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CP asymmetries in penguin-inducedB decays in general left-right models
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William I. Fine Theoretical Physics Institute, University of Minnesota, Minneapolis, Minnesota 55455, USA

~Received 26 August 2003; published 30 December 2003!

We studyCP asymmetries in penguin-inducedb→ss̄s decays in general left-right models without imposing
manifest or pseudomanifest left-right symmetry. Using the effective Hamiltonian approach, we evaluate
CP asymmetries inB6→fK (* )6 decays as well as mixing inducedB meson decaysB→J/cKS and B
→fKS decays. Based on recent measurements revealing largeCP violation, we show that a nonmanifest type
model is more favored than a manifest or pseudomanifest type.
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I. INTRODUCTION

One of the major goals of present experiments inB phys-
ics is the study ofCP violation which may reside in the
quark flavor mixing described by the Cabibbo-Kobayas
Maskawa ~CKM! matrix in the standardSU(2)L3U(1)
model ~SM!. Since there is one complex phase in the CK
matrix, the sizes and patterns ofCP violation in various de-
cay modes in the SM are in principle expressed through
single parameter@1#. But the present experimental resu
with large CP violation effects in theB meson system are
not simply explained with this single parameter under
minimal SM framework@2#. For instance, theCP asymme-
tries in mixing inducedB meson decays are characterized
a CP angleb which is a phase of the CKM matrix eleme
Vtd , and the observed world average value of sin 2b in B

→J/cKS (b→cc̄s) decays is given by

sin 2bJ/cKS
50.73460.054. ~1!

In addition, thisCP angleb is recently measured by BA
BAR and Belle inB→fKS (b→ss̄s) decays@3#, and their
average value is

sin 2bfKS
520.3960.41. ~2!

In the SM, however, theCP asymmetry inB→fKS decays
is expected to be very close to that inB→J/cKS decays@4#.
Admitting that the statistical error of those experimental d
is still too large to confirm the data and justify any theory
2.7s deviation between sin 2bJ/cKS

and sin 2bfKS
may give a

clue of new physics~NP! effects in B decays. If so, other
inclusive b→ss̄s dominated B decays such asB6

→fK (* )6 decays might receive the same contribution fro
the NP.

In a recent paper@5#, we have investigated the mixin
inducedCP asymmetry inB→J/cKS decays in the genera
left-right model ~LRM! with group SU(2)L3SU(2)R
3U(1) since it is one of the simplest extensions of the S
gauge group as a complement of the purely left-handed
ture of the SM @6#. Because of the extended groupSU(2)R
in the LRM there are new neutral and charged gauge bos
ZR and WR as well as a right-handed gauge coupling,gR .
After spontaneous symmetry breaking, the gauge eigens
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WR mix with WL to form the mass eigenstatesW and W8
with massesMW andMW8 , respectively. TheWL-WR mixing
anglej and the ratioz of MW

2 to MW8
2 are restricted by a

number of low-energy phenomenological constraints alo
with the right-handed mass mixing matrix elements. Fro
the limits on deviations of muon decay parameters from
V-A prediction, the lower bound onMW8 can be obtained as
follows @7#:

zg,0.033 or MW8.~gR /gL!3440 GeV, ~3!

wherezg[gR
2MW

2 /gL
2MW8

2 . Previously, stronger limits of the
massMW8 as well as the mixing anglej were presented by
many authors experimentally@8# and theoretically@9# assum-
ing manifest (VR5VL) or pseudomanifest (VR5VL* K) left-
right symmetry (gL5gR), whereVL andVR are the left-and
right-handed quark mixing matrices, respectively, andK is a
diagonal phase matrix@10#. But, in general, the form ofVR is
not necessarily restricted to manifest or pseudomanifest s
metric types, so theWR mass limit can be lowered to ap
proximately 300 GeV by taking the following forms ofVR

@11#:

VI
R5S eiv ;0 ;0

;0 cReia1 sReia2

;0 2sReia3 cReia4

D ,

VII
R5S ;0 eiv ;0

cReia1 ;0 sReia2

2sReia3 ;0 cReia4

D , ~4!

