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Abstract We study the contribution of the squark flavor mixing from the LR(RL) component
of the squark mass matrices to the direct CP violation of the b — sy decay and the CP
asymmetry of Bq4 — K*7y decay and the non-leptonic decays of B mesons. The magnitude
of the LR(RL) component is constrained by the branching ratio and the direct CP violation of
b — sy. We predict the time dependent CP asymmetries of the B decays.

45.1 Introduction

Recently LHCb has reported new data of the CP asymmetries of Bs mesons. They measured
the time dependent CP asymmetry S¢ of Bs — J/¢¢ and Bs — J/Yfo(980) decays [1]. The CP
violation in the K and By meson decays has been successfully explained within the framework
of the standard model (SM), so called Kobayashi-Maskawa (KM) model [2]. However, there are
a possibility of new sources of the CP violation if the SM is extended to the supersymmetric
(SUSY) models. Therefore, we expect the SUSY contribution to the CP violation in the B
meson decays.

The typical contribution of SUSY is the gluino-squark mediated flavor changing process [3]-[12].
We predict the time dependent CP asymmetries of B — ¢Ks and B — n’K® decays which
are deviated from the SM predictions in the framework of the SUSY. In this regard we consider
constraints from the branching ratio and the direct CP violation of b — s7.

In that framework of the SUSY, the asymmetries of B — ¢Ks and B — n’K° are deviated
from the SM predictions [13][14]. Then, these contributions of the new physics are correlated
with the direct CP violation of the b — sy decay. In this work, we present the numerical
analyses in the case that LR and RL components of squark mass matrices dominate the
penguin decays.

45.2 CP violation in B meson decays

Let us discuss the effect of the new physics in the non-leptonic decays of B mesons. The
contribution of new physics to the dispersive part M?z(q = d, s) is parameterized as

My, = MM+ MPPY = MM + hge?@a), (g=4d,s) (45.1)
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where Mi”ZSUSY is the SUSY contribution, and Mi”ZSM is the SM contribution [15].

The time dependent CP asymmetry Sy decaying into the final state f is defined as [16]

2ImAs q._ q M5 —<ird; ) A(Bg —f)
Sf = S 2,1’ Af=—=p, P N - s p= 0 (45.2)
Arl2+1 p p m{, - ird, A(BS - 1)
In the decay of Bg — J/YKs, the new physics parameters hy and o4 appear in
Arpks = —€7%9, g = 2By + arg(1 + hge?'*), (45.3)

by putting |0| = 1 and g/p = /M7, /M7,, where the phase B4 is given in the SM.

The CKMfitter provided the allowed region of hy and o4, where the central values are hy =~
0.3,04 ~ 1.8 rad[17,[18].

In the decay of B — J/y ¢, we have

Mo =€,  ¢s=-2Bs+arg(l + hse?%), (45.4)

where (s is given in the SM. Recently the LHCb has presented the observed CP-violating

phase ¢s in B — J/¢mtn~ decay [1]. This result leads to ¢s = —0.019+0-173+0.04 raq,

which is consistent with the SM prediction ¢//¥¢>" = —28; = —0.0363+0.0017 rad [17].

Taking account of these data, the CKMfitter has presented the allowed values of hs and os
[17,18]. We take the central values hs ~ 0.1, 0s >~ 0.9 — 2.2 rad as a typical parameter
set.

Since the Bg — J/YKs process occurs at the tree level in SM, the CP-violating asymmetry
originates from M¢,. Although the B — ¢Ks and B — n’K°® decays are penguin dominant
ones, their asymmetries also come from M‘i’z. Then, asymmetries of Bg — J/YKs, Bg — ¢Ks
and BY — n’K? are expected to be same magnitude in SM.

On the other hand, if the squark flavor mixing contributes to the decay at the one-loop level, its
magnitude could be comparable to the SM penguin one in Bg — ¢Ks and Bg —n’KO, but it is

tiny in Bg — J/YKs. Endo, Mishima and Yamaguchi proposed the possibility to find the SUSY
contribution in these asymmetries [20].

