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HQET and form factor effects in B˜K „* …l 1l 2

W. Roberts
Department of Physics, Old Dominion University, Norfolk, Virginia 23529

and Continuous Electron Beam Accelerator Facility, 12000 Jefferson Avenue, Newport News, Virginia 23606
~Received 12 December 1995!

We examine the rates for the exclusive decaysB→K (* )l 1l 2. We use the scaling predictions of the heavy
quark effective theory to extract the necessary form factors from fits to data available inD→K (* )l n,
B→K (* )c (8), and the rare decayB→K* g. We use different parametrizations of form factors, and find that
integrated decay rates are not very sensitive to the forms chosen. However, the decay spectra and the forward-
backward asymmetry inB→K* l 1l 2 are sensitive to the forms chosen for the form factors, while the lepton
polarization asymmetry inB̄0→K̄ (* )0m1m2 is largely independent of the choice of form factors. Contribu-
tions from charmonium resonances dominate the spectra and integrated rates. In our ‘‘best’’ scenario, we find
B(B̄0→K̄0m1m2)52.060.331026 andB(B̄0→K̄* 0m1m2)58.162.031026. We also make predictions for
other polarization observables in these decays.@S0556-2821~96!01613-X#

PACS number~s!: 12.39.Hg, 13.25.Ft, 13.25.Hw, 14.40.Nd
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I. INTRODUCTION

The rare dileptonic and radiative decays ofB mesons
have been the subject of much recent interest. This is
cause the operators responsible for these decays are abs
the standard model at the tree level, and first appear at
one-loop level. As a result, these decays can provide se
tive tests of many issues, both within and beyond the st
dard model. The mass of the top quark and the Higgs bos
the existence or not of other Higgs multiplets, right-hand
massive gauge bosons, or even extra left-handed mas
gauge bosons, as well as questions concerning supersym
ric models are just some of the issues to which these dec
are sensitive@1–15#.

In order for these issues to be probed with any kind
precision in these decays, it is crucial that all of the lon
distance effects be understood. At present, it is believed
this is the case for inclusive processes such
B→Xsl

1l 2, the rates for which are taken to be the rat
for the corresponding free-quark process. In this regard,
operator-product expansion~OPE! of the heavy quark effec-
tive theory~HQET! has been used to treat inclusive deca
beyond the free-quark approximation@1,2,16,17#. This ap-
proximation is actually the leading term in a systematic e
pansion in the inverse of theb-quark mass, and become
arbitrarily accurate as the mass of theb quark approaches
infinity. In addition, it has been shown that corrections to t
free-quark picture first arise at order 1/mb

2 , so that the pre-
dictions for the inclusive decay rates are expected to be q
reliable @16#.

There are, however, two regions of phase space in wh
the OPE of HQET may be less reliable in predicting t
inclusive decay rates@1#. The first is near the charmonium
resonances, as the matrix elements of the four-quark op
tors that contribute in this region may be subject to lar
final state interactions. These may be beyond the scope o
HQET treatment of the inclusive process. The second is
the corner of phase space wherePXs

2 'ms
2 , wherePXs

is the

four-momentum of the hadronic final stateXs . This essen-
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tially arises from the fact that, for the free quark decay, the
spectral end point occurs atPXs

2 5ms
2 , while for the case of

real hadrons, it occurs atPXs
2 5mK

2 . Apart from this, it is

believed that the OPE of HQET provides a reliable descrip
tion of the inclusive decays.

For the exclusive decays, the situation is not quite as ros
as the free-quark operators of the inclusive processes a
replaced by hadronic matrix elements, which are described
terms of a number ofa priori unknown, uncalculable, non-
perturbative form factors. The dependence of these form fa
tors on the appropriate kinematic variable may be modeled
but this muddles things as it introduces some model depe
dence in the extraction of information from the measured
quantities.

In this regard, one may use the predictions of the heavy
quark effective theory~HQET! @18–32# to relate the form
factors for the exclusive rare decays ofB mesons to those of
the semileptonic decays ofD mesons. There are two possible
problems with this approach. The first is that the charm
quark is not particularly heavy, and application of HQET to
the decays of charmed mesons may be of questionable val
ity and value. The second is that to apply the form factors fo
theD decays toB decay processes requires extrapolation o
the form factors well beyond the range that is kinematically
accessible inD decays.

