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Short distance coefficients and the vanishing of the lepton asymmetry inB˜Vl 1l 2

Gustavo Burdman*
Department of Physics, University of Wisconsin, Madison, Wisconsin 53706

~Received 31 October 1997; published 2 March 1998!

We derive a condition the short distance coefficients governingb→(s,d)l 1l 2 transitions must satisfy in
order for the forward-backward asymmetry to vanish in the exclusive modesB→(K* ,r)l 1l 2. This relation,
which is satisfied in the standard model, involves the coefficient entering inb→sg transitions as well as one
of the additional Wilson coefficients present in the leptonic modes. We show that the resulting relation is
largely free of hadronic uncertainties, thus constituting a reliable test of the standard model in exclusive rareB
decays.@S0556-2821~98!00409-3#

PACS number~s!: 13.20.He, 12.39.Hg, 12.39.Ki
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Transitions involving flavor changing neutral curren
~FCNCs! have attracted a great deal of interest given t
they are forbidden at tree level in the standard model~SM!.
This suggests that they have a great potential as tests o
SM as well as to bound its extensions. This is particula
true of decays governed by the transitionsb→qg, b
→ql 1l 2 (q5s,d) and similar other FCNC decays of theb
quark. It is generally believed that this potential is mos
realized in inclusive decays, given that these are theoretic
under control. However, these tend to present more exp
mental difficulties@1#. On the other hand, the predictions f
exclusive decay modes are affected by large theoretical
certainties originating in the hadronic matrix elements.
great deal of progress in lattice calculations has b
achieved in recent years@2#. However, uncertainties remai
important for large recoil momenta. This situation makes
a priori, difficult to extract short distance information from
the experimental observations of these decays. This is
tainly the case forB→K* g. Although this also applies to
the predictions of the hadronic matrix elements in theb
→ql 1l 2 modes, the combination of symmetries with oth
experimental observations can drastically reduce the theo
ical uncertainties in some decay modes. Such is the cas
the decayB→Vl 1l 2 (V5K* ,r), for which the form fac-
tors can be predicted using a combination of heavy qu
spin symmetry ~HQSS!, isospin symmetry @SU~3! for
V5K* # and the form factors to be measured inB→rl n
@3,4#. Thus, relatively safe predictions can be made for
decay rate, as well for the forward-backward asymmetry
leptons as a function of the dilepton mass,AFB(ml l ). The
latter has been shown to be very sensitive to extension
the SM @4#. This is, of course, also the case in inclusi
decays, where the hadronic uncertainties are smaller.
potential ofAFB as a test of the SM in inclusive decays h
been studied at length in the literature@5#.

In the SM,AFB(s) vanishes for a certain value ofs. This
is the case in inclusive decays as well as in the exclus
modesB→Vl 1l 2. In the inclusive modes@6#, the value of
the dilepton mass for which the asymmetry vanishes depe
on two of the three short distance Wilson coefficients de
mining the transition. On the other hand, in exclusive mod
the location of the zero depends also on hadronic form
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tors. In this paper we will show that the determination of t
dilepton masss0 for which AFB(s) vanishes constitutes
stringent test of the SM even in the exclusive decay mod
We will derive the relation among the short distance Wils
coefficients governing theb→ql 1l 2 transitions, that re-
sults from the vanishing condition forAFB(s), and show that
this condition is not affected by large theoretical uncerta
ties in exclusive channels.

The separation of short and long distance physics ta
place in the operator product expansion of the effect
Hamiltonian. This is given by

Heff52
4GF

&
Vtb* Vtq(

i
Ci~m!O~m!, ~1!

where the operator basis$Oi% is defined in@7#, m is a renor-
malization scale and the Wilson coefficient functionsCi(m)
are determined by the short distance structure of the un
lying physics. To compute the amplitude for the exclusi
modes we will need the hadronic matrix elements of
operatorsOi . TheB→K* l 1l 2 mode dominates in the SM
due to the CKM suppression of ther mode. The main results
of this paper are generally valid for any vector mesonV. The
Lorentz structure of the operators defines various form f
tors. The matrix elements necessary to describe this de
are

^V~k,e!u s̄LgmbLuB~p!&5
1

2
$ igemnabe* n~p1k!a~p2k!b

2 f em* 2a1~e* •p!~p1k!m

2a2~e* •p!~p2k!m%, ~2!

and

^V~k,e!u s̄LsmnbLuB(p)&5
1

2
emnab$Ae* apb1Be* akb

1C~e•p!pakb%1
i

2
$A~e* mpn

2e* npm!1B~e* mkn2e* nkm!

1C~e* •p!~pmkn2pnkm!%. ~3!

In Eqs.~2! and~3! the form factorsg, f , a6 , A, B andC are
4254 © 1998 The American Physical Society
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unknown functions of the dilepton mass squareds. In order
to compute these, one needs to model the hadron dyna
involved in theB→V transition, introducing a large theore
ical uncertainty. This obscures the extraction of the intere
ing short distance information, encoded in the Wilson co
ficients corresponding to the operatorsO7 , O9 and O10,
which are the relevant ones inb→ql 1l 2 transitions.

