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CP asymmetries inBs decays and spontaneousCP violation
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We study the possible effects of new physics inCP asymmetries in two-bodyBs decays in left-right models
with spontaneousCP violation. Considering the contributions of newCP phases to theBs mixing as well as
to the penguin-dominated decay amplitudes we show that, with the present constraints, large deviations from
the standard model predictions inCP asymmetries are allowed in both cases. The detection of new physics can
be achieved by measuring nonzero asymmetries which are predicted to vanish in the standard model or by
comparing two measurements which are predicted to be equal in the standard model. In particular, we show
that the measurement of the CKM angleg in the electroweak penguin-dominated processesBs

0

→r0h (8), r0f can largely be affected by the new physics.@S0556-2821~99!03513-4#

PACS number~s!: 11.30.Er, 13.25.Hw
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I. INTRODUCTION

Although the establishment ofCP violation goes back
more than 30 years ago,CP violation stills remains a mys
tery @1#. It has been observed so far only in the kaon syst
and our entire knowledge can be summarized by the sin
CP-violating quantityeK . In the standard model~SM! CP
violation can be accommodated due to the single phas
the Cabibbo-Kobayashi-Maskawa~CKM! matrix @2#,
whereas extended models, in general, contain extra sou
of CP violation. Some of them explain the origin ofCP
violation due to spontaneous symmetry breaking@3#. These
models include the two-Higgs-doublet models@4#, aspon
models@5#, models with ‘‘realCP violation’’ @6#, and left-
right symmetric models~LRSMs! @7#. This possibility is par-
ticularly natural in the LRSM since parity is a spontaneou
broken quantity in these theories. Because the SM has
cific predictions of the size as well as of the pattern ofCP
violation in Bd,s meson decays, these predictions can
tested in the futureB factories and dedicated experimen
DESY HERA-b and CERN LHC-b.

On the experimental side there might already exist so
evidence for nonstandard flavor physics in the quark sec
The large rate ofB→h8Xs measured by CLEO seems
require enormously enhancedb→sg @8# if compared with
the SM prediction. If newCP phases are incorporated
order to explain the enhancement ofb→sg, the CP asym-
metries inBd,s decays would turn out to be largely affecte
Such a situation may occur in models of supersymmetry@9#
and models with enhanced chromomagnetic operators@10# as
well as in the LRSM@11#, motivating also the present work

In the SM theBd,s systems have been extensively stud
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@12#. There are also a number of studies of new phys
effects in Bd decays@13,14#. However, theBs system has
received somewhat less attention from the new physics p
of view @15,16#. Very fast oscillations of theBs system re-
quire outstanding experimental sensitivity~not yet achieved!
to measure time-dependent asymmetries. However, bec
of the large width differenceDG (s) theBs system offers new
possibilities for testing new physics which do not exist in t
Bd system. Moreover, since manyCP asymmetries inBs
decays are predicted to be vanishingly small in the SM, n
physics effects may easily show up.

In this paper we study possible new physics effects inCP
asymmetries in two-bodyBs decays in the LRSM with spon
taneousCP violation @17,18#. In this model there are new
CP phases which are unsuppressed for the third family
thus may affect theBs system. Although the new phases
the right-handed sector can appear at the tree level, th
contributions are strongly suppressed by current phen
enology. So we look for new physics effects only in loop
We shall consider both the new physics contribution to
Bs

0-B̄s
0 mixing and to the penguin-dominated decay mod

and show that new physics in both cases may be observa
While the former effect is suppressed by large right-hand
gauge boson and flavor-changing Higgs bosons masse
latter is suppressed by the left-right mixing angle. This
because in the decay amplitudes the dominant new contr
tion arises due to new dipole operators induced by peng
diagrams withWL in the loop which interacts via (V1A)
currents in one vertex. Thus the dipole operator contributi
to theCP asymmetries in the LRSM are enhanced by~i! the
large ratio mt(MZ)/mb(MZ), ~ii ! the larger values of the
Inami-Lim-type loop function if compared with the SM, an
~iii ! by two independentnew phasess1,2 which values are
unconstrained.

The new effect is dominated by gluonic penguin d
grams. However, for decays with vanishing QCD peng
contributions such asBs→h (8)p, fp, h (8)r, fr, electro-
magnetic dipole operators may play an important role. It h
©1999 The American Physical Society03-1
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been proposed@19# to use these decay modes to measure
CKM angle g. We shall show that in some of the deca
these measurements can be dominated by new phases o
ring in dipole operators.

