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Rare exclusive semileptonicb˜s transitions in the standard model

D. Melikhov and N. Nikitin
Nuclear Physics Institute, Moscow State University, Moscow, 119899, Russia

S. Simula
Istituto Nazionale di Fisica Nucleare, Sezione Sanita, Viale Regina Elena 299, I-00161 Roma, Italy
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We study long-distance effects in rare exclusive semileptonic decaysB→(K,K* )(l 1l 2,nn̄) and analyze
dilepton spectra and asymmetries within the framework of the standard model. The form factors, describing the
meson transition amplitudes of the effective Hamiltonian, are calculated within the lattice-constrained disper-
sion quark model: the form factors are given by dispersion representations through the wave functions of the
initial and final mesons, and these wave functions are chosen such that theB→K* transition form factors agree
with the lattice results at largeq2. We calculate branching ratios of semileptonicB→K,K* transition modes
and study the sensitivity of observables to the long-distance contributions. The shape of the forward-backward
asymmetry and the longitudinal lepton polarization asymmetry are found to be independent of the long-
distance effects and mainly determined by the values of the Wilson coefficients in the standard model.
@S0556-2821~98!05911-6#

PACS number~s!: 13.20.He, 12.39.Ki, 12.39.Pn
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I. INTRODUCTION

The investigation of rare semileptonic decays of theB
meson induced by the flavor-changing neutral current tra
tionsb→s represents an important test of the standard mo
~SM! and its possible extensions. Rare decays are forbid
at the tree level and occur at the lowest order only throu
one-loop diagrams. This fact opens the possibility to prob
comparatively low energies the structure of the electrow
theory at large mass scales, thanks to the contribution
virtual particles in the loops. Moreover, rareb→s transitions
are expected to be sensitive to possible new interacti
such as those provided, e.g., by supersymmetric theories
Higgs-doublet, top-color, and left-right models. These int
actions govern the structure of the operators and the co
sponding Wilson coefficients, which appear in theDB51
effective electroweak Hamiltonian describing theb→s tran-
sitions at low energies.

A recent experimental observation of exclusive@1# and
inclusive @2# radiative decays,B→K* g and B→Xsg, has
prompted a lot of theoretical investigation on rare semil
tonic B decays. However, in the case of exclusive decays
reliable extraction of the perturbative~short-distance! effects
encoded in the Wilson coefficients of the effective Ham
tonian @3–7# requires an accurate separation of the nonp
turbative ~long-distance! contributions, which therefore
should be known with high accuracy. The theoretical inv
tigation of these contributions encounters the problem of
scribing the hadron structure, which provides the main
certainty in the predictions of exclusive rare decays.

In exclusiveB→K,K* decays the long-distance effects
the meson transition amplitude of the effective Hamilton
are encoded in the meson transition form factors of bilin
quark currents. Various theoretical frameworks have b
applied to the description of meson transition form facto
among them we should mention constituent quark mod
@8–11#, QCD sum rules@12–14#, lattice QCD@15–17#, ap-
570556-2821/98/57~11!/6814~15!/$15.00
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proaches based on the heavy-quark symmetry@18#, and ana-
lytical constraints@19#.

Lattice QCD simulations, because of their most dire
connection with QCD, are expected to provide the most
liable results. Although it is not possible to place theb quark
directly on the lattice, a constrained extrapolation in t
heavy quark mass@17# allows us to determine reliably th
form factors forB decays. A present limitation is that lattic
calulations do not yet provide the form factors in the who
accessible kinematical decay region: the daughter light qu
produced inb decay cannot move fast enough on the latt
and one is therefore limited to the region of not very lar
recoils. For obtaining form factors in the whole kinematic
decay region one can use extrapolation procedures base
some parametrizations of the form factors. For instance
@17# a simple lattice-constrained parametrization based
the constituent quark picture@9# and pole dominance is pro
posed. Anyway, a reliable knowledge of form factors
some region is already a substantial step forward, which p
vides firm constraints for the results of other approaches

QCD sum rules give complementary information on t
form factors as they can calculate the latter at not very la
momentum transfers. However in practice various versi
of the QCD sum rules give remarkably different prediction
being strongly dependent on the technical subtleties of
particular version. A recent analysis@20# disregards the
three-point sum rules in favor of the light-cone sum rules.
the other hand, the light-cone sum rules involve more p
nomenological inputs and the results turn out to be sensi
to the particular distribution amplitude of the light meso
used in the evaluation of the sum rule and to the mo
adopted for the subtraction of the continuum~cf. @13# and
@14#!.

Constituent quark models~QM’s! have proved to be a
fruitful phenomenological method for the description
heavy meson transitions. An attractive feature of the
proaches based on the concept of constituent quarks is
suggestion of a simple physical picture of the decay proc
6814 © 1998 The American Physical Society
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57 6815RARE EXCLUSIVE SEMILEPTONICb→s TRANSITIONS . . .
based on the following phenomena responsible for the
physics:~i! the chiral symmetry breaking in the low-energ
region generating the constituent quarks;~ii ! a strong peak-
ing of the soft~nonperturbative! hadronic wave functions in
terms of the relative constituent momenta with a width of
order of the confinement scale; and~iii ! the dominance of the
contribution of the Fock state components with the minim
number of constituents, i.e.,qq̄ component in mesons. An
important shortcoming of the quark model predictions for
form factors is a strong dependence of the results on the
parameters@11#.

Thus we can see that none of the above-mentioned
proaches can provide accurate form factors in the whole
nematically accessible region ofB decays. In this situation a
combination of the results of different approaches can
efficient for obtaining reliable predictions.

Our approach to the calculation of theB→K,K* transi-
tions is based on the dispersion quark model@21,22#. The
transition form factors are given by relativistic double spe
tral representations through the wave functions of the ini
and final mesons both in the scattering and the decay reg
The form factors of the dispersion quark model develop
correct heavy-quark expansion at leading and next-to-lea
1/mQ orders in accordance with QCD for the transitions b
tween heavy quarks@23,24#. For the heavy-to-light transition
the form factors of the dispersion quark model satisfy
relations between the form factors of vector, axial-vect
and tensor currents valid at small recoil@25#. Thus the form
factors of the dispersion quark model obey all known rig
ous theoretical constraints. A possibility to calculate direc
the form factors in all the decay region, avoiding in this w
any extrapolation, is an important advantage of this form
lation of the quark model. The main results of this work a
as follows.

We present a dispersion quark model calculation of
B→K,K* transition form factors in the whole kinematic
range ofq2. Adopting the quark masses and the wave fu
tions of the Godfrey-Isgur model@26# for the hadron spec
trum with a switched-off one-gluon exchange~OGE! poten-
tial for taking into account only the impact of th
confinement scale, we have found that the resulting fo
factors are in good agreement with the lattice simulation
largeq2. Thus we expect to provide reliable form factors
the whole decay region.

