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1. Introduction

We study effects of anomalous right-handedt̄sW couplings on the recently measured CP vi-
olating variables. We will consider the time-dependent CP asymmetry inB → φK decay at Belle
and BaBar, the like-sign dimuon charge asymmetry at D0, and the CP violating phase inBs mixing
at the LHCb. Present experimental constraints fromB → Xsγ decay and the mass difference of the
neutralBs mesons are applied.

We introduce additional top quark couplings to redefine the effective CKM matrix elements
[1] :

L = − g√
2

∑
q=b,s,d

V SM
tq

(

t̄γµPLqW+
µ + t̄γµ(gq

LPL +gq
RPR)qW+

µ
)

+H.c.

= − g√
2

∑
q=b,s,d

V eff
tq t̄γµ(PL + ξqPR)qW+

µ +H.c., (1.1)

whereV eff
tq = V SM

tq (1+ gq
L) is the effective Cabibbo-Kobayashi-Maskawa (CKM) matrix elements

andV eff
tq ξq =V SM

tq gq
R measures the anomalous right-handed couplings. In this work, we focus on the

t̄sW coupling only. We do not specify underlying models and assume no effects of new particles
and additional neutral currents interactions.

2. Bounds from B → Xsγ and Bs− B̄s mixing

Since contributions of the right-handed top quark couplings to the penguin diagram forb → s
transition are enhanced by a factor ofmt/mb, the radiativeB → Xsγ decays are sensitive to the
anomalous right-handed top couplings and provide strong constraints on them. The branching ratio
of theB → Xsγ decays includingξs effects is given by

Br(B → Xsγ) = BrSM(B → Xsγ)

(

|V eff
ts

∗
V eff

tb |
0.0404

)2

×
[

1+ |ξs|2
m2

t

m2
b

(

0.112
F2

R (xt)

F2(xt)
+0.002

G2
R(xt)

G2(xt)
+0.025

FR(xt)GR(xt)

F(xt)G(xt)

)]

,(2.1)

where the numerical coefficients are obtained by using the RGevolution in Ref. [2] and the Inami-
Lim loop functionsF(x),G(x),FR(x) andGR(x) are found elsewhere [3, 4]. The Standard Model
(SM) prediction for the branching ratio is given by Br(B → Xsγ) = (3.15±0.23)×10−4 [5] and
the current world average value of the measured branching ratio given by Br(B → Xsγ) = (3.55±
0.24+0.09

−0.10±0.03)×10−4 [6] for the photon energy cutEγ > 1.6 GeV.
The transition amplitudeMs

12 for Bs − B̄s mixing is obtained from the box diagrams in our
model. Since the loop integral including an odd number of right-handed couplings vanishes, the
leading contribution ofξs to Ms

12 is of quadratic order. We writeMs
12 as

Ms
12 = Ms,SM

12

(

V eff
ts

∗
V eff

tb

V SM
ts

∗
V SM

tb

)2
(

1+
S3(xt)

S0(xt)

ξ 2
s

4
〈B̄0

s |(b̄PRs)(b̄PRs)|B0
s 〉

〈B̄0
s |(b̄γµPLs)(b̄γµPLs)|B0

s 〉

)

, (2.2)

where the loop functions for new box diagrams are given in Ref. [1] and the SM loop function
S0(x) found in Ref. [3]. The mass difference between the neutralBs mesons are obtained by∆Ms =

2
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Figure 1: Allowed parameters(|ξs|, |V eff
ts |) under theB physics constraints. The whole band of the green

(grey) + black regions is allowed by Br(B → Xsγ) only. The black regions are allowed by Br(B → Xsγ) and
∆Ms. The confidence level is at 95 % C.L..

2|Ms
12|. The SM prediction for∆Ms is ∆Ms = 19.30±6.74±0.07 ps−1 [7] and the measurement is

∆Ms = 17.77±0.10±0.07 ps−1 [6].

We get constraints on thetsW couplings fromB → Xsγ decays and∆Ms. Figure 1 shows the
allowed values of|ξs| and|V eff

ts | at the 95 % C.L. A substantial change of the amplitude by a large
contribution ofξs is possible due to the compensation by a shift ofV eff

ts .

