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Improved approach to the heavy-to-light form factors in the light-cone QCD sum rules
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A systematic analysis shows that the main uncertainties in the form factors are due to the twist-3 wave
functions of the light mesons in the light-cone QCD sum rules. We propose an improved approach, in which
the twist-3 wave functions do not make any contribution and therefore the possible pollution by them can be
avoided, to reexamineB→p semileptonic form factors. Also, a comparison between previous results and our
results from the light-cone QCD sum rules is made. Our method will be beneficial to the precise extraction of

uVubu from the experimental data on the processesB→p l ñ l .
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I. INTRODUCTION

Heavy-to-light exclusive decays are an important basis
understanding and testing the standard model~SM!, since
they can provide a signal ofCP-violation phenomena and
perhaps, a window into new physics beyond the SM; the
fore, it is of crucial interest to make a reliable prediction
these exclusive processes. We have to confront calculat
of the hadronic matrix elements, in which all the lon
distance QCD dynamics are included. At present, an e
estimate of them is impossible, to the present knowledge
QCD, from first principles, and one must resort to pheno
enological approaches. Usually, some of the methods u
widely are QCD sum rules, chiral perturbation theo
~CHPT!, heavy quark effective theory~HQET!, and the
quark model. Each of them has advantages and disad
tages. For example, CHPT and HQET, as two effective th
ries at low energy, can describe light-to-light and heavy-
heavy exclusive transitions, respectively, but they are
suitable for a study of heavy-to-light processes. It is m
complicated to calculate the heavy-to-light decays. In t
case, the QCD sum rule method was adopted extensiv
However, some questions still remain. The most strik
problem is that the resulting sum rules for form factors b
have very badly in the heavy quark limitmq→`. The reason
is that in the operator product expansion~OPE! at the small
distancex'0, one omits the effect of the finite correlatio
length between the quarks in the physical vacuum. In or
to overcome the defect, light-cone QCD sum-rule appro
is developed in Ref.@1# and is regarded as an advanced to
to deal with heavy-to-light exclusive processes. Especia
the results consistent with the physical picture can be dri
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in this framework. Compared with the traditional QCD su
rules, the light-cone QCD sum-rule approach is of the f
lowing different points: the OPE is carried out near the lig
cone x2'0, instead of at the short distancex'0 and the
nonperturbative dynamics are parametrized as so-ca
light-cone wave functions, instead of the vacuum cond
sates. There are a lot of applications of light-cone QCD s
rules in literature. For a detailed description of this meth
see Ref.@2#.

At first sight, the heavy-to-light decays can be calcula
by perturbative QCD~PQCD! due to the hard gluon ex
change~the largeQ2 transfer!. A detailed analysis@3# shows
that the reliable PQCD calculation depends on whether
singularities can be eliminated or suppressed by the distr
tion amplitude. The singularities include on-shell gluon, o
shell light quark, and on-shell heavy quark. Carlson and M
lana @4# argued that the on-shell heavy quark in the ha
scattering travels only a short distance and the factoriza
of the formalism still holds. Even that, one can find that t
reliable PQCD contribution may dominate only asmb takes
some special values andfp5fp

as @3#. In order to make
PQCD applicable, Ref.@5# adapts the modified hard
scattering approach to the case of the heavy-light form fa
by a resummation of Sudakov logarithms, which may su
press the soft contribution beyond naive power counti
However, this approach still somehow depends on the e
point behavior of the light-meson’s distribution amplitude

Recently, a QCD factorization formula@6# was proposed
for B→pp, p K, andp D. It makes great progress in dea
ing with nonleptonic decays ofB meson. In this approach
the amplitudes for these decays are expressed in terms o
semileptonic form factors, hadronic light-cone distributio
amplitudes, and hard-scattering functions that are calcula
in PQCD, and the semileptonic form factors and the dis
bution amplitudes are taken as inputs since the form fac
can be measured experimentally and the distribution am
©2001 The American Physical Society01-1
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tudes are a universal function of the single meson st
Theoretically, the precise calculations of heavy-to-light fo
factors are of a great interest. Especially, it will be help
for a clear understanding ofB→p l ñ l ( l 5e,m) which pro-
vides us with a good chance to extract the Cabib
Kobayashi-Maskawa~CKM! matrix elementuVubu from the
available data.