The paper is organized as follows. In the next section
discuss theBs system in the presence of new physics a

study LRSM contributions to theBs-B̄s mixing. In Sec. III
we study new physics contributions to the decay amplitud
We conclude in Sec. IV.
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II. CP ASYMMETRY IN THE Bs SYSTEM

The general expression of the time-dependentCP asym-
metry for the decays that were tagged as pureBq

0 or B̄q
0 ~with

q5d,s) into CP eigenstates,

aCP
(q)~ t ![

G„Bq
0~ t !→ f …2G„B̄q

0~ t !→ f …

G„Bq
0~ t !→ f …1G„B̄q

0~ t !→ f …
, ~1!

is given explicitly by
aCP
(q)~ t !52

~ ul (q)u221!cos~DM (q)t !22 Iml (q) sin~DM (q)t !

~11ul (q)u2!coshS 1

2
DG (q)t D22 Rel (q) sinhS 1

2
DG (q)t D , ~2!
ted
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r-
where DG (q)5GH
(q)2GL

(q) and DM (q)5MH
(q)2ML

(q) are the
differences in decay rates and masses between the phy
eigenstates, respectively, whereasl (q) is given by

l (q)5SAM12
(q)* 2

i

2
G12

(q)*

M12
(q)2

i

2
G12

(q)
D Āq

Aq
5e22ifM

q Āq

Aq
. ~3!

HereAq andĀq are the amplitudes ofBq
0 andB̄q

0 decay to a
common CP eigenstate, respectively, and we have us
uG12

(q)u!uM12
(q)u to introduce theBq

0-B̄q
0 mixing phasefM

q .
When this asymmetry concerns theBd system the terms

DG (d) in the denominator are neglected and the asymm
takes a simple form~see, for instance,@20# for a review!

aCP
(d)~ t !

52
~ ul (d)u221!cos~DM (d)t !22 Iml (d) sin~DM (d)t !

~11ul (d)u2!
,

~4!

whereas in theBs system this is not possible sinceDG (s)/G (s)

is expected to beO(20%) at leading order1 in the SM @21#.
This will affect the time-dependentCP asymmetry already
at t>2/DG (s).

The integrated asymmetry is now, including theDG (q)

terms,

ACP
(q)5

~211ul (q)u222 Iml (q)xq!~241yq
2!

4~11xq
2!~11ul (q)u22Rel (q)yq!

, ~5!

1Recent next-to-leading order results@22#, however, tend to re-
duce the central value ofDG (s)/G (s).
ical

d

ry

wherexq5DM (q)/G (q) and yq5DG (q)/G (q). Notice that the
previous expression reduces to the well-known integra
asymmetry of theBd systemACP

(d) in the limit yd→0. More-
over, if l (q) reduces itself to a pure phase, the contribution
the width difference factors out, i.e.,

ACP
(s) ~Rel (s)50!5ACP

(s) ~ys→0!~12ys
2/4!.

A first measurement ofys comes out from Fermilab@23#,
ys50.3420.34

10.31, and they conclude that with current statisti
they are not sensitive toBs lifetime differences, but they give
an upper bound at a 95% confidence level ofys,0.83.

It is clear that theCP asymmetry in theBs system is
sensitive also toDG (s). Then, if some new physics affects i
it will also affect the asymmetry. Now, if this contribution i
CP violating, it leads, as shown by Grossman in@15#, to an
unavoidable reduction of the width difference with respect
the SM prediction. In general, the width difference is giv
by

DG (s)5
4 Re~M12

(s)G12
(s)* !

DM (s)
. ~6!

The experimental lower boundDM (s).9.5 ps21 @24# implies
that DM (s)@DG (s) and consequentlyuM12

(s)u@uG12
(s)u. There-

fore, to a very good approximation,

DM (s)52uM12
(s)u ~7!

and

DG (s)52uG12
(s)uucos 2ju, 2j[arg~2M12

(s)G12
(s)* !. ~8!

In the SM cos(2j);1 whereas any type of new physics, r
gardless of its origin, will imply cos(2j),1, reducing the
value of DG (s) according to Eq.~8!. Although DG (s) is not
by itself an indication ofCP violation, such a reduction can
come from newCP phases. As the large SM prediction fo
DG (s) is based on the fact that the decay width intoCP even
final states is larger than intoCP odd final states, the appea
3-2
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ance of new phases in the mixing amplitude allows the m
eigenstates to differ significantly from theCP eigenstates. In
this way both mass eigenstates are allowed to decay into
CP even final state andDG (s) reduces accordingly.