The dispersion quark model form factors for theB→K*
transition agree favorably in the whole range of 0,q2

,(MB2MK* )2 with a lattice-constrained fit@17# based on
the constituent quark picture@9# and an assumption on
single-pole behavior of the form factorA1(q2). On the other
hand, the parametrizations based on heavy-quark symm
~HQS! also give reasonable results if one assumes
leading-order expressions for the form factors and repla
the universal process-independent Isgur-Wise~IW! function
with process-dependent form factors,jB→K and jB→K* , re-
lated to theB→K andB→K* transitions, respectively. Th
latter are found to differ strongly from each other and fro
the asymptotic IW function. An important consequence
that both our QM calculations of the form factors and t
lattice-constrained parametrization of Ref.@17# as well as the
use of the heavy-quark symmetry relations between the f
factors predict a quite similar behavior for the forwar
ft
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backward and lepton polarization asymmetries.
We derive formulas for the differential decay rates a

asymmetries in exclusive rare semileptonic decays of he
mesons for the case of massive leptons taking into accou
nonzero mass of the daughter quark produced in the rab
transition. For massless leptons and/or in the limitms→0
our formulas reproduce known results.

We present a detailed analysis of nonresonant decay r
and asymmetries inB→(K,K* )(l 1l 2,nn̄) decays within
the SM adopting our QM transition form factors. For com
parison we also perform calculations with the lattic
constrained form factors of Ref.@17#. The decay rates evalu
ated in both models are found to be in agreement with e
other, while the differential dilepton distributions are sen
tive to subtle details of theq2 dependence of the transitio
form factors. It is found that the lepton polarization asymm
try (PL) as well as the shape of the forward-backward asy
metry (AFB) are largely independent of the long-distan
contributions and determined only by the values of the W
son coefficients in the SM. Such features make bothAFB and
PL good candidates for testing the standard model and p
ing possible new physics.

The paper is organized as follows. In Sec. II the SM o
erator basis, describing theb→sl 1l 2 andb→snn̄ transi-
tions, is briefly presented. In Sec. III the meson transit
form factors are considered. Section IV presents the dif
ential rates, lepton spectra, and lepton asymmetries for
rare B→(K,K* )(l 1l 2,nn̄) decays including the case o
massive leptons. Section V gives numerical analysis of
lepton spectra and lepton asymmetries in exclusive r
B-meson decays in the SM. The conclusion summarizes
results and gives an outlook.

II. THE OPERATOR BASIS

The effective weak Hamiltonian, which describes theb
→s transition, has the following form@3#:

Heff5
GF

A2
VtbVts* (

i
Ci~m!Oi~m!, ~1!

where GF is the universal Fermi constant, the quantiti
Ci(m) are the Wilson coefficients, obtained after integrati
out the heavy particles, and theOi ’s are the basis operators
the sign of the Wilson coefficientsCi(m) is determined as in
the work @3#: C2(MW)521. Within the SM, the operators
providing the main contribution to rare decays are@4,5#

O15@ s̄agm~12g5!ba#@ c̄bgm~12g5!cb#,

O25@ s̄agm~12g5!bb#@ c̄bgm~12g5!ca#,

O7g5
e

8p2
s̄asmn@mb~m!~11g5!

1ms~m!~12g5!#ba Fmn,

O9V5
e2

8p2
@ s̄agm~12g5!ba# l̄ gml ,
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O10A5
e2

8p2
@ s̄agm~12g5!ba# l̄ gmg5l . ~2!

In Eq. ~1! the renormalization scalem is usually chosen to be
m.mb in order to avoid large logarithms in the matrix el
ments of the operatorsOi . The Wilson coefficientsCi reflect
the specific features of the theory at large mass scales;
are calculated at the scalem.MW and then evolved down to
m.mb by the renormalization-group equations. The analy
expressions forCi(m) in the SM can be found, e.g., in@4#. In
what follows, the values of the Wilson coefficients at t
scalem.mb.5 GeV are@3,4#: C1(mb)50.241,C2(mb)5
21.1, C7g(mb)50.312, C9V(mb)524.21, andC10A(mb)
54.64.

The four-quark operatorsO1 andO2 generate both short
and long-distance contributions to the effective weak Ham
tonian ~1!. Both contributions can be taken into account
replacingC9V(mb) with an effective coefficientC9V

eff (mb ,q2)
given by @5#

C9V
eff ~mb ,q2!5C9V~mb!1@3C1~mb!1C2~mb!#

3F hS mc

mb
,

q2

mb
2D 1

3

aem
2

k

3 (
Vi5J/c,c8,•••

pG~Vi→l l !MVi

MVi

2 2q22 iM Vi
GVi

G , ~3!
a

t
n
b

to

ua
ey

c

l-

where q2 is the invariant mass squared of the lepton pa
The short-distance contributions are contained in the fu
tion h(mc /mb ,q2/mb

2), which describes the one-loop matr
element of the four-quark operatorsO1 andO2 ~see, e.g.,@4#
for its explicit expression!. The long-distance contribution

related to the formation of intermediatecc̄ bound states, is
usually estimated by combining the factorization hypothe
and the vector meson dominance~VMD ! assumption@5,6#;
phenomenological analyses@6# suggest that in order to repro
duce correctly the branching ratioB(B→J/cX→l 1l 2X)
5B(B→J/cX)3B(J/c→l 1l 2) the fudge factor k,
which appears in Eq.~3! to correct phenomenologically fo
inadequacies of the factorization1 VMD framework, should
satisfy the approximate relation:k@3C1(mb)1C2(mb)#'
21.

It is understood that assuming a simple Breit-Wign
structure of the long-distance contributions for allq2 as in
Eq. ~3! is an approximation which may become increasing
inaccurate far beyond the resonance region. However as
gued in@27#, so far there are no firm arguments for choosi
any other form of the long-distance contribution inC9V

eff . For-
tunately, as we discuss later in this paper, many observ
effects in exclusiveB→K,K* transitions remain largely
stable with respect to variations in the long-range peng
effects.

To sum up, the effective weak Hamiltonian has the f
lowing structure~cf. @4,5,7#!:
Heff~b→sl1l 2!5
GF

A2

aem

2p
Vts* VtbF22

C7g~mb!

q2
@~mb1ms!~ s̄ismnqnb!1~mb2ms!~ s̄ismnqng5b!#~ l̄ gml !1C9V

eff ~mb ,q2!

@ s̄gm~12g5!b#~ l̄ gml !1C10A~mb!@ s̄gm~12g5!b#~ l̄ gmg5l ! G , ~4!

Heff~b→snn̂!5
GF

A2

aem

2p sin2uW

VtbVts* X~xt!@ s̄agm~12g5!ba#@ n̄gm~12g5!n#, ~5!
e
where xt5(mt /MW)2 and X(xt) is given in @7#. At mt
5176 GeV one hasX(xt)52.02.