The fact that a considerable long-distance contribut
may dominate the heavy-light form factor has been a m
vation for applying the light-cone QCD sum rules to theB
→p weak form factor@7#. In this approach, the nonpertu
bative dynamics is parametrized as so-called light-cone w
functions classified by their twist. Remarkably, the main u
certainties in the sum-rule results arise from light-cone w
functions. Now only the twist-2 wave functions, whic
dominate the contributions to the sum rules, have system
cally been investigated. This is not the case, however, for
twist-3 and the twist-4 wave functions, which are understo
poorly. On the other hand, although QCD radiative corr
tions to the twist-2 term are considered in Ref.@8#, for im-
proving the predictions, and their impact on the sum rule
found out to be negligibly small, numerical results are le
convincing, because we have no reason to believe thatO(as)
corrections to the twist-3 terms can safely be neglec
t
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From the above analyses, we can conclude that the g
uncertainty, if possible, would be due to the uncertainties
the twist-3 wave functions and the lack of the correspond
O(as) corrections, in the existing calculations ofB→p form
factors in the framework of the light-cone sum rules.

In the present paper, we suggest an improved approac
calculating heavy-to-light weak form factors, and then ap
it to reanalyzeB→p l ñ l . The striking advantage of the
method is, as will be shown in the following, that contrib
tions of the twist-3 wave functions vanish at all from th
light-cone sum rule in question, such that the possible po
tion by them is effectively avoided. It will be beneficial t
enhance the reliability of the light-cone sum-rule calcu
tions.

II. CORRELATOR

Let us start with the following definition ofB→p weak
form factorsf (q2) and f̃ (q2):

^p~p!uūgmbuB~p1q!&52 f ~q2!pm1 f̃ ~q2!qm , ~1!

with q being the momentum transfer. Following Refs.@9#,
we choose to use a chiral current
Pm~p,q!5 i E d4xeiqx^p~p!uT$ū~x!gm~11g5!b~x!,b̄~0!i ~11g5!d~0!%u0&

5P„q2,~p1q!2
…pm1P̃„q2,~p1q!2

…qm , ~2!
so-
, in

e
l

g

ays
which is different from that in Refs.@3# and @4# to calculate
f (q2) and f̃ (q2). Here theT product of the chiral curren
operator is inserted between the vacuum and the on-shep
meson state.

First, we discuss the hadronic representation for the c
relator. This can be done by inserting the complete interm
diate states with the same quantum numbers as the cu
operatorb̄i (11g5)d in the correlator. By isolating the pol
term of the lowest pseudoscalarB meson, we have the had
ronic representation in the following:

Pm
H~p,q!5PH@q2,~p1q!2#pm1P̃H@q2,~p1q!2#qm

5
^puūgmbuB&^Bub̄g5du0&

mB
22~p1q!2

1(
H

^puūgm~11g5!uBH&^BHub̄i ~11g5!du0&

mBH
2

2~p1q!2
.

~3!

Note that the intermediate statesBH contain not only
pseudoscalar resonances of the masses greater thanmB , but
also scalar resonances withJp501, corresponding to the
r-
e-
ent

operatorb̄d. With Eq. ~1! and the definition̂ Bub̄ig5du0&

5mB
2 f B /mb , the invariant amplitudesPH andP̃H read off

PH@q2,~p1q!2#5
2 f ~q2!mB

2 f B

mb@mB
22~p1q!2#

1E
s0

` rH~s!

s2~p1q!2
ds

1subtractions, ~4!

and

P̃H@q2,~p1q!2#5
f̃ ~q2!mB

2 f B

mb@mB
22~p1q!2#

1E
s0

` r̃H~s!

s2~p1q!2
ds

1subtractions, ~5!

where we have replaced the contributions of higher re
nances and continuum states with dispersion integrations
which the threshold parameters0 should be set near th
squared mass of the lowest scalarB meson, and the spectra
densitiesrH(s) and r̃H(s) can be approximated by invokin
the quark-hadron duality ansatz

rH~s!„r̃H~s!…5rQCD~s!„r̃QCD~s!…u~s2s0!. ~6!