At this point it is important to recall that foruG12
(s)u to be

significatively enhanced, one needs a new decay mecha
which dominates over theW1-mediated tree decay. This i
most unlikely; there seems to be no viable model that s
gests such a situation. Within the LRSM, the tree-level
change does not contribute toG12

(s) and all the contributions
coming from the left-right boxes have either ab5M1

2/M2
2 or

a b2 suppression factor when compared to the SM res
HereM1 is the mass of the normal left-handed gauge bo
and M2*1.6 TeV @25# the mass of the new right-hande
gauge boson. So the left-right contribution is complet
negligible. We have explicitly checked that it amounts,
most — being dreadfully optimistic— a 1% increase and
can therefore safely takeuG12

(s)u5uG12
(s) SMu.

The smoking gun in the left-right symmetric mode

comes from the additional terms toBs-B̄s mixing @18#. While
the SM contribution to the off-diagonal mixing matrix ele
ment,M12

(s) , is dominated bytt exchange, the left-right con
tribution gets its weight mainly from theW12W2(S2) boxes
(S2 being the Goldstone boson which becomes the long
dinal component ofW2) and the tree-level flavor-changin
Higgs exchange~we denote its mass byMH). The total off-
diagonal mixing matrix elementM12

(s) can therefore be writ-
ten as

M12
(s)5M12

(s) SM1M12
(s) LR5M12

(s) SM~11keiss!, ~9!

where

k[UM12
(s) LR

M12
(s) SMU.F0.2110.13 logS M2

1.6 TeVD G S 1.6 TeV

M2
D 2

1S 12 TeV

MH
D 2

. ~10!

The new phasess can be expressed as

ss5ArgS M12
(s) LR

M12
(s) SMD , ~11!

with

sinss.6r sina~mc /ms1m t /mb!. ~12!

Herem i56mi , r is the ratio of vacuum expectation value
~VEVs! occurring in the bidoublet anda is the spontaneou
CP-violating phase. The approach we follow in performin
our calculations has been already discussed in@18# and we
refer the interested reader to these papers for calculati
details as well as for an explanation of the sign factors in
masses. It is worth pointing out that the most relevant effe
we would find are related to the fact that despiter being
bounded to be smaller thanmb /mt in order to give to the
quarks their masses appropriately, the enhancement fa
01600
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mt /mb in Eq. ~12! ensures thatss can take any value from 0
to 2p. Therefore the angle 2j given in terms of the above
defined parameters by

2j5arctanS k sinss

11k cosss
D ~13!

can depart significantly from its SM value.
This can be observed in Figs. 1 and 2 where we p

cos(2j) ~for the Bs system! as a function of the spontaneou
CP-violating phasea for a fixed Higgs boson mass of 1
TeV and for various choices of the right-handed gauge bo
mass~Fig. 1! and for a fixed value of the right-handed bos
mass equal to 1.6 TeV and different Higgs boson mas
~Fig. 2!. According to the plots, new physics can substa
tially affect the width difference for a wide range of righ
handed particle masses. It is worth pointing out that
Higgs and box contributions add up constructively. T
maxima observed in Figs. 1 and 2 correspond to the va
of a50,p where sinss vanishes, returning for cosj to the
same value as in the SM. On the contrary, the minima in F
1 correspond to the values ofa, MW2

, andMH such that the

function 11k cosss vanishes. Comparing Figs. 1 and 2 o
can see that the left-right contribution of the tree-level Hig
exchange dominates over the left-right box diagrams. T

FIG. 1. Absolute value of cos(2j) ~for theBs system! as a func-
tion of the spontaneous symmetry-breaking phasea for a fixed
value of the flavor-changing Higgs boson massMH512 TeV and
for the right-handed gauge boson massesM251.6 TeV~solid line!,
5 TeV ~dashed line!, and 9 TeV~dotted line!.

FIG. 2. Absolute value of cos(2j) ~for theBs system! as a func-
tion of the spontaneous symmetry-breaking phasea for a fixed
value of the right-handed gauge boson massM251.6 TeV and for
the flavor-changing Higgs boson massesMH512 TeV ~solid line!,
18 TeV ~dashed line!, and 25 TeV~dotted line!.
3-3
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largest possible departure from the SM value@cos(2j);1# is
governed by the values of the new Higgs boson mass clos
its present lower bound, wherek;1.