The new physics contribute to the b — s7y process. The observed b — s7y branching
ratio (BR) is (3.60 £ 0.23) x 10~ [19], on the other hand the SM prediction is given as
(3.15£0.23)x 10" at O(cxﬁ) [21] 22]. Therefore, the contribution of the new physics should
be suppressed compared with the experimental data. The new physics is also constrained by
the direct CP violation _
bosy _ (B = XsY) = (B - X57)
" T T(B - XsY)+T(B — X57)

Since the SM prediction A2>Y ~ 0.005 is tiny [23], the new physics may appear in this CP

asymmetry. The present data A’(;;SY = —0.008 £ 0.029 [19] has large error bar, so the

constraint of the new physics is not so severe. However improved data will provide the crucial
test for the new physics. We also discuss the time dependent CP asymmetry of By — K* .

(45.5)

356



45.3 Squark flavor mixing in B meson decays

Let us consider the flavor structure of squarks in order to estimate the CP-violating asymmetries
of B meson decays. We take the most popular anzatz, a degenerate SUSY breaking mass
spectrum for down-type squarks. Then, in the super-CKM basis, we can parametrize the soft

scalar masses squared M2 MCZIRR MgLR, and MERL for the down-type squarks. For example,

(5§R)11 (5%R)12 (5%R)13
6721 (6522 (6523 |, (45.6)

M2 =(M2 Y =m2
Gt (55’ )1 (5f )32 (5f )33

dir

where mg is the average squark mass, and (65’*)[-,- and (88");; are called as the mass insertion
(MI) parameters. The MI parameters are supposed to be much smaller than 1.

The SUSY contribution by the gluino-squark box diagram to the dispersive part of the effective
Hamiltonian for the B4-Bg4 mixing is written as [13, 24} 25]

,SUS
MizP" = AT Az {842 + (88702} + Ad(85 )5 (85R)y
+ AL {842 + (83112} + AZ(85)4(85L)y ] (45.7)
where A7 is a function of x = mé/mg.

The squark flavor mixing can be tested in the CP-violating asymmetries of B meson. Let us
present our framework. The effective Hamiltonian for AB = 1 process is defined as

4GF / ~ =
Herr = Z Vg bV Z C[Olgq ) _ thV:; Z (C[O[ + Cl-Ol-) , (45.8)
q’=u,c i=1,2 i=3-6,7v7,8G
where O;’s are the local operators [13]. The Wilson coefficient C; includes both SM contribution
and gluino one, such as C; = C[.SIVI + C?, where CS'VI and Cg and CgG are given in Ref. [26),
27].

The CP-violating asymmetries Sy in Eq. (45.2) are calculated by using Af, which is given for
BY — ¢Ks and B — n’K? as follows:

>, (Mo +clon+CE0n)
i i=3-6,77,8G
Aoks, ko = —€71% SMx 10 4 (9% (0 4 FI*
> (M o)+ (o) +C
i=3-6,77,8G

(45.9)

—_

5i)) .

It is noticed that (¢Ks|0;|BY) = (pKs|O; 1BY) and (n’K°|0:|BY) = —(n’KoléilBg) because
of the parity of the final state We es’umate each hadronic matrix elements by using the
factorization relations in Ref. [28].

The b — s7 decay is a typical process to investigate the new physics. We can discuss the
direct CP violation A2>"*Y in the b — sy decay, which is given as [23]:
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bosy QAs(Mp) r40 . 8z Vi Vub .
= —Im[C2C7 1 — —[Vv(z2)+ b(z 6)]I 1+ C,C
T | 57'MIC2C5 1 =~ [V(2) +b(z, 8)Im| | 1+ 2C3. |

*

4 8z V* Vup
— —Im[CgcC2 1+ —b(z,8)im| | 1+ —=£ C.Cx | |,
5/MCa6Cy,1 + >~ b(z,) [( Vive ) © ol

where v(z) and b(z, §) are explicity given in [23].

We also discuss the time dependent CP asymmetry S+ of B4 — K*y decay, which is given
as [27]
2Im(e291C7y(mp)/C7v(Mp))

|C7y(mMp)/C7y(Mp)|2 + 1

Skry = (45.10)

Let us set up the framework of our calculations. Suppose that utan g is at most O(1)TeV.

Then, magnitudes of (65)23 and (8f7)23 are constrained by M3, as seen in Eq.(45.7).