If we confine ourselves to discussing the semileptonic dec
B→p l ñ l ( l 5e,m), the contributions off̃ (q2) to the decay
1-2
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amplitudes are small enough to be negligible, due to
smallness of the final-state lepton masses, and therefore
the form factorf (q2) needs considering.

On the other hand, we have to calculate the correcto
QCD theory, to obtain the desired sum rule forf (q2). It is
possible by using the light-cone OPE method. To this e
we work in the large spacelike momentum regions (p1q)2

2mb
2!0 for the bd̄ channel, andq2!mb

22O(1 GeV2) for
the momentum transfer, which correspond to the small lig
cone distancex2'0 and are required by the validity of th
OPE. In addition, the chiral limitp25mp

2 50 is taken
throughout this discussion, for simplicity. The leading co
tribution to the OPE is easy to drive by contracting t
b-quark operators to a free propagator. After further cons
ering the effect of the background gluon field, we can wr
down a full b-quark propagator

^0uTb~x!b̄~0!u0&

5 iSb
(0)~x!2 igsE d4k

~2p!4
e2 ikx

3E
0

1

dvF1

2

k̂1m

~mb
22k2!2

Gmn~vx!smn

1
1

mb
22k2

vxmGmn~vx!gnG . ~7!

HereGmn is the gluonic field strength,gs denotes the strong
coupling constant, andSb

0(x) expresses a freeb-quark propa-
gator

Sb
(0)~x!5E d4k

~2p!4
e2 ikx

k̂1m

k22mb
2

. ~8!

Consider first the leading contribution from the fre
b-quark propagator. Carrying out the OPE for the correc
and making use of the Eq.~8!, we have

P (q̄q)522mbi E d4xd4k

~2p!4
ei (q2k)x

3
1

k22mb
2 ^p~p!uTū~x!gmg5d~0!u0&, ~9!

for the two-particle contributionP (q̄q). An important obser-
vation, as has been emphasized, is that only the leading
local matrix element̂ p(p)uTū(x)gmg5d(0)u0& contribu-
tions to the corrector, while the nonlocal matrix eleme

^p(p)uū(x) ig5d(0)u0& and ^p(p)uū(x)smng5d(0)u0&
whose leading terms are of twist-3, disappear in our
proach. Proceeding to Eq.~9!, we discuss the light-cone ex
pansion of̂ p(p)uTū(x)gmg5d(0)u0&. In general, for a non-
local quark-antiquark operator, we expand it aroundx50,
and then parametrize the operator matrix elements of
definitive twist by the so-called light-cone wave functions.
the present case, the nonlocal matrix elem

^p(p)uTū(x)gmg5d(0)u0& can be expanded as
09400
e
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^p~p!uTū~x!gmg5d~0!u0&

52 ipm f pE
0

1

dueiupx@wp~u!1x2g1~u!#

1 f pS xm2
x2pm

px D E
0

1

dueiupxg2~u!, ~10!

to the twist-4 accuracy, wherewp(u) is the twist-2 wave
function, while bothg1(u) and g2(u) have twist-4. Substi-
tuting Eq. ~10! into Eq. ~9! and integrating overx and k
yields

P (q̄q)@q2,~p1q!2#52 f pmbF E
0

1du

u
wp~u!

1

s2~p1q!2

28mb
2E

0

1du

u3
g1~u!

1

@s2~p1q!2#3

12E
0

1du

u2
G2~u!