wherecR(sR)[cosuR(sinuR) (0°<uR<90°). Here the ma-
trix elements indicated as;0 may be&1022 and unitarity
requiresa11a45a21a3. From theb→c semileptonic de-
cays of theB mesons, we can get an approximate bou
jgsinuR&0.013 by assuminguVcb

L u'0.04 @12#, where jg

[(gR /gL)j.1 This new parameterjg is in general smaller
than the charged gauge boson mass ratiozg in the general

1In Ref. @5#, jg is defined as (gL /gR)j unlike this paper so tha
the mistakenly written boundjgsinuR&0.013 should read
(gR /gL)j sinuR&0.013.
©2003 The American Physical Society06-1



ns

ri-
it

ig
d

th

t
y
nc
tr
-
or
n

to

ce
ap
il-
s

e
de
ve
to
in
th
at

nt
n
ti

on

on

the

les

or-
re-

x

g

ver
n-
tic

be

SOO-HYEON NAM PHYSICAL REVIEW D68, 115006 ~2003!
LRM @5,9#. In a similar way to the charged gauge boso
the neutral gauge bosons mix each other@13#. But we do not
present them here becauseZR contribution to penguin-
inducedB decays is negligible. Also, due to gauge inva
ance, tree-level flavor-changing neutral Higgs bosons w
massesMH enter into our theory@14#. However, we also
neglect their contributions by assumingMH@MW8 .

The CP asymmetry in the penguin-inducedB→fKS de-
cays was also studied earlier in the pseudomanifest left-r
symmetry model in Ref.@15#. In this case, the right-hande
current contribution toBB̄ mixing is suppressed byz so that
the NP effect only arises in the magnetic penguin since
suppression byj is offset by a large factormt /mb arising in
the virtual top quark loop@16#. However, in the nonmanifes
LRM, z terms inBB̄ mixing and absorptive part of the deca
amplitudes become important due to the possible enha
ment ofVR elements so that the right-handed current con
bution to the correspondingCP asymmetry is more en
hanced. In this paper, as a continuation of our previous w
we will explicitly evaluate the possible right-handed curre
contribution toCP asymmetry inB6→fK (* )6 decays as
well as in B→fKS decays in the general LRM related
recent measurements, and show thatCP asymmetries in
those decays can be large enough to probe the existen
the right-handed current using the effective Hamiltonian
proach. After reviewing the structure of the effective Ham
tonian in the general LRM in Sec. II, we will discus
CP asymmetries in the severalb→ss̄s dominatedB decays
in Sec. III in detail.

II. EFFECTIVE HAMILTONIAN

The low-energy effects of the full theory can be describ
by the effective Hamiltonian approach in order to inclu
QCD effects systematically. The low-energy effecti
Hamiltonian calculated within the framework of the opera
product expansion~OPE! has a finite number of operators
a given order, which is dependent upon the structure of
model. In the LRM, the low energy effective Hamiltonian
the energy scalem for DB51 andDS51 transition has the
following form:

He f f5
GF

A2 F (
i 51,2
q5u,c

lq
LLCi

qOi
q2l t

LLS (
i 53

12

CiOi1C7
gO7

g

1C8
GO8

GD G1~CiOi→Ci8Oi8!, ~5!

wherelq
AB[Vqs

A* Vqb
B , O1,2 are the standard current-curre

operators,O32O10 are the standard penguin operators, a
O7

g andO8
G are the standard photonic and gluonic magne

operators, respectively, which can be found in Ref.@17#.
Since we have additionalSU(2)R group in the LRM, the
operator basis is doubled byOi8 which are the chiral conju-
gates ofOi . Also new operatorsO11,12 andO11,128 arise with
mixed chiral structure ofO1,2 andO1,28 @16#.
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In order to calculate the Wilson coefficientsCi(m), we
first calculate them atm5MW scale. After performing a
straightforward matching computation, we find the Wils
coefficients atW scale neglecting theu-quark mass:

C2
q~MW!51, C2

q8~MW!5zglq
RR/lq

LL ,

C7
g~MW!5F~xt

2!1AtbF̃~xt
2!,

C7
g8~MW!5Ats* F̃~xt

2!, ~6!

