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1. Introduction

We study effects of anomalous right-handgd/ couplings on the recently measured CP vi-
olating variables. We will consider the time-dependent €Aranetry inB — @K decay at Belle
and BaBar, the like-sign dimuon charge asymmetry at DO, b@cP violating phase iBs mixing
at the LHCb. Present experimental constraints fm Xsy decay and the mass difference of the
neutralBs mesons are applied.

We introduce additional top quark couplings to redefine tifecéve CKM matrix elements

[1]:

2= 3 VS (R T (GER g Hee
g=b,;sd
- —% VET T (R + EgRR) W +H c. (1.1)
g=b,sd

whereVE" = VigM(1+g}') is the effective Cabibbo-Kobayashi-Maskawa (CKM) matieneents
and\/ti';ﬂ(fq :vthgg measures the anomalous right-handed couplings. In this,wa focus on the
tsW coupling only. We do not specify underlying models and assum effects of new particles

and additional neutral currents interactions.

2. Boundsfrom B — Xsy and Bs— Bs mixing

Since contributions of the right-handed top quark cougitmthe penguin diagram fir— s
transition are enhanced by a factorraf/my, the radiativeB — Xsy decays are sensitive to the
anomalous right-handed top couplings and provide strongtcaints on them. The branching ratio
of theB — Xsy decays includindg;s effects is given by

Vef‘f*vef‘f 2
Br(B— Xsy) = Br*M(B — Xgy) | —=— 1~

0.0404
y 2 FE(x) GR(%) Fr(x)Gr(X)
[1+ |&| = <0.112F2(Xt) +0.00252S +o.ozsw>] (2.2)

where the numerical coefficients are obtained by using the®@ution in Ref. [2] and the Inami-
Lim loop functionsF (x), G(x), Fr(x) andGg(x) are found elsewhere [3, 4]. The Standard Model
(SM) prediction for the branching ratio is given by (Br— Xsy) = (3.1540.23) x 10~* [5] and
the current world average value of the measured branchti@gizen by Bi(B — Xsy) = (3.55+
0.24"29%+0.03) x 10 * [6] for the photon energy clE, > 1.6 GeV.

The transition amplitudé/3, for Bs — Bs mixing is obtained from the box diagrams in our
model. Since the loop integral including an odd number diftriganded couplings vanishes, the
leading contribution o€s to M3, is of quadratic order. We writ¥13, as

" 2 o o
s ppssm [ VETVET ( S(x) & (BY|(bPks)(bPks)[BY) >
e = Mz (véM*vt%M> S0 4 bRy bRy ) P

where the loop functions for new box diagrams are given in REf and the SM loop function
S(x) found in Ref. [3]. The mass difference between the ne@yahesons are obtained s =
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Figure 1. Allowed parameters|&|, [VET|) under theB physics constraints. The whole band of the green
(grey) + black regions is allowed by B — Xsy) only. The black regions are allowed by(Br— Xsy) and
AMs. The confidence level is at 95 % C.L..

2|M3,|. The SM prediction foAMs is AMs = 19.30+ 6.7440.07 ps ! [7] and the measurement is
AMs = 17.77+0.10+0.07 ps* [6].

We get constraints on theW couplings fromB — Xsy decays and\Ms. Figure 1 shows the
allowed values ofé&| and|V,S"| at the 95 % C.L. A substantial change of the amplitude by alarg
contribution ofés is possible due to the compensation by a shiff.

3. CPviolation

3.1 B— @K decays

The decay amplitude @ — @K decays with anomalous top couplings are given in Ref. [1].
The time-dependent CP asymmetnBnr+ ¢K decays is given by

r(BO(t) — ¢K®) — T (B°(t) — ¢K°)

t) = = inAmgt — C SAmMgt 3.1
3k (1) = [ 39(1) 5 @RO) - T (BO(1) > gko) - SINAMet — Co cosAmet,  (3.1)
where the coefficients are written as
2ImA 1—1|A2

