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CP asymmetry in Bd˜fKS : Standard model pollution
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The difference in the time dependentCP asymmetries between the modesB→cKS andB→fKS is a clean
signal for physics beyond the standard model. This interpretation could fail if there is a large enhancement of

the matrix element of theb→uūs operator between theBd initial state and thefKS final state. We argue
against this possibility and propose some experimental tests that could shed light on the situation.
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It is well known that in the standard model the tim
dependent CP-violating asymmetry in Bd→cKS

@aCP(cKS)# measures sin 2b, where b5arg(2VcdVcb* /
VtdVtb* ) and Vi j denote the Cabibbo-Kobayashi-Maskaw
~CKM! matrix elements@1,2#. Moreover, being dominated

by the tree-level transitionb→cc̄s, the decay amplitude o
Bd→cKS is unlikely to receive significant corrections from
new physics.1 Interestingly, within the standard model th
CP asymmetry inBd→fKS @aCP(fKS)# also measures
sin 2b if, as naively expected, the decay amplitude is dom
nated by the short-distance penguin transit

b→ss̄s @4#. Since Bd→fKS is a loop mediated proces
within the standard model, it is not unlikely that new phys
could have a significant effect on it@3#. The expected
branching ratio and the high identification efficiency for th
decay suggests thataCP(fKS) is experimentally accessibl
at the early stages of the asymmetricB factories. Thus, the
search for a difference betweenaCP(cKS) andaCP(fKS) is
a promising way to look for physics beyond the stand
model @3,5–8#.

If, indeed, it turns out thataCP(cKS) is not equal to
aCP(fKS), it would be extremely important to know how
precise the standard model prediction of them being equa
In particular, one has to rule out the possibility of unexpec
long distance effects altering the prediction thataCP(fKS)
measures sin 2b in the standard model.

The weak phases of the transition amplitudes are ruled
products of CKM matrix elements. In theb→sqq̄ case, rel-
evant to bothBd→cKS andBd→fKS , we denote these by
lq

(s)5VqbVqs* . For the purpose ofCP violation studies, it is

1There is, of course, a possible new contribution to theB02B̄0

mixing amplitude. This does not affect the generality of our arg
ments or the conclusions@3#.
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instructive to use CKM unitarity and express any decay a
plitude as a sum of two terms@9#. In particular, for
b→sqq̄ we eliminatel t

(s) and write

Af5lc
~s!Af

cs1lu
~s!Af

us . ~1!

The unitarity and the experimental hierarchy of the CK
matrix imply @10# lc

(s).2l t
(s)5Al21O(l4) and

lu
(s)5ARul4eig1O(l6), where A'0.8, l5sinuc50.22,

Ru[uVub* Vud /Vcb* Vcdu;0.2– 0.5@2# andg is a phase of or-
der one. Thus the first and dominant term is real~we work in
the standard parametrization!. The correction due to the sec
ond term, that is complex and doubly Cabibbo suppresse
negligibly small unlessAf

us@Af
cs .

The Af
qs amplitudes cannot be calculated since they

pend on hadronic matrix elements. However, in some ca
we can reliably estimate their relative sizes. ForB→cKS the
dominant term includes a tree level diagram while the CK
suppressed term contains only one-loop~penguin! and higher
order diagrams. This leads toAcKS

cs @AcKS

us , and thus insures

thataCP(cKS) measures sin 2b in the standard model. Sinc
both terms forB→fKS begin at one-loop order one expec
AfKS

cs ;AfKS

us . This is also supported by various model ca

culations@11#. However, sinceAfKS

cs andAfKS

us are hadronic

matrix elements that depend on long distance dynam
there is no firm theoretical argument that the two should
approximately equal. In the case th
AfKS

cs ;AfKS

us , aCP(fKS) also measures sin 2b in the stan-

dard model up to corrections ofO(l2). However, any unex-
pected enhancement ofAfKS

us would violate this result. In

particular, an enhancement ofO(l22);25 ~analogous to the
DI 51/2 rule inK decays! leads toO~1! violations, and sub-
sequently toaCP(cKS)ÞaCP(fKS) even in the standard
model.
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In this note we argue against this possibility, present
different arguments that suggest the pollution ofAfKS

us in

Bd→fKS is very small. Moreover, we will propose som
experimental tests that in the near future could provide qu
titative bounds on this pollution.