III. MESON TRANSITION FORM FACTORS

The long-distance contribution toB→(K,K* ) decays is
contained in the meson matrix elements of the bilinear qu
currents ofHeff , i.e., in the relativistic invariant transition
form factors of the vector, axial-vector, and tensor curren
In rare semileptonic decays there is another long-dista
effect, known as the weak annihilation, which is caused
the Cabibbo-suppressed part of the four-fermion opera
not included in the operator basis~1!. However, the impact
of this process inB→(K,K* ) transitions is negligible@5#.
The amplitudes of meson decays are induced by the q
transitionb→s through the vectorVm5 s̄gmb, axial-vector
Am5 s̄gmg5b, tensor Tmn5 s̄smnb, and pseudotensorTmn

5

rk

s.
ce
y
rs

rk

5q̄smng5b currents, with the following covariant structur
@25#:

^P~M2 ,p2!uVm~0!uP~M1 ,p1!&

5 f 1~q2!Pm1 f 2~q2!qm ,

^V~M2 ,p2 ,e!uVm~0!uP~M1 ,p1!&

52g~q2!emnabe* np1
ap2

b ,

^V~M2 ,p2 ,e!uAm~0!uP~M1 ,p1!&

5 i e* a@ f ~q2!gma1a1~q2!p1aPm1a2~q2!p1aqm#,

^P~M2 ,p2!uTmn~0!uP~M1 ,p1!&

522is~q2!~p1mp2n2p1np2m!,
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^V~M2 ,p2 ,e!uTmn~0!uP~M1 ,p1!&

5 i e* a@g1~q2!emnabPb1g2~q2!emnabqb

1g0~q2!p1aemnbgp1
bp2

g#,

^P~M2 ,p2!uTmn
5 ~0!uP~M1 ,p1!&

5s~q2!emnabPaqb,

^V~M2 ,p2 ,e!uTmn
5 ~0!uP~M1 ,p1!&

5g1~q2!~en* Pm2em* Pn!1g2~q2!~en* qm2em* qn!

1g0~q2!~p1e* !~p1np2m2p1mp2n!, ~6!

where q5p12p2, P5p11p2. We use the following
notations: g55 ig0g1g2g3, smn5 i /2@gm ,gn#, e0123

521, g5smn5(2 i /2)emnabsab, and Sp(g5gmgngagb)
54i emnab.

Another frequently used set of the form factors is co
nected with set~6! as follows:

F1~q2!5 f 1~q2!,

F0~q2!5 f 1~q2!1q2f 2~q2!/~Pq!,

FT~q2!52~M11M2!s~q2!,

V~q2!5~M11M2!g~q2!,

A1~q2!5 f ~q2!/~M11M2!,

A2~q2!52~M11M2!a1~q2!,

A0~q2!5@q2a2~q2!1 f ~q2!1~Pq!a1~q2!#/2M2 ,
s
a
s

s

-

T1~q2!52g1~q2!/2,

T2~q2!52@g1~q2!1q2g2~q2!/~Pq!#/2,

T3~q2!5~M11M2!2@g2~q2!/~Pq!2g0~q2!/2#/2.
~7!

The relativistic invariant form factors encode the dynam
cal information about the decay process and should be c
sidered within a nonperturbative approach. We investig
the meson form factors within a dispersion formulation
the relativistic constituent quark model~QM! @21#.

Let us consider the transition from the initial meso
q(m2)q̄(m3) with massM1 to the final mesonq(m1)q̄(m3)
with mass M2, induced by the quark transitionm2→m1

through the currentq̄(m1)Jm(n)q(m2). For the transitionBu
→(K,K* ) one hasm25mb , m15ms, and m35mu . The
constituent quark structure of the initial and final mesons
described by the verticesG1 andG2, respectively. The initial
B-meson vertex has the spinorial structureG1

5 ig5 G1 /ANc, whereNc is the number of colors; the fina
meson vertex has the structureG25 ig5 G2 /ANc for a pseu-
doscalar state andG2m5@Agm1B(k12k3)m# G2 /ANc,
with A521 andB51/(As21m11m3) for an S-wave vec-
tor meson. Atq2,0 the spectral representations of the for
factors have the form@21#

f i~q2!5
1

16p2E~m11m3!2

`

ds2w2~s2!

3E
s1

2
~s2 ,q2!

s1
1

~s2 ,q2!
ds1w1~s1!

f̃ i~s1 ,s2 ,q2!

l1/2~s1 ,s2 ,q2!
, ~8!

where the wave functionw i(si)5Gi(si)/(si2Mi
2) and
s1
6~s2 ,q2!5

s2~m1
21m2

22q2!1q2~m1
21m3

2!2~m1
22m2

2!~m1
22m3

2!

2m1
2

6
l1/2~s2 ,m3

2 ,m1
2!l1/2~q2,m1

2 ,m2
2!

2m1
2

,

andl(s1 ,s2 ,s3)5(s11s22s3)224s1s2 is the triangle func-
tion.

Equation~8! accounts for only two-particle singularitie
in the Feynman graphs. For ground-state pseudoscalar
vector mesons built up of constituent quarks with the mas
mq andmq̄ , the functionw(s) can be written as

w~s!5
p

A2

As22~mq
22mq̄

2
!2

As2~mq2mq̄!2

w~k2!

s3/4
, ~9!

wherek5l1/2(s,mq
2 ,mq̄

2)/2As andw(k2) is the ground-state
S-wave radial wave function, normalized a
*0

`dkk2uw(k2)u251.
nd
es

The unsubtracted double spectral densitiesf̃ i(s1 ,s2 ,q2)
of the form factors read@22#

s̃52@m1a21m2a11m3~12a12a2!#, ~10!

f̃ 11 f̃ 2[ f̃ 152m1 s̃14a2@s22~m12m3!2#22m3 s̃ ,
~11!

f̃ 12 f̃ 2[ f̃ 252m2 s̃14a1@s12~m22m3!2#22m3 s̃ ,
~12!

g̃52A s̃24Bb, ~13!

g̃11 g̃25A f̃ 128b18B~m11m3!b, ~14!
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g̃12 g̃25A f̃ 218B~m22m3!b, ~15!

ã1D2 ã2D522 s̃14BC2a11a12C0 , ~16!

ã1D1 ã2D524A~2m31BC1!a11a11C0 , ~17!

f̃ D524AFm1m2m31
m2

2
~s22m1

22m3
2!

1
m1

2
~s12m2

22m3
2!

2
m3

2
~s32m1

22m2
2!G1C0b, ~18!

g̃0D528Aa1228B@2m3a11~m32m2!a11

1~m31m1!a12#, ~19!

where

a15@~s11s22s3!~s22m1
21m3

2!

22s2~s12m2
21m3

2!#/l~s1 ,s2 ,s3!, ~20!

a25@~s11s22s3!~s12m2
21m3

2!

22s1~s22m1
21m3

2!#/l~s1 ,s2 ,s3!, ~21!

b5
1

4
@2m3

22a1~s12m2
21m3

2!

2a2~s22m1
21m3

2!#, ~22!

a115a1
214bs2 /l~s1 ,s2 ,s3!,

a125a1a222b~s11s22s3!/l~s1 ,s2 ,s3!, ~23!

C0528A~m22m3!14BC3 , C15s22~m11m3!2, ~24!

C25s12~m22m3!2, C35s32~m11m2!22C12C2 .

We label with a subscriptD the double spectral densitie
of the form factors which require subtractions. The subtr
tion procedure has been fixed by matching the 1/mQ expan-
sion of the form factors in the quark model to the cor
sponding expansion in QCD in leading and next-to-lead
orders for the case of a meson transition caused by he
to-heavy quark transition@22#.