Taking account of hs = 0.1 , we obtain |(5I&L)23| ~ |(5§R)23| ~ 0.02 in our previous work

[13]. Then, these contributions to ng and Cg; are minor. On the other hand, (65’*)23
and (88)23 are severely constrained by C‘;‘; and Cg. independent of utanB. We show
the constraint for (5(LjR)23 and (5§L)23 in our following calculations. In our convenience, we
suppose |(65%)23] = |(651)23]. Then, we can parametrize the MI parameters as follows:

ioLR ioRL
(623 = I(857)231€%%%,  (88M)23 =1(857)231€% %5, (45.11)

45.4 Numerical results

We show the numerical analyses of the CP violation in the B mesons. In our following
numerical calculations, we fix the squark mass and the gluino mass as mg = 1000 GeV and
mg = 1500 GeV, which are consistent with recent lower bound of these masses at LHC
[29].

At first, we discuss the b — sy decay. The observed b — sy branching ratio is (3.60 +
0.23) x 10~% [19], on the other hand the SM prediction is given as (3.15+0.23) x 10~*
at O(a?) [21}22]. The branching ratio gives the constraint for the magnitude of (657)23. The

direct CP violation of the b — s is also useful to constraint (657)23.

We show the |(6§R)23| dependence of the branching ratio taking accont of the constraint of

A2>*Y in Figure 1, where the upper and lower bounds of the experimental data with 90%

C.L. are denoted red lines. As the magnitude of (55R)23 increases, the predicted region of
the branching ratio splits into the larger region and smaller one. The excluded region around
BR = 3 x 10~ is due to the constraint ofA?;SY. Then, the predicted branching ratio becomes
inconsistent with the experimental data at |(5§R)23| >5.5x%x1073.
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Figure 45.1: The predicted branching ratio Figure 45.2: The allowed region of gég —
of b — s versus |(657)23]. |(55R)23| plane.

In Figure 2, we plot the allowed region of the 657 — |(657)23] plane by putting the experimental
data at 90% C.L. of the branching ratio and the direct CP violation Ag;’”. The |(67)23] is

cutat 5.5 x 1073, where 64 is tuned around m/2. Around m/4 and 31/4, Ags"" give the
severe constraint. This CP-violating phase also contributes on the CP-violating asymmetry of
the non-leptonic decays of B and B2 mesons.

In addition to the direct CP violation of b — s7, we predicted the time dependent CP asymmetry
Skxy of Bq — K*7 decay in Figure 3. The experimental upper and lower bounds with 90%
C.L. are denoted by the red lines and the case of 10 is denoted by the pink lines. We find that
the constraint from Sk« is not severe at present.

Let us discuss Sf, which is the measure of the CP-violating asymmetry, for Bg — J/YKs, dKs
and n’K°. As discussed in Section 2, these S¢’s are predicted to be same ones in the SM. On
the other hand, if the squark flavor mixing contributes to the decay process at the one-loop
level, these asymmetries are different from among as seen in Eq.(45.9). We present the
predicted region of the S,/ko-Spks plane in Figure 4, the black line denotes the SM prediction
Sjyuks = Spks = Sn’k, Where the observed value Sjyxs = 0.671 £ 0.023 is put. The
experimental data is denoted by red lines at 90% C.L. and we fix [(657)23] = 10~*(orange)

and 10~3(blue) for typical values. The reduction of the experimental error of Ag;” will give
us severe predictions for Spks and Sprko.

45.5 Conclusion

We have discussed the contribution of the squark flavor mixing from (65%)23 and (65")23 on
the direct CP violation of the b — sy decay and the CP-violating asymmetry in the non-leptonic
decays of B meson. The magnitude of the |(6.7)23| is constrained by the branching ratio of

b — s7y with the constraint of A‘g;”. The predicted branching ratio becomes inconsistent with
the experimental data at |(55R)23| > 5.5 x 1073, We have obtained the allowed region on the

655-1(84 23| plane.
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Based on this result, we have predicted Sr of the Bg and B‘S) decays. These CP-violating
asymmetries could deviate from the SM predictions.

In the near future, the precise data of the direct CP violation and CP-violating asymmetries in
the non-leptonic decays of Bg and Bg mesons give us the crucial test for our framework of the
squark flavor mixing.
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