1

@s2~p1q!2#2

14E
0

1du

u3
G2~u!

q21mb
2

@s2~p1q!2#3G ,

~11!

with G2(u)5*0
ug2(v)dv. In deriving Eq.~11! the relation

u5(mb
22q2)/s2q2 has been used, and thus it should

understood thats is the function of argumentu. A further
discussion involves the evaluations of higher Fock-state
fects. This can be done by taking into account the sec
term in Eq.~7! in the OPE of the correlator. A straightfor
ward calculation gives, for the three-particle contributi

Pm
(q̄qg) ,

Pm
(q̄qg)@q2,~p1q!2#

5 igsmbE d4kd4xdv

~2p!4~mb
22k2!

3ei (q2k)x@^p~p!ud̄~x!gmGab~vx!sabu~0!u0&

1^p~p!ud̄~x!gmg5Gab~vx!sabu~0!u0&#. ~12!

Considering^p(p)ud̄(x)gmGab(vx)sabu(0)u0&50, as re-
quired by the parity conservation in strong interaction, a
using the identity

gmsab5 i ~gmagb2gmbga!1emabngng5 , ~13!

we further have

Pm
(q̄qg)@q2,~p1q!2#

5 imbE d4kd4xdv

~2p!4~mb
22k2!

3ei (q2k)x@ igma^p~p!uū~x!gbg5gsG
ab~vx!d~0!u0&

1^p~p!uū~x!gngsG̃mn~vx!d~0!u0&#, ~14!
1-3
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with G̃mn(vx)5 1
2 emnstGst(vx). It should be noted that the

situation here is the same as that in Eq.~11!; the nonlocal
matrix element ^puū(x)smng5gsGab(vx)d(0)u0&, which
has the twist-3 in leading order in the light-cone expansi
vanishes from the OPE. As a result, a self-consistency is
in our approach. The matrix elements in Eq.~14! can be
parametrized in terms of the three-particle wave functions
twist-4 w' , w i , w̃' , andw̃ i defined by

^p~p!ud̄~x!gmg5gsGab~vx!u~0!u0&

5 f pFqbS gam2
xaqm

qx D2qaS gbm2
xbgm

qx D G
3E Da iw'~a i !expiqx~a11va3!

1 f p

qm

qx
~qaxb2qbxa!

3E Da iw i~a i !expiqx~a11va3!, ~15!

^p~p!ud̄~x!gmgsG̃ab~vx!u~0!u0&

5 i f pFqbS gam2
xaqm

qx D2qaS gbm2
xbqm

qx D G
3E Da i w̃'~a i !expiqx~a11va3!

1 i f p

qm

qx
~qaxb2qbxa!

3E Da i w̃ i~a i !expiqx~a11va3!, ~16!

with Da i5da1da2da3d(12a12a22a3). Completing the
integrations overx andk, we have
09400
,
pt

f

P (q̄qg)@q2,~p1q!2#

52mbf pE
0

1

dvE Da i

3
2w'~a i !12w̃'~a i !2w i~a i !2w̃ i~a i !

@s2~p1q!2#2~a11va3!2
, ~17!

with parameters defined by the relationa11va35(mb
2

2q2)/s2q2. The final light-cone QCD expansion of the co
relator can be written down as

PQCD@q,~p1q!#5P (q̄q)@q,~p1q!#1P (q̄qg)@q,~p1q!#

~18!

III. SUM RULE FOR f „q2
…

Further, to carry out the subtraction procedure of the c
tinuum spectrum we need to convert the QCD representa
~18! into a dispersion integration. InPQCD, the term propor-
tional to 1/s2(p1q)2 in integrand is already a dispersio
integration with respect to (p1q)2 so that subtraction of the
continuum can be made by simply changing the lower lim
of integration from 0 toD5(mb

22q2)/s02q2, while those
with higher power of 1/s2(p1q)2, after the partial integra-
tion, become the following form

I 5E
mb

2

` F~s!

s2~p1q!2
ds, ~19!

which is a dispersion integration with the perturbative sp
trum densities F(s). For instance, we haveF(s)
5@d2f (s)#/ds2, with f (s)58 f pmb

3g1@u(s)#(q22s)/(mb
2

2q2)2, for the contribution of the twist-4 wave functio
g1(u) in Eq. ~11!. In this case, the subtraction of the co
tinuum corresponds to a simple replacement`→s0.