The natural tool to describe theB decays of interest is by
means of an effectiveb→sq̄q Hamiltonian. This can be gen
erally written as

H e f f
~s! 5

GF

&

H l t
~s! (

k53..10
Ck~m!Qk

s1lc
~s! (

k51,2
Ck~m!Qk

cs

1lu
~s! (

k51,2
Ck~m!Qk

usJ , ~2!

whereQk
i denote the local four fermion operators andCk(m)

the corresponding Wilson coefficients, to be evaluated a
renormalization scalem;O(mb). For our discussion it is
useful to emphasize the flavor structure of the operat
Q1,2

qs;b̄sq̄q andQ3..8
s ;b̄s(q5u,d,s,cq̄q, as well as the orde

of magnitude of their Wilson coefficients:C1,2;O(1) and
C3..8;O(1022). The estimates of theCk(m) beyond the
leading logarithmic approximation and the definitions of t
Qk

i , can be found in@12#. To an accuracy ofO(l2) in the
weak phases,H e f f

(s) can be rewritten as

H e f f
~s! 5

GF

&

H lc
~s!F (

k51,2
Ck~m!Qk

cs2 (
k53..10

Ck~m!Qk
sG

1lu
~s! (

k51,2
Ck~m!Qk

usJ . ~3!

It is clear that, when sandwiched between theBd initial state
and thefKS final state, the first term corresponds toAfKS

cs

and the second toAfKS

us @cf. Eq. ~1!#. The pollution is then

generated byQ1,2
us , corresponding to theb→sūu transition.

Since the matrix elements of theQk
i have to be evaluated

at m;O(mb), a realistic estimate of their relative sizes c
be obtained within perturbative QCD. We recall that theuf&

is an almost pureus̄s& state. Thev2f mixing angle is esti-
mated to be below 5%@13,2#. We neglect this small mixing
in the following. Then, the matrix elements ofQ1,2

us andQ1,2
cs

evaluated at the leading order~LO! in the factorization ap-
proximation are identically zero. At LO onlyQ3..8, i.e. the
short-distanceb→ss̄s penguins, have a nonvanishing matr
element inBd→fKS . As a consequence, the weak phase
the Bd→fKS decay amplitude is essentially zero. Noneth
less, given the large Wilson coefficients ofQ1,2

qs , a more
accurate estimate of their contribution is required.

At next to leading order~NLO!, working in a modified
factorization approximation, one obtains additional contrib
tions from penguin-like matrix elements of the operatorsQ2

us

and Q2
cs @14#. These have been reevaluated recently,

shown to be important in explaining the CLEO data
charmless two-body B decays@15–17#. However, even in
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this case theb→sūu pollution in Bd→fKS is very small.
The reason is that, in the limit where we can neglect both
charm and the up quark masses with respect tomb , the ma-
trix elements ofQ1,2

us andQ1,2
cs are identical from the point of

view of perturbative QCD@up to corrections ofO(mc /mb)
;0.3#. However, the overall contribution of the charm o
eratorsQ1,2

cs is enhanced by a factorl22 with respect to the
one ofQ1,2

us . Thus, either if theBd→fKS transition is domi-
nated byQ3210

s ~short-distance penguins! or if it is domi-
nated byQ1,2

cs ~long-distance charming penguins!, the weak
phase is vanishingly small.

Of course one could not excludea priori a scenario where
the contributions ofQ3..8

s and Q1,2
cs cancel each other to a

accuracy ofO(l2). However, this extremely unlikely poss
bility would result in an unobservably smallB(Bd→fKS),
rendering this entire discussion moot.

As discussed above, any enhancement of^fKSuQ1,2
usuBd&,

that could spoil the prediction thataCP(fKS) measures
sin 2b in the standard model should occur at low energies
order not to be compensated by a corresponding enha
ment of ^fKSuQ1,2

cs uBd&. This possibility is not only disfa-
vored by the OZI rule@18#,2 but is also suppressed by th
smallness of the energy range where the enhancement sh
occur with respect to the scale of the process. We are
aware of any dynamical mechanism that could favor t
scenario. Inelastic rescattering effects inB decays due to
Pomeron exchange have been argued not to be negligible
to violate the factorization limit@20#. However, even within
this context violations of the OZI rule are likely to be su
pressed@21#.

There are experimental tests of our arguments that ca
achieved in the sector ofb→d transitions. These are de
scribed by an effective HamiltonianH e f f

(d) completely similar
to the one in Eq.~2! except for the substitutions→d in the
flavor indices of both CKM factors and four-fermion oper
tors. SU~3! flavor symmetry can be used to obtain relati
among several matrix elements@22#. In particular

&^fKSuQ1,2
usuBd&5^fp1uQ1,2

uduB1&1^K* K1uQ1,2
uduB1&.

~4!