C8
G~MW!5G~xt

2!1AtbG̃~xt
2!,

C8
G8~MW!5Ats* G̃~xt

2!,

where

xq5
mq

MW
~q5u,c,t !, AtD5jg

mt

mb

VtD
R

VtD
L

eia+ ~D5b,s!,

~7!

and a + is a CP phase residing in the vacuum expectati
values, which can be absorbed ina i in Eq. ~4! by redefining
a i1a +→a i . All other coefficients vanish. In Eq.~6!, the
explicit forms of the functionsF(xt), F̃(xt), G(xt), and
G̃(xt) are given in Ref.@16#, and the terms proportional tojg
andzg in the magnetic coefficients are neglected except
contribution coming from the virtualt quark which gives
mt /mb enhancement. Also the term proportional tozg in the
tree-level coefficientC28 is not neglected becausezg>jg and
there is possible enhancement by the ratio of CKM ang
(lq

RR/lq
LL) in the nonmanifest LRM.

The coefficientsCi(m) at the scalem5mb can be ob-
tained by evolving the coefficientsCi(MW) with the 28
328 anomalous dimension matrix applying the usual ren
malization group procedure. Since the strong interaction p
serves chirality, the 28328 anomalous dimensional matri
decomposes into two identical 14314 blocks. The SM 12
312 submatrix describing the mixing amongO12O10, O7

g ,
andO8

G can be found in Ref.@18#, and the explicit form of
the remaining 434 matrix describing the mixing amon
O11,12, O7

g , andO8
G , which partially overlaps with the SM

12312 submatrix, can be found in Ref.@16#. The low energy
Wilson coefficients at the scalem5mb in the LL approxi-
mation are then given by

Ci~mb!5(
j ,k

~S21! i j ~h3l j /23!SjkCk~MW!, ~8!

where thel j ’s in the exponent ofh5as(MW)/as(mb) are
the eigenvalues of the anomalous dimension matrix o
g2/16p2 and the matrixS contains the corresponding eige
vectors. The result for the photonic and gluonic magne
coefficients are calculated in Ref.@16# and in Ref.@15#, re-
spectively, and the rest of them related to our analysis can
6-2
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CP ASYMMETRIES IN PENGUIN-INDUCEDB DECAYS . . . PHYSICAL REVIEW D 68, 115006 ~2003!
found in Ref.@17#.2 Therefore we do not repeat them her
and lead the reader to the original papers. For 5 flavors,
have the following numerical values ofCi(mb) in LL preci-
sion using LMS5225 MeV, mb54.4 GeV, and mt
5170 GeV:3

C1
q520.308, C1

q85C1
qzglq

RR/lq
LL ,

C2
q51.144, C2

q85C2
qzglq

RR/lq
LL ,

C350.014, C4520.030, C550.009, C6520.038,

C750.045a, C850.048a,

C9521.280a, C1050.328a, ~9!

C7
g520.31720.546Atb, C7

g8520.546Ats* ,

C8
G520.15020.241Atb, C8

G8520.241Ats* .

Note thatC382C108 are negligible comparing toC7
g8 andC8

G8
whereasC1,28 are not. We will show thatC1,28 are important to
the absorptive parts in penguin-dominatedB decays in the
next section.

III. CP VIOLATING ASYMMETRIES

A. Charged B meson decays

For chargedB meson decays, the nonzeroCP violating
asymmetry defined as

ACP5
G~B1→ f 1!2G~B2→ f 2!

G~B1→ f 1!1G~B2→ f 2!
~10!

originates from the superposition ofCP-odd~violating!
phases introduced by CKM matrix elements andCP-
even~conserving! phases arising from the absorptive part
the amplitudes. Since we have obtained the relevant effec
Hamiltonian in Sec. II, it is quite straightforward to calcula

2Although QCD correction factors inC1,28 are different from those
in C1,2 in general @19#, we use an approximationas(MW8)
.as(MW) for simplicity, which will not change our result.

