino) 5%[, >3(dluino)
“Right-handed” penguin e32by,s%H®

o
“SO(10) ~ SU(D)” for double penguin contribution



Br(t — uy) o tan?p

ANP(double penguin) o tan®g/m3

For large tang and small m 4,
the large CP phase is possible.

24



SM

ANP /A

Br(r — uy) < 4.4 x 1078
tan3 = 10
m1/2 = 300 GeV

14 FI I N

[ ——S0(10)| - o

L - <
12 L Y A FCEEES OQ

I Q
1.0 F J
0.8
0.6 |
0.4t

3 BN
0.2 -L=‘t., ;6Q

i . ) . v

[ e ¥
DO 1 | Sl TPEL --q L1

10 20 30 40 50
tang
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LM =Y, QDH; + e QD H? .
- -
LFENC — cQDCeH* — (¢tan B)QDH,;  §

h,H,A

“Left-handed” penguin ep3s7b%H°
en3 x O(Vis)(chargino) 4+ 64, 55(gluino)
SO(10) b.c. can provide an additional contribution to the amplitude.

C?Z’m x O(V;s)(chargino) — 6%L’23(g|uino)

When the Bs mixing amplitude is constructive,

SUSY contribution of b — s~y is destructive.
(Buras-Chankowski-Rosiek-Slawianowska)

<

1



ANP /ASM — g 5

Bs amplltude IS constructive. Bs amplitude is destructwe
1000 . 1000
800 BOO
S
O 600 GO0
©)
3
400 400
200 200 § ////////// _
200 400 600 800 1000
my (GeV)
excluded by Bs — up excluded by b — sv
Note:

The phases of 5%@23 and 5%]%,23 are independent
due to a phase from the down-type quark Yukawa coupling.

The phase of Mi>(doublePenguin) is still free. 27



To relax the constraint, one needs ~Kquark = Klepton-

In SU(5) model in which neutrino Dirac Yukawa coupling
is the origin of the flavor violation,

M
MHC

H}qOCm

and thus, Kg < Ky.




In SO(10) model, it depends on the SO(10) breaking vacua.

If SU(2)r remains below the SO(10) breaking scale,
SU(2)r Higgsino induces x, rather than x4. \WWrong direction!

If (8,2,1/2) (in 126 Higgs) is light, it generates only K.
Right direction!

Light (8,2,1/2) is also proper direction to suppress proton decay.
(Dutta-YM-Mohapatra, arXiv: 0712.1206)

(8,2,1/2) (8,2,—-1/2)




MSSM+(8,2,1/2) threshold

0.12 ——————1——— | . —

0.10 -

0.08 -

0.06 | (8,2,1/2)%.

0.04 b3 = by = O,
by =2

0.02

1 | 1 | L | 1 | 1 | 1 | 1 | L
10° 10* 10° 10° 10" 10" 10" 10" 10"
Q (GeV)

Gauge symmetry does not recover, but couplings run almost unitedly.
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excluded by B; — up tan 8 = 40

— 500 GeV
1000 500 GeV
0.5 (rad)
800
>
© 600
)
400 ,
200k /////
200 400 600 800 1000

my (GeV)
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For a given large CP phase,
there is a lower bound of Br(Bs — ).

Larger m 4 for a given CP phase — Larger x is needed. — Excluded by 7 — puy
(Br(Bs — up) is smaller)

mo, M1y /o Minimal value of Br(Bs — uu)
mo = my 5 = 500 GeV 1.8 x 10~°
mg =myp, =1 TeV 1.3 x 107°
mo = 500 GeV, my,, =1 TeV 2.8 x 107°
tanp = 40
In SU(5) GUT model, p
uw<l TeV

it is expected that

Bs — . is observed soon. 2¢p, = 0.5 (rad)

Br(t — puy) < 4.4 x 108




1000 TomE e 1000 -
800 — 800 -
= 600 USI = 600 —
400 400
250 500 750 1000 ~ o0
m, [GeV]

tan s = 40 tan s = 40

m1/2 p— 500 GeV m1/2 p— 500 GeV

mo = 500 GeV mo=1 TeV

A-funnel solution for neutralino dark matter relic density is preferred.

ma ~ Qm%(i) 34



{ Summary }

e We study the CP phase ¢B, in the mixing
amplitude in SUSY GUT models.

® SUSY spectrum is restricted in SU(5) model.
This result is important for LHC era.

® The phase is enhanced in SO(10), and large
phase can be allowed by a choice of vacua.

® Especially in SU(5), Br(Bs — uu) is expected
to be large in order to allow a large phase.




SU(5), tan B=40, m, ;=500 GeV, my=1 TeV, ABNPIAESM=1
1200

1100 |

= 800 [
11}
O,
= 700 |

600 |
500 |

L | |
400 I Eqp0-10 \

300 : " L i '-11
200 300 400 500 600 700 800 800 1000

my [GeV]

Muon flux from the sun
Ex-y : X is the assumed detector energy threshold in GeV
y is the flux in km=2 yr—1 .



