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We reexamine the right-handed current effects in b ! s transitions in nonmanifest left-right models.

Using the effective Hamiltonian approach including all possible low-energy operators, we obtain

especially the B ! K� decay amplitudes including annihilation contributions, and investigate the

right-handed current contributions to CP asymmetries in B ! K� decays. Taking into account the

constraints from global analysis of muon decay measurements, jVubj measurements in inclusive and

exclusive B decays, and B0
s � �B0

s mixing measurements, we find the allowed regions of new physics

parameters satisfying the current experimental data.
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I. INTRODUCTION

CP asymmetry measurements in nonleptonic b ! s
decays have been receiving considerable attention over
the past several years since the recent experimental mea-
surements in some decay channels are in disagreement
with naive estimates of the standard model (SM). One of
the important examples is the direct CP asymmetries in
B ! K� decays [1]. Current world averages of the CP
asymmetries in B ! K� decays are given by [2]

ACPðB0 ! K���Þ ¼ �0:086� 0:007;

ACPðB� ! K��0Þ ¼ 0:040� 0:021;

ACPðB� ! K0��Þ ¼ �0:015� 0:012:

(1)

However, the naive factorization assumption predicts
ACPðB0 ! K���Þ � ACPðB� ! K��0Þ [3], which is in-
consistent with the current data in Eq. (1). This discrepancy
can be explained by enhancing the smaller diagrams such
as C0 and P0

EW with a sizable strong phase through the SM
fit to the K� data [4], where C0 and P0

EW stand for the
color-suppressed tree and electroweak penguin amplitudes,
respectively, in the topological decomposition [5].
Nonetheless, such enhancement of subdominant diagrams
in the SM is not fully understood theoretically and also
may not be sufficient to resolve other puzzles simulta-
neously in the B meson system [1]. Alternatively to the
SM fit, since the prediction given in Ref. [3] did not
incorporate all possible hadronic uncertainties, these decay
modes have been also studied within the SM in the frame-
work of different factorization approaches such as QCD
factorization [6], perturbative QCD (PQCD) [7], and the
soft-collinear effective theory [8]. Even under such facto-
rization assumptions, however, the above data have not
been fully explained as well. In the SM, the sizes and
patterns of CP violation in various decay modes are gov-
erned by a single complex phase which resides in the

Cabibbo-Kobayashi-Maskawa (CKM) matrix, but such
large CP violation effects have not been simply explained
with this single parameter in any of those factorization
methods in various decay modes simultaneously.
Therefore, there has been several efforts to understand
such large CP asymmetries beyond the SM with additional
CP odd parameters [9]. Similarly in this paper, we study
the new physics (NP) contributions to the direct CP asym-
metries in B ! K� decays as well as to (semi-)leptonic B
decays and B mixing where NP effects could be sizable.
In order to minimize hadronic uncertainties, we consider
all relevant tree and penguin contributions even including
annihilation types by adopting PQCD approach, and
estimate the possible NP contributions.
One of the simplest extensions of the SM corresponding

to such a scenario with additional CP phases is the non-
manifest (VR � VL) left-right model (LRM) with gauge
group SUð2ÞL � SUð2ÞR �Uð1Þ where VLðVRÞ is the left
(right)-handed quark mixing matrix [10]. Since the
LRM has the extended group SUð2ÞR, there are new pa-
rameters such as a right-handed gauge coupling gR, new
charged (neutral) gauge bosonsWR (ZR), and theWL �WR

(ZL � ZR) mixing angle � (�). After spontaneous symme-
try breaking, the gauge eigenstates WR mix with WL to
form the mass eigenstates W and W 0 with masses MW and
MW0 , respectively. Similarly, the neutral gauge bosons mix
each other [11], but we do not present them here because
ZR contribution to flavor-changing B decays is negligible.
Although tree-level flavor-changing neutral Higgs bosons
with masses MH enter into our theory due to gauge invari-
ance, we also neglect their contributions by assuming
MH � MW0 [12]. The mixing angle � and the ratio � of
M2