3The numbers we obtained forC7
g(8) andC8

G(8) are slightly differ-
ent from those in Ref.@15# because they usedmt /mb560.

FIG. 1. Diagrams for penguin-inducedb→sq8̄q8 decays.
11500
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the partial decay rates andCP asymmetries inb→ss̄s de-
cays. These decays are governed by three different type
penguin diagrams shown in Fig. 1. The absorptive part of
amplitudes arises atO(as) from the one-loop penguin dia
grams with insertions of the operatorsO1,2

(8) shown in Fig.
1~a!. The detailed calculation of the one-loop penguin mat
element of the operatorsO1,2 in the SM is in Ref.@20# so
that we can be very brief. The renormalized matrix eleme
of the operatorsO1,2

(8) in the LL approximation are given by

^O1
q(8)&peng5

a

3p
I~mq ,k,mb!^Pg

(8)&,

^O2
q(8)&peng5

as~mb!

8p
I~mq ,k,mb!

3S ^PG
(8)&1

8

9

a

as~mb!
^Pg

(8)& D ,~11!

where

PG
(8)5O4

(8)1O6
(8)2

1

Nc
~O3

(8)1O5
(8)!,

Pg
(8)5O7

(8)1O9
(8) ~Nc53!, ~12!

and

I~m,k,m!54E
0

1

dxx~12x!lnFm22k2x~12x!

m2 G , ~13!

and wherek is the momentum transferred by the gluon to t
(s,s̄) pair. As one can see from Eq.~13!, different CP-even
phases arise from the imaginary parts of the functio
I(mu ,k,m) andI(mc ,k,m). On the other hand, the pengu
operatorsO32O10 contribute to only the dispersive parts o
the amplitudes and give tree-level penguin transition am
tudes shown in Fig. 1~b!. Also, as shown in Fig. 1~c!, we
should include the tree-level diagram associated with
magnetic operatorsO7

g(8) andO8
G(8) to the dispersive part o

the amplitude. Using the factorization approximation@21#,
we use the following parametrization:

^O7
g(8)&peng52

a

3p

mb
2

k2
^Pg

(8)&,

^O8
G(8)&peng52

as

4p

mb
2

k2
^PG

(8)&. ~14!

Here k2 is expected to be typically in the rangemb
2/4<k2

<mb
2/2 @22#. We will usek25mb

2/2 for our numerical analy-
sis.
6-3
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Now we are ready to considerB6→fK6 decays explicitly. Since the axial-vector parts of the operators do not contr
to the transition amplitudes in these decays we can simply use^Oi&5^Oi8& with the help of the vacuum-insertion method@23#.
Combining all operators, we obtain the following transition amplitude using the unitarity relation(q5u,c,tlq50:

A~B2→fK2!5
GF

A2
(

q5u,c
lq

LLFas~mb!

9p H C2
q~mb!2

7

6

a

as~mb!
„3C1

q~mb!1C2
q~mb!…J I~mq ,k,mb!

2
as~mb!

9p H 4C8
G~mb!27

a

as~mb!
C7

g~mb!J 1
4

3
„C3~mb!1C4~mb!…

1C5~mb!1
1

3
C6~mb!2

1

2
C7~mb!2

1

6
C8~mb!2

2

3
„C9~mb!1C10~mb!…GX(B2K2,f)

1~Ci→Ci8!, ~15!
o

t

-

ll
th

e

-
d
we

.

where X(B2K2,f)[^fus̄gmsu0&^K2us̄gmbuB2&. The ampli-
tude A(B1→fK1) is simply obtained from A(B2

→fK2) by replacinglq
LL→lq

LL* andCi
(8)→Ci

(8)* . In the
SM, nonzeroCPasymmetry arises from the superposition
theCP-odd phaseg in Vub

L and the differentCP-even phases
arising from the functionI(mq ,k,mb) due to the mass dif-
ference betweenc andu quark. The resultingCP asymmetry
is known to be very small;O(1022) @20,24# because the
magnitude of the absorptive part is much smaller than tha
the dispersive part. Using the numbers in Eq.~9!, mc

51.3 GeV, and Arg@Vub
L #5259°, we can estimate the SM

value ofCPasymmetry:

ACP
SM~B6→fK6!.7.331023. ~16!