Now, the light-cone QCD sum rule forf (q2) can be ob-
tained, by making the Borel transformations with respect
(p1q)2 in the hadronic and the QCD expressions and equ
ing them. The result is
f ~q2!5
mb

2f p

mB
2 f B

emB
2 /M2H E

n

1du

u
exp2

mb
22q2~12u!

uM2 Fwp~u!2
4mb

2

u2M4
g1~u!1

2

uM2E0

u

g2~v !dvS 11
mb

21q2

uM2 D G
1E

0

1

dvE Da i

u~a11va32D!

~a11va3!2M2
exp2

mb
22~12a12va3!q2

M2~a11va3!
@2w'~a i !12w̃ i'~a i !2w i~a i !2w̃ i~a i !#

24mb
2e2s0 /M2F 1

~mb
22q2!2 S 11

s02q2

M2 D g1~D!2
1

~s02q2!~mb
22q2!

dg1~D!

du G
22e2s0 /M2F mb

21q2

~s02q2!~mb
22q2!

g2~D!2
1

~mb
22q2!

S 11
mb

21q2

mb
22q2D S 11

s02q2

M2 D E
0

D

g2~v !dvG J . ~20!
1-4



po
e
u

o

he

wa

er

w

he
e

s

n

ve
we

t-4
ri-
e

y
our
a

he
be

in
for
lds

d
al

ers
t

in

ly-
, to

IMPROVED APPROACH TO THE HEAVY-TO-LIGHT . . . PHYSICAL REVIEW D 63 094001
We would like to stress that the terms proportional to ex
nential factore2s0 /M2

arise from the substructions of th
continuum, and may not be neglected for our present p
poses.

Before proceeding further we need to make a choice
input parameters entering the sum rule forf (q2). To begin
with, let us specify the set of pion wave functions. For t
leading twist-2 wave functionwp(u), the asymptotic form is
exactly given by PQCD@10# wp(u,m→`)56u(12u), non-
perturbative corrections can be included in a systematic
in terms of the approximate conformal invariance of QCD

wp~u,m!56u~12u!@11a2~m!C2
3/2~2u21!

1a4~m!C4
3/2~2u21!1•••#, ~21!

with the Gegenbaer polynomials

C2
3/2~2u21!5

3

2
@5~2u21!221#, ~22!

C4
3/2~2u21!5

15

8
@21~2u21!4214~2u21!211#.

~23!

The coefficients in the expansionan(m) can be determined
by a certain nonperturbative approach. As we know, th
are many models for the twist-2 wave function@11#. In order
to make a comparison with the previous result, we follo
Ref. @12# and use

a2~m050.5 GeV!5
2

3
, a4~m050.5 GeV!50.43,

~24!

which result from an analysis of light-cone sum rules for t
pNN and thevrp couplings. Furthermore, the use of th
renormalization-group equation gets

a2~mb!50.35, a4~mb!50.18, ~25!

at the scalemb5AmB
22mb

2'2.5 GeV, which characterize
the mean virtuality of theb quark. For the twist-4 wave
functions, we use the results for the three-particle wave fu
tions @12#

w'~a i !530d2~a12a2!a3
2F1

3
12e~122a3!G ,

w̃'~a i !530d2a3
2~12a3!F1

3
12e~122a3!G ,

w i~a i !5120d2e~a12a2!a1a2a3 ,

w̃ i~a i !52120d2a1a2a3F1

3
1e~123a3!G ,

~26!
09400
-

r-

f

y

e

c-

with d2(mb)50.17 GeV2 and«(mb)50.36. Further, a rela-
tion can be obtained between the two-particle twist-4 wa
functions and the above by equation of motion such that
have@12#

g1~u!5
5

2
«2u2ū21

1

2
«d2Fuū~2113uū!

110u3 ln uS 223u1
6

5
u2D

110ū3 ln ūS 223ū1
6

5
ū2D G ,

g2~u!5
10

3
d2uū~u2ū!. ~27!