Despite the relative ‘‘lightness’’ of thec quark, the pre-
dictions of HQET appear to be validated experimentally. Fo
instance, the predictions for the decays of theLc @26,33# are
supported by experimental measurements@34,35#. In addi-
tion, and perhaps more importantly, the predictions of HQET
for the decaysB→Dl n, in which the charm quark is treated
as heavy, appear to be supported by experimental data. O
may expect this success to carry over to the decays o
charmed mesons, thus justifying the use of HQET for suc
decays.

The question of extrapolation of form factors is a delicate
one. In a recent article, Roberts and Ledroit@32# have shown
that depending on the choice of form factor parametrizations
as well as on the choice of form factor parameters, the form
863 © 1996 The American Physical Society
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864 54W. ROBERTS
factors forD decays may be applied with or without succe
to B decays. The question of success or nonsuccess w
crucial one for the nonleptonic decaysB→K (* )c (8), for
which the question of factorization or not of the matrix ele
ment is also of key importance. Similar results have be
reported by other authors@36–38#.

In @32#, the authors found that all of the data treate
namely,D→K (* )l n, B→K (* )c (8) andB→K* g, could be
described in terms of a single set of universal form factors.
this work, we use the results of that work to analyze t
decaysB→Kl 1l 2 andB→K* l 1l 2 in some detail, but
concentrate on form factor effects rather than the effects
QCD coefficients, as these have been treated elsewhere
many authors. In the case of the latter process, we also
amine the forward-backward asymmetry. In@32#, effects due
to charmonium resonances, and charm and light contin
were ignored. These are included in the present analysis

The rest of this work is organized as follows. In the ne
section we discuss the standard model effective Hamilton
for the rare dileptonic decays of interest, as well as the fo
factors for the exclusive decays, and their HQET relations
the form factors for the semileptonic decays ofD mesons.
Our results for the total decay rates, spectra, forwa
backward asymmetries and lepton polarization asymmetr
are presented in Sec. III, and Sec. IV presents our conc
sions.

II. EFFECTIVE HAMILTONIAN AND FORM FACTORS

In the standard model, the effective Hamiltonian for th
decayb→sl 1l 2 has the form

Heff5
GF

A2
a

4p
Vts*VtbF2i mb

q2
C7~mb!s̄smnq

n~11g5!bl gml

1C9~mb!s̄gm~12g5!bl gml

1C10~mb!s̄gm~12g5!bl gmg5l G , ~1!

where the coefficientsCi(mb) are as in the article by Buras
et al. @6#. We choose not to reproduce these coefficients he
the interested reader may consult the rich literature on t
subject. We do point out, however, thatC9 andC10 receive
long distance contributions from the continua of light an
charm qq̄ pairs, as well as from charmonium resonanc
(C9 only!. The contributions from light pairs are also as i
the article by Buraset al. @6#. The contributions from the
charmonium resonances may be thought of as arising fr
the nonleptonic decayB→K (* )c, followed by the leptonic
decay of the charmonium vector resonance,c→l 1l 2.
Thus, including these requires some assumption about
B→K (* )c amplitude.

As has been done by other authors, we assume that
amplitude can be treated in the factorization approximatio
so that the contribution from each charmonium vector res
nanceV can be written as

C9
V5

16p2

3

VcbVcs*

VtbVts*
S f VmV

D 2 a2
q22mV

21 imVGV
. ~2!
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Here,mV is the mass of the charmonium state,GV is its
width, and f V is its decay constant. The constanta2 is the
phenomenological factorization constant, whose absolute
value has been measured to be about 0.24.

The hadronic matrix elements of the operators in Eq.~1!
are

^K~p8!us̄gmcuB~p!&5 f1
B ~p1p8!m1 f2

B ~p2p8!m ,

^K~p8!us̄gmg5cuB~p!&50,

^K* ~p8,e!us̄gmcuB~p!&5 igBemnabe* n~p1p8!a~p2p8!b,
~3!

^K* ~p8,e!us̄gmg5cuB~p!&5 f Bem*1a1
B e* •p~p1p8!m

1a2
B e* •p~p2p8!m ,

^K~p8!us̄smnbuB~p!&5 isB@~p1p8!m~p2p8!n

2~p1p8!n~p2p8!m#,

^K* ~p8,e!us̄smnbuB~p!&5emnab@g1
B e* a~p1p8!b

1g2
B e* a~p2p8!b

1hBe* •p~p1p8!a~p2p8!b#.