The forward-backward asymmetry for leptons as a fu
tion of the dilepton mass squared is defined as

AFB~s!5 E
0

1 d2G

dxds
dx2E

21

0 d2G

dxds
dx

dG

ds

, ~4!

wherex5cosu and u is the angle between thel 1 and the
decayingB meson in thel 1l 2 rest frame. It is straightfor-
ward to show that the numerator ofAFB(s) takes the form

AFB~s!;4mBkC10H C̄9g f1
mb

s
C̄7~ f G2gF!J , ~5!

wherek is the V three-momentum in theB rest frame, and
we have defined

F5Ap•q1Bk•q,

G52
~A1B!

2
. ~6!

In Eq. ~5! C̄75C7
eff(mb) and C̄95C9

eff(mb) are the effective
Wilson coefficients at the scalemb . These include all the
effects of the renormalization group running as well as,
the case ofC̄9 , the long distance effects@9# associated with
off-shell cc̄ intermediate states.1 Thus,AFB(s) vanishes for a
value ofs determined only by two of the three Wilson coe
ficients, C̄7 and C̄9 . This condition can be written as th
relation

C̄952
mb

s0
C̄7S G

g
2

F

f D , ~7!

where s0 corresponds to the dilepton mass for whi
AFB(s)50 is satisfied, and the form-factors are evaluated
s0 . The condition~7! for the vanishing ofAFB(s) constitutes
a potentially powerful test of the SM given that it relates t
Wilson coefficient governingb→sg decays,C̄7 , to one of
the additional coefficients appearing in the leptonic mod
the one that determines the vector coupling to the lep
current. However, and as it is frequently the case for exc
sive decay modes, large theoretical uncertainties are pre
in ~7!, a result of our inability to compute the form-facto
F(s), G(s), f (s) and g(s) within a controlled approxima-
tion. In what follows we show that, with the use of we
established symmetry arguments, it is possible to derive f

1It is assumed that the resonantJ/c and c8 contributions are
explicitly removed. Various treatments of the long distance con
butions exist. The associated uncertainty, however, has very
effect well below theJ/c, wheres0 is likely to be.
ics
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~7! a relation betweenC̄7 and C̄9 that is largely free of the
hadronic theoretical uncertainties mentioned above.

In the limit mb@L, with L the typical scale of the strong
interactions inside theB meson, the spin of theb quark
decouples from the light degrees of freedom@8#. This results
in various relations among hadronic matrix elements a
therefore, among the form factors parametrizing them.
will refer to these as heavy quark spin symmetry~HQSS!
relations. The HQSS relations corresponding to the ma
elements of~2! and ~3! allow us to express the form factor
F andG as functions of the ‘‘semileptonic’’ form factorsf
andg @10#. They take the form

F52 f ~mB2EV!22mBg~mBEV1k2!, ~8!

G5
f 12mB~mB2EV!g

2mB
, ~9!

where EV and k are the energy and momentum of theV
meson in theB rest frame, respectively. Furthermore, th
form factors f and g entering in the (V2A) B→V matrix
element~2!, can be identified with the analogous form fa
tors entering in the semileptonic decayB→rl n. In the case
V5r this identification only makes use of isospin symmet
whereas forV5K* the use of SU~3! symmetry is required.
We address the issue of SU~3! corrections later in the paper
We can then rewrite the condition~7! making use of~8! and
~9!, which gives

C̄952
mb

2s0
C̄7H 4mBk2RV1

1

mBRV
14~mB2EV!J ,

~10!

where we defined the ratio

RV[
g~s0!

f ~s0!
, ~11!

and all quantities depending on the dilepton mass mus
evaluated ats5s0 . This is the main result of the paper. Th
relation ~10! betweenC̄7 and C̄9 now only depends on the
ratio of the vector to axial-vector form factorsRV , which in
turn can be experimentally extracted from the decayB
→rl n.

Corrections to~10! are expected to be small. The HQS
relations ~8! and ~9! receive corrections suppressed by i
verse powers of theb quark mass. These come from the fa
that the HQSS neglects the lower components of theb-quark
spinor. Thus, the suppressed terms are proportiona
pb /mb , wherepb is theb quark momentum in theB meson
rest frame and is of the order of the typical momentum
changed with the light degrees of freedom,L. Thus, we ex-
pect the typical size of these corrections to be of the orde
10% or less.