The above result implies that within the left-right sym
metric model, we still expect a large mixing parameterxs as
within the SM. This fact implies very rapid oscillations b

tween Bs
0 and B̄s

0 and therefore for keeping track of th
(DM (s)t) terms an outstanding experimental sensitivity~not
yet reached! is essential. Nevertheless, as was pointed ou
@12#, this is not the end of theBs saga. The untaggedBs
rates, which are defined by

G~ f !5G~Bq
0→ f !1G~B̄q

0→ f !}exp@2G (s)t#coshFDG (s)t

2 G ,
~14!

can be a method to obtain an insight into the mechanism
CP violation. This possibility, which does not exist in theBd
case, is given precisely by the sizable width differen
DG (s).

III. NEW PHYSICS IN DECAY AMPLITUDES

Up to this point we have seen that nonstandard-mo
CP-violating effects could be revealed by testing wheth
measurements agree with the SM-allowed range. Howe
processes for which the SM contribution vanishes~or is neg-
ligibly small! offer an important complement for these stu
ies. In this case, any observation or nonobservation ofCP
violation can be interpreted directly as a constraint on ph
ics beyond the SM. From this point of view a measurem
of the CP asymmetries in the decay modes

b→cc̄s ~e.g., Bs→cf!,

b→cc̄d ~e.g., Bs→cKs!,

b→cūd ~e.g., Bs→DCP
0 Ks! ~15!

is of great interest.~It is important to notice thatCP asym-
metries into final states that containDCP are not going to be
affected by the new contribution inD-D̄ mixing.!

TheseCP asymmetries measure the same angle of
unitarity triangle,b8, which is approximately equal to zer
in the standard model. In the presence of new contributi
to the B0-B̄0 mixing matrix, theCP asymmetries in these
modes would no longer be measuring the CKM angleb8.
However, they would all still measure the same angleb8
1dm , wheredm is the new contribution to theB0-B̄0 mixing
phase. In the LRSM with spontaneousCP violation, as we
have already seen,dm52j and therefore large departure
from the expected zero are possible. Specially interestin
this respect are the decays where the SM contribution is
ready tree level and therefore are very unlikely to be sign
cantly affected by new physics in the decay. On the contr
as we have seen, the mixing amplitude can be easily m
fied by new physics, providing this way an excellent test
ground for a measurement of sin 2j. A particularly promising
01600
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example, for futureB-physics experiments to be performe
at hadron machines, isBs→fc where new physics in the
mixing can be explored.

On the other hand, new physics, in general independ
from that influencingB0-B̄0 mixing, can enter also into the
decay amplitudes ofb quarks and cause deviations from th
SM prediction even in the case of a vanishing new phys
contribution to theB0-B̄0 mixing. The decays~15! are domi-
nated by tree-levelW exchange and the new physics cont
bution to them is negligible. However, pure QCD pengu
decays such as

b→ss̄s ~e.g., Bs→ff!, ~16!

b→sd̄d ~e.g., Bs→K̄Ks!,

b→ds̄s ~e.g., Bs→fKs!,

or the electroweak penguin-dominated decays

Bs→hp, h8p, hr, h8r, fp, fr ~17!

may receive considerable contribution from new physi
The SMCP asymmetries inb→ss̄s andb→sd̄d decays are
vanishing whileb→ds̄s decays should measure the CK
angleb. The decays~17! receive a small contribution from
tree-levelW processes which are sensitive to the CKM an
g. It has therefore been proposed by Fleischer@19# to deter-
mineg from theCP asymmetries in these decays. Since t
CP asymmetries depend on the parameterl in Eq. ~3!, it is
clear that new contributions to theb quark decay amplitudes
would affect differently each of the modes in Eqs.~16!,~17!
and therefore each of them would measure a differ
CP-violating quantity. Therefore, the new physics contrib
tion to the decay amplitudes can be traced off not only
vanishing SMCP asymmetries but also by comparing th
measurements of differentBd and Bs decay modes which
should be equal within the SM. Complementary informati
on this new physics in the decay amplitudes can be extra
from comparison of any of the penguin-dominated diagra
~where new physics in the decay amplitude can play an
portant role! with the ones only affected by new physics
the mixing, e.g., withBs→fc. Such a comparison would
allow a clear separation between new physics coming fr
the decay and new physics in the mixing.