The form factorsf , f6 , g, g6 , a6 , s andh are all func-
tions of the kinematic variableq25(p2p8)2. Because of the
relation

smng55
i

2
«mnabsab , ~4!

we can easily relate the matrix elements involvingsmn to
those in which the current iss̄smng5b. The superscriptsB
on the form factors signify that they are the ones appropriate
to the decays of theB mesons. These form factors may be
related to the corresponding ones for decays ofD mesons,
using the predictions of HQET.

The full formalism of HQET as it applies to these decays
has been presented in@32#. Here, we briefly present the sa-
lient points of the discussion. In HQET, a heavyB meson
traveling with velocityv is represented by the Dirac matrix
@39#

B~v !→
11v”
2

g5 . ~5!

The matrix elements of interest are then@32,40#

^K~p!us̄Ghv
~c!uB~v !&5TrH ~j11p” j2!g5G

11v”
2

g5J ,
^K* ~p,e!us̄Ghv

~c!uB~v !&5TrH @~j31p” j4!e* •v

1e”* ~j51p” j6!#G
11v”
2

g5J ,
~6!

where
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54 865HQET AND FORM FACTOR EFFECTS INB→K (* )l1l2
uB~v !&5AmBuB~v !&. ~7!

Thesej i are independent of the masses of the heavy qua
and mesons, as well as of the exact form of the Dirac mat
G. Thus, they are valid for bothD→K (* ) andB→K (* ), as
well as for transitions mediated by vector, axial-vector, an
tensor currents.

The relationships between the form factors of Eq.~3! and
the j i are

j15
AmB

2
~ f1

B 1 f2
B !,

j25
1

2AmB

~ f2
B 2 f1

B !52AmBs
B,

j35
mB
3/2

2
~a1

B 1a2
B !,

~8!

j45
AmB

2
~2gB2a1

B 1a2
B !5mB

3/2hB,

j552
1

2AmB

~ f B12mBv•pg
B!52

AmB

2
~g1

B 1g2
B !,

j65AmBg
B5

1

2AmB

~g2
B 2g1

B !.

The corresponding relationships forD meson form factors
require the replacement of all factors ofmB in Eq. ~8! by
factors ofmD . Finally, we note that inclusion of radiative
corrections requires the replacement@41#

j i
b→s5j i

c→sFas~mb!

as~mc!
G26/25

. ~9!

III. RESULTS AND DISCUSSION

All of the results we present are obtained by using th
form factor parametrizations of@32#. In that work, two sce-
narios were explored for the form factors. In the first sce
nario, j1 andj4 had the form

j i5aiexp@2bi~v•p2mK~* !!2#

5aiexpF2
bi
4mD

2 ~qmax
2 2q2!2G , ~10!

j2 andj3 had the form

j i5aiexp@2bi~v•p2mK~* !!#5aiexpF2
bi
2mD

~qmax
2 2q2!G ,

~11!

while j5 andj6 had the form

j i5aiexp@2bi~v•p!2#. ~12!

In the second scenario, thej i were parametrized as
ks
ix

d

e

-

j i5ai~11biv•p!ni, ~13!

with ni522,21, 0, 1.
In each scenario, theai andbi were free parameters that

were fixed by fitting to the experimental measurements. A
fuller discussion of these fits and parameter sets is given i
@32#. In this analysis, we have usedVtb50.9988,
Vts50.03, Vcs50.9738, Vcb50.041, mb54.9 GeV,
mc51.5 GeV, andmt5177 GeV.

In Fig. 1 we show our results for the rare dileptonic de-
caysB→K (* )m1m2 using the form factors of the two sce-
narios. For comparison, Fig. 2 shows the corresponding
spectra for production oft leptons. In each of these figures,
the upper graph is for the exponential scenario, while the
lower graph is for the multipolar scenario.

The most dominant features of these curves are the sha
maxima due to the first two vector charmonium resonances
Apart from these two features, the spectra we have obtaine
are very similar to those obtained in@32#. In particular, the
zeroes in some of the distributions still persist.

The two charmonium resonances also dominate the tota
rates, as the numbers in Table I are all at least twice as larg
as the corresponding numbers reported in@32#, where the
resonance effects were not included. The errors that we quo
in all of the numbers we report are estimates only, and ar
obtained by using the covariance matrix that arises from th
fit.

Apart from the charmonium features shown in these fig-
ures, the differences in the predicted spectra are most notic
able at smaller values ofq2. This is particularly so for the
production of transversely polarizedK* ’s. This is not sur-
prising, since the data available constrains the form factor
mainly at large values ofq2. Thus, the two scenarios pro-
duce very similar results at largeq2. In addition, despite the
differences between the two scenarios at lowq2, their pre-
dictions for the total rates are surprisingly similar. In the case
of t leptons, the predictions from the two scenarios are al
most identical in most cases.