Unlike the case of the twist-2 wave functions, these twis
wave functions seem to be very difficult to test by expe
ment, for they usually are of negligible contributions in th
sum rules.

Another important input is the decay constant ofB meson
f B . The QCD sum rule forf B has been discussed man
times. However, all these estimates are not applicable in
sum rule forf (q2). The reason is that in the present case
chiral current correlator is adopted to avoid pollution by t
twist-3 wave functions, so that a similar correlator has to
used, for consistency, in the sum-rule calculation off B . To
this end, we consider the following two-point correlator:

K~q2!5 i E d4xeiqx^0uq̄~x!~11g5!b~x!,

b̄~0!~12g5!q~0!u0&. ~28!

The calculation should be limited to leading order
QCD, since the QCD radiative corrections to the sum rule
f (q2) are neglected as well. A standard manipulation yie
three self-consistent sets of results@9#: ~1! f B5165 MeV for
mb54.7 GeV, ands0533 GeV2, ~2! f B5120 MeV for mb
54.8 GeV ands0532 GeV2, and ~3! f B585 MeV for mb
54.9 GeV ands0530 GeV2. The above results correspon
to the best fit ins0 and will be used as inputs in numeric
analyses of the sum rule forf (q2). At this point, a few com-
ments are in order:~1! some vacuum condensate paramet
vanish from the sum rule forf B , and thus some inheren
uncertainties in the sum rule are reduced, and~2! the thresh-
old parameterss0 turn out to be of values less than those
the conventional sum rule forf B . This is consistent with the
case in the sum rule forf (q2). As for theB meson massmB
and the pion decay constantf p , we take the present world
average valuemB55.279 GeV, andf p50.132 GeV.

IV. NUMERICAL RESULT

With these inputs, we can carry out the numerical ana
sis. The first step is, according to the standard procedure
look for a range of the Borel parameterM2, in which the
numerical results are quite stable for a given thresholds0.
1-5
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Then, what remains to be done is to determine the fidu
interval of M2, from which the desired sum-rule results c
be read off, by the requirement that the contributions of
twist-4 wave functions do not exceed 10%, while those
the continuum states are not more than 30%.

In the present case, the reasonable range ofM2, for the
threshold s0 given above, is found to be 8 GeV2<M2

<17 GeV2 with the different central values asq2 changes.
In such a ‘‘window,’’ f (q2) depends very weakly onM2, up
to q2518 GeV2. This is shown, for example, in Fig. 1
where the two typical cases, corresponding toq2510 GeV2

and 16 GeV2, are considered for an illustrative purpose. Th
allows us to estimate safely the variation off (q2) with q2, at
a certain specific value ofM2. The numerical results atM2

512 GeV2, together with the previous light-cone sum-ru
prediction@7# are plotted in Fig. 2, for a comparison. We fin
f (0)50.27, 0.29, and 0.33@corresponding to set~3!, set~2!,
and set~1!, respectively#, which are in basic agreement wit
the result in Ref.@7# f (0)50.29. As a mater of fact, numeri
cal agreement between the two different approaches exis
to q2510 GeV2, the differences being within 20%. The ob
vious numerical derivation, however, begins to appear
yond 10 GeV2 and our results turn out to be less than tho
of Ref. @7# by about (35240)%, nearq2518 GeV2. Appar-
ently, the fact thatf (q2) is less sensitive toM2 cannot ac-
count for the disagreement. To clarify this issue, both
proaches have to undergo a more systematic investiga
including a complete evaluation ofO(as) corrections and a
detailed analysis of the uncertainties in the twist-3 wa
functions. Indeed, the radiative corrections, as it has b
shown in Ref.@8#, are negligibly small for the twist-2 term. I
perhaps is not the case in our approach and for the twi
terms in the sum rules of@7#. In the regionq2>18 GeV2,
applicability of the light-cone sum rules is questionable,
has been mentioned, such that a comparison between

FIG. 1. Sensitivity of the form factorf (q2) to the Borel param-
eter M2. Considered are the two typical cases ofq2510 GeV2