W to M2
W0 are restricted by a number of low-energy

phenomenological constraints [13]. One of the most strin-
gent bounds on MW 0 was obtained from KL � KS mixing.
If the model has manifest (VR ¼ VL) left-right symmetry
(gR ¼ gL) where VLðVRÞ is the left(right)-handed quark
mixing matrix, MW0 > 2:5 TeV [14]. Similar bounds were
obtained recently by CMS and ATLAS from direct
searches for the decay channels of the extra gauge bosons

*cho@kisti.re.kr
†glvnsh@gmail.com

PHYSICAL REVIEW D 88, 035012 (2013)

1550-7998=2013=88(3)=035012(7) 035012-1 � 2013 American Physical Society

http://dx.doi.org/10.1103/PhysRevD.88.035012


W 0 ! ‘� under various assumptions on the right-handed
neutrino masses and gauge couplings [15]. However, the
form of VR is not necessarily restricted to manifest or
pseudomanifest (VR ¼ VL�K) symmetric-type, where K
is a diagonal phase matrix [10]. If VR takes one of the
following forms, the WR mass limit can be significantly
lowered [13], and VR

ub can be as large as � (for MWR
�

800 GeV) [16]:

1 0 0

0 0 1

0 1 0

0
BB@

1
CCA;

0 1 0

1 0 0

0 0 1

0
BB@

1
CCA;

0 1 0

0 0 1

1 0 0

0
BB@

1
CCA: (2)

As well as the CP-violating observables in B ! K�
decays, we also accommodate a large CP-violating phase
in Bs mixing observed at Tevatron and a disagreement
emerged between the determination of jVubj from inclusive
and exclusive B decays [17]. In order to incorporate all of
those considerations, we take the following form of VR as
similarly done in Ref. [18]:

VR ¼
	0 cRe

i�1 sRe
i�2

ei! 	0 	0

	0 �sRe
i�3 cRe

i�4

0
BB@

1
CCA; (3)

where cRðsRÞ 
 cos �Rðsin �RÞ (0� � �R � 90�). Here the
matrix elements indicated as 	0 may be & 10�2 and
unitarity requires �1 þ �4 ¼ �2 þ �3. Especially, with
this form, the present experimental measurement of the
large branching fractions for B ! 	� decays can be
explained [17,18], but the right-handed current effect in
Bd mixing is negligible so we only consider direct CP
asymmetries in B ! K� decays. One can of course take
different types of VR without taking into account of jVR

ubj,
and relevant studies were done earlier in Refs. [19,20].

This paper is organized as follows. In Sec. II, we briefly
discuss some of phenomenological constraints without
assuming manifest (or pseudomanifest) left-right symme-
try. We present the effective Hamiltonian describing
�B ¼ 1 and �S ¼ 1 transition in Sec. III, and obtain
B ! K� decay amplitudes including all relevant tree and
penguin contributions in the general LRM in Sec. IV.
In Sec. V, we explicitly show the allowed regions of NP
parameters satisfying the current experimental data, taking
into account all the constraints obtained in Sec. II. Finally,
we conclude in Sec. VI.

II. PHENOMENOLOGICAL CONSTRAINTS

We consider the case thatW 0 masses are not too heavy so
that it can be accessible at LHC.Without assumingmanifest
or pseudomanifest left-right symmetry in the general LRM,
W 0 masses are not highly constrained by low-energy elec-
troweak measurements, but still W 0 exchange effects could
be seen in various decay modes, and the bound of its mass
could be obtained independent of the form of VR. For

instance, we can obtain the lower bound onMW 0 from global
analysis of muon decay measurements as follows [21]:

�g < 0:017 or MW0 > ðgR=gLÞ � 620 GeV; (4)

where �g
g2RM
2
W=g

2
LM

2
W0 . In general, �g��g
ðgR=gLÞ�

for ordinary Higgs representations [13,22].
As well as MW0 and �g, we have additional NP parame-

ters such as �R and �i in the quark sector as shown in
Eq. (3) in the general LRM. Among those new parameters,
�R and�2 can be constrained by the disagreement emerged
between the determination of jVubj from inclusive and
exclusive B decays. jVubj determined in exclusiveB decays
is related to jVL

ubj in the LRM as

jVubjexcl ¼ jVL
ubjj1þ �uj ’ jVubjinclj1þ �uj; (5)

where �q 
 �ðgRVR
qbÞ=ðgLVL

qbÞ and q ¼ u, c [17]. From

the mismatch between the values of jVubj extracted from
inclusive and exclusive B decays, we roughly obtain the
following 2
 bound:

