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Bs\K form factor in the whole kinematically accessible range
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A systematic analysis is presented of theBs→K form factor f (q2) in the whole range of momentum transfer
q2, which would be useful in analyzing the future data onBs→K decays and extractinguVubu. With a modified
QCD light cone sum rule~LCSR! approach, in which the contributions cancel out from the twist 3 wave
functions of theK meson, we investigate in detail the behavior off (q2) at small and intermediateq2 and the
nonperturbative quantityf B* gB* BsK

~f B* is the decay constant ofB* meson andgB* BsK
the B* BsK strong

coupling!, whose numerical result is used to the studyq2 dependence off (q2) at largeq2 in the single pole
approximation. Based on these findings, a form factor model from the best fit is formulated, which applies to
the calculation onf (q2) in the whole kinematically accessible range. Also, a comparison is made with the
standard LCSR predictions.
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A study on heavy-to-light exclusive processes plays
complementary role in the determination of the fundamen
parameters of the standard model~SM! and in the develop-
ment of QCD theory. At present, an important task in the S
is to extract the Cabibbo-Kobayashi-Maskawa~CKM! pa-
rameteruVubu. Recently, a new QCD factorization formu
@1# has been proposed for nonleptonicB decays and has bee
applied to discuss the phenomenology ofB→pp, pK, and
pD. This approach, however, is not adequate to extractuVubu
from the relevant data, for the effects of the long distan
QCD are anyway difficult to control in exclusive nonlepton
processes. SemileptonicB decays into a light meson, induce
by the b→u transition, are regarded as the most promis
processes suitable for such a purpose. It is the QCD lig
cone sum rule~LCSR! approach@2# that can deal effectively
with this type of decay channel. For a detailed description
this method, see Ref.@3#. However, a problem to be solved
how to control the pollution by higher twist, especially twi
3 wave functions, which are not well understood and wh
influence on the sum rules is considerable in most case
Refs. @4,5#, an improved LCSR approach has been work
out, to eliminate twist 3 wave functions and enhance
reliability of sum rule calculations, and has been applied
reexamine heavy-to-light form factors in the region of m
mentum transfer 0<q2<mb

222mbLQCD, where the opera-
tor product expansion~OPE! goes effectively in powers o
small light-cone distancex2.

Most previous works@3,4,6–8# are devoted to discussin
B→p,r semileptonic transitions within the context o
LCSR, with the aim to extractuVubu. A study on Bs→K
semileptonic processes is equally important. As compa
with the caseB→p,r, however, theBs→K form factors are
more difficult to evaluate, for SU~3! breaking corrections to
the twist 3 wave functions ofK meson have not been inve
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tigated completely in the literature. Explicitly, this proble
can be avoided in our approach@4,5#. On the other hand, to
calculate the semileptonic widths one must find another w
to estimate the form factors at the large momentum tran
mb

222mbLQCD<q2<(mBs
2mK)2. In this paper, we inves-

tigate theBs→K form factor f (q2) in the whole range of the
momentum transfer with the improved LCSR and a p
model.

We start with the definition of theBs→K form factors
f (q2) and f̃ (q2): ^K(p)uūgmbuB(p1q)&52 f (q2)pm

1 f̃ (q2)qm . For Bs→Kl ñ l transitions, asl 5e,m we can ne-
glect the contributions fromf̃ (q2) due to the smallness o
me,m and therefore only the form factorf (q2) is relevant. It
can precisely be represented as

f ~q2!5
f B* gB* BsK

2mB* ~12q2/mB*
2

!
1E

s0

` r~s!ds

12q2/s

5FG~q2!1FH~q2!, ~1!

with f B* being the decay constant ofB* meson,gB* BsK
the

strong coupling defined by^B* (q,e)K(p)uBs(p1q)&
52gB* BsK

(p•e), mB* the B* meson mass, andr~s! a

spectral function with the thresholds0 . Obviously,FG(q2)
stands for the contribution from the ground stateB* meson,
which describes the principal behavior off (q2) aroundq2

5qmax
2 , andFH(q2) parametrizes the higher state effects

the B* channel. As we have known, the form factorf (q2)
may be estimated for the small and intermediate momen
transfers by means of LCSR, and also the nonperturba
parameterf B* gB* BsK

is accessible within the same fram
work. Accordingly, modeling the higher state contributio
by a certain assumption and then fitting Eq.~1! to its LCSR
result f LC(q2) in the region accessible to the light-cone OP
we might derive the form factorf (q2) in the total kinemati-
cal range to a better accuracy. For this purpose, we fol
©2001 The American Physical Society01-1
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the procedure in Refs.@4,5# and consider a chiral curren
correlator used for a LCSR sum rule calculation onf LC(q2)
and f B* gB* BsK

,

Pm~p,q!5 i E d4x eiqx^K~p!uT$ū~x!gm~11g5!b~x!,

b̄~0!i ~11g5!s~0!%u0&

5F„q2,~p1q!2
…pm1F̃„q2,~p1q!2

…qm .
~2!