ScpK = mv oK — TV\F = _Aq)Ka (32)

in terms ofA = /M%7 /MZ,(A/A), with A= o7 (B — ¢K®), A= 7/ (B° — ¢KP). Note that the
direct CP violation arises ib — s decays due to new phases &fandV,E" in our model. The
average measured values arg Sy = 0.44701%, andCyr = —0.23+ 0.15 [6], which yield the
allowed values of the phase \4€" is given by—87.8° < 65" < 20.1° at 95% C.L..
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3.2 DO dimuon charge asymmetry

Recently, the CP violating like-sign dimuon charge asynmyrietr b hadrons measured by the
DO collaboration at Tevatron shows a deviation of 8.'om the SM prediction [8]. The like-sign
dimuon charge asymmetry is defined by

Ay — [(bb— pt ptX) =T (bb— pp~X)

Mbb— pututX)+r(bb— pu=—pu=X)
Whereag are the charge asymmetry of semileptonic decays of ndagrmesons. In the SM, the
asymmetry is close to zeragI ~ 1074,

Since the decay matrix eIemeﬁf2 is dominated by the tree level decdys— ccq, and the
anomalous top couplings contributes only through loopsigmere the new physics effects 6%,
in this work. Then the like-sign dimuon charge asymmetryetetmined byM3,. We find that a
shift of V™ with a nonzeros. can lead to the sizable deviation A§ from the SM value. We
also find that these values ¥E™ and & also satisfy the CP asymmetry Bi— @K decays. We
show the allowed region of the complex parame;rgit at the 95 % C.L. in Fig. 2. The sizable
phase is predicted, 24 65" < 22° and 192 < 68 < 202, from the measured value in this
plot while it is very small,~ 2° in the SM. Note that this phase is essential to explain theixdim
charge asymmetry. Ignoring new physics effectst'@p the CP phase comes only from tBe— B
mixing, @& = —26&". Our results are consistent with the 2010 resyitCDF) = (—29753)° [9]
and @(D0) = (—44"29)° [10], from Bs — J/@¢ decays and with the recent best-fit valpe=
(—5232)° at 2.0 level [11].

We note that our results indicate a sizable deviation froenviflue of|\;s| = 0.0403 for a
global fit of the unitary triangle in the SM [12]. However, shiesult does not mean that the CKM
unitarity is violated but just an “effective” parametedf™ extracted fromBs — Bs mixing looks
different from the SM value.

= (0.506+0.043)ad + (0.494+0.043)a3, (3.3)

3.3 CPviolation in Bs mixing at the LHCb

Using the full 1 fo-? of data collected in 2011, the LHCb collaboration has reggbthe new
measurement of the CP violating phageén Bs — J/ @@ andBs — J/@mrtdecays. The measured
value is the relative phase difference betw®3n- J/y@X andB? — BY — J/X decays. Since
the dominant decays — ccs(d) are tree-level processes, the direct CP violation is ighamrd
the measured Cp phase is of fBemixing. In the SM, the phase & mixing is also very small,
~ —0.04.

The combined results iBs — J/ @@ andBs — J/ Y mdecays args = —0.002+0.083(stat ) +
0.027(syst) and we translate it to the phse\¢§",

~15.48 < 62" < 6.88°, (3.4)
at 95% C.L. [13, 14], which are consistent withe the SM preaiis.

4. Concluding Remarks

We have studied the effects of the anomaltsg couplings to explain the recently measured
CP violation inB physics. The anomalousW couplings can explain the deviation of the like-
sign dimuon charge asymmetry from the SM prediction undehalB physics constraints except
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Figure 2: Allowed parameteréReVE™ ImVE™) under theB physics constraints and DO dimuon asymmetry.
The whole circle of the yellow (light grey) + green (grey) abk regions is allowed by BB — Xsy) only,

the ring shape of the green (grey) + black regions allowed KB B+ Xsy) andAMs. The black regions
allowed by both constraints of BB — Xsy) andAMs, and satisfiet\g measured by DO. The red (dark grey)

dots denote points additionally allowed by CP asymmetné&s-i @K decays. The confidence level is at 95
%C.L..

for B— J/@¢@ decays. We conclude that the CP phase measur&-inJ/( ¢ decays by the
LHCb group, translated into the phaseMf’ —15.48° < 65" < 6.88°, shows a tension with that
accommodating the like-sign dimuon charge asymmetry bytO@watron, 18 < 65T < 220,
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