If the final leptons are electrons, all of the curves we have
shown are essentially the same as those for muons, with th
exception of those for transversely polarizedK* ’s for small
q2 ~and consequently, for unpolarizedK* ’s as well!. This is
because the differential decay rate for transversely polarize
K* ’s behaves like 1/q2 for small q2, and the different end
points for electrons and muons means that the spectra a
different at smallq2. In fact, the 1/q2 dependence is softened
by a factor ofAq224ml

2 in the decay rate. That phase space
extends further for electron pairs has essentially no impac
on the rate forB→Kl 1l 2, nor for longitudinally polarized
K* ’s in B→K* l 1l 2. However, there is a significant in-
crease in the rate for transversely polarizedK* ’s, with a
slightly less significant effect for unpolarizedK* ’s. This is
seen by comparing the numbers in Tables I and II. The effec
is also shown in Fig. 3. Fort leptons, all rates are smaller by
about an order of magnitude.

In addition to the differential decay rate, there are two
other quantities of interest for these decays. One is the dif
ferential forward-backward asymmetry,AFB , which may be
defined as
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AFB5
*0
1~dG/dq2dcosu l !dcosu l 2*21

0 ~dG/dq2dcosu l !dcosu l
*0
1~dG/dq2dcosu l !dcosu l 1*21

0 ~dG/dq2dcosu l !dcosu l
. ~14!

FIG. 1. Differential decay rates for the pro-
cessesB→Km1m2 andB→K*m1m2. The up-
per graph is for the exponential scenario, while
the lower graph is for the multipolar scenario.
r
-
g

p-

e

Here, u l is the angle that the negatively charged lept
makes, in the dilepton rest frame, with the momentum of
daughterK* , and the denominator is simplydG/dq2. This
quantity is identically zero, in the standard model, f
B→Kl 1l 2.

The forward-backward asymmetries that result from o
calculations are shown in Fig. 4, in which the upper graph
for B→K*m1m2, and the lower graph is for
B→K* t1t2. We also point out that the form of this asym
metry will depend on the physics content of the coefficie
of the operator product expansion, and that the curves sh
all correspond to standard-model physics only. As with
differential decay rates, the asymmetries that arise from
two scenarios are very similar at larger values ofq2 in
B→K*m1m2. ForB→K* t1t2 the two scenarios produc
on
the
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ur
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similar results for all availableq2. The relative insensitivity
of this quantity to form factor effects, especially at large
values ofq2, suggest that it may be a useful tool for exam
ining the physics content of the Wilson coefficients, usin
these exclusive decays.

The second quantity of interest in these decays is the le
ton polarization asymmetry, defined as

Pl 5
dG/dq2ul5212dG/dq2ul511

dG/dq2ul5211dG/dq2ul511
, ~15!

where the subscriptsl denote whether the spin of thel 2 is
alligned parallel (l511) or antiparallel (l521) to its
motion. The upper graph of Fig. 5 shows the results w
obtain for this quantity for muons inB→Km1m2, and the
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FIG. 2. Differential decay rates for the pro-
cessesB→Kt1t2 andB→K* t1t2. The upper
graph is for the exponential scenario, while the
lower graph is for the multipolar scenario.
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lower graph shows the corresponding results fort ’s pro-
duced inB→Kt1t2. Figure 6 shows the corresponding re
sults forB→K*m1m2 andB→K* t1t2.

The most striking feature of the upper curves of Fig. 5
the insensitivity ofPm to the parametrization of the form
factors~two curves are shown in the plot!. The same feature
also appears in Fig. 6, but mainly for the large dilepton ma
region of phase space. The insensitivity of this polarizati
observable to form factors has not previously been anti
pated as far as we know, and suggests that the polariza
asymmetry could be one of the more useful observables
-

s

ss
n
i-
ion
for

examining the physics content of the Wilson coefficients.
This asymmetry inB→Kl 1l 2 is independent of form

factor parametrizations due to a combination of two effect
The first of these is the small lepton mass~for l 5m or e),
which means that many terms in the differential decay ra
are small for most regions of phase space. The second is
relative smallness of theC7 coefficient compared withC9
andC10. The consequence of this, together with the sma
lepton mass, is that any form factor dependence in the pol
ization asymmetry disappears. In fact, to a very good a
proximation, in the limit in whichC7 is small, we find
TABLE I. Predictions for decay rates ofB→K (* )m1m2 in the exponential~column 3! and multipolar
~column 4! scenarios. Present experimental limits are shown in column 2.