� 1:55< �gsR cos ð�2 þ �Þ � 103 < 0:41; (6)

where � ¼ 68�.
In Eq. (3), �3 and �4 are constrained by B

0
s � �B0

s mixing
measurements. The dispersive part of the B0

s � �B0
s mixing

matrix element in the LRM can be written as

Ms
12 ¼ MSM

12 þMLR
12 ¼ MSM

12 ð1þ rsLRÞ; (7)

where

rsLR 
 MLR
12

MSM
12

¼ h �B0
s jHLR

eff jB0
si

h �B0
s jHSM

eff jB0
si
; (8)

and the explicit form of the effective Hamiltonians HSM
eff

and HLR
eff describing the �B ¼ 2 transition in the LRM can

be found in Refs. [20,22]. Following the factorization
methods used in Ref. [20] with the given form of VR in
Eq. (3), we obtain the right-handed current contributions to
B0
s � �B0

s mixing as

rsLR � 162

�
1� 5:03�g � ð0:490� 1:96�gÞ ln ð1=�gÞ

1� 10:2�g þ 30:1�2g

�

� �gsRcRe
�ið�3��4Þ þ 1:70�gsRe

�i�3 : (9)

The deviation of the present experimental data from the
SM predictions on Bs meson mixing gives the following
2
 bound [23]:

0:86< j1þ rsLRj< 1:22; (10)

and we will use this bound together with those in Eqs. (4)
and (6) for our numerical analysis in Sec. V.

III. EFFECTIVE HAMILTONIAN

In order to include QCD effects systematically, we start
from the following low-energy effective Hamiltonian
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describing �B ¼ 1 and �S ¼ 1 transition as done simi-
larly in Ref. [19]:

H eff ¼ GFffiffiffi
2

p
� X

i¼1;2;11;12
q¼u;c

�LL
q Cq

i O
q
i

� �LL
t

�X10
i¼3

CiOi þ C�
7O

�
7 þ CG

8 O
G
8

��

þ ðCiOi ! C0
iO

0
iÞ; (11)

where �AB
q 
 VA�

qs V
B
qb, O1;2 are the standard current-

current operators, O3–O10 are the standard penguin op-
erators, and O�

7 and OG
8 are the standard photonic and

gluonic magnetic operators, respectively, which can be
found in Ref. [24]. In addition to those SM operators, in
the LRM, the operator basis is doubled by O0

i which are
the chiral conjugates of Oi. Also new operators O11;12 and

O0
11;12 arise with mixed chiral structure of O1;2 and O0

1;2

as follows:

Oq
11 ¼ ð �s�q�ÞV�Að �q�b�ÞVþA;

Oq
12 ¼ ð �s�q�ÞV�Að �q�b�ÞVþA;

(12)

where ðV � AÞ refers to the Lorentz structure �
ð1� �5Þ.
These new operators may play an important role in tree-
level dominated b decays in the general LRM.
The low-energy effects of the full theory at an arbitrary

low-energy scale 
 can then be described by the linear
combination of the given operators and the corresponding
Wilson coefficients (WCs) Cið
Þ. In order to calculate
Cið
Þ, we first calculate them at 
 ¼ MW scale. After
performing a straightforward matching computation, we
find the WCs including the electromagnetic penguin
contributions at W scale neglecting the u-quark mass:

Cq
2ðMWÞ ¼ 1; Cq0

2 ðMWÞ ¼ �g�
RR
q =�LL

q ðq ¼ u; cÞ;
C3ðMWÞ ¼ �

6�

1

sin 2�W
½2BðxtÞ þ CðxtÞ
;

C7ðMWÞ ¼ �

6�
½4CðxtÞ þDðxtÞ
;

C9ðMWÞ ¼ �

6�

�
4CðxtÞ þDðxtÞ þ 1

sin 2�W
ð10BðxtÞ � 4CðxtÞÞ

�
;

C�
7 ðMWÞ ¼ FðxtÞ þ mt

mb

Atb ~FðxtÞ; C�0
7 ðMWÞ ¼ mt

mb

Ats� ~FðxtÞ;