The flavor-changing decaysb→qq̄8q8 whereq,q85s,d
are induced by the QCD, electroweak~EW!, and magnetic
penguin diagrams~the latter are induced by dipole operato
as will be discussed below!. In general both QCD and EW
penguin diagrams are important. In some cases, e.g., for
decays~17! for which QCD penguin diagrams are absent, t
EW penguin diagrams dominate. To demonstrate the so
of the dominant new physics contribution in the LRSM w
present as an example the Hamiltonian due to gluon
change describing the decayb→qq̄8q8 at the scaleM1:
3-4
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He f f
0 52

GF

A2

as

p
VL

tq* VL
tb~ s̄@Gm

LL1Gm
LR#Tab!~ s̄gmTas!,

~18!

where the color indices are understood and

Gm
LL5E0~x!gmPL12i

mb

q2
E08~x!smnqnPR ,

Gm
LR52i

mb

q2
Ẽ08~x!@AtbsmnqnPR1Atq* smnqnPL#. ~19!

Here theGm
LR term describes the new dominant left-right co

tribution which is induced byW1 exchange which interact
with right-handed currents via the mixing anglej in one
vertex of the penguin diagram and

Atb5j
mt

mb

VR
tb

VL
tb

eiv[j
mt

mb
eis1,

Atq5j
mt

mb

VR
tq

VL
tq

eiv[j
mt

mb
eis2. ~20!

Note that the phasess1,2 are independent and can take a
value in the range (0,2p). The functionsE0(x), E08(x), and

Ẽ08(x) are Inami-Lim-type functions@26# of x5mt
2/M1

2 and
are given by

E0~x!52
2

3
ln x1

x~18211x2x2!

12~12x!3

1
x2~15216x14x2!

6~12x!4
ln x,

E08~x!5
x~215x2x2!

8~x21!3
2

3x2

4~x21!4
ln x,

Ẽ08~x!52
~41x1x2!

4~x21!2
1

3x

2~x21!3
ln x.

~21!

It follows from Eq.~20! that the new physics contribution t
the CP asymmetries inBs meson decays via Eq.~18! is
suppressed by the bounds on the left-right mixing anglj
&0.01 @27#, but enhanced due to~i! the large ratio
mt(MZ)/mb(MZ)560 for mt(MZ)5170 GeV andmb(MZ)
52.8 GeV @28#. This enhancement factor arises due to
presence of (V1A) interactions since no helicity flip in ex
ternalb quark line is needed in penguin contributions,~ii ! the
large value of the loop functionẼ08(x) which is is numeri-
cally about factor of 4 larger than the SM functionE08(x),
and ~iii ! the two independentnew phasess1,2 whose values
are unconstrained.
01600
e

Note that~i! together with~ii ! completely overcomes the
left-right suppression due to the smallness ofj. Therefore
large effects are anticipated inCP asymmetries due to~iii !.

To calculateBs meson decay rates at the energy scalem
5mb in the leading logarithm~LL ! approximation we adop
the procedure and results from Ref.@29#. Using the operator
product expansion to integrate out the heavy fields and
calculate the LL Wilson coefficientsCi(m) we run them with
the renormalization group equations from the scale ofm
5W1 down to the scalem5mb ~since the contributions o
W2 are negligible we start immediately from theW1 scale!.
Because new physics appears only in the magnetic dip
operators, we can safely take over some well-known res
from SM studies. Therefore the the LRSM effective Ham
tonian should include only those new terms which mix w
the gluon and photon dipole operators under QCD renorm
ization. We work with the effective Hamiltonian

He f f5
GF

A2
FVL

uq* VL
ub (

i 51,2
Ci~m!Oi

u~m!

1VL
cq* VL

cb (
i 51,2

Ci~m!Oi
c~m!

2VL
tq* VL

tbS (
i 53

12

Ci~m!Oi~m!1C7
g~m!O7

g~m!

1C7
G~m!O7

G~m!D G1~CiOi→Ci8Oi8!, ~22!

where O1,2 are the standard current-current operato
O3–O6 andO7–O10 are the standard QCD and EW pengu
operators, respectively, andO7

g andO8
G are the standard pho

tonic and gluonic magnetic operators, respectively. They
be found in the literature~e.g., Refs.@32–34#! and we do not
present them here. The new operators to be added,O11,12,
are analogous to the current-current operatorsO1,2 but with
different chiral structure@29#:

O115
mb

mc
@ s̄agm~12g5!cb#@ c̄bgm~11g5!ba#,

O125
mb

mc
@ s̄agm~12g5!ca#@ c̄bgm~11g5!bb#.

~23!

Because of the left-right symmetry, the operator basis
doubled by including operatorsOi8 which can be obtained
from Oi by the replacementsPL↔PR .