The double spectral densities with properly defined s
traction terms read

f̃ 5 f̃ D1@~M1
22s1!1~M2

22s2!# g̃ , ~25!

ã15 ã1D1
As11As2

~As11As2!22s3

3S M1
22s1

As1

1
M2

22s2

As2
D g̃

2
, ~26!
-

-
g
y-

-

ã25 ã2D1
As22As1

~As11As2!22s3

3S M1
22s1

As1

1
M2

22s2

As2
D g̃

2
, ~27!

g̃05 g̃0D1
1

~As11As2!22s3

3S M1
22s1

As1

1
M2

22s2

As2
D g̃ . ~28!

The structure of the HQ expansion in leading order~LO!
and next-to-leading order~NLO! of the form factors given by
Eq. ~8! with the spectral densities~10!–~19! agrees with the
corresponding structure of the HQ expansion in QCD@24#,
provided that the functionsw(si) are localized near theqq̄
threshold with a width of the orderLQCD @22#. Moreover,
for the case of meson decays induced by a heavy-to-l
quark transition the dispersion formulation provides the fo
factors which satisfy the leading-order relations between
form factors of the vector and tensor currents near zero re
given in @25#.

As the analytical continuation to the timelike regionq2

.0 is performed, in addition to the normal contributio
which is just the expression~8! taken atq2.0, the anoma-
lous contribution, described explicitly in@21#, emerges. The
normal contribution dominates the form factors at smallq2

and vanishes whenq25(m22m1)2, while the anomalous
contribution is negligible at smallq2.0 and steeply rises a
q2→(m22m1)2.

Notice that since the dispersion quark model is based
taking into account only two-particleqq̄ intermediate states
in the amplitude of the interaction of theqq̄ constituent
quark pair with the external field it is conceptually close
the light-cone quark model~LCQM! @8#. In particular, the
form factors of the LCQM@8# can be rewritten atq2,0 as
double-spectral representations similar to the dispers
model. One finds that atq2,0 the form factors which are
given by the unsubtracted spectral representations in the
persion formulation are the same as in the LCQM. At t
same time, the LCQM form factorsf , a1, a2, and g0 are
different from the dispersion quark model form factors a
do not develop a correct heavy-quark expansion in the n
to-leading 1/mQ order.

For evaluating the form factors we need to specify t
quark model parameters such as the constituent quark ma
and the wave functions. In Ref.@11# we have run calculations
of the mesonic form factors~8! adopting different QM’s for
the radial wave functionw(k2) appearing in Eq.~9!, in par-
ticular: a simple GaussianAnsatz of the Isgur-Scora-

TABLE I. Constituent quark masses~in GeV! and the average
momentum squared~in GeV2).

Ref. mu ms mc mb ^k2&K ^k2&K* ^k2&Bu

GI-OGE @29# 0.22 0.42 1.65 5.0 0.17 0.17 0.26



otted

57 6819RARE EXCLUSIVE SEMILEPTONICb→s TRANSITIONS . . .
FIG. 1. Form factors for theB→K,K* transition vs the lattice data: solid line indicates GI-OGE, dashed line indicates ISGW2, d
line indicates lattice-constrained parametrization of@17#.
gh

th
-
ue

m
uch

GI

enta
ble
Grinstein-Wise model 2~ISGW2! @28# and the variational
solution@29# of the effectiveqq̄ semirelativistic Hamiltonian
of Godfrey and Isgur~GI! @26#. These two models differ both
in the shape of the radial wave function, particularly at hi
momentak, and in the values of the quark masses~see Ref.
@11#!. The results of our calculations have shown that
mesonic form factors~8! are sensitive both to the high
momentum tail of the meson wave function and to the val
adopted for the quark masses~see, also, Ref.@30#!.
e

s

In order to obtain more reliable predictions for the for
factors, we require the QM parameters to be adjusted in s
a way that the calculated form factors at largeq2 are com-
patible with the lattice results@15,16#. We have found that
the best agreement with the lattice data at largeq2 is ob-
tained for the quark masses and wave functions of the
model with a switched-off one-gluon exchange~GI-OGE!.
The constituent quark masses and the average mom
squared characterizing the GI-OGE model are given in Ta
053
00067
TABLE II. Parameters of the fitf i(q
2)5 f i(0)/@12s1q21s2q4# to the B→(K,K* ) transition form

factors in the GI-OGE model.

Decay B→K B→K*

f 1(0) f 2(0) s(0) g(0) f (0) a1(0) a2(0) g0(0) g1(0) g2(0)
Ref. s1 s1 s1 s1 s1 s1 s1 s1 s1 s1

s2 s2 s2 s2 s2 s2 s2 s2 s2 s2

GI-OGE 0.33 20.27 0.057 0.063 2.01 20.0454 0.053 0.005620.3540 0.313
0.0519 0.0524 0.0517 0.0523 0.0212 0.039 0.044 0.0657 0.0523 0.
0.00065 0.00066 0.00064 0.00066 0.00009 0.00004 0.00023 0.0010 0.0007 0.
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I. Table II presents simple fits to the calculated form facto
Figure 1 shows the GI-OGE form factors versus the av

able lattice data forB→K* @15,16#. For comparison, we also
present the form factors obtained within the ISGW2 exp
nential Ansatz for the soft meson wave functions@11#.

A good agreement of our QM predictions obtained w
the GI-OGE wave functions with the results of lattice sim
lations is not surprising: the strong long-distance physic
dominated by the confinement mechanism, and therefo
seems quite natural, that soft wave functions which take
account the effects of the confinement scale provide the f
factors in agreement with the lattice QCD results.

Recently, a lattice-constrained parametrization for theB
→K* form factors has been developed in the whole range
accessible values ofq2 @16#. It is based on the Stech param
etrization of the form factors obtained within the constitue
quark picture, HQS scaling relations nearq25qmax

2 and a
single-pole behavior ofA1 suggested bymQ-scaling relations
at q250 from the light-cone sum rules~LCSR’s! in the HQ
limit. Parameters of the single-pole fit to the form fact
A1(0)50.2920.03

10.04 and M156.820.4
10.7 GeV are found from the

least-x2 fit to the lattice QCD simulation in a limited regio
at high values ofq2. Such a parametrization, though st
phenomenological, is also consistent with the dispers
bounds of Ref.@19# and therefore obeys all known theore
cal constraints. It should be taken into account however
the lattice-constrained parametrization is an approximat
in particular, it suggests the relationT1(q2)5(1
2q2/Pq)T2(q2) which can be also translated intog1(q2)
52g2(q2). In dynamical calculation within QM’s or
LCSR’s these relations are fulfilled within 10% accuracy b
are never found to be exact. Nevertheless, approxim
Stech’s relations combined with a monopole fit toA1 exhibit
surprisingly good agreement with the lattice points at la
q2 ~see Fig. 1!.

The form factorA1 calculated in our approach for th
GI-OGE model wave functions is found to have a behav
very close to the single-pole function with the paramet
A1(0)50.326 andM156.86 GeV in agreement with an as
sumption of Ref.@17#. The results on most of the form fac
tors are within 5% agreement with the parametrizations@17#
except for the form factorV which turns out to be at zero
recoil some 15% smaller in our calculations.