CG
8 ðMWÞ ¼ GðxtÞ þ mt

mb

Atb ~GðxtÞ; CG0
8 ðMWÞ ¼ mt

mb

Ats� ~GðxtÞ;
Cu
12ðMWÞ ¼ Aub; Cu0

12ðMWÞ ¼ Aus�; (13)

where

xU ¼ m2
U

M2
W

ðU ¼ u; c; tÞ;

AUD ¼ �g

VR
UD

VL
UD

ei��ðD ¼ b; sÞ;
(14)

and �� is a CP phase residing in the vacuum expectation
values, which can be absorbed in �i in Eq. (3) by redefin-
ing �i þ �� ! �i. All other coefficients are negligible or
vanish. In Eq. (13), the explicit forms of the functions
BðxtÞ, CðxtÞ, and DðxtÞ can be found in Refs. [24,25], and
FðxtÞ, ~FðxtÞ, GðxtÞ, and ~GðxtÞ are given in Ref. [26]. In the
above magnetic coefficients, the terms proportional to �g

and �g are neglected except the contribution coming from
the virtual t quark which gives mt=mb enhancement. Also
the term proportional to �g in the coefficient C0

2 is not
neglected because �g � �g and there is possible enhance-
ment by the ratio of CKM angles (�RR

q =�LL
q ) in the non-

manifest LRM. Note that the new coefficientCuð0Þ
12 ðMWÞ can

be important in some b ! s transitions because the �g

suppression can be offset by the ratio VR
uD=V

L
uD in Eq. (14).

The coefficients Cið
Þ at the scale 
 below mb can be
obtained by evolving the coefficients CiðMWÞ with the
28� 28 anomalous dimension matrix applying the usual
renormalization group procedure in the following way:

~Cð
Þ ¼ U4ð
;mbÞMðmbÞU5ðmb;MWÞ ~CðMWÞ; (15)

where Uf is the evolution matrix for f active flavors and

MðmÞ gives the matching corrections between ~Cf�1ðmÞ
and ~CfðmÞ. In the leading logarithmic (LL) approximation

M ¼ 1 and the evolution matrix Uðm1; m2Þ is given by

Uðm1; m2Þ ¼ V

��
�sðm2Þ
�sðm1Þ

�
~�=2�0 � �

2�0

Kðm1; m2Þ
�
V�1;

(16)

where V diagonalizes the transposed of the anomalous
dimension matrix �s and ~� is the vector containing the
eigenvalues of �T

s . In the right-hand side of Eq. (16),
the first term represents the pure QCD evolution and the
second term describes the additional evolution in the pres-
ence of the electromagnetic interaction. The leading order

RIGHT-HANDED CURRENT CONTRIBUTIONS IN . . . PHYSICAL REVIEW D 88, 035012 (2013)

035012-3



formula for the matrix Kðm1; m2Þ can be found in
Refs. [24,25]. Since the strong interaction preserves chi-
rality, the 28� 28 anomalous dimensional matrix decom-
poses into two identical 14� 14 blocks. The SM 12� 12
submatrix describing the mixing among O1–O10, O

�
7 , and

OG
8 can be found in Ref. [27], and the explicit form of the

remaining 4� 4 matrix describing the mixing among

O11;12, O
�
7 , and OG

8 , which partially overlaps with the SM

12� 12 submatrix, can be found in Ref. [26].
In this paper, unlike the previous analysis in Ref. [19], we

set the scale of weakWCs at
 ¼ 1:5 GeV to use the PQCD
results for the hadronic matrix elements [28]. For 4 flavors,
we have the following numerical values of Cið1:5 GeVÞ in
LL precision using the standard quark masses:1

Cq
1 ¼ �0:453; Cq0

1 ¼ Cq
1�g�

RR
q =�LL

q ; Cq
2 ¼ 1:231; Cq0

2 ¼ Cq
2�g�

RR
q =�LL

q ;

C3 ¼ 0:024; C4 ¼ �0:046; C5 ¼ 0:012; C6 ¼ �0:066;

C7 ¼ 0:014�; C8 ¼ 0:069�; C9 ¼ �1:436�; C10 ¼ 0:503�;

C�
7 ¼ �0:389� 17:86Atb; C�0

7 ¼ �17:86Ats�;

CG
8 ¼ �0:177� 7:858Atb; CG0

8 ¼ �7:858Ats�:

Cu
11 ¼ 0:641Aub; Cu

12 ¼ 0:879Aub; Cu0
11 ¼ 0:641Aus�; Cu0

12 ¼ 0:879Aus�;

(17)

where subdominant NP terms are neglected. Note that
C0
3 � C0

10 are negligible comparing to C�0
7 and CG0

8 whereas
C0
1;2 and Cð0Þ

11;12 are not. Cð0Þ
1;2 and Cð0Þ

11;12 can be important
especially to the tree-dominated B decays.