Because new physics affects only the Wilson coefficie
C7

g , C8
G and C7

g , C8
G , it is sufficient to consider the basi

O126 ,O7
g ,O8

G ,O11,121(O→O8) for calculating them with
LL precision. Keeping only the top and bottom quark mas
nonvanishing, the matching conditions atW1 scale are given
as

C2~M1!51, C28~M1!50,
3-5
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C7
g~M1!5D08~x!1AtbD̃08~x!, C78

g~M1!5Ats* D̃08~x!,

C8
G~M1!5E08~x!1AtbẼ08~x!, C88

G~M1!5Ats* Ẽ08~x!,
~24!

and the rest of the coefficients vanish. Here the SM funct
D08(x) and its left-right analogueD̃08(x) are given by

D08~x!5
x~725x28x2!

24~x21!3
2

x2~223x!

4~x21!4
ln x,

D̃08~x!5
~220131x25x2!

12~x21!2
1

x~223x!

2~x21!3
ln x.

~25!

The 20320 anomalous dimension matrix decomposes i
two identical 10310 submatrices. The SM 838 submatrix
of the latter one can be found in Ref.@30# and the rest of the
entries have been calculated by Cho and Misiak in Ref.@29#.
In the LL approximation the low energy Wilson coefficien
for five flavors are given by

Ci~m5mb!5(
k,l

~S21! ik~h3lk/46!SklCl~M1!, ~26!

where thelk’s in the exponent ofh5as(M1)/as(mb) are
eigenvalues of the anomalous dimension matrix o
g2/16p2 and the matrixS contains the corresponding eige
vectors. One finds, for photonic magnetic coefficients@29#,

C7
g~mb!5C7~mb!SM1AtbFh16/23D̃08~x!

1
8

3
~h14/232h16/23!Ẽ08~x!G ,

C78
g~mb!5Atq* Fh16/23D̃08~x!

1
8

3
~h14/232h16/23!Ẽ08~x!G , ~27!

where

C7
g~mb!SM5h16/23D08~x!1

8

3
~h14/232h16/23!E08~x!

1(
i 51

8

hih
pi, ~28!

where hi5(2.2996, 21.0880, 20.4286, 20.0714,
20.6494,20.0380,20.0186,20.0057) andpi5(0.6087,
0.6957, 0.2609,20.5217, 0.4086,20.4230, 20.8994,
0.1456!. Similarly one finds, for the gluonic magnetic coe
ficients @11#,

C8
G~mb!5h14/23~E08~x!1AtbẼ08~x!!1(

i 51

5

hi8h
pi8, ~29!
01600
n
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C88
G~mb!5h14/23Ats* Ẽ08~x!, ~30!

where hi85(0.8623, 20.9135, 0.0209, 0.0873,20.0571)
andpi85(14/23, 0.4086, 0.1456,20.4230,20.8994). Using

LMS̄
(5)

5225 MeV andm5m̄b(mb)54.4 GeV the LL Wilson
coefficients take numerical values:

C151.144, C2520.308, C350.014,

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

C750.045a, C850.048a, C9521.280a,

C1050.328a, C78
g520.523Atq* , C88

G520.231Atq* ,

C7
g520.33120.523Atb, C8

G520.15620.231Atb.
~31!

To calculate hadronic matrix elements of variousBs de-
cay modes we use the factorization approximation which
been recently extensively discussed in the literature@31–34#.
Therefore we do not discuss it here but refer the reader to
original literature. However, we have to explain the assum
tions which are involved in evaluating the hadronic mat
elements,

^O8
G&52

2as

p

mb

q2
^~ q̄aismnqmPRTab

a bb!~ q̄g8gnTgd
a qd8!&,

~32!

and similarly for ^O88
G&. Here qm is the momentum trans

ferred by the gluon to the (q̄8,q8) pair. We are interested in
two-body decays ofBs mesons. In the factorization approac
the two quarksq̄8 and q8 cannot go into the same deca
product meson due to color. Following Ali and Greub@32#

we therefore assume that the three-momenta ofq̄8 andq8 are
equal in magnitude but opposite in direction, and in this c
one may assume

qm5A^q2&
pb

m

mb
, ~33!

where^q2& is an averaged value ofq2. Thus the paramete
^q2& introduces certain uncertainty into the calculation.
the literature its value is varied in the range 1/4&^q2&/mb

2

&1/2 @35#. In our numerical examples we use in the follow
ing ^q2&51/2mb

2 .
Combining Eq.~33! with Eq. ~32! and using the equation

of motion and some color algebra relations one easily fi
that

^O8
G&52

as

4p

mb

A^q2&
F ^O4&1^O6&2

1

Nc
~^O3&1^O5&!G ,

~34!

and similarly for ^O88
G&. An identical procedure gives, fo

^O7
g&,
3-6
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^O7
g&52

a

3p

mb

A^q2&
@^O7&1^O9&#, ~35!

and similarly for^O78
g&.