@SU~3! breaking effects, which are typically at the 30% lev
are neglected here.# The coefficients of these matrix elemen
are, however, proportional to different CKM factors. This
illustrated in Table I, where we show the relevantB decay
modes along with the Cabibbo factors corresponding to
leading and sub-leading contributions to the decay am
tudes. If our arguments hold, one expectsB(Bd→fKS)
;O(l4) andB(B1→K* K1), B(B1→fp1);O(l6). No-
tice, however, that the overall contribution ofQ1,2

ud in
B1→K* K1 andB1→fp1 is enhanced with respect to th
one ofQ1,2

us in Bd→fKS by the corresponding CKM factors

2This non-perturbative prescription has never been fully und
stood in the framework of perturbative QCD, but can be justified
the framework of the 1/Nc expansion, and is known to work well in
most cases and particularly in the vector meson sector@19#.
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lu
(d)/lu

(s)5O(l21). Thus, if ^fKSuQ1,2
usuBd& is enhanced by

O(l22) in order to interfere with the dominantO(l2) con-
tributions, then B(B1→fp1) and/or B(B1→K* K1)
would be dominated by the similarly enhanced matrix e
ments ofQ1,2

ud . This would result in an enhancement of th
naively Cabibbo suppressed modes, i.e. we should obs
B(B1→fp1);O(l2) and/or B(B1→K* K1);O(l2)
@while B(Bd→fKS) is still ;O(l4)#. Similar arguments
hold for the correspondingBd decay modes, however in tha
case the SU~3! relation is not quite as precise.

To get a quantitative bound we define the ratios

R15
B~B1→fp1!

B~Bd→fKS!
, R25

B~B1→K* K1!

B~Bd→fKS!
, ~5!

such that in the standard model the following inequa
holds

uaCP~cKS!2aCP~fKS!u,&l~AR11AR2!

3@11RSU~3!#1O~l2!, ~6!

where RSU(3) represents the SU~3! breaking effects. While
measuringaCP(fKS) it should be possible to set limits a
least of order one onR1 andR2 and thus to control by mean
of Eq. ~6! the accuracy to whichaCP(fKS) measures sin 2b
in the standard model. The limitsAR1,AR2&0.25 would re-
duce the theoretical uncertainty to the 10% level.

It may be possible to confirm thatB(B1→fp1) and
B(B1→K* K1) are not drastically enhanced based just
the current CLEO data. The CLEO collaboration already
reported the boundsB(B1→fp1),0.5631025 @23# and
B(B1→K* p1),4.131025 @24#. Given the similarity of
energeticK ’s andp’s in the CLEO environment, it is plau
sible that a bound similar to the latter can also be derived

TABLE I. SU~3! relatedB decay modes that allow us to qua
tify the standard model pollution inaCP(fKS).

Decay mode

Operators and CKM factors

penguins c trees u trees

Bd→fKS Q3..8
s Q1,2

cs Q1,2
us

l t
(s);l2 lc

(s);l2 lu
(s);l4

B1→fp1 andB1→K* K1 Q3..8
d Q1,2

cd Q1,2
ud

l t
(d);l3 lc

(d);l3 lu
(d);l3
0

vio
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the modeB1→K* K1. Bounds on these branching ratios
O(1025) would clearly imply that the rates are notO(l2) as
they would be if the matrix elements ofQ1,2

ud were enhanced
by O(l22).

The above experimental test can only confirm th
aCP(fKS) measures sin 2b in the standard model. If it turns
out that R1 or R2 is large, this may be either due to th
failure of our conjectures or due to new physics. If, howev
R1 andR2 are small, andaCP(cKS)2aCP(fKS) violates the
standard model prediction of Eq.~6!, this would be an un-
ambiguous sign of new physics.

Another possible check of our conjecture could
achieved through the measurement of theCP asymmetry in
Bd→h8KS . Recently CLEO has measured a large branch
ratio for the related decayB1→h8K1, suggesting these pro
cesses are penguin dominated and thus thataCP(h8KS) also
should measure sin 2b in the standard model@7#. Nonethe-
less, theuh8& has a non-negligibleuūu& component that
could enhance theb→uūs pollution and theh8 mass is one
of the few exception where the OZI rule is known to b
badly broken. Thus, without fine tuning, a sufficient cond
tion to support our claim onaCP(fKS) could be obtained by
an experimental evidence ofaCP(h8KS)5aCP(fKS). This
would imply that theb→uūs pollution is negligible in both
cases.

To summarize, we have argued that the deviation from
prediction thataCP(fKS) measures sin 2b in the standard
model is ofO(l2);5%. Moreover, we have shown how th
accuracy of this prediction can be tested experimenta
While we concentrated on the time-dependentCP asymme-
try it is clear that our arguments hold also for directCP
violation in charged and neutralB→fK decays. Namely,
that in the standard model the directCP asymmetry is
O(l2). Experimentally, we can hope to get an accuracy
both the time dependent and the directCP violation of about
10%. Therefore, any measurable directCP violation in B
→fK or an indication thataCP(cKS)ÞaCP(fKS), com-
bined with experimental evidence that the standard mo
pollution is ofO(l2) will signal physics beyond the standar
model.
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