If the model has manifest left-right symmetry, theWR mass
has a stringent boundMWR

>1.6 TeV @25#, and its contribu-
tion to the decay amplitude is very small so thatCP asym-
metry in the manifest LRM should be very small as we
Since this value is small and our purpose is to estimate
possible large right-handed current contribution, we tak
11500
f

of

.
e
a

limit I(mc ,k,m)5I(mu ,k,m) in order to get around the un
certainty of Vub

L obtained under the SM framework an
clearly see the right-handed current contribution. Then
can expressA(B2→fK2) in terms of new parameterszg ,
jg , anduR for two types ofVR in Eq. ~4! in the LRM using
the unitarity relation(q5u,c,tlq50 and the numbers in Eq
~9! again as follows:

A~B2→fK2! I.2
GF

A2
$22.87eiw1123.1eiw2zgcRsR

3ei (a42a3)110.1jg~cReia4225sReia3!%

31023X(B2K2,f), ~17!

A~B2→fK2! II .2
GF

A2
$22.87eiw1110.1jgcReia4%

31023X(B2K2,f),
FIG. 2. Behavior ofACP asa3,4 are varied in the case ofVI
R .
6-4
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where (w1 ,w2)5(214.9°,253.1°) areCP-even phases. As
stated earlier, one can clearly see here that thezg term com-
ing from the coefficientsC1,28 is not negligible in case ofVI

R .
Likewise, the transition amplitude inB2→fK* 2 decays
can be easily obtained by using^Oi&52^Oi8& becauseK* 2

is a vector particle:

A~B2→fK* 2! I.2
GF

A2
$2.87eiw1123.1eiw2zgcRsR

3ei (a42a3)110.1jg~2cReia4

225sReia3!%1023X(B2K* 2,f), ~18!

A~B2→fK* 2! II .2
GF

A2
$2.87eiw1210.1jgcReia4%

31023X(B2K* 2,f),

where X(B2K* 2,f)[^fus̄gmsu0&^K* 2us̄gmg5buB2&. Al-
though theCPasymmetry inB2→fK2 decays should be
the same as that inB2→fK* 2 decays in the SM, they ca

FIG. 3. Behavior ofACP(B6→fK (* )6) asuR anda4 are var-
ied in the case ofVII

R .
11500
be different in the LRM so that the measured difference
CP asymmetries between them may give the size of the
effects.

The current data on theCP asymmetries inB2→fK2

andB2→fK* 2 decays are@26#

ACP
expt~B6→fK6!50.0560.2060.03,

ACP
expt~B6→fK* 6!50.4320.30

10.3660.06. ~19!

The SM value in Eq.~16! lies in the range ofACP
expt(B6

→fK6), but a little off the range ofACP
expt(B6→fK* 6). In

order to explicitly compare these values with the theoreti
estimates in the LRM, we first plotACP(B6→fK6) and
ACP(B6→fK* 6) in the case ofVI

R in Fig. 2 for the typical
valueszg50.01, jg50.008, anduR570° asa3,4 are varied.
In the figure,CP asymmetry is drastically changing by vary
ing a3, and this behavior holds for other values ofzg , jg ,
and uR . For the given inputs,ACP(B6→fK6) and
ACP(B6→fK* 6) can be different by about 0.5. In the ca
of VII

R , one can see from Eqs.~18!, ~19! that ACP(B6

→fK6)5ACP(B6→fK* 6) because it has no dependen
of zg and a3 unlike the previous case. In Fig. 3, we fixjg
50.01, and evaluateCPasymmetry by varyinguR anda4. It
shows thatCPasymmetry is very small with a small param
eter jg . Therefore, if we observe largeCP asymmetry or
any difference betweenACP(B6→fK6) and ACP(B6

→fK* 6), the second type of mass mixing matrixVII
R is

disfavored.