Quantity Experiment Exponential scenario Multipolar scenario

GB→Km1m2 (10218 GeV! ,158.0 0.7860.19 0.8760.15

GB→K* m1m2
T (10218 GeV! - 0.4160.09 0.6060.06

GB→K* m1m2
L (10218 GeV! - 2.4662.65 2.9360.89

GB→K* m1m2 (10218 GeV! ,10.1 2.8862.65 3.5260.89
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Pm'2
ReC9C10*

uC9u21uC10u2
1O~C7!. ~16!

This is also independent of the assumptions of HQET, sin
only the hadronic vector and axial-vector operators contri
ute toPm : Eq. ~16! does not rely on any special relationship
among form factors. This asymmetry therefore provides
direct measure of the interference betweenC9 andC10. In
addition, experimental observation of significant departur
from this nearly constant value for muons would signa
larger values ofC7 , and therefore, possibly, new physics.

TABLE II. Predictions for decay rates ofB→K (* )e1e2 in the
multipolar scenario.

Quantity Experiment Prediction

GB→Ke1e2 (10218 GeV! ,158.0 0.8760.15

GB→K* e1e2
T (10218 GeV! - 0.7460.08

GB→K* e1e2
L (10218 GeV! - 2.9660.91

GB→K* e1e2 (10218 GeV! ,10.1 3.7060.90
ce
b-
s
a

es
l

The upper graph of Fig. 6 shows a similar effect in the
polarization of the muons produced inB→K*m1m2 , par-
ticularly at large values of the dilepton mass. In fact, to the
same level of approximation, the lepton polarization in this
process is given by the same expression, Eq.~16!. This is a
better approximation at large values ofq2, as form factor
effects become more significant at smallerq2 for this decay.

Unfortunately, in the case oft leptons, where the polar-
ization may be more easily measured, the fact that the lepto
mass is large means that, in general, this polarization var
able depends on the particular choice of form factors. Nev
ertheless, we find little difference between the prediction
obtained from the two scenarios, particularly in
B→K* t1t2, as can be seen in the lower graph of Fig. 6
Some simplification in the expression for this asymmetry
does occur at the kinematic end point, whereq25qmax

2 .
There, form factor dependence again disappears, and thet
polarization asymmetry is determined solely in terms of th
coefficientsC9 andC10 ~assuming thatC7 is small!, and the
hadron and lepton masses,mB , mK* andmt ~at this kine-
matic point inB→Kl 1l 2, the polarization asymmetry van-
FIG. 3. Differential decay rates for the pro-
cesses B→K*m1m2 and B→K* e1e2, for
transversely polarizedK* ’s. The upper graph is
for the exponential scenario, while the lower is
for the multipolar scenario.
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FIG. 4. The forward-backward asymmetry
AFB in B→K*m1m2 ~upper graph! and
B→K* t1t2 ~lower graph!. In each graph, the
solid curve is for the exponential scenario, while
the dashed curve is for the multipolar scenario.
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ishes identically!. Thus, for given values of the Wilson co
efficients, there is a firm prediction for this asymmetry
maximumq2 in B→K* t1t2. We note that the form of the
curve we obtain for this quantity in the exclusive chann
B→K* t1t2 is very similar to that obtained by Hewett@42#
in the inclusive processB→Xst

1t2.
Our predictions for the processB→Kl 1l 2 are 2–3 or-

ders of magnitude smaller than present experimental up
limits, but they are about three times as large as the ra
predicted by Aliet al. @3#. Our absolute rates correspond
branching fractions of (1.860.4)31026 in the exponential
scenario, and (2.060.3)31026 in the multipolar scenario.
These numbers are valid for the decays of neutralB mesons,
for which we have assumed the particle data group value
1.506 0.11310212 s for the lifetime@43#.

For B→K* l 1l 2 our predicted branching fractions ar
(6.660.8)31026 and (8.162.0)31026 in the exponential
and multipolar scenarios, respectively, for muon pairs. F
electron pairs, the multipolar scenario predicts a branch
fraction of (8.562.1)31026. Furthermore, we find the ratio
GT /GL in B→K*m1m2 to be 0.1760.06 in the exponential
scenario and 0.2060.08 in the multipolar scenario. Fo
B→K* e1e2, the multipolar scenario predicts a value
t

el

per
tes

of

or
ng

f

0.2560.10 for this quantity. It is somewhat surprising but
nonetheless reassuring that even this polarization ratio
largely independent of form factor parametrizations. This
suggests that our predictions for total rates should be qui
reliable, as uncertainties due to form factor parametrization
have less impact on integrated quantities.