Table III compares predictions on the form factors fro
various approaches. One can see that our results agree
those of the LCSR of Ref.@14#. The form factors of anothe
version of the LCSR@13# have different behavior, which
.
l-
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disagrees also with the lattice results at largeq2: namely, at
q2.16 GeV2 the form factorsT1 , T2, andA1 turn out to be
considerably larger than the lattice points, and the form f
tor A0 to be too small. The form factorsT2 and A1 in the
3ptSR approach@12# are decreasing withq2 in contradiction
with the results of other approaches and lattice simulatio

Let us notice that an approximate relationg152g2 ,
found to describe well the lattice points at largeq2 and ex-
tended in@17# to the whole kinematically accessible regio
might signal that relations motivated by the heavy-qua
symmetry also work with a reasonable accuracy in theB
→K,K* case. In fact, the HQ expansion of the form facto
g1 andg2 gives

g15
M11M2

2AM1M2

j IW~v!@11O~1/mQ!#

and

g252
M12M2

2AM1M2

j IW~v!@11O~1/mQ!#.

An approximate relationg152g2 can be obtained from
this expansion in the limitMK* !MB only if the generically
different combinationsj IW(v)@11O(1/mQ)# in g1 andg2

evolve in this limit to the same functionjB→K* , which how-
ever goes far from the Isgur-Wise function. Let us assu
the leading-order IW relations for the form factors with th
IW function replaced by the functionjB→K and jB→K* for
B→K and B→K* transitions, respectively. The proces
dependent functionsjB→K,K* determined from the GI-OGE
QM results forT1 andF1 through the relations

jB→K* 5
4AMBMK*

MB1MK*
T1 , jB→K5

2AMBMK*

MB1MK*
F1

~29!

are shown in Fig. 2. The deviations for other form factors
the B→K* transition found through the LO HQS relation
with jB→K* from the lattice-constrained parametrizatio
can be as much as 20%.

Summing up, the dispersion quark model calculates
form factors in the whole kinematically accessible decay
gion. The form factors of the dispersion quark model ha
the following properties: they develop a correct HQ expa
sion in the leading and next-to-leading 1/mQ orders in agree-
ment with QCD in heavy-to-heavy transitions provided t
TABLE III. Comparison of the results of different approaches on the form factorsT1, T2, A1, andA0 at q250 andq2516.2 GeV2.

Ref. T1 T2 A1 A0

q250 q2516.2 GeV2 q2516.2 GeV2 q250 q2516.2 GeV2 q250 q2516.2 GeV2

LCQM @8# 0.155 0.53 0.26 0.26 0.45 0.32
3ptSR@12# 0.1960.03 0.560.05 0.1360.03 0.3760.03 0.2360.03 0.360.03 1.060.05
LCSR @13# 0.18 0.84 0.35 0.36 0.65 0.27 0.64
LCSR1Lat @14# 0.1560.04 0.54 0.22
Lat1 @17# 0.1620.01

10.02 0.5760.04 0.2160.04 0.29 0.4460.04 0.33 1.2860.07
GI-OGE 0.177 0.53 0.248 0.33 0.44 0.44 1.20
ISGW2 0.142 0.46 0.23 0.26 0.42 0.35 1.08
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soft wave function is concentrated in the region of the c
finement scale; for the case of heavy-to-light transition th
have the correct scaling properties at small recoil and o
the LO 1/mQ relations between the form factors ofV, A, and
T currents@25#, and numerically they agree with the lattic
results at largeq2 for theB→K* transitions. Thus we expec
the dispersion quark model form factors to be reliable in
whole kinematically accessible region.

In the next sections we use the QM form factors evalua
with the GI-OGE wave functions and the lattice-constrain
parametrizations of Ref.@17# for analyzing the decay rate
and asymmetries in rareB decays.

IV. DIFFERENTIAL DECAY RATES
AND LEPTON ASYMMETRIES

In this section we present formulas for the different
decay rates, forward-backward asymmetries, and lepton
larization asymmetries obtained for bothmsÞ0 andml Þ0
for the transition induced by the effective Hamiltonian E
~4! in the caseB→(K,K* )(l 1l 2) and by Eq.~5! in the
caseB→(K,K* )(nn̄).

Our formulas for the differential decay rates and forwa
backward asymmetry coincide with the corresponding f
mulas of Ref. @31# and reproduce the formulas of Ref
@10,13# in the casems50 andmlÞ0 and those of Ref.@12#
in the casems50, ml50. For lepton polarization asymme
tries our expressions in the limitms50 coincide with the
results of@10,13#.

Introducing the dimensionless kinematical variablesŝ

[q2/MB
2 and t̂[(PB2pl 1)2/MB

2 , the double-differential

FIG. 2. The Isgur-Wise functionj ~solid! @22,30#, and the form
factorsjB→K ~dotted! andjB→K* ~dashed! calculated via Eq.~29!.
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decay width for the rare decayB→Kl 1l 2 can be cast into
the form

d2G~B→Kl 1l 2!

dŝd t̂

5
GF

2MB
5 uVts* Vtbu2aem

2

256p5
@2P̂bP12m̂dP#, ~30!

where

bP5uC9V
eff ~mb ,q2! f 1~q2!12~mb1ms!C7g~mb!s~q2!u2

1uC10A~mb! f 1~q2!u2,

P̂5~ t̂21!~ t̂2 r̂ !1 ŝt̂1m̂~11 r̂ 1m̂2 ŝ22 t̂ !,

dP5uC10Au2H S 11 r̂ 2
ŝ

2
D u f 1~q2!u21~12 r̂ !

3Re@ f 1~q2! f 2* ~q2!#1
ŝ

2
u f 2~q2!u2J ~31!

with r̂[(MK /MB)2 and m̂[(ml /MB)2. After integrating

over t̂ from t̂min5@11 r̂ 12m̂2 ŝ2A124m̂/ ŝl1/2(1,ŝ, r̂ )#/2

to t̂max5@11 r̂ 12m̂2 ŝ1A124m̂/ ŝl1/2(1,ŝ, r̂ )#/2, where
l(1,ŝ, r̂ )511 r̂ 21 ŝ222r̂ 22ŝ22r̂ ŝ, one obtains the invari-
ant dilepton mass distribution

dG~B→Kl 1l 2!

dŝ

5
GF

2MB
5 uVts* Vtbu2aem

2

1536p5
A124m̂/ ŝl1/2~1,ŝ, r̂ !

3F S 11
2m̂

ŝ
D l~1,ŝ, r̂ !bP112m̂dPG . ~32!

In the case of the decayB→K* l 1l 2 one has

d2G~B→K* l 1l 2!

dŝd t̂

5
GF

2MB
5 uVts* Vtbu2aem

2

512p5
@bV

~1!1bV
~2!14m̂dV#, ~33!

with
bV
~1!5@~ ŝ12m̂!l~1,ŝ, r̂ !12ŝP̂#uG~q2!u21F ŝ12m̂2

P̂

2r̂
G uF~q2!u22

l2~1,ŝ, r̂ !