B. Neutral B meson decays

In the case of the neutralB meson decays intoCPself-
conjugate final statesf, mixing inducedCPasymmetry can
be expressed by the parametrization invariant quantityl de-
fined by @1#

l[h f S q

pD
B

A~B0̄→ f̄ !

A~B0→ f !
, S q

pD
B

.
M12*

uM12u
, ~20!
FIG. 4. Behavior of theCP asymmetry differenceDCP betweenB→J/cKS andB→fKS decays in the case ofVI
R .
6-5
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whereh f51(21) for a CP-even~odd! final statef andM12

is the dispersive part of theBB̄ mixing matrix element. The
CP angleb mentioned earlier is simply the imaginary pa
of l in B→J/cKS decays in the SM:

sin 2b5Im l~B→J/cKS!.Im l~B→fKS!. ~21!

In the general LRM,M12 can be written as

M125M12
SM1M12

LR5M12
SM$11r LR%, ~22!

where

r LR[
M12

LR

M12
SM

5
^B0̄uHe f f

LR uB0&

^B0̄uHe f f
SMuB0&

, ~23!

FIG. 5. Contour plot corresponding to Iml(B→J/cKS)50.73
~solid line! and Iml(B→fKS)520.39 ~dashed line! for sin 2b
50.64 in the case ofVI

R .
11500
with the effective HamiltonianHe f f
BB̄5He f f

SM1He f f
LR in the BB̄

system. Considering the two types of the quark mixing m

trices in Eq.~4!, the effective Hamiltonians in theBB̄ system
are given by

He f f
SM5

GF
2MW

2

4p2
~l t

LL!2S~xt
2!~dL̄gmbL!2, ~24!

He f f
LR5

GF
2MW

2

2p2
@$lc

LRl t
RLxcxtzgA1~xt

2 ,z!

1l t
LRl t

RLxt
2zgA2~xt

2 ,z!%~dL̄bR!~dR̄bL!

1l t
LLl t

RLxbjg$xt
3A3~xt

2!~dL̄gmbL!~dR̄gmbR!

1xtA4~xt
2!~dL̄bR!~dR̄bL!%#, ~25!

whereS(x) is the usual Inami-Lim function andAi can be

found in Ref.@5#. If we consider QCD effect inBB̄ mixing,
the correction factors should be included in the functionS
andAi . However, there are many uncertainties such as h
ronic matrix elements and new parameters in the LRM
prevent us from the precision analysis at this stage, and
QCD corrections toBB̄ mixing are not big enough to
change our numerical estimate. Therefore we will ignore
QCD corrections toBB̄ mixing for simplicity. In the case of
VI

R , there is no significant contribution ofHe f f
LR to BB̄ mix-

ing, so thatM125M12
SM becausel t

RL.0. In the case ofVII
R ,

using mc51.3 GeV, mb54.4 GeV, mt5170 GeV, and
uVcd

L u'0.224, and adopting the parametrization of the h
ronic matrix elements of the operators given in Ref.@5#, one
can expressr LR in terms of the mixing angle and phases
Eq. ~4! as
FIG. 6. Behavior of theCPasymmetry differenceDCP betweenB→J/cKS andB→fKS decays in the case ofVII
R .
6-6
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r LR' l H 17.3l S 12zg2~4.92219.7zg!ln~1/zg!

125.47zg
D zgsR

2eid1

2796S 125.02zg2~0.49821.99zg!ln~1/zg!