We remind the reader that the numbers that we hav
quoted are obtained using form factors that have been fit
all available data inD→K (* )l n, B→K (* )c (8), and the rare
decayB→K* g. In the case of the exponential scenario, the
large errors arise because this scenario cannot accomod
the CLEO measurement inB→K* g. If this measurement is
excluded from the fit, the predictions for the decays we dis
cuss remain essentially unchanged, but the associated err
are much smaller.

IV. CONCLUSION

There is a plethora of issues that we have not touched
this work. Extensions to the standard model and their effec
on the Wilson coefficients, scale dependence of these coe
ficients, and the forms of these coefficients at leading orde
and beyond are beyond the scope of this work. While thes
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FIG. 5. The lepton polarization asymmetry,
Pm in B→K*m1m2 ~upper graph! and Pt in
B→K* t1t2 ~lower graph!. In each graph, the
solid curve is for the exponential scenario, while
the dashed curve is for the multipolar scenario.
For muons, the curves from the two scenarios are
essentially indistinguishable on this scale.
t
is
u
p
t
ti
e
w
iz
lu
g

n
h

s

t

d
e

-
e

t

s

r

s

issues are very important, recent calculations suggest tha
least for the inclusive decays, some kind of convergence
hand. This is not so for the exclusive decays. Our res
indicate that while results for integrated rates and lepton
larization asymmetries appear to be largely independen
the parametrization chosen for the form factors, differen
rates and the forward-backward asymmetry are not. M
surements of these quantities in exclusive channels
therefore serve to probe form factor models or parametr
tions. This is therefore similar to the situation in the exc
sive decayB→K* g, which has turned out to be a testin
ground for form factor models.

The scenario that best describes all of the experime
data is the multipolar one and, in this scenario, we find t
the universal form factorj6 is linear in v•p. Using this
scenario, we predictB(B̄0→K̄0m1m2)5(2.060.3)31026

and B(B̄0→K̄* 0m1m2)5(8.162.0)31026. These num-
bers are consistent with other model calculations@10#, and
include the effects of the first two charmonium vector re
nances. We also predictGT /GL in B̄0→K̄* 0m1m2 to be
0.2060.08.

In the course of this study we have discovered that
polarization asymmetries in the decaysB→K (* )m1m2 are,
, at
at
lts
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of
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he

to a very good approximation, independent of form factor
effects, and are determined solely in terms of the Wilson
coefficientsC9 andC10. This is particularly so for the de-
cays to the ground state kaons, as the approximation is vali
over all of phase space. Thus, these observables could b
very useful tools for probing the physics content of the Wil-
son coefficients. However, in order for this to be a practical
tool, experimentalists must be able to measure the polariza
tion of the daughter muons in these decays, with adequat
precision.

Hewett @42# suggests that the polarization of the tau lep-
tons could be measurable atB factories that are under con-
struction. If that is the case, there should certainly be suffi-
cient numbers of events produced in the muon channels, a
least in the ‘‘clean’’ region away from the two charmonium
resonances, as the decay rates for muons andt ’s are compa-
rable in this region of phase space. The remaining question i
therefore simply one of whether the polarization of the muon
can be measured in these decays. This may be possible fo
sufficiently slow muons, or if the muons can be stopped in
the detector.

For t leptons, simplifications such as those mentioned
above do not occur, and the polarization asymmetry depend
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FIG. 6. The lepton polarization asymmetry,
Pm in B→K*m1m2 ~upper graph! and Pt in
B→K* t1t2 ~lower graph!. In each graph, the
solid curve is for the exponential scenario, while
the dashed curve is for the multipolar scenario.
The curves from the two scenarios are essentially
indistinguishable on this scale.
e
a

s

d

l

on form factors for almost all of phase space. The sole
ception is at the kinematic end point in the dec
B→K* t1t2, when the dilepton pair has maximumq2.
There, for given values of the Wilson coefficients, there i
firm prediction for this asymmetry inB→K* t1t2. We em-
phasize again that the fact that the asymmetry is indepen
of form factors does not depend on the assumptions of
heavy quark effective theory. Whether either of these po
ization effects can ever be measured will have to aw
completion of theB factories.
x-
y

a

ent
the
ar-
ait
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