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New physics contributions to theB\fKS decay
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Recent measurements of the time-dependentCP asymmetry of theB→fKS decay give results whose central
values differ from standard model expectations. It is shown how such data can be used to identify new physics
contributions in a model-independent manner. In general, a sizable new amplitude with nontrivial weak and
strong phases would be required to explain current data. An improvement in the quality of data will allow one
to form a more definite conclusion.
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I. INTRODUCTION

It has been suggested to look for discrepancies among
time-dependentCP asymmetries of differentB decay modes
as a means to detect new physics@1–6#. Since the B
→J/cKS decay is a tree-dominated process in the stand
model~SM!, its CP asymmetrySJ/cKS

is believed to be less

affected by new physics and to give information on sin 2b.
Although theCP asymmetry of theB→fKS mode is also
expected to give the same sin 2b within the SM, this process
is, however, particularly sensitive to new physics contrib
tions because it is a purely penguin loop-mediated proces
the SM. The SM pollution from a smallu-penguin contribu-
tion with the weak phaseg has been studied in Ref.@7# and
it is found that the deviation ofSfKS

from sin 2b is of
O(l̄2);5%, wherel̄.O(0.2) is a parameter close in mag
nitude to the Wolfenstein parameterl.0.22@8#. Therefore a
large deviation ofSfKS

from its SM prediction would signa
contributions from physics beyond the SM.

As argued by Fleischer and Mannel@4#, even if one ig-
nores rescattering effects, contributions from new physic
a TeV scale toDI 50 operators could be of the same order
the SM ones, while newDI 51 operators are suppressed
l̄. With rescattering effects taken into account, both the n
DI 51 operators and the SM pollution will be enhanced
aboutl̄. In any case, both of theDI 50,1 operators from the
new TeV-scale physics can be more significant in compari
with the above-mentioned SM pollution.

The world average of sin 2b as measured from the golde
mode B→J/cKS , sin 2b50.73460.054 @9#, agrees well
with constraints obtained from other experiments. Rece
both the BaBar and Belle groups have also reported meas
ments of time-dependentCP asymmetries in theB→fKS
decay.SfKS

~the coefficient of sinDmt in flavor-tagged de-

cays! is found to be about 2.7s away from SJ/cKS
, while

AfKS
~the coefficient of cosDmt) is 1s away from 0. If this

situation continues as the data precision improves, it wo
be of interest to know the magnitude and phase of poss
new physics contributions to thefKS mode.
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Instead of separating the new physics contributions i
DI 50 andDI 51 parts as done in Ref.@4#, we will simplify
the discussion by considering the combined amplitude fr
such effects along with the smaller SM pollution amplitud
This enables us to obtain useful information from the th
observablesSfKS

, AfKS
, and the ratioR between the sum o

squared amplitudes extracted from the measuredB0(B̄0)
→fK0(K̄0) branching ratios and a ‘‘standard’’ squared am
plitude, such as the SM predicted value or experimenta
measuredB6→K* p6 branching ratio. The algebraic struc
ture of the problem then becomes very similar to that stud
by several authors@10# for B→pp. We try to find in a
model-independent way the allowed magnitude and pha
of the new amplitude and some generic properties associ
with it. Such an analysis is useful in helping us narrow do
new physics models@11# consistent with observed data.

The paper is organized as follows. Section II introduce
decomposition of decay amplitudes in terms of topologi
contributions. The formalism for time-dependentCP asym-
metries is discussed in Sec. III. We present numerical an
ses for two separate cases of new physics in Secs. IV an
In Sec. VI, we summarize our results.

II. TOPOLOGICAL AMPLITUDE ANALYSIS

In the framework of the SM, both thefK0 and fK6

modes receive important contributions from QCD and el
troweak ~EW! penguin graphs, with the former having
dominant effect. Useful information about the QCD pengu
contribution can be obtained from theK* 0p6 decay mode
using flavor-SU~3! symmetry@12#. It should be noted that a
tiny annihilation diagram also exists in both thefK6 and
K* 0p6 decay modes. From the arguments of both dyna
cal suppression and the fact that no asymmetry is obse
between theK* 0p6 modes, we shall ignore the annihilatio
amplitude in these charged decays. In this case, both
neutral and chargedfK modes have the same decay amp
tudes. We will then average over the branching ratios
these two sets of modes using their associated errors a
weights for our analysis.
©2003 The American Physical Society07-1
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Let us write down the amplitudes of the relevant modes
terms of independent topological components as@13,14#

A~fK0!5pei (fSM1dp)1sei (fSM1ds), ~1!