3. CP violation

3.1 B → φK decays

The decay amplitude ofB → φK decays with anomalous top couplings are given in Ref. [1].
The time-dependent CP asymmetry inB → φK decays is given by

aφK(t)≡
Γ(B̄0(t)→ φK̄0)−Γ(B0(t)→ φK0)

Γ(B̄0(t)→ φK̄0)+Γ(B0(t)→ φK0)
= SφK sin∆mBt −CφK cos∆mBt, (3.1)

where the coefficients are written as

SφK =
2Imλ

1+ |λ |2 , CφK =
1−|λ |2
1+ |λ |2 =−AφK, (3.2)

in terms ofλ ≡
√

Md ∗
12 /Md

12(Ā/A), with A = A (B0 → φK0), Ā = A (B̄0 → φK̄0). Note that the

direct CP violation arises inb → s decays due to new phases ofξs andV eff
ts in our model. The

average measured values are−η SφK = 0.44+0.17
−0.18, andCφK = −0.23± 0.15 [6], which yield the

allowed values of the phase ofV eff
ts is given by−87.8o < θeff

ts < 20.1o at 95% C.L..
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3.2 D0 dimuon charge asymmetry

Recently, the CP violating like-sign dimuon charge asymmetry for b hadrons measured by the
D0 collaboration at Tevatron shows a deviation of 3.9σ from the SM prediction [8]. The like-sign
dimuon charge asymmetry is defined by

Ab
sl ≡

Γ(bb̄ → µ+µ+X)−Γ(bb̄ → µ−µ−X)

Γ(bb̄ → µ+µ+X)+Γ(bb̄ → µ−µ−X)
= (0.506±0.043)ad

sl +(0.494±0.043)as
sl , (3.3)

whereaq
sl are the charge asymmetry of semileptonic decays of neutralB0

q mesons. In the SM, the
asymmetry is close to zero,Ab

sl ∼ 10−4.
Since the decay matrix elementΓq

12 is dominated by the tree level decaysb → cc̄q, and the
anomalous top couplings contributes only through loops, weignore the new physics effects onΓs

12

in this work. Then the like-sign dimuon charge asymmetry is determined byMs
12. We find that a

shift of V eff
ts with a nonzeroξs. can lead to the sizable deviation ofAb

sl from the SM value. We
also find that these values ofV eff

ts andξs also satisfy the CP asymmetry inB → φK decays. We
show the allowed region of the complex parameterV eff

ts at the 95 % C.L. in Fig. 2. The sizable
phase is predicted, 14o < θeff

ts < 22o and 194o < θeff
ts < 202o, from the measuredAb

sl value in this
plot while it is very small,∼ 2o in the SM. Note that this phase is essential to explain the dimuon
charge asymmetry. Ignoring new physics effects onΓq

12, the CP phase comes only from theBs− B̄s

mixing, φs = −2θeff
ts . Our results are consistent with the 2010 results,φs(CDF) = (−29+44

−49)
o [9]

andφs(D0) = (−44+59
−51)

o [10], from Bs → J/ψφ decays and with the recent best-fit valueφs =

(−52+32
−25)

o at 2-σ level [11].
We note that our results indicate a sizable deviation from the value of|Vts| = 0.0403 for a

global fit of the unitary triangle in the SM [12]. However, this result does not mean that the CKM
unitarity is violated but just an “effective” parameterV eff

ts extracted fromBs − B̄s mixing looks
different from the SM value.

3.3 CP violation in Bs mixing at the LHCb

Using the full 1 fb−1 of data collected in 2011, the LHCb collaboration has reported the new
measurement of the CP violating phaseφs in Bs → J/ψφ andBs → J/ψππdecays. The measured
value is the relative phase difference betweenB0

s → J/ψX andB0
s → B̄0

s → J/ψX decays. Since
the dominant decaysb → cc̄s(d) are tree-level processes, the direct CP violation is ignored and
the measured Cp phase is of theBs mixing. In the SM, the phase ofBs mixing is also very small,
∼−0.04.

The combined results inBs → J/ψφandBs → J/ψππdecays areφs =−0.002±0.083(stat.)±
0.027(syst.) and we translate it to the phse ofV eff

ts ,

−15.48o < θeff
ts < 6.88o, (3.4)

at 95% C.L. [13, 14], which are consistent withe the SM predictions.

4. Concluding Remarks

We have studied the effects of the anomaloustsW couplings to explain the recently measured
CP violation inB physics. The anomaloustsW couplings can explain the deviation of the like-
sign dimuon charge asymmetry from the SM prediction under all the B physics constraints except
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Figure 2: Allowed parameters(ReV eff
ts , ImV eff

ts ) under theB physics constraints and D0 dimuon asymmetry.
The whole circle of the yellow (light grey) + green (grey) + black regions is allowed by Br(B → Xsγ) only,
the ring shape of the green (grey) + black regions allowed by Br(B → Xsγ) and∆Ms. The black regions
allowed by both constraints of Br(B → Xsγ) and∆Ms, and satisfiesAb

sl measured by D0. The red (dark grey)
dots denote points additionally allowed by CP asymmetries in B → φK decays. The confidence level is at 95
% C.L..

for B → J/ψφ decays. We conclude that the CP phase measured inB → J/ψφ decays by the
LHCb group, translated into the phase ofV eff

ts −15.48o < θeff
ts < 6.88o, shows a tension with that

accommodating the like-sign dimuon charge asymmetry by D0 at Tevatron, 14o < θeff
ts < 22o.
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