Inserting complete sets of the relevant intermediate st
uBH& in Eq. ~2! and using the definitionŝ0us̄ig5buBs&
5@mBs

2 /(mb1ms)# f Bs
and ^0uūgmbuB* &5mB* f B* em , we

have the two hadronic representations of the invariant fu
tion F„q2,(p1q)2

…,

F1
H
„q2,~p1q!2

…5
2 f LC~q2!mBs

2 f Bs

~mb1ms!@mBs

2 2~p1q!2#

1E
s0

` r1
H~s!

s2~p1q!2 ds, ~3!

F2
H
„q2,~p1q!2

…5
mBs

2 mB* f Bs
f B* gB* BsK

~mb1ms!~mB*
2

2q2!@mBs

2 2~p1q!2#
05790
es

c-

1E E r2
H~s1 ,s2!Q~s12s08!Q~s22s0!

~s12q2!@s22~p1q!2#
ds1 ds2 . ~4!

Several definite interpretations for Eqs.~3! and ~4! are in
order. The two dispersion integrals include, in addition to
contributions of the resonances carrying the same quan
numbers as the corresponding ground states in the
terms, the effects due to the relevant orbit-excitedB mesons.
Taking it into account that these orbit-excited states are
from the lowestBs and B* mesons, and the lowest two o
them are slightly below the first excitedBs andB* mesons in
mass, their contributions can effectively absorbed into a d
persion integral so that thresholdss0 and s08 should corre-
spond to the squared masses of the lowest 01 Bs and 11 B
mesons, respectively. On the other hand, the vector cur
ūgmb and axial-vector currentūgmg5b couple also to 01

and 02 B mesons, respectively, which should be conside
in Eq. ~4!. The invariant function, however, does not recei
such a contribution as we have checked. Therefore it is s
to separate the hadronic expressionF2

H
„q2,(p1q)2

… into a
pole term and a dispersion integral.

The remaining task is to calculate the correlator in QC
theory in order to obtain the desired sum rules. To this e
we work in the large spacelike momentum regions:p
1q)2!0 for the f LC(q2) case andq2!0, (p1q)2!0 for
the f Bs

f B* gB* BsK
case, so that the light-cone OPE can

used for the correlator under consideration. Making the Bo
improvements on the yielded theoretical express
FQCD(q2,(p1q)2)→F̄1

QCD(q2,M2), FQCD(q2,(p1q)2)
→F̄2

QCD(M1
2,M2

2), and then matching them onto the ind
vidual Borel improved hadronic forms via the use of t
quark-hadron duality ansatz, the final sum rules forf LC(q2)
andgB* BsK, to twist-4 accuracy, read, respectively,
f ~q2!5
mb~mb1ms!

mBs

2 f Bs

f KemBs

2 /M2H E
D

1 du

u
e2@mb

2
2~q22umK

2
!~12u!#/uM2FwK~u!2

4mb
2

u2M4 g1~u!1
2

uM2 E
0

u

g2~v !

3dvS 11
mb

21q2

uM2 D G1E
0

1

daE Da i

Q~b2D!

b2M2 e2@mb
2
2~q22bmK

2
!~12b!#/bM2

@2w'~a i !12w̃'~a i !2w i~a i !

2w̃ i~a i !#24mb
2e2s0 /M2F 1

~mb
22q2!2 S 11

s02q2

M2 Dg1~D!2
1

~s02q2!~mb
22q2!

dg1~D!

du G
22e2s0 /M2F mb

21q2

~s02q2!~mb
22q2!

g2~D!2
1

~mb
22q2!

X11
mb

21q2

mb
22q2 S 11

s02q2

M2 D CE
0

D

g2~v !dvG J , ~5!

f Bs
f B* gB* BsK

5
2mb~mb1ms! f K

mBs

2 mB*
e~mBs

2
1m

B*
2

!/2M̄2H M̄2[e2~mb
2
1mK

2 /4!/M̄2
2e2s0 /M̄2

]wK~1/2!1e2~mb
2
1mK

2 /4!/M̄2

3Fg2~1/2!2
4mb

2

M̄2 S g1~1/2!2E
0

1/2

g2~v !dv D 1E
0

1/2

da1E
1/22a1

12a1 da3

a3
[2w'~a i !12w̃'~a i !