2r̂
P̂uH1~q2!u21

ŝ211 r̂

r̂
P̂R~q2!,

bV
~2!52ŝ@2 t̂1 ŝ2 r̂ 2122m̂#R1~q2!,
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uG~q2!u25UC9V
eff ~mb ,q2!MBg~q2!2

2C7g~mb!

ŝ

mb1ms

MB
g1~q2!U2

1uC10A~mb!MBg~q2!u2,

uF~q2!u25UC9V
eff ~mb ,q2!

f ~q2!

MB
2

2C7g~mb!

ŝ

mb2ms

MB
~12 r̂ !B0~q2!U2

1UC10A~mb!
f ~q2!

MB
U2

,

uH1~q2!u25UC9V
eff ~mb ,q2!MBa1~q2!2

2C7g~mb!

ŝ

mb2ms

MB
B1~q2!U2

1uC10A~mb!MBa1~q2!u2,

R~q2!5ReH FC9V
eff ~mb ,q2!

f ~q2!

MB
2

2C7g~mb!

ŝ

mb2ms

MB
~12 r̂ !B0~q2!GFC9V

eff ~mb ,q2!MBa1~q2!

2
2C7g~mb!

ŝ

mb2ms

MB
B1~q2!G* J 1uC10A~mb!u2Re@a1~q2! f * ~q2!#,

R1~q2!5ReH FC9V
eff ~mb ,q2!MBg~q2!2

2C7g~mb!

ŝ

mb1ms

MB
g1~q2!G FC10A~mb!

f ~q2!

MB
G* J

1ReH FC9V
eff ~mb ,q2!

f ~q2!

MB
2

2C7g~mb!

ŝ

mb2ms

MB
~12 r̂ !B0~q2!G @C10A~mb!MBg~q2!#* J ,

B0~q2!5g1~q2!1g2~q2!
ŝ

12 r̂
,

B1~q2!52 ŝMB
2 g0~q2!

2
2g1~q2!,

dV5
uC10Au2

2
l~1,ŝ, r̂ !H 22ug~q2!MBu22

3

l~1,ŝ, r̂ !
U f ~q2!

MB
U2

1
2~11k!2 ŝ

4r̂
ua1~q2!MBu21

ŝ

4r̂
ua2~q2!MBu2

1
1

2r̂
Re@ f ~q2!a1* ~q2!1 f ~q2!a2* ~q2!#1

12 r̂

2r̂
Re@MBa1~q2!MBa2* ~q2!#J , ~34!
il-

for
where nowr̂[(MK* /MB)2. After integrating over the vari-
able t̂ we find

dG~B→K* l 1l 2!

dŝ

5
GF

2MB
5 uVts* Vtbu2aem

2

1536p5
A124m̂/ ŝl1/2~1,ŝ, r̂ !

3F S 11
2m̂

ŝ
D bV112m̂dVG , ~35!

where

bV52l~1,ŝ, r̂ !ŝuG~q2!u21F2ŝ1
~12 r̂ 2 ŝ!2

4r̂
G uF~q2!u2
1
l2~1,ŝ, r̂ !

4r̂
uH1~q2!u2

2
l~1,ŝ, r̂ !

2r̂
~ ŝ211 r̂ !R~q2!. ~36!

The effective Hamiltonian for theB→(K,K* )(nn̄) transi-
tion ~5! may be obtained from the corresponding Ham
tonian for theB→(K,K* )(l 1l 2) transition~4! by the fol-
lowing replacements:

m̂→0, C7g→0, C9V
eff→

X~xt!

sin2~uW!
, C10A→2

X~xt!

sin2~uW!
.

~37!

Hence, expressions for the decay rates inB→(K,K* )(nn̄)
can be obtained from the corresponding formulas
B→(K,K* )(l 1l 2) by the replacement~37!.
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For the decaysB→K* l 1l 2 a very interesting quantity
is the forward-backward~FB! charge asymmetryAFB( ŝ),
which is defined as

AFB~ ŝ!5
1

dG~B→K* l 1l 2!/dŝ

3F E
0

1

d cos~u!
d2G~B→K* l 1l 2!

dŝd cos~u!

2E
21

0

d cos~u!
d2G~B→K* l 1l 2!

dŝd cos~u!
G , ~38!

whereu is the angle between the charged leptonl 1 and the
B-meson directions in the rest frame of the lepton pair. As
well known, the FB asymmetry is sensitive to the par
structure of the electroweak interaction. At low values ofq2

the parity-conserving photon exchange is expected to do
nate and therefore the FB asymmetry should be small; on
contrary, at largeq2 the contribution of the parity-violating
Z- and W-boson exchanges becomes relevant, leading
large asymmetry. Moreover, the FB asymmetry is sensi
to the relative sign of the Wilson coefficients@5# and there-
fore its measurement could be used as a probe of the
physics beyond the standard model. Explicitly, one has
s

i-
he

a
e

ew

AFB~ ŝ!5
3ŝA124m̂/ ŝl1/2~1,ŝ, r̂ !R1~q2!

~112m̂/ ŝ!bV112m̂dV

. ~39!

Finally, we will consider also the longitudinal lepton po
larization asymmetryPL( ŝ) defined as

PL~ ŝ!5
1

dG/dŝ
FdG~h521!

dŝ
2

dG~h511!

dŝ
G , ~40!

whereh511(21) means right-~left-! handed charged lep
ton l 2 in the final state. In case of the rare decayB
→Kl 1l 2 one has

PL~ ŝ!5
2A124m̂/ ŝl~1,ŝ, r̂ !

~112m̂/ ŝ!l~1,ŝ, r̂ !bP112m̂dP

3Re$@C9V
eff ~mb ,q2! f 1~q2!

12~mb1ms!C7g~mb!s~q2!#

3C10A* f 1* ~q2!%, ~41!

whereas for the processB→K* l 1l 2 one gets
PL~ ŝ!5
2A124m̂/ ŝ

~112m̂/ ŝ!bV112m̂dV
F2l~1,ŝ, r̂ !ŝRG~q2!1S 2ŝ1

~12 r̂ 2 ŝ!2

4r̂
D RF~q2!1

l2~1,ŝ, r̂ !

4r̂
RH1

~q2!

2
l~1,ŝ, r̂ !

4r̂
~ ŝ211 r̂ !RR~q2!G , ~42!

where

RG~q2!5ReH FC9V
eff ~mb ,q2!MBg~q2!2

2C7g~mb!

ŝ

mb1ms

MB
g1~q2!G @C10A~mb!MBg~q2!#* J ,

RF~q2!5ReH FC9V
eff ~mb ,q2!

f ~q2!

MB
2

2C7g~mb!

ŝ

mb2ms

MB
~12 r̂ !B0~q2!G FC10A~mb!

f ~q2!

MB
G* J ,

RH1
~q2!5ReH FC9V

eff ~mb ,q2!MBa1~q2!2
2C7g~mb!

ŝ

mb2ms

MB
B1~q2!G @C10A~mb!MBa1~q2!#* J ,

RR~q2!5ReH FC9V
eff ~mb ,q2!

f ~q2!

MB
2

2C7g~mb!

ŝ

mb2ms

MB
~12 r̂ !B0~q2!G @C10A~mb!MBa1~q2!#* J

1ReH FC9V
eff ~mb ,q2!MBa1~q2!2

2C7g~mb!