A~K* 0p1!5pei (fSM1dp), ~2!

in the SM. In the above two equations, thep part denotes the
QCD penguin contribution which also contains a negligib
color-suppressed EW penguin amplitude, and thes part de-
notes the EW penguin contribution along with a small flav
SU~3!-singlet amplitude, as expected from the Okub
Zweig-Iizuka ~OZI! rule. The variablesp ands are absolute
values of the respective amplitudes and therefore are n
negative by definition. The weak phasefSM satisfying
e22ifSM5VtbVts* /(Vtb* Vts) is the same for both thep and s
parts. Finally,dp and ds are the associated strong phas
Note that to simplify the notation given in Ref.@12#, we omit
from these amplitudes the subscriptP indicating that the
spectator quark ends up in the pseudoscalar meson in
final state and the prime that denotesDS51 transitions.

It should be noted that we explicitly assume flavor SU~3!
symmetry in Eqs.~1! and~2! in order to relate the amplitud
for the K* 0p1 mode to the penguin part in thefK process
in later analysis. The SU(3)F breaking effect will be charac
terized by the factor@ f fFB→K(mf

2 )#/@ f K* FB→p(mK*
2 )#

;1.2. We will simply treat this extra factor as 1 in our ana
sis.

New physics can give rise to new operators that cont
ute to the decays of the above processes. We will disting
two cases in later discussions:~i! only thefK modes receive
the new contributions while theK* 0p6 modes are purely
SM processes; and~ii ! both types of decay modes receive t
same contributions from new physics. Case~i! could happen,
for example, when new physics enters theb→s EW penguin
contribution only. In this case, we add an extra amplitu
nei (fn1dn) to Eq.~1!. Case~ii ! could happen when new phys
ics modifies theb→s QCD penguin contribution. In tha
case we add the new amplitude to both Eqs.~1! and ~2!. In
general, the new amplitudenei (fn1dn) is a combination of
DI 50 and DI 51 ones that may contribute at differe
strengths@4#. A more careful job can in principle be done b
separating the new amplitude into those with different is
pins and studying new physics contributions in each pie
However, one would find that there are not enough obse
ables among the decay modes to solve for all the parame
in the amplitudes.

III. TIME-DEPENDENT CP ASYMMETRIES

In this section, we review the general analysis of tim
dependentCP asymmetry of pureB0 and B̄0 decays into a
CP eigenstatef CP . Let us define the asymmetry as

af CP
~ t ![

G~B̄phys
0 ~ t !→ f CP!2G~Bphys

0 ~ t !→ f CP!

G~B̄phys
0 ~ t !→ f CP!1G~Bphys

0 ~ t !→ f CP!
. ~3!

In our case,f CP5fKS . Denote
01400
n

-
-

n-

.

he

-
sh

e

-
e.
v-
rs

-

lfKS
5hfKSS q

pD
B
S p

qD
K

Ā~fK̄0!

A~fK0!
, ~4!

wherehfKS
521 is theCP eigenvalue of thefKS state,

S q

pD
B

5
Vtb* Vtd

VtbVtd*
and S p

qD
K

5
VcsVcd*

Vcs* Vcd

~5!

are factors that account for the mixing effects in neutraB
andK meson systems, respectively, and

A~fK0![^K0uHuB0&5aei (fa1da)1bei (fb1db), ~6!

Ā~fK̄0![^K̄0uHuB̄0&5aei (2fa1da)1bei (2fb1db),
~7!

where a,b are chosen to be positive,fa,bP$2p,p% and
da,bP$0,2p% are the associated weak and strong phases
spectively. The above amplitudes are invariant under
transformations fa,b→fa,b6mp,da,b→da,b7mp and
fa,b→fa,b6mp,da,b→da,b6mp for mPZ. Here the
separation of the total amplitude into two parts is done
accord with the nature of the problem. The ratio of the a
plitudes in Eqs.~6! and ~7! is then

Ā~fK̄0!

