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Dimuon charge asymmetry of semileptonic B decay [DO]
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3.2 sigma deviation from SM



Asymmetry from semi-leptonic decay
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‘ A hint of a large CP violating phase in Bs system!
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LHCb expected performance with 1 fb™ data

assuming ASL(LHCb measured) = AbSL(DO now)

gn = asl(SM)
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(picked up from T.Nakada’s talk at CPV conf. at Tohoku U)

It will be tested very accurately at LHCD.



Why is SM prediction so small?

=) Because of unitarity of CKM matrix.



Standard model prediction > o
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Standard model prediction
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Smallness of the dimuon asymmetry is an important prediction
In the standard model (with 3 generations).




L enz-Nierste’s calculations
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When new particles propagate in the loop,
the phase can be generically large.

m=) Important probe of new physics.

What kinds of new physics are possible?



Unitary triangle (A% + A2 + \¢ = 0) seems to be closed.
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There may be no much room for new physics in Bd system.
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Bs system still has room for new physics due to phase freedom.

My comple
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AMS = (17.77 £0.10 + 0.07) ps—1

AM>M = (19.30 £ 6.74) ps! Now improving!
~ 15%
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Is the M1, phase modification sufficient to achieve
the center value of DO result?
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a A

1> modification
by Ab = 2 interaction Loop processes

It is easy to modify its phase in many FCNC models.
\ CPV in Bs — J/v¢ decay is large.

J
/I‘iz modification \

by Ab =1 interaction

Necessary to achieve the center value of DO result.

But it Is not so easy because of experimental constraints.

\Long distance QCD contribution? /




ﬂ/[fz modification \

« SUSY

« 4t generation

» TeV scale vector-like family
« multiple Higgs

 horizontal gauge symmetry
* right-handed W

« extra U(1)

« axigluon

« warped model

ﬁ_siz modification\

* R-parity violating SUSY
* leptoquark

e diquark

« multiple Higgs

* light bosons
 unparticle

« CPT violation

J




Modification of 1o iIn MSSM?

b

bs gluon penguin
b — scc

However, b — ss5, b — sdd, b — suu are constrained
from B; — oK, 7K.

m==) Only O(10) % modification



Allowed Ab = 1 operators (Bauer-Dunn)

- (byps) (eyHc)

- (byus) (TH7)

: (b'md)(ﬁﬁ’” c)

. (bd) (uc)
EX) bR > < TR
leptoquark
(Dighe-Kundu-Nandi) LQ

SR < > TR

In general, it is not easy due to the constraint of lifetime ratio.

Fine-tune is needed. TBS/ TB;=0.99+0.03
(arXiv: 1103.1864)
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‘-:?:‘\ The scheme in PRD 82, 055017 (2010)
(Dutta-YM-Santoso)

* Dimuon asymmetry comes from the mixing amplitude M7,

» Modification from [ 15 (by Lenz-Nierste) is not considered.
(giving up the center value of DO result).

* We do not touch the modification of Ba mixing.

* We will investigate the constraints to have the large CP phase
In SUSY GUT FCNC scenarios.



[ Basic Scenario of flavor violation in SUSY GUTs }

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.




In GUT models,

T — Y and Bs-Bs mixing are related.

Experimental data for Lepton Flavor Violation (LFV)

Br(r — uy) < 4.4 x10°° (Babar & Belle)

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

& 2

We will study the constraints to obtain the large CP phase
and the correlation to the other observables (e.g. Bs — ppu)
In SU(5) and SO(10) GUT models.

b 4




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 4+ Y, 5 N¢ Hs

—

H, H
Y, ) Y, Y,
N¢ NG

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

(Moroi, Akama-Kiyo-Komine-Moroi, Baek-Goto-Okada-Okumura, ...)
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If Up =1, Uisthe PMNS neutrino mixing matrix.




I k . coefficient
1
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SO(10) GUT
All Q, U, D¢ L,E“,N¢ are unified in 16.

h16 - 16H10 v f].ﬁ - 16 Hﬁ = h'16 - 16H120

Yo = h 4+ rof + r3h/ MLight = My — YpMéleTv,g
Yy=ri(h+ f+h)
Ye =r1(h — 3f 4+ ceh’) bypeid EYRES

Yy = h—3rof + cuh! My = fL(%?J} Mp = fr(A%)

SU(2); triplet

Naively, Uy g ~ 1. (Y, =ULYS™U})

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




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

The coupling includes the Majorana couplings : fLLLA L + fRLELC AR

c ( ) f1 tanéds; = —g
= b c b a > f T f2 : /
a f3 bk e
UohU§ = diag(0,0,h3)  (h: rank 1)

COS 04 Sin O 0
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Neglecting threshold effects:
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Both left- and right-squarks have sizable FCNC effects!