ŝ

mb2ms

MB
B1~q2!G FC10A~mb!

f ~q2!

MB
G* J . ~43!
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FIG. 3. Differential decay rates 107d Br/d(q2/MB
2) in the decaysB→K* l 1l 2: ~a! B→Km1m2. ~b! B→K* m1m2. ~c! B

→Kt1t2. ~d! B→K* t1t2. Solid line indicates QM form factors~GI-OGE!, for uVtsu50.038; dotted line indicates lattice-constraine
parametrization of@17#, for uVtsu50.041. Thick lines indicate nonresonant parts, thin lines indicate total. The resonance phases are
in accordance with the analysis of Ref.@6#.
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Notice that for a left-handed massless neutrino Eq.~40!
yields PL[21. The same result can be obtained also fr
Eqs.~37!, ~41!, and~42!.

V. NUMERICAL ANALYSIS

In this section we analyze the decay rates and lep
asymmetries in the standard model: the Wilson coefficie
at the scalem.mb are given in Sec. II, and theB→K,K*
transition form factors of the dispersion quark model eva
ated with the GI-OGE model wave functions are adopt
For the B→K* transitions we also consider the lattic
constrained parametrizations of the form factors of Ref.@17#.
We denote the two sets of predictions as QM and Lat,
spectively.

A. Decay rates and dilepton distributions

First, let us evaluate theuVtsu. Combining our QM predic-
tion for theT2(0) with the CLEO data onB→K* g @1# we
find

uVtsu50.03860.005exp. ~44!
n
ts

-
.

-

A similar analysis with the lattice-constrained parametriz
tion for T2 @17# yields uVtsu50.04160.005th60.005exp.

The predictions for the dilepton distribution inB
→(K,K* )l 1l 2 decays are reported in Fig. 3, where t
nonresonant contributions are also shown separately. Th
tal decay rates turn out to be at least one order of magnit
larger than the nonresonant decay rates.

It should be noticed that the approximate parametrizat
of the long-distance effects in theb→s effective Hamil-
tonian by a simple sum of the Breit-Wigner terms mig
become inaccurate far from the resonance region, in part
lar nearq250. Several otherAnsätze for parametrizing the
long-distance effects have been discussed in the litera
@32#. However, there are arguments that the nonresonant
tributions which are most interesting as they contain the
formation on the Wilson coefficients can be reliably sep
rated in a broad interval ofq2 except for the resonanc
regions. First, a theoretical analysis of the long-distance
fects in B→K* transition atq250 @33#, where the long-
distance contribution is unlikely to be given by a simple su
of the Breit-Wigner terms, resulted in a small absolute va
of the long-distance effects of only few percent. And seco
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TABLE IV. Nonresonant branching fractions of the radiative and rare semileptonicB decays. The branch
ing fractions are evaluated usingHeff at the scalem55 GeV. Uncertainties connected with a relevant cho
of this low-energy scalem;mb are not shown.

Decay QM Lat @5# Exp.
mode 3uVts/0.038u2 3uVts/0.041u2 3uVts/0.033u2

B→K* g 4.231025 4.231025 (4.962.0)31025 (4.261.0)31025 @1#

B→K* e1e2 1.5031026 1.4531026 (2.360.9)31026 ,1.631025 @34#

B→K* m1m2 1.1531026 1.131026 (1.560.6)31026 ,2.531025 @35#

B→K* t1t2 1.031027 1.131027

B→K* (n i n̄ i
1.531025 1.431025 (1.160.55)31025

B→Kl 1l 2 4.431027 (4.061.5)31027 ,0.931025 @34#

B→Kt1t2 1.031027

B→K(n i n̄ i
5.631026 (3.261.6)31026
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assuming an additionalq2 dependence of the long-distanc
contribution toC9V

eff as in Ref.@32#, we have observed th
dilepton distributions to change by not more than 4%
someq2 regions and all asymmetries to remain unaffec
within 1% accuracy. This fact provides a possibility to re
ably separate the nonresonance contributions and in princ
to measure the Wilson coefficients.

Table IV summarizes our predictions for the nonreson
branching ratios. The branching ratios obtained with the Q
and Lat sets of the form factors are given in un
uVts/0.038u2 and uVts/0.041u2, respectively, such that theB
→K* g branching ratio evaluated withC7g(m55 GeV! in
each case is normalized to the central CLEO value@1# if this
factor is equal to unity.

Note that the transitions B→K* m1m2 and B
→K* e1e2 have different rates, because the amplitudeB
→K* l 1l 2 has a kinematical pole atq250, which makes
the corresponding decay rate very sensitive to the lo
boundary of the phase-space volume (q254ml

2 ), while the
amplitudeB→Kl 1l 2 is regular atq250 and, therefore,
insensitive to the mass of the light lepton.

One observes a strong sensitivity of the differential de
rates inB→K* transitions at lowq2: the decay rates ar
results of the interference of various form factors and th
are sensitive to the details of theirq2 behavior. One can se
that the Lat and QM form factor sets which both provide
reasonable agreement with the lattice results at largeq2,
yield sizable deviations in the differential distributions at lo
q2 and hence in the branching ratios. Thus for deriving
curate predictions for the branching ratios one needs accu
knowledge of the form factors at lowq2.

The decay rates of theB→K modes turn out to be mor
stable with respect to variations of the relevant form fact
~cf. @11#! and thus might be more perspective for extract
Vts from rare semileptonic decays.

B. Forward-backward asymmetry

The forward-backward dilepton asymmetries inB
→K* l 1l 2 decays are presented in Fig. 4. For comparis
we show also nonresonantAFB evaluated with the form fac
tors for the ISGW2 quark model parameters, and obtai
assuming the HQS relations between the form factors. O
can observe a strong sensitivity of the asymmetries to
d

le

t

r

y

s

-
ate

s

,

d
e
e

specific details of the behavior of the relevant form facto
Notice that the maximum of the asymmetry atq2/MB

2.0.1 is
mainly proportional to the ratio (V/A1)2. That is why the Lat
AFB turns out to be larger in the maximum than the Q
asymmetry. Nevertheless the general trend of the behavio
AFB for all considered sets of the form factors is similar: t
nonresonant asymmetry is positive at lowq2, has a zero at
q2/MB

2.0.15, and then becomes negative irrespective to
details of the form factor behavior. Let us point out th
maximum absolute value of the~negative! asymmetry is at-
tained atq2/MB

2.0.62 whereuAFBu.0.4 both for the QM
and Lat sets of the form factors. This is considerably sma
than uAFBu.0.6 reported in@12#. This difference is traced
back to a very specific behavior of the form factorT3 in @12#
which contradicts the results of other approaches and to
approximate HQS relations between the form factors~see
also discussion in@11#!.

C. Lepton polarization asymmetry

Figure 5 shows lepton polarization asymmetriesPL for
massless and massive leptons. For understanding the be
ior of PL it is important to take into account the relationsh
between the Wilson coefficients in the SM:

C7g~mb!!C10A~mb!.2C9V~mb!. ~45!