A~fK0!
5e22ifa

11rei (f2d)

11re2 i (f1d)
, ~8!

where

r[b/a>0, f[fa2fb , and d[da2db . ~9!

The CP asymmetry can then be written as

afKS
~ t !5AfKS

cos~DMt !1SfKS
sin~DMt !, ~10!

whereDM is the mass difference between the two physicaB
meson states, and

AfKS
5

ulfKS
u221

ulfKS
u211

, ~11!

SfKS
5

2 ImlfKS

ulfKS
u211

. ~12!

New physics will affect theCP asymmetry observable
through the parameterlfKS

. Therefore it may come in at two
places: the mixing matrix and/or the decay amplitudes.
emphasized in Ref.@1#, new physics effects on the mixin
part will be universal and do not change the SM predic
pattern ofCP asymmetries in different modes; their effec
on the decay amplitudes, however, are nonuniversal so
theCP asymmetries can vary from channel to channel. Sin
current sin 2b measurements from other decay modes, s
asJ/cKS , h8KS , etc., seem to agree with one another a
with the unitarity triangle constraints obtained from oth
processes pretty well, it is plausible to assume that
7-2
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strange behavior in thefKS mode is mostly due to new
physics contributions in the amplitudes. In this case, we w
use the SM mixing factors in Eq.~4! and obtain

lfKS
52e22ibeff

11rei (f2d)

11re2 i (f1d)
, ~13!

where

e22ibeff5S q

pD
B
S p

qD
K

e22ifa. ~14!

Within the SM, fa.p and one obtains the effective wea
phasebeff coinciding withb in the unitarity triangle. How-
ever, if new physics modifies the phasefa , thenbeff will in
general differ from what the SM expects. If one writesfa
5fSM1f with fSM being the phase expected in the S
andf being the deviation, thenbeff5fSM1f ~mod p).

We will be exclusively dealing with the decays of aB
meson into a final state with one pesudoscalar meson~P! and
one vector meson (V). The invariant amplitudeA of such a
process is conventionally related to its partial width in t
following way:

G~B→PV!5
~p* !3

8pmB
2

uA~B→PV!u2, ~15!

wherep* is the three-momentum of each final particle in t
rest frame of theB meson, andmB is the mass of the decay
ing B meson. Note thatp* is raised to its third power to
appropriately account for theP-wave kinematic factor.

IV. NEW PHYSICS ONLY IN THE fK SYSTEM

In this section, we will discuss the case when new phys
only enters thefK system but not theK* p system. Since
thep ands parts of thefK decay amplitudes have the sam
weak phasefSM , we can combine them into a singlev part
and write, including the new physics part,

A~fK0!5vei (fSM1dv)1nei (fn1dn)

5vei (fSM1dv)@11re2 i (f1d)#, ~16!

where r 5n/v, f5fSM2fn , and d5dv2dn . Since here
we assume that theK* 0p6 modes are not affected by th
new physics, we can use them to obtain reliable informat
on p, the magnitude of the QCD penguin contribution. T
effective Hamiltonian approach indicates that there is a sm
relative strong phase between thep ands amplitudes in the
SM @15,16#. The relative strong phase obtained in this a
proach comes purely from short-distance physics@17#. In
general, there are nonperturbative strong phases from
gluon exchanges in the final-state particles that may be
ferent between the two types of penguin diagrams. For s
plicity and definiteness, we will takedv5dp.ds2p.0
since the overall strong phase will not matter, and cons
maximal destructive interference between the QCD and
penguin contributions, in accord with the effective Ham
01400
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tonian analysis. The additional2p in the above strong phas
relation does not really have a strong interaction origin
simply comes from the charge coupling of the final-states
quark with theZ boson in the EW penguin contribution
Therefore thes part has a 180° phase from thep part within
the SM. Under this assumption,v5p2s can be computed
once we know the prediction of the ratios/p in the SM. We
will also mention consequences of imperfect destructive
terference between these two types of amplitudes.