In the factorization approximation one can easily rel
the hadronic matrix elements of the operatorsOi andOi8 . It
is straightforward to show that for decays of the typeBs
→PP, VV where P and V denote any pseudoscalar an
vector meson, respectively, one has^Oi&52^Oi8& while for
decays of the typeBs→PV one haŝ Oi&5^Oi8&. Therefore
the magnetic penguin contributions can be absorbed
penguin contributions by redefinitions of the Wilson coef
cients:

C3
e f f5C31

1

Nc

as

4p

mb

A^q2&
~C8

G1nC88
G!,

C4
e f f5C42

as

4p

mb

A^q2&
~C8

G1nC88
G!,

C5
e f f5C51

1

Nc

as

4p

mb

A^q2&
~C8

G1nC88
G!,

C6
e f f5C62

as

4p

mb

A^q2&
~C8

G1nC88
G!,

C7
e f f5C72

a

3p

mb

A^q2&
~C7

g1nC78
g!,

C9
e f f5C92

a

3p

mb

A^q2&
~C7

g1nC78
g!, ~36!

and for the remaining coefficientsCi
e f f5Ci . Here n511

for the decays Bs→PV, n521 for the decays Bs
→PP, VV andNc53.

Now we are ready to estimate the new physics contri
tion to the Bs decay amplitudes. We first study the pu
penguin-induced decayBs→ff (b→ss̄s) which is domi-
nated by QCD penguin diagrams and receives also abo
30% contribution from the EW penguin diagrams. T
branching ratio of this decay mode is large, of the ord
B(Bs→ff);O(1025) @34#, which ensures detectability
The pollution from the other SM diagrams is estimated to
below 1% @13#. Since theCP asymmetries in this mode
should vanish in the SM, the decayBs→ff should provide
very sensitive tests of the SM. The amplitude of this dec
takes a form@34,36#

A~Bs→ff!52
GF

A2
VL

tbVL
ts* 2F a31a41a5

2
1

2
~a71a91a10!GX(Bsf,f),

~37!
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where X(Bsf,f) stands for the factorizable hadronic matr
element and

a2i 215C2i 21
e f f 1

1

Nc
C2i

e f f , a2i5C2i
e f f1

1

Nc
C2i 21

e f f .

~38!

The exact form ofX(Bsf,f) can be found in Ref.@34#. Since
it cancels out inCP asymmetries, we do not present it her
Using A^q2&5mb /A2, j50.01, mt /mb560, and the nu-
merical values of LL coefficients in Eq.~31! we obtain

A~Bs→ff!52
GF

A2
VL

tbVL
ts* 2@20.0164

10.0035~eis12e2 is2!]X(Bsf,f).
~39!

This result implies large effects onCP asymmetries. The
maximum deviation from the SM predictionaCP50 is ob-
tained if s15p2s25p/21dD , implying (Ā/A)max5e0.85i

and uaCP
(s) maxu50.85.

Next we consider the decays~17! which have the feature
of having only one isospin channel describing aDI 51 tran-
sition. Consequently QCD penguin diagrams cannot cont
ute to the processes. Since the current-current operator
tribution is CKM suppressed, it has been shown@34# that the
EW penguin contributions amount to about 85% of all t
decay rates which are estimated to be of order a few tim
1027. The amplitudes of the decaysBs→P,P and Bs
→V,P ~i.e., pseudoscalar factorized out! receive a dominant
contribution from terms proportional to (2a71a9). In light
of Eq. ~36! it is clear that in this case the new physics co
tribution cancels out. However, decays of typeBs→P,V and
Bs→V,V depend on (a71a9) and they should receive siz
able new physics contributions. For definiteness let us w
with the processBs

0→hr0 but the results apply also for th
decaysBs

0→h8r0,fr0. The amplitude can be written as

A~Bs→hr0!