129.94zg128.9zg
2 D

3zgsRcReid228.93jgsReid3J , ~26!

where l 50.008/uVtd
L u, d1522b1a22a3 , d252b2a3

1a4 , d352b2a3. SinceB→J/cKS decay is governed by
the tree-level amplitude, the transition amplitude is given

A~B→J/cKS! I.
GF

A2
lc

LL$1125~cRsRzge2 i (a22a1)

22sRjge2 ia2!%X(BKS ,J/c),

A~B→J/cKS! II .
GF

A2
lc

LL$1250sRjge2 ia2%X(BKS ,J/c),

~27!

whereX(BKS ,J/c)[^J/cuc̄gmcu0&^KSus̄gmbuB°&, and we ig-
nored theKK̄ mixing. The transition amplitude inB→fKS
decays can be simply obtained from Eq.~18! by replacing
the hadronic matrix elementX(B2K2,f)→X(BKS ,f).

For illustration of the possible effect of the new intera
tion on the mixing inducedCPasymmetry, we assume tha
b520° andl 51, and show that the region of parametersa i
where Iml(B→J/cKS).0.73 and Iml(B→fKS)
.20.39 sinceulu'1. To do so, we need to find an appr
priate set of parameterszg , jg , and uR yielding a large
differenceDCP[Im l(B→J/cKS)2Im l(B→fKS). First,

FIG. 7. Contour plot corresponding to Iml(B→J/cKS)50.73
~solid line! and Iml(B→fKS)520.39 ~dashed line! for sin 2b
50.64 in the case ofVII

R .
11500
y

we evaluateDCP in the case ofVI
R for zg5jg50.01,

a1,2a1,250 by varyinguR anda3 in Fig. 4~a!. In the figure,
DCP becomes maximal neara3;2120° and increases asuR
increases, and this behavior holds for other values of fi
parameters. Since we assumed thatDCP is larger than 1, we
fix a3 52120°, and evaluateDCP in Fig. 4~b! for a1,250
and jg5zg by varying uR and zg . One can see from the
figure thatDCP approaches 1 forzg*0.01 anduR*10°, and
its variation is small. After repeating this analysis, we ge
probable set of parameter valueszg50.01, jg50.008, uR
570°, anda352120°. Using these values, we plot th
contours corresponding to Iml(B→J/cKS)50.73 and
Im l(B→fKS)520.39 in the parameter space ofa1,2 in
Fig. 5. Therefore, as a result from the obtained figures,
manifest or pseudomanifest LRM is disfavored under
given assumption. In a similar way to the case ofVI

R , the
results of the analysis of the mixing inducedCPasymmetries
in the case ofVII

R are represented in Fig. 6 and Fig. 7.

IV. CONCLUSIONS

In this paper, we studiedCPasymmetries in penguin
inducedb→ss̄s decays in the general LRM. Without impos
ing manifest or pseudomanifest left-right symmetry, one h
two types of mass mixing matrixVR with which the right-
handed current contributions toBB̄ mixing and CP asym-
metry can be sizable even in the decays such asB6

→fK (* )6 decays where the SM contribution toCP asym-
metry is very small. Using the effective Hamiltonian a
proach, we evaluate the sizes of the NP contributions
CP asymmetries inB6→fK (* )6 decays, and show thatVI

R

is more probable thanVII
R if CP asymmetries in those decay

are large or different from each other. Similar argument c
be made in mixing inducedB decays such asB→J/cKS and
B→fKS decays. Although SM predicts that theCP asym-
metry in B→J/cKS decays should be very close to that
B→fKS decays, the present experiments show a large
crepancy between them. Based on these preliminary exp
mental results, we find that the manifest or pseudomani
LRM is disfavored, and the bounds of the new paramet
are restricted as shown in Figs. 4–7. Furthermore, this re
may affect the sizes ofCP asymmetries in other decays. Fo
instance, one can see from Fig. 2 and Fig. 3 that the con
butions of the obtained parameter sets from Fig. 5 and Fi
under the given assumption reduces the size ofCP asymme-
tries inB6→fK* 6 decays. In this way,CP asymmetries in
other mixing induced decays such asB→fK* can be esti-
mated systematically, and all of these analysis of poss
NP contributions can be tested once the experimental res
are confirmed.
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