A. Observables

We define for thefK system the ratio

R[
uA exp~B0→fK0!u21uA exp~B̄0→fK̄0!u2

2uA SM~B0→fK0!u2

5112r cosf cosd1r 2, ~17!

which is a combination of experimental observables and t
oretical input from the SM. The numerator in the above de
nition is the sum of measured branching ratios ofB0

→fK0 andB̄0→fK̄0. As described before, we will actuall
take the weighted average of the neutral and charged mo
The denominator is the theoretical prediction for the sa
branching ratio sum within the SM. In terms ofR and Eq.
~13!, we obtain

RSfKS
5sin 2b12 r cosd sin~2b2f!1r 2sin 2~b2f!,

~18!

RAfKS
52r sinf sind. ~19!

Now we have three quantitiesR, SfKS
, andAfKS

that allow

us to solve for the three parametersr, f, andd. As the value
of R may vary owing to the interference betweenp ands, we
will estimate the SM contribution and also search the
lowed parameter space by varyingR over a reasonable range

The self-tagging modesB6→fK6 can provide addi-
tional statistical power to the determination ofAfKS

if we

assume thatA(B1→fK1)5A(B0→fK0) as we have done
above. In that case one finds just

ACP[
uA~fK2!u22uA~fK1!u2

uA~fK2!u21uA~fK1!u2
5AfKS

5
2r sinf sind

R
~20!

for the time-integratedCP rate asymmetry. The BaBar Co
laboration @18# has recently reportedACP50.03960.086
60.011. We shall not use this value in our averages bu
principle it can greatly reduce the error onAfKS

.

B. Numerical studies

In this section, we will use the measured values ofAfKS
,

SfKS
, andR with some theoretical input from the SM to fin

the allowed ranges ofr, f, andd. Solving for r in Eq. ~17!
in terms ofR, f, andd, one obtains two solutions:
7-3
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TABLE I. Experimental input of measured branching fractions.

(31026) B(fK0) B(fK1) B(K* 0p1)

CLEO 5.422.7
13.760.7 (,12.3) @19# 5.521.8

12.160.6 @19# 7.623.0
13.561.6 @20#

BaBar 7.621.2
11.360.5 @18# 10.020.8

10.960.5 @18# 15.563.461.8 @21#

Belle 10.021.721.3
11.910.9 @22# 10.761.021.6

10.9 @22# 19.423.922.126.8
14.212.113.5 @23#

Average 7.9861.07 9.5160.78 12.362.5
in
ith
ing

,
th

in

by

i

II,

t
o
t
ys-
45

be
s
o

SM
s-

s

um-

s

y a
ler.

he
re-

ics
-

r 152cosf cosd2Acos2f cos2d1R21 ~solution I!,
~21!

r 252cosf cosd1Acos2f cos2d1R21 ~solution II!.

First, it is seen that solution I is not allowed forR.1 be-
causer 1 has to be positive. Therefore we see thatr 1,1.

In the effective Hamiltonian approach, the EW pengu
contribution is found to be of considerable importance, w
the ratious/pu predicted to be between 10% and 11% us
the results given in Ref.@16#. On the other hand, theB1

→K* 0p1 decay mode involves onlyp, ignoring a small
annihilation diagram that also contributes to thefK1 mode.
Using its branching ratio, we obtainupu5(1.4260.14)
31028. Combining the above results and assuming maxim
destructive interference betweenp and s, the SM predicts
uA SM(fK)u5(1.2760.13)31028. To improve the statistics
we take the weighted average for the branching ratios of
neutral and chargedfK modes as given in Table I and obta
uA exp(fK)u5(1.2760.04)31028 after removing the kine-
matic factors. Therefore we obtain an estimate of

R5UA exp~fK !

A SM~fK !
U2

.0.9960.21. ~22!

If a nontrivial relative strong phase exists betweenp ands,
the central value of the resultingR will become smaller. In
the case of maximal constructive interference betweenp and
s, R could be as low as 0.5.