5
GF

A2
FVL

ubVL
us* a22VL

tbVL
ts* S 3

2
~a71a9! D GXu

(Bsh,r)

5
GF

A2
uVL

tsuFl2Rbe2 iga21S 3

2
~a71a9! D GXu

(Bsh,r) , ~40!

whereg is the CKM angle,Xu
(Bsh,r) is the hadronic matrix

element, andRb51/luVL
ubu/uVL

cbu. Because of the appearanc
of the CKM angleg in the decay amplitude, Fleischer ha
proposed to use this process for determining its value. In
SM one hasA(Bs→hr0)5ACCe2 ig1AEW , whereACC and
AEW denote the current-current and EW penguin contrib
tions, respectively. WhileACC!AEW the fact thatAEW is
real still allows for a clean determination ofg in the SM
@19#. However, in the presence of new physics one has
general,

A~Bs→hr0!5ACCe2 ig1AEW1ANPe2 if, ~41!
3-7
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whereANP is the magnitude of new contribution andf its
phase. In such a case theCP asymmetry in the decayBs

0

→hr0 takes a form

aCP
(s) 5

2~y1cosg1z cosf!~sing1z sinf!

y212y~cosg1z cosf!111z212z cos~g2f!
,

~42!

where y5AEW /ACC and z5ANP /ACC . The corresponding
SM expression is obtained by settingz50. For largey@1
theCP asymmetry approachesaCP→2(sing1zsinf)/y and
in the presence of a sizable new physics contributionz
;O(1), theCP asymmetry does not measureg any longer.

In the LRSM the new contribution enters via the elect
magnetic dipole operators. In the presence of QCD peng
diagrams this contribution is negligible because it is s
pressed bya51/128. However, in the present case the QC
penguin contribution is exactly vanishing andANP should be
compared with the subleadingACC . Using l50.22,
uVL

ubu/uVL
cbu50.08 @37# and the rest of the input as before w

obtain, numerically,

A~Bs→hr0!5
GF

A2
uVL

tsu@20.01210.0013e2 ig

10.0011~eis11e2 is2!]Xu
(Bsh,r) .

~43!

Thereforez may be as large asz;2 in the LRSM and com-
parison ofaCP(Bs→hr0)(t) with other measurements dete
mining CKM angleg could reveal the presence of new phy
ics.

At this point a remark regarding the branching ratios is
order. According to our results, modifications as large
85% in the CP asymmetries can be expected in deca
where new physics modifies the decay amplitudes. Howe
this cannot be directly translated to the branching ratios a
this case, large cancellations take place. Even allowing m
mum effects in theCP asymmetries the branching ratios a
modified by not more than.20%.

IV. CONCLUSIONS

In this work we have analyzed the possible effects of n
physics onCP asymmetries in two-body decays in left-rig
models with spontaneousCP violation. This model pos-
sesses the attractive feature that, quite independently of
nomenological considerations, all theCP-violating quanti-
v

01600
-
in
-

s
s
r,
in
i-

w

e-

ties ~when spontaneousCP violation is achieved, as in ou
case, with a minimal content of the Higgs sector! depend on
a single phasea, and not on unconstrained quantities such
Yukawa couplings or additional phases. This makes
model particularly predictive.

We have shown that the width difference in left-rig
models can be drastically modified, in fact, reduced from
standard model value. This reduction itself can be an ind
tion of CP violation. As the large standard model predictio
for DG (s) is a consequence that the decay width intoCP
even final states is larger that that intoCP odd final states,
the appearance of a new phase in the mixing amplitude
make theCP eigenstates very different from the mass eige
states and therefore both mass eigenstates can then b
lowed to decay intoCP even final states.

Considering new contributions toBs mixing, with its own
phases, which in general differ from the SM one, as well
the new contribution to the penguin-dominated decay am
tudes, we have found that large deviations from SM pred
tions are possible with the present constraints on the ma
of new gauge and Higgs bosons and on the left-right mix
angle. It is important to emphasize that these types of c
tributions can be clearly differentiated by comparing tre
level W-mediated diagrams~new physics enters here only i
the mixing! with penguin-dominated ones~both contribu-
tions are present!.

As a result of the new physics contribution toBs mixing,
nonzeroCP asymmetries as large asuaCPu51 can appear
even if the SM predictions for them are negligible. Ev
more promising is, perhaps, the fact that due to the n
physics contributions to the decay amplitudes their effect
be probed by comparing two experiments that measure
same phase in the SM.CP asymmetries of all QCD penguin
dominated decays may largely be affected by new physic
we explicitly demonstrate in the case ofBs

0→ff. The EW

penguin-dominated decaysBs
0→h (8)r0,fr0 may also re-

ceive sizable new contributions which dominate theCP
asymmetry measurements.
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