IV. B ! K� DECAYAMPLITUDES

Following the procedure of Ref. [19] of including the
penguin-type diagrams of the current-current operators
O1;2 and the tree-level diagrams associated with the mag-

netic operators O�
7 and OG

8 , the one-loop matrix elements

of H eff can be written in terms of the tree-level matrix
elements of the effective operators:

hsq �qjH effjBi ¼ �GFffiffiffi
2

p �LL
t

X12
i¼1

Ceff
i hsq �qjOijBitree

þ ðCeff
i Oi ! Ceff0

i O0
iÞ; (18)

with the effective WCs

Ceffð0Þ
i ¼ Cð0Þ

i ði ¼ 1; 2; 8; 10; 11; 12Þ;
Ceffð0Þ
3 ¼ Cð0Þ

3 � 1

Nc

Cð0Þ
g ; Ceffð0Þ

4 ¼ Cð0Þ
4 þ Cð0Þ

g ;

Ceffð0Þ
5 ¼ Cð0Þ

5 � 1

Nc

Cð0Þ
g ; Ceffð0Þ

6 ¼ Cð0Þ
6 þ Cð0Þ

g ;

Ceffð0Þ
7 ¼ Cð0Þ

7 þ Cð0Þ
� ; Ceffð0Þ

9 ¼ Cð0Þ
9 þ Cð0Þ

� ;

(19)

where

Cð0Þ
g ¼ � �s

8�

�
1

�LL
t

X
q¼u;c

�LL
q Cqð0Þ

2 Iðmq; k;mbÞ þ 2CGð0Þ
8

m2
b

k2

�
;

Cð0Þ
� ¼ � �

3�

�
1

�LL
t

X
q¼u;c

�LL
q

�
Cqð0Þ
1 þ 1

Nc

Cqð0Þ
2

�
Iðmq; k;mbÞ

þ C�ð0Þ
7

m2
b

k2

�
; (20)

and

Iðm;k;
Þ¼4
Z 1

0
dxxð1�xÞ ln

�
m2�k2xð1�xÞ


2

�
; (21)

and where k is the momentum transferred by the photon or
the gluon to the ðq; �qÞ pair. Here k2 is expected to be
typically in the range m2

b=4 � k2 � m2
b=2 [29], and we

will use k2 ¼ m2
b=2 for our numerical analysis. The

expression of the decay amplitudes can be further simpli-
fied by combining the effective WCs in the following
way:

að0Þ2i�1 ¼ Ceffð0Þ
2i�1 þ

1

Nc

Ceffð0Þ
2i ;

að0Þ2i ¼ Ceffð0Þ
2i þ 1

Nc

Ceffð0Þ
2i�1 ði ¼ 1; 2; 3Þ;

(22)

where the factor 1=Nc originates from fierzing the opera-

tors Oð0Þ
i after adopting the factorization assumption, and

Nc is simply equal to the number of colors in the naive
factorization approximation based on the vacuum-insertion
method [30]. Also, in the PQCD approach, Nc � 3 as well
because of the cancellation between the nonfactorizable
contributions.
The matrix amplitudes for B ! K� decays can then be

written in terms of the effective WCs as

1Although QCD correction factors in C0
1;2 are different from

those in C1;2 in general, we use an approximation �sðMW0 Þ ’
�sðMWÞ for simplicity, which will not change our result.
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Að �B0 ! �0 �K0Þ
¼ GF

2

��
�LL
u ða1 þ ��

u a11Þ þ 3

2
�LL
t ða7 � a9Þ

�
XðBK;�Þ

þ �LL
t

�
a4 � 1

2
a10 þ 2�K

s

�
a6 � 1

2
a8

��
XðB�;KÞ

þ �LL
t

�
a4 � 1

2
a10 þ 2�B

s

�
a6 � 1

2
a8

��
XðB;�KÞ

�

þ ðai ! �a0iÞ; (23)