~solid! and q2516 GeV2 ~dashed!, with S0532 GeV2 and mb

54.8 GeV.
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different approaches is meaningless.
A systematic discussion on the sources of uncertain

for f (q2) is needed. All the above calculations correspond
taking the central values of threshold parameters, which
determined in the two point sum rule forf B . To look at the
numerical impact of the uncertainties in threshold parame
on the sum rule forf (q2), we make use of the analytic form
instead of the numerical results, for the two-point sum r
for f B in the numerical calculations. It is shown that th
resulting f (q2) varies by (10215)% relative to the centra
values, depending onmb and q2. Also, we investigate the
sensitivity of f (q2) to the simultaneous variations ofs0 and
mb in the regions 30 GeV2<s0<33 GeV2 and 4.7 GeV
<mb<4.9 GeV, finding that the induced change inf (q2) in
the case is less than 5% in the total range ofq2, for the most
stable values off B , and therefore is negligible.

In addition, there also are the uncertainties related to
light-cone wave functions ofp meson. For example, th
wave function, which is closed to the asymptotic form, w
give a smaller value off (0). However, the twist-2 wave
function is universal for the different processes. The unc
tainties due to it can be controlled well as soon as one
obtain more reliable twist-2 wave functions to fit them. F
the twist-4 wave functions, considering that they have o
the effect of about (426)% on f (q2), as shown, we can
imagine that the contributions of wave functions beyond
twist-4 are anyway negligibly small. In fact, this signals th
we need not be careful about the sensitivity off (q2) to wave
functions of twist-4 and beyond twist-4. As the twist-3 wa
functions go, the numerical calculations show that their c
tributions are comparable with those of the twist-2, amou
ing to about 50% in Ref.@7#. Remarkably, the reliability of
these wave functions has to be subject to a test

FIG. 2. The light-cone QCD sum rules for form factorf (q2) of
B→p semileptonic transitions atM2512 GeV2. The solid curve
expresses the results in Ref.@7#, while the dotted, the dashed, an
the dashed-dot curves correspond to our predictions, with~i! mb

54.7 GeV, s0533 GeV2, ~ii ! mb54.8 GeV, s0532 GeV2, and
~iii ! mb54.9 GeV,s0530 GeV2, respectively.
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that case. Nevertheless, this causes no problem in the pr
case, for all the twist-3 wave functions make a vanish
contribution to the sum rule in question, up to all orders
PQCD.

III. SUMMARY

To summarize, we have re-examined that weak form f
tor f (q2) for B decays into light pseudoscalar mesons, tak
B→p semileptonic transitions as an illustrative example,
the light-cone QCD sum rule framework. The aim is to co
trol the nonperturbative dynamics in the sum rules, to
best of our ability, and further to enhance the predictivity a
reliability of numerical results. To this end, a chiral-curre
correlator is worked out. It is explicitly shown that th
twist-3 light-cone wave functions, which have not been u
derstood very well, can be effectively eliminated from t
sum rule forf (q2). Consequently, the possible pollution b
them is avoided in the final expression. The results prese
here will be beneficial to the precision extracting of t
CKM matrix elementuVubu from the exclusive processesB
,

.

da

09400
ent
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-
g

-
e
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-

ed

→plñl (l5e,m), by confronting the theoretical prediction
with the experimentally available data.

In comparison to a previous estimate based on the lig
cone sum rules, we find that the numerical agreement ex
between the two different sum rules forf (q2) in the region
of momentum transfer 0<q2<10 GeV2; beyond this region,
a remarkable numerical deviation begins to appear; in p
ticular, nearq2518 GeV2 ~maximum value required by the
light-cone OPE! our numerical results are less than that
Ref. @7# by about (35240)%. Also, the possible uncertain
ties in the sum rulef (q2) due to the parametermb are dis-
cussed. At present we have not included the PQCD radia
corrections. It is expected that our result does not cha
much after including the PQCD radiative corrections sin
the twist-3 light-cone wave functions are eliminated in o
approach.
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