2w i~a i !2w̃ i~a i !] G J , ~6!
1-2



s

uu
en

ha
-3
t
fo

um
e

u

-
of

f

an
c
e

y

he
e

r

c

at
u

t

or
ic
m

The

y
rs at

in
the

r

to

s
n
r-
be

best
nd
in

lot-
pa-

BRIEF REPORTS PHYSICAL REVIEW D 64 057901
wherewK(u) is the twist-2 wave function, while the other
have twist 4, and we have used the definitionsb5a1

1aa3, D5(mb
22q2)/(s02q22mK

2 ), M̄25M1
2M2

2/(M1
2

1M2
2), and Da i5da1da2da3d(12a12a22a3). It

should be understood that in the derivation of Eq.~6! M̄1

5M̄2 has been taken due to the fact thatBs andB* mesons
are nearly degenerate in mass, which renders the contin
subtraction reduced to a simple replacem

e2(mb
2
1mK

2 /4)/M̄2→e2(mb
2
1mK

2 /4)/M̄2
2e2s0/M̄2

for the leading
twist 2 term.

At this point, we put once again an emphasis on t
different from the existing LCSR calculations, the twist
wave functions make precisely a vanishing contribution
the correlator we choose. This is essentially important
enhancing precision of the LCSR calculation.

We turn now to the numerical discussions on the s
rules.B channel parameters entering the sum rules are thb
quark massmb , B meson massesmBs

andmB* , decay con-

stantsf Bs
and f B* , and the threshold parameters0 . We take

mBs
55.369 GeV,mB* 55.325 GeV, andmb54.8 GeV.

As for the decay constantsf Bs
and f B* , we have to reanalyze

them in the two-point QCD sum rule approaches@4,5# with
chiral current correlators, to keep a consistency with the s
rules in question. The results are found to bef Bs

50.142 GeV andf B* 50.132 GeV, as the threshold pa
rameters0534 GeV2 corresponding to the mean value
squared masses of the lowest 01 Bs and 11B mesons. For
the decay constant ofK meson and mass ofs quark, we use
f K50.16 GeV andms50.15 GeV. The important point is
to specify the set of the light cone wave functions of theK
meson. Unlike the case of thep meson, SU~3! breaking ef-
fects need considering for the distribution amplitudes oK
meson. In the work, we use the model presented in Ref.@9#
for the leading twist wave function, which is based on
expansion over orthogonal Gegenbauer polynomials with
efficients determined by means of QCD sum rules. The
plicit expression is

wK~u!56u~12u!$111.8@~2u21!22 1
5 #

20.5~2u21!@111.2@~2u21!22 3
7 ##%, ~7!

at the scalemb5AmBs

2 2mb
2, measuring the mean virtualit

of theb quark. For the twist 4 wave functions, we neglect t
SU~3! breaking effects and utilize the same forms as thos
the p meson investigated in Ref.@10#.

Having fixed the input parameters, one must look fo
reliable range of the Borel parametersM2 and M̄2, which
can be determined by the standard procedure. The fidu
intervals are found to be 8<M2<17 GeV2, depending
slightly on q2, for q250 – 17 GeV2 and 5<M̄2

<10 GeV2. In the two ‘‘windows,’’ the twist 4 wave func-
tions contribute less than 9 and 7%, and the continuum st
at the levels lower than 25 and 22%, respectively. The s
rule results forf LC(q2) show a weak dependence onM2 up
to q2517 GeV2, varying between63 and65% relative to
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their central values. For the productf Bs
f B* gB* BsK

, the re-

sulting sum rule isf Bs
f B* gB* BsK

50.55 GeV2, the uncer-

tainty due toM̄2 being64%. Taking its central value, we ge
gB* BsK

529. To evaluate better theB* pole contribution in
Eq. ~1!, however, we would give a direct sum rule result f
f B* gB* BsK

, which can be obtained utilizing the analyt
form instead of the numerical result for the two-point su
rule for f Bs

in Eq. ~6!. The result is f B* gB* Bs K

53.57– 4.19 GeV, depending on the Borel parameters.
sum rule predictionf LC(q2), together with that from theB*
pole approximation, is illustrated in Fig. 1. It is explicitl
demonstrated that a perfect match between them appea
q2'15– 20 GeV2.