We will use theCP asymmetry observables measured
the BaBar and Belle groups@24,25# as given in Table II for
our analysis. Replacingr in Eqs.~18! and~19! by one of the
above solutions, it is then possible to find on thef-d plane
regions that are consistent with the measured valuesAfKS

50.1960.30, SfKS
520.3860.41 @24,25#, and the addi-

tional requirement thatr>0 by definition. The fact that
AfKS

is negative at the 1s level gives the following possi-

bilities: ~i! 2p<f,0 and 0<d,p; and~ii ! 0<f,p and
p<d,2p.

In Fig. 1, we only show a set of representative solutions
the range2p<f<0, 0<d<p for R50.8,1.0, and 1.2. It

TABLE II. Experimental input of measuredCP asymmetries for
the B→fKS mode.

Quantity BaBar@24# Belle @25# Average

S 20.1860.5160.07 20.7360.6460.22 20.3860.41
A 0.8060.3860.12 20.5660.4160.16 0.1960.30
01400
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is noticed that solution I does not exist whenR*0.8. There-
fore we only show those for solution II. As shown in Sec. I
solutions in other regions on thef-d plane can be obtained
by the translationsf→f6p andd→d6p. As R increases,
the allowed regions of solution II become larger.

In Fig. 2 we plot the allowed ranges ofr for 0<R<1.4.
The dark region in plot~a! corresponds to solution I, and tha
in plot ~b! to solution II. It is seen from the plots that t
satisfy the constraints of measured data,r has to be at leas
about 0.4 for either solution. This corresponds to a new ph
ics amplitude with a magnitude of at least about 0.
31028. It is also found that for solution I,R has to be less
than about 0.8. Therefore the current value ofR favors solu-
tion II. If we take the valueR51, solution II has a wide
range forr: 0.40&r &0.90 and 1.05&r &1.96.

The fact thatr has to be greater than a minimum can
readily understood. Shouldr be too small, then new physic
@the n part in Eq. ~16!# does not have enough weight t
changeRSfKS

from that extracted from theJ/cKS mode to
the measured one as the modification is ofO(r ) according to
Eq. ~18!. As mentioned in the beginning,r;O(1) means
that the new amplitude has the same order of size as the
contribution. This would point to the possibility of new phy
ics at the TeV scale or below.

The sensitivity ofSfKS
andAfKS

to the weak and strong
phasesf andd for a value ofR close to the central one i
illustrated in Fig. 3. Here each curve for a givenf intersects
the axisAfKS

50 at eitherd50 or d5p, while curves with
AfKS

,0 are related to those withAfKS
.0 and the same

value of SfKS
by the transformationf→p1f, d→p2d.

The plotted cross shows the present status of the data s
marized in Table II. The ranges ofd andf are restricted in
general by the requirement that the argument cos2f cos2d
1R21 of the square roots in Eqs.~21! be non-negative. Be-
cause of the special value ofR, we are able to draw curve
for essentially any value off by varying d. Therefore the
constraints come merely fromSfKS

andAfKS
.

Assuming the central values ofSfKS
and AfKS

stay the
same in future experiments but the errors are improved b
factor of 3, we find that the allowed regions become smal
This is demonstrated in Fig. 4.

We find that the variation of sin 2b within its experimental
range makes little difference in the allowed solutions. T
general behavior and regions presented in Figs. 1 and 2
main the same.

V. NEW PHYSICS IN fK AND K* p SYSTEMS

In this section, we consider the situation of new phys
entering both thefK andK* p systems. Since the new phys
7-4
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ics contributionnei (fn1dn) is to be added to both Eqs.~1!
and~2!, we combine thep andn parts into a singleq part as
follows:

A~fK0!5qei (fq1dq)1sei (fSM1ds)

5qei (fq1dq)@11r 8e2 i (f1d)#, ~23!

A~K* 0p1!5qei (fq1dq), ~24!

where qei (fq1dq)5pei (fSM1dp)1nei (fn1dn), r 85s/q, f
5fq2fSM , andd5dq2ds . As mentioned in the previou

FIG. 1. The allowed regions in thef-d plane for solution II
with ~a! R50.8, ~b! R51.0, and~c! R51.2. Here we only show
the allowed regions in the range2p<f<p, 0<d<p. Other re-
gions can be obtained byf→f6p andd→d6p. Solution I is not
allowed for R*0.8 and, therefore, no corresponding plots a
shown here. ForR51 SfKS

andAfKS
are unchanged underd→p

2d andf→f1p/2 @Fig. 1~b!#.
01400
section,fSM.p and ds.p, one thus should use (fq ,dq)
.(f1p,d1p) to obtain the weak and strong phases as
ciated with theq part when interpreting our following plots
drawn on thef-d plane.