SUSY contributions in B-B mixings

Gluino box contribution. b o
b b
X X
g 3
S <
g
Double Higgs penguin contribution.
b
st h,H,A
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Gluino box contribution.
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el
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. : AP S o b
Mass Insertion approximation:

ASUSY
g\/fSQM ~ a[(64 )34+ (6% 2)35]1—0(0¢  )32(6% p)32 T

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

S8 (M%) rR/M" m : average squark mass

A > I (MYay =harde ey
Bl NP SR G
RL RR R (M2)pr = (m3)T +




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

MSUSY
e = al(0f )35+ (5% p)301 —b(0] D22(0h)za + - -

a ~ O(1), b~ O(100) for megysy ~ 1 TeV

=

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

Cf. Only cﬁ‘éR is large in SU(5).
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« SU(5) GUT with type | seesaw (FCNC source =Y} )
Only 6% is large in SU(5).

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

Both ¢, and &%, is large in SO(10).

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



Double penguin contribution. (Hamzaoui-Pospelov-Toharia,
Buras et.al., Bobeth et.al. ,...)

b S
2 % FCNC Higgs-Penguin operator
& h,H,A X comes from finite mass correction.
g g L =Y, QDH ;4 ¢ QDCH?
s b LFENC — cQDeH* — (etan B)QDCH,
x ta n4 6 (in the basis where the eff. mass is diag.)
sin?(a—B3) . cos?(a—pB) 1
(6r0)32(6LL)32 R A s————=|—=0
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Dominant contribution
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Double penguin contribution

L =Y, QD°H;+ ¢ QD°H}

LECNS — QD — (etan B QDH;

“Left-handed” penguin ex3sb%H°
e»3 x O(Vis)(chargino) + 5%L123(gluino)

“Right-handed” penguin e32by s H°

€32 X

—

X

g

+ 6%z 23(gluino)

o
“SO(10) ~ SU(5)” for double penguin contribution

S

h,HA

»

b

X €32€23



Br(r = uy) o tan2p

ANP(double penguin) o tan®3/m3

For large tan3 and small m 4,
the large CP phase Is possible.

\

[ Br(r — 3u), too. }

& i
However, X<
Br(Bs — uu) oc tan® B/mi !
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LT =Y, QDH; + ¢ QDCH*

.
LFCNC = QD H* — (etan 8)QDHy

“Left-handed” penguin e23s,b%H°

~<1

E=1!

h,HA

en3 ox O(Vis)(chargino) + 6§L,23(gluino)

SO(10) b.c. can provide an additional contribution to the amplitude.

O-E’.f” x O(Vis)(chargino) — 6%L523(gluino)

~<1

E=1!
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(1TeV)? + m3
M2 ~ (1TeV)? + m% h;mz
H‘m% (lTeV)2 + mo

(0.2TeV)? + m3
Mz ~ (0.2TeV)? + m3 g
Km3 (0. 2TeV) + m3

Diagonal elements are enlarged by gaugino loops.

= =

Large mq affects to = — py suppression more effectively
rather than ANP suppression.
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For a given large CP phase,
Br(Bs — pp) needs to be large in SU(5).

Larger m, for a given CP phase —— Larger « is needed. — Excluded by 7 — pvy
(Br(Bs — pp) is smaller)

mo, My /2 Minimal value of Br(Bs — uu)
mo = my /o = 500 GeV 1.8 x107°
mo =my/p, =1 TeV 1.3 x 1078
mo = 500 GeV, my /o = 1 TeV 2.8 x 10~°
tan = 40

In SU(5) GUT model where
guark-lepton unif. is manifested,
It IS expected that

Bs — up is observed soon. Br(T — py) <4.4x107°

w< 1 TeV
2(}533 ~ 0.5 (rad)




To relax the constraint, one needs Fquark = Klepton-

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

M

Kq < In M;C, Ky <IN M
and thus, kg < Ky.
2
L L e D¢
Y, Yo Y, Y,

NC NC 47



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

If SU(2)p remains below the SO(10) breaking scale,
SU(2) g Higgsino induces x, rather than 4. \Wrong 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)

(8,2,1/2) (8,2,-1/2)

Uc¢ Q)
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WMAP quBS ~-0.5 (rad)

1000 \ 1000
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s é
] S :
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tan = 40 tan 3 = 40
’ﬂ’bl/z = 500 GeV ’H’!al/z = 500 GeV
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A-funnel solution for neutralino dark matter relic density is preferred.

mA ~ 2?’?’152&] 50



[ Summary }

® The dimuon asymmetry is a good probe of NP.

® Dispersive part of the mixing amplitude can be
easily modified in NP, but absorptive part is not easy.

® We study the CP phase in the mixing amplitude In
SUSY GUT models.

® The phase is more enhanced in SO(10) rather
than in SU(5).

® Especially in SU(5), Br(Bs — puun) IS expected
to be large in order to allow a large phase.
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MSSM+(8,2,1/2) threshold
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Gauge symmetry does not recover, but couplings run almost unitedly.
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[ Large Phase of Bs-Bs mixing }

CP violation in Bs — J/v¢ decay (b — scc).
Sb—:»scE = sin Ps

SM prediction : d)s pm —2,83 ~ —0.04 (I’ad) small!

ps = arg (- vivh)

Measurements :

—¢s(CDF) = [0.32,2.82] (68% CL) (1.35 1)
(arXiv: 0712.2397)

—¢s(D0) = 0.57T 52 (stat) 1o 07 (syst) (2.8 1)
(arXiv: 0802.2255)

2.2 sigma deviation from SM
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