Að �B0 ! �þK�Þ
¼ GFffiffiffi

2
p

�
½�LL

u ða2 þ a12Þ � �LL
t ða4 þ a10

þ 2�K
s ða6 þ a8ÞÞ
XðB�;KÞ � �LL

t

�
a4 � 1

2
a10

þ 2�B
s

�
a6 � 1

2
a8

��
XðB;�KÞ

�
þ ðai ! �a0iÞ; (24)

AðB� ! �0K�Þ
¼ GF

2

��
�LL
u ða1 þ ��

u a11Þ þ 3

2
�LL
t ða7 � a9Þ

�
XðBK;�Þ

þ ½�LL
u ða2 þ a12Þ � �LL

t ða4 þ a10

þ 2�K
s ða6 þ a8ÞÞ
XðB�;KÞ þ ½�LL

u ða2 � a12Þ
� �LL

t ða4 þ a10 þ 2�B
s ða6 þ a8ÞÞ
XðB;�KÞ

�

þ ðai ! �a0iÞ; (25)

AðB� ! �� �K0Þ
¼ GFffiffiffi

2
p

�
��LL

t

�
a4 � 1

2
a10 þ 2�K

s

�
a6 � 1

2
a8

��
XðB�;KÞ

þ ½�LL
u ða2 � a12Þ � �LL

t ða4 þ a10

þ 2�B
s ða6 þ a8ÞÞ
XðB;�KÞ

�
þ ðai ! �a0iÞ; (26)

where

XðBK;�Þ ¼ � ffiffiffi
2

p h�0j �u�
�5uj0ih �K0j�s�
bj �B0i
¼ if�F

B!K
0 ðm2

�Þðm2
B �m2

KÞ;
XðB�;KÞ ¼ þ ffiffiffi

2
p h �K0j�s�
�5dj0ih�0j �d�
bj �B0i

¼ ifKF
B!�
0 ðm2

KÞðm2
B �m2

�Þ;
XðB;�KÞ ¼ þ ffiffiffi

2
p h�0 �K0j�s�
dj0ih0j �d�
�5bj �B0i

¼ ifBF
�K
0 ðm2

BÞðm2
K �m2

�Þ; (27)

and where

�H
q 
 m2

H

mbmq

ðH ¼ �;K; B; q ¼ u; sÞ: (28)

Note from Eq. (27) that the form factors FB!K
0 and FB!�

0

can be determined by relevant semileptonic B decays, but
F�K
0 is not. Because of the significant hadronic uncertain-

ties in the factorization approximation of the matrix am-
plitudes, it is very difficult to separately determine the size
of NP contributions. Therefore, in this article, instead of
performing a complete analysis by varying all relevant
independent NP parameters ð�g; �g; �R; �2;3;4Þ in this

FIG. 1 (color online). Allowed regions for �2 and �R at 2
 level for MW0 ¼ ðgR=gLÞ � 1:5 TeV. The blue (vertical mesh), red
(horizontal mesh), and yellow (no mesh) regions are allowed by the current measurements of ACPðB0 ! K���Þ, ACPðB� ! K��0Þ,
and ACPðB� ! K0��Þ, respectively. The dotted and dashed lines indicate the bounds by the measurements of Vub and B0

s � �B0
s

mixing, respectively. Each plot is obtained for (a) �1 ¼ �3 ¼ � or (b) �1 ¼ �;�3 ¼ ��=2.
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model, we fix �g and �1;3;4 for simple illustration of

NP effects. Also, for numerical analysis, we use the
following values of form factors obtained from PQCD
calculation [31]:

FB!K
0 ðm2

�Þ ¼ 0:37; FB!�
0 ðm2

KÞ ¼ 0:24;

F�K
0 ðm2

BÞ ¼ ð0:39þ 8:16iÞ10�4:
(29)

The form factor F�K
0 ðm2

BÞ which originates from annihila-

tion contributions is complex due to the final state quark
interactions, so that it could be important in CP observ-
ables. Also, due to the enhancement factor �B

s proportional
to m2

B, the annihilation contributions are not negligible.