The influence on the sum rules should be investigated
detail from several important sources of uncertainty:
twist 2 distribution amplitudewK(u), b quark massmb ,
decay constantsf Bs

and f B* , and the threshold paramete

s0 . Concerning the light cone wave functionwK(u), there
are some determinations other than that in Eq.~7! in the
literature. To investigate the sensitivity of the sum rules
the choice of the nonasymptotic coefficients inwK(u), we
consider the two models suggested in Refs.@7# and @8#, and
confront the resulting sum rules with ours. If adoptingwK(u)
in Ref. @7#, the resulting changes amount to28–29 % for
the f LC(q2) case and to65% for thef B* gB* BsK

case. Almost
the same situation exists for that used in Ref.@8#. Therefore
the uncertainties caused bywK(u) may be estimated at a
considerably small level. As for theB channel parameter
mb , f Bs

, f B* , ands0 , considering a correlated variation i
the individually allowed ranges would give sufficient info
mation on the uncertainties induced by them. This can
done in such a way where lettingmb vary from 4.7 to 4.9
GeV, we observe the behavior off LC(q2) and f B* gB* BsK

by
requiring that the relevant decay constants take only the
fitting values. We find that such an effect amounts to 6 a
5%, respectively. At present, the total uncertainties

FIG. 1. TheBs→K form factor f (q2) in the total kinematical
range. The solid line denotes the LCSR resultf LC(q2), which is
reliable for 0<q2<17 GeV2. The dotted line expresses theB* pole
prediction suitable for largeq2. The best fit of Eq.~8! to f LC(q2) is
illustrated by the dashed line. It should be understood that the p
ted curves correspond to the central values of all the relevant
rameters.
1-3
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BRIEF REPORTS PHYSICAL REVIEW D 64 057901
f LC(q2) and f B* gB* BsK
can respectively be estimated to b

20% and 18%, by adding up linearly all the considered
rors.

It is important and interesting to make a comparison
our sum rule results and those from the standard LCSR b
on the correlator of vector and pseudoscalar currents, w
are easy to obtain using the twist 3 wave functions sugge
in Ref. @11#, leaving the twist 4 distribution amplitudes un
changed and making a corresponding replacement of
other relevant input parameters in Eqs.~79! and ~44! of the
second part of Ref.@6#. We observe that the standard a
proach gives the same matching range as in our case an
resulting deviations from our predictions turn out to be b
tween210% and215%, depending onq2, in the total kine-
matically accessible region. This denotes that both
proaches are essentially compatible with each other wi
the available errors.

With the yielded findings we would give a specific para
etrization for f (q2) applicable to the whole kinematical re
gion, which is helpful for the future practical applicatio
Assuming the higher state contribution in Eq.~1! to obey
FH(q2)5a/(12bq2/mB*

2
2cq4/mB*

4 ), we have a model for
the form factorf (q2),

f ~q2!5
f B* gB* BsK

2mB* ~12q2/mB*
2

!
1

a

12bq2/mB*
2

2cq4/mB*
4 .

~8!

The parametera can easily be fixed at20.07, using the
central values off LC(0) and f B* gB* BsK

. In the regionq2

50 – 18 GeV2, the best fit of Eq.~8! to f LC(q2) yields b
51.11 andc528.33. The resultingq2 dependence off (q2)
is demonstrated in Fig. 1 too, for a comparison. It turns
that the fitting results reproduce precisely the LCSR pred
tion up toq2518 GeV2 and support considerably the sing
pole description of theBs→K form factor f (q2) at largeq2.
l.
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Also, it is worthwhile to look roughly into SU~3! breaking
effects in heavy to light decays by considering the ratio
the derivedBs→K form factor over the correspondingB
→p one. TheB→p form factor has already been obtaine
for small and intermediateq2 in the improved LCSR ap-
proach in Ref.@4#. Using all the same methods as in th
present case, we can understand its behavior at largeq2 and
further get a parametrization holding for the total kinemati
range. For the common kinematical region to the two p
cesses, the resulting ratios, a comparable result 1.05–
with that from the standard approach, favor a small SU~3!
breaking effect.

We have given a detailed discussion on theBs→K form
factor f (q2) in the whole kinematical region. To avoid th
contamination with the twist 3 wave functions, in whic
SU~3! breaking corrections have not been analyzed syst
atically, an improved LCSR approach with some kind of c
ral current correlator has been applied to estimate the f
factor f LC(q2) at small and intermediateq2. The nonpertur-
bative quantity f B* gB* BsK

, an important input in theB*

pole model for f (q2), has also been calculated within th
same framework and the sum rule result has been adopte
study the behavior off (q2) at largeq2. We find that the
resulting f LC(q2) matches quite well with the estimate from
the B* pole model atq2515– 20 GeV2. A comparison
shows that our predictions are in basic agreement with th
from the standard LCSR. Based on our findings, a model
f (q2) has been worked out, which is applicable to the to
kinematically accessible region. The results presented h
would be used as analyzing the future data onBs→K decays
and extractinguVubu. A future lattice calculation of theBs
→K form factors, which is available for largeq2, will pro-
vide a direct test of our predictions. The same approach
plies also to discussions of other heavy to light processe
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