A. Observables

In this case, we use the observable

R8[
uA exp~B0→fK0!u21uA exp~B̄0→fK̄0!u2

uA exp~B1→K* 0p1!u21uA exp~B2→K̄* 0p2!u2

5112r 8cosf cosd1r 8 2. ~25!

Note that in spite of the similarity in the forms betweenR8
andR defined in the previous section, they are actually ve
different. Using Eq.~25!, we have

R8SfKS
5sin 2beff12r 8cosd sin~2beff2f!

1r 8 2sin 2~beff2f!

5sin 2~b1f!12r 8cosd sin~2b1f!1r 8 2sin 2b,

~26!

R8AfKS
52r 8sinf sind, ~27!

wherebeff5b1f is used. Here one quickly realizes that w
also have only three parameters,r 8, f, andd for which to
solve.

As in the previous case, the self-tagging rate asymme
for B6→fK6 provides additional statistical power for th
measurement ofAfKS

, since

ACP52r 8sinf sind/R8. ~28!

B. Numerical studies

Solving r 8 in Eq. ~25! in terms of R8, f, and d, one
obtains two solutions:

r 1852cosf cosd2Acos2f cos2d1R821 ~solution I!,
~29!

r 2852cosf cosd1Acos2f cos2d1R821 ~solution II!.

First, as in the previous case, solution I is not allowed
R8.1 becauser 18 has to be positive. Therefore we see th
r 18,1.

We extract the amplitude for theK* p mode from Table I
to be uA exp(K* p)u5(1.4260.14)31028. Combined with
the weighted average of thefK mode amplitude size given
in the previous section,uA exp(fK)u5(1.2560.05)31028,
we find R850.7960.17. In Fig. 5 we show a set of repre
sentative solutions in the range2p<f<0, 0<d<p. We
takeR850.6,0.8, and 1.0. It is seen that both solutions ha
two allowed regions except for solution I atR851.0. AsR8
increases, the allowed regions become larger for solution
7-5
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FIG. 2. The allowed range ofr for specific values ofR, using~a! solution I and~b! solution II.
-
ing

ble
ll

oth

of

oth
ing

n

ds
In Fig. 6, we also draw the allowed ranges ofr 8 for 0
<R8<1.2. The dark region in plot~a! corresponds to solu
tion I, and that in plot~b! to solution II. It is seen from the
plots that to satisfy the constraints of measured data,r 8 can
go down to almost 0 forR8.1. If we take the valueR8
50.8, solution I has 0.16&r 8&0.44 while solution II has a
wider range 0.47&r 8&0.97 and 1.20&r 8&1.76. In the stan-
dard model, one expectsr 8.0.1, f56p, d.6p in accord
with the expected contribution~mentioned previously! of the

FIG. 3. The curves traced in theSfKS
-AfKS

plane by varying the
relative strong phased between 0 andp for fixed values off. The
plot is for b523.6° andR51 with r chosen according to solutio
II; no solution I exists forR51. Curves are labeled by values off
~dashed:f,0; solid: f.0) in degrees. Squares and diamon
correspond to values ofd50 or p. The point atSfKS

50.734,
AfKS

50 corresponds tof50, 6p for all d. The plotted data point
is the average quoted in Table II.
01400
electroweak penguin amplitude.
If it turns out thatr 8!1, that means then part and thep

part interfere to give an amplitude larger in size, agree
with the fact that R8 will be about 1. However, ifr 8
;O(1), then there is a cancellation betweenn and p such
that the combined amplitude of the two becomes compara
to theSU(3)F-singlet amplitude. Either situation would te
us the new physics contribution is important.