In the case of the transitionB→Kl 1l 2 (l 5m,e) a simple
analysis of Eq.~41! yields the following behavior of the
nonresonantPL : PL is equal to zero atq254ml

2 and q2

5(Mb2MK)2 due to kinematical reasons, and in the inte
mediate region ofq2, PL steeply goes down to the valu
PL.2C9VC10A /(C9V

2 1C10A
2 ).21 independently of the

particular behavior of theB→K transition form factors. A
weak q2 dependence of the nonresonancePL is due to the
function h(mc /mb ,q2/mb

2) in C9V
eff .

In the reactionB→K* l 1l 2 (l 5m,e) the situation is a
bit different: now the term inHeff proportional to a small
C7g contains a photon pole atq250 and thus a parity-
conserving photon exchange dominates the decay at lowq2

providing a small value ofPL . At large q2 one findsPL.
21 because of just the same reason as in theB→K case
with the only difference being that the kinematical zero
q25(MB2MK* )2 is absent. In the intermediate region
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FIG. 4. Forward-backward asymmetries inB→K* l 1l 2 transitions.~a! B→K* m1m2(e1e2) , nonresonant.~b! The same, total.~c!
B→K* t1t2 , nonresonant.~d! The same, total. Solid line indicates GI-OGE, dashed line indicates ISGW2, dotted line indicates l
constrained parametrization of@17#, dash-dotted line indicates HQS relations.
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q2, the nonresonantPL is an interplay of the parity-
conserving and parity-violating terms yielding a negativePL
smoothly falling from 0 to21 in a way largely independen
of the particularq2 dependence of the transition form factor

In the total PL in the reactionsB→(K,K* )l 1l 2 (l
5m,e) the c andc8 resonances appear as sharp peaks o
smooth nonresonance background.

The results of our calculation shown in Fig. 5, as well
the results of Refs.@10,11#, correspond to the picture de
scribed above, whereasPL reported in@13# has a different
behavior withPL.20.6 at largeq2 which seems to be very
doubtful. The lepton polarization asymmetryPL in the case
B→(K,K* )t1t2 in general follows the trend of the ligh
leptons case with an important difference: the nonreson
PL does not go down to the value.21 in the kinematically
accessible region. ThePL again turns out to be largely in
sensitive to the meson transition form factors. In the totalPL
one observes only thec8 peak in the kinematically acces
sible region.

VI. CONCLUSIONS

We have analyzed rare semileptonic transitionsB
→(K,K* ) within the standard model adopting two mode
.

a

s

nt

for the relevant form factors: a relativistic constituent qua
model, formulated in a dispersion form, and the lattic
constrained parametrization of Ref.@17#. Our main results
are as follows.

We have presented a dispersion quark model calcula
of the B→K,K* transition form factors in the whole kine
matical range ofq2. Adopting the quark masses and th
wave functions of the Godfrey-Isgur model@28# for the had-
ron spectrum with a switched-off one-gluon exchange pot
tial for taking into account only the impact of the confin
ment scale, we have found the resulting form factors to be
good agreement with the lattice simulations at largeq2.

The form factors in the dispersion quark model deve
the correct expansion in the leading and next-to-lead
1/mQ orders for the heavy-to-heavy decays, and satisfy
relations between the form factors of the vector, axial-vec
and tensor currents valid in the region near the zero-re
point in case of heavy-to-light decays. In addition, the fo
factors are compatible with known analytical constraints.

Hence, the form factors of the dispersion quark mo
obey all existing rigorous theoretical constraints and ag
nicely with the results of lattice simulations for theB→K*
decay at largeq2. Moreover, the dispersion quark mod
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FIG. 5. Longitudinal lepton polarization asymmetry (PL) in the decaysB→(K,K* )l 1l 2: ~a! B→Km1m2(e1e2). ~b! B
→K* m1m2(e1e2). ~c! B→Kt1t2. ~d! B→K* t1t2. Solid line indicates GI-OGE, dotted line indicates lattice-constrained paramet
tion of @17#. Thick lines indicate nonresonant, thin lines indicate total.
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form factors for theB→K* transition agree favorably in th
whole range of 0,q2,(MB2MK* )2 with a lattice-
constrained fit@17# based on the constituent quark picture@9#
and an assumption on a single-pole behavior ofA1(q2). Thus
we expect to have reliable form factors in the whole kin
matically accessible decay region.

We have performed a detailed analysis of the nonreso
decay rates and asymmetries inB→(K,K* )(l 1l 2,nn̄) de-
cays in the standard model and obtained predictions for
exclusive channels using our GI-OGE form factors and
lattice-constrained fit to the form factors ofB→K* transi-
tion.

~i! Combining our QM result forT2(0) with the central
CLEO value forB→K* g @1# we estimate the central valu
uVtsu50.038. With the lattice-constrained parametrization
the form factors @17# one finds the central valueuVtsu
50.041.

~ii ! The nonresonant branching fractions obtained with
two sets of the form factors are in good agreement if
relevant uVtsu is used in each case. Nevertheless, a be
knowledge of the relevant form factors aroundq250 is still
required.
-

nt

ll
e

f

e
e
er

~iii ! The differential dilepton distributions inB
→Kl 1l 2 decays are less sensitive to the details ofq2 be-
havior of the form factors than the corresponding distrib
tions in B→K* l 1l 2 processes. Thus, the reactionB
→Km1m2 seems to be the most appropriate one for
determination ofVts from rare exclusive semileptonic de
cays.

~iv! The shape of the forward-backward asymmetry inB
→K* m1m2 within the SM is almost independent of th
long-distance contributions:AFB is positive at smallq2, has a
zero atq2.0.15MB

2 and then becomes negative at largerq2.
On the other hand, the values ofAFB in the maximum and
the minimum are determined by the ratios of the form fact
~see also discussion in@36#!.

~v! The longitudinal lepton polarization asymmet
PL(B→Km1m2) at all kinematically accessibleq2, except
for the end points and regions nearc and c8, as well as
PL(B→K* m1m2) at largeq2 are largely independent of th
long-distance contributions both in the effective Hamiltoni
b→sl 1l 2 and those incorporated into the meson transit
form factors. In particular, PL(B→Km1m2)
.2C9VC10A /(C9V

2 1C10A
2 ) (.21 in the SM!, and hence
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PL directly measures the ratio of the Wilson coefficien
C9V /C10A at the scalem.mb . Thus, the experimental stud
of the forward-backward asymmetry and the longitudin
lepton polarization asymmetry potentially provides an eff
tive test of the standard model and its possible extention

Nevertheless, for obtaining more accurate predictions
the decay rates one needs additional knowledge of the ve
meson—virtual photon junction vertex which could be giv
in the near future by HERA photoproduction data.

The presented results for the decay rates are essen
based on the lattice-constrained constituent quark pict
Further progress in obtaining more accurate predictions
combining these approaches may be expected in the fol
D

e-
l
-

r
tor

lly
e.
y

w-

ing way: with increasing the accuracy of the lattice pred
tions one can put forward the determination of the mes
wave functions from the least-x2 fit to the lattice results at
small recoils, based on our proposed spectral representa
for the form factors. Then such a lattice-constrained qu
model would provide reliable and accurate form factors at
kinematically accessibleq2.
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