V. RESULTS

For illustration of allowed new model parameter spaces,
we first fix the new gauge boson mass to be MW0 ¼
ðgR=gLÞ � 1:5 TeV, and plot the allowed region of �2

and �R at 2
 level for �1 ¼ �3 ¼ � in Fig. 1(a) and for
�1 ¼ �, �3 ¼ ��=2 in Fig. 1(b), using the present experi-
mental bounds of the CP asymmetries in Eq. (1). With the
chosen NP parameters, the branching fraction of each decay
mode in Eq. (23) agrees with the present experimental
measurement as well. In Fig. 1, the region (nearly all) above
the dotted line is allowed by the Vub bound given in
Eq. (6), and the shaded area inside the dashed lines is
allowed by the B0

s � �B0
s mixing bound in Eq. (10). From

the overlapped allowed regions of the figures, one can see
that the value of �R could be either small or large, but
nonzero value of �2 near 60� is preferred in both cases
similarly.

In order to clearly see W 0 mass dependence, we plot
the allowed region of �R and �g at 2
 level for �2 ¼
55� in Fig. 2, taking into account the constraint from the
muon decay measurements given in Eq. (4). In Fig. 2,
similarly, the shaded regions left of the dotted and
dashed lines are allowed by the Vub bound given in
Eq. (6) and by the B0

s � �B0
s mixing bound in Eq. (10),

respectively. With the given parameter sets, we estimate
the size of the right-handed current contributions respon-
sible for the present measurements of ACPðB0 !
K���Þ, ACPðB� ! K��0Þ, and ACPðB� ! K0��Þ as
shown in Fig. 2, and obtain the lower bound of �g
approximately given as �g * 0:0015 which corresponds

to the upper bound of W 0 mass MW0 & ðgR=gLÞ �
2:1 TeV. We found that this mass bound could be some-
what higher for different values of �2, but not drastically
different. It should also be noted that we scanned other
sets of NP parameters, and have no better results (no
wider simultaneously allowed regions) for different
values of �1;3;4.

VI. CONCLUDING REMARKS

In this paper, we studied the right-handed current
contributions to the direct CP asymmetries in B ! K�
decays taking into account all possible tree and penguin
contributions including annihilation-type amplitudes by
adopting PQCD approach in the nonmanifest LRM.
Without imposing manifest or pseudomanifest left-right
symmetry, we parametrized VR as shown in Eq. (3) so that
W 0 mass is not strongly constrained by the current direct
and indirect search results [13,18], and showed that the

FIG. 2 (color online). Allowed regions for �R and �g at 2
 level. The blue (vertical mesh), red (horizontal mesh), and yellow
(no mesh) regions are allowed by the current measurements of ACPðB0 ! K���Þ, ACPðB� ! K��0Þ, and ACPðB� ! K0��Þ,
respectively. The dotted and dashed lines indicate the bounds by the measurements of Vub and B

0
s � �B0

s mixing, respectively. Each plot
is obtained for (a) �1 ¼ �3 ¼ � or (b) �1 ¼ �;�3 ¼ ��=2.
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CP asymmetries are sensitive to the phases and angles in
VR as well as to the mass of W 0. We considered the
constraints from the global analysis of muon decay
parameters, the determination of jVubj in inclusive and
exclusive B decays, and B0

s � �B0
s mixing measurements.

With the given phases, one can see from the figures that
relatively large value of the mixing angle �R is preferred
unless W 0 mass is as light as a few hundred GeV. This
could also give simultaneous explanations to the large
branching fractions of B ! 	� transitions due to a large
fraction VR

ub=V
L
ub [17], and also to the large CP-violating

like-sign dimuon charge asymmetry in semileptonic B
decays [20] due to a large CP-violating phase in Bs

mixing [18]. Also, with the given parameter sets, Fig. 2
shows that it is favorable that the mass of W 0 is lighter

than around ðgR=gLÞ � 2:1 TeV in order to incorporate
the current experimental measurements. In this way, CP
asymmetries in other nonleptonic B decays such as B !
K� and B ! K�� can be estimated systematically and
similarly, and all of these analysis of possible NP contri-
butions can be tested once future experimental progress
can further improve the bounds.
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