The sensitivity ofSfKS
andAfKS

to the weak and strong

phasesf and d in solutions I and II for the case in which
new physics enters through the penguin amplitude into b
B→fK andB1→K* 0p1 is illustrated in Fig. 7. As in Fig.
3, each curve for a givenf intersects the axisAfKS

50 at

eitherd50 or d5p, while curves withAfKS
,0 are related

to those withAfKS
.0 and the same value ofSfKS

by f

→p1f, d→p2d. Contrary to Fig. 3, not all values off
andd are allowed for making a curve with a given value
R8,1.

It is interesting to notice that for the large-r 8 solution
~solution II!, the curves for values off and6p2f overlap,
leading to the appearance of continuity. This is because b
curves are part of a common ellipse, obtained by solv
Eqs.~25!, ~26!, and~27!:

FIG. 4. The allowed regions on thef-d plane forR51.0 using
solution II and with a factor of 3 improvement inAfKS

andSfKS
.
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FIG. 5. The allowed regions on thef-d plane forR850.6,0.8, and 1.0, using solutions I@plots~a! and~b! in the left column# and II @plots
~c!, ~d!, and~e! in the right column#. Here we only show the allowed regions in the range2p<f<0, 0<d<p. The other regions can be
obtained by shifting:f→f1p andd→d1p. Solution I is not allowed forR851. In this case~e! displays an additional symmetry of th
solution underd→d1p/2, f→6p2f.
ip

th

nt
re-

pre-

eak
ich

d
ss
S R8SfKS
2~cos 2f1R821!sin 2b

r x
D 2

1S R8AfKS

r y
D 2

5cos2f1R821, ~30!

where r x52 sinf cos 2b, and r y52 sinf. These ellipses
have their centers at coordinates (@cos 2f1R8
21# sin 2b/R8,0). One immediately sees that the above ell
tic equation is invariant under the transformationf→p
2f. Since no explicit choice of solutions ofr in Eq. ~29! is
made for deriving Eq.~30!, it is valid for either solution. This
is why each curve associated withf in Fig. 7~a! is actually a
portion of the corresponding curve associated withp2f in
Fig. 7~b!. The curves for both solutions are truncated~al-
though not seen in the plot for solution II because of
overlap! because of the conditions cos2f cos2d1R821>0,
r 18>0.
01400
-

e

Again, we find that if the experimental precision ofSfKS

andAfKS
can be improved by a factor of 3 with their curre

central values, then the allowed regions are considerably
stricted. The variation of sin 2b within its experimental range
also does not affect the general behavior and regions
sented in this section.

VI. SUMMARY

We have shown how to estimate the magnitude and w
and strong phases of any new physics contribution wh
might account for the deviation of theCP asymmetry param-
eters inB→fK0 from their standard-model values. We fin
that it is useful to compare the overall rate for this proce
either with that predicted in the standard model~a ratioR) or
with that forB1→K* 0p1 ~a ratioR8), which is expected to
7-7
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FIG. 6. The allowed range ofr 8 for specific values ofR8, using~a! solution I and~b! solution II.
ar

oc
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u
ne

to

ar

ou

uld
the
ym-
-

g
in
n-
R-
be dominated by the penguin amplitude in the stand
model.

It is observed from our analysis that an amplitude ass
ated with new physics, with considerable size and with n
trivial weak and/or strong phases, is required to fit the c
rent experimental results. For example, in the case that
physics contributes to thefK modes but not theK* p mode,
the ratio of the new amplitude to the SM contribution has
be *0.4, independent of the value ofR.

Current experimental data indicate that the sizer or r 8 of
a new physics amplitude relative to that of the stand
model could well be ofO(1) for a wide range ofR or R8.
SuchO(1) parameters could indicate new physics at ab
01400
d

i-
-

r-
w

d

t

the TeV scale. Of course, these extra contributions wo
need the right strong and weak phases in order to explain
current data. Considerable refinement of the rate and as
metry measurements inB→fK0 is necessary before the am
plitude can be pinpointed satisfactorily, however.
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FIG. 7. Same as Fig. 3 but for new physics entering through the penguin amplitude into bothB→fK andB1→K* 0p1. The left plot
~a! is for solution I and the right plot~b! for solution II. In both plotsb523.6° andR850.8.
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