Up to this point we have not specified the vector meson
the final state. In the SM, the branching ratio for theK*
mode is expected to be about a factor of 20 larger than
one for ther mode, due to the ratio of Cabibbo-Kobayash
Maskawa ~CKM! matrix elementsVts /Vtd . For the B
→K* l 1l 2 decay is important to address the corrections
the SU~3! identification of the form factorsf and g with
those entering in the semileptonic decayB→rl n. Estimates

i-
le
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of these corrections in specific calculations indicate they
small as long as the recoil energy of theK* is large enough.
To show this explicitly we can make use of some gene
properties of the constituent quark model picture that
likely to capture the correct SU~3! breaking effects. This is
the situation if one uses the formalism proposed by St
@11# and further developed by Soares@12# to include light
quark mass effects, which is fully relativistic and incorp
rates correctly the quark spin degrees of freedom. The
structure plays a fundamental role in the ratios of form f
tors. We are interested in estimating the double ratio

d[
RV

K*

RV
r , ~12!

whereRV
K* refers to the quantity in~10!, whereasRV

r corre-
sponds to the quantity extracted fromB→rl n. The devia-
tions fromd51 are a measure of the amount of SU~3! break-
ing. Within the formalism of @11,12# we obtain the
approximate expression

d.
11md /~EK* 2Esp!

11ms /~EK* 2Esp!
, ~13!

wheremd andms are the down and strange quark constitu
masses, andEsp is the energy of the spectator quark insi
the vector meson. This is typically of the order ofL, i.e. a
few hundred MeV. Thus, for large enough values ofEK* ,
the ratioRV is not very sensitive to SU~3! breaking effects.
For instance, for the typical valuesmd5Esp5300 MeV,
ms5450 MeV, the SU~3! breaking effect is below 15% fo
EK* .1 GeV. As we will see below, the typical recoil ene
gies where the asymmetry vanishes are even larger.

The measurement of the ratioRV from B→rl n decays
will hopefully be available in theB factory era. Thus, the
measurement ofs0 in any of theB→Vl 1l 2 modes can be
turned into a test of the SM via the relation~10!. However, it
is interesting to estimate the value ofs0 in the SM, in order
to see that it typically corresponds to a region with lar
recoil energyEV . In order to illustrate this point we can us
again Stech’s formalism. Then the ratio of vector to axi
vector form factors is simply

RV.2
1

2mBk
. ~14!

Now the condition~10! for the vanishing of the asymmetr
simplifies to

C̄9.22
mb

s0
C̄7~mB2EV2k!, ~15!

which, solving fors0 , translates into

s0.
mB

21mV
2~2C̄7 /C̄921!

12C̄9/2C̄7

. ~16!

We can use this expression to obtain an estimate ofs0 in the
SM. For instance, using the next-to-leading order value
C̄7 @13# and the corresponding value ofC̄9 as described in
@14# one obtains, forV5K* , s0.3.9 GeV2. This value is in
re

l
e

h

in
-

t

-

r

remarkable agreement with what is obtained with typi
model calculations ofRV . This is not entirely surprising
since, although Stech’s formalism makes use of the cons
ent quark picture, the ratioRV is independent of wave func
tions and overlap integrals, which typically are the ma
source of disagreement among different calculations of in
vidual form factors. In Fig. 1 we illustrate this point by plo
ting the non-resonant forward-backward asymmetryAFB(s)
defined in~4! as a function of the dilepton masss, for the
model calculations of@15,16,17#. The location of the zero of
the lepton asymmetry is fully determined byRV . This ratio
tends to be very similar across models, even when the va
of the individual form factors may differ. Also shown, is th
result of one of the models (BSW* ) obtained by signifi-
cantly changingRV by doubling the value of the vector form
factorg. The resulting shift in the position of the asymmet
zero gives a conservative estimate of the theoretical un
tainty one incurs in by using models. On the other hand, s
shift in RV would significantly affect theB→rl n branching
ratio, enhancing it by a factor of (223) depending on thes
dependence. Such dramatic effects, already bound by
present CLEO measurement of this mode@18#, will be ex-
tremely constrained by more precise measurements in
B-factory era. Thus, we conclude that the value ofs0 is much
less sensitive to changes inRV than B→rl n. In this way,
we see that high precision in the extraction ofRV is not a
necessary conditionin order to have a precise prediction o
the position of the zero in the asymmetryAFB(s).

Extensions of the SM modify the matching conditions
the short distance coefficients@3,19#, therefore potentially
upsetting the relation~10!. A change inC̄7 and/orC̄9 would
appear as a shift ins0 . On the other hand, a new contributio
mainly affectingC10 would have no effect on the zero o
AFB(s), whereas it would affect other quantities such as m
mentum distributions, branching ratios, etc. Such is the d
criminating power of measuring the location of theAFB(s)

FIG. 1. The non-resonant forward-backward asymmetry of l
tonsAFB defined in~4!, for B→K* e1e2 as a function of the dilep-
ton masss. The asymmetry is computed by making use of t
relations~8! and ~9! and the semileptonic form factors from: th
BSW* model of @15# ~solid line!, the light-cone QCD sum rule
calculation of@16# ~dashed line! and the relativistic quark model o
@17# ~dotted line!. The lighter solid line corresponds to the BSW*
model with the vector form factorg multiplied by a factor of two,
and illustrates the uncertainty in the position of theAFB zero.
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zero. For instance, since the sign ofC̄7 is not measured in
b→sg, it is in principle possible that it is the opposite to th
SM prediction. In this extreme case, the forward-backw
asymmetry does not have a zero in the physical region. L
drastic modifications occur in several scenarios involv
new states which contribute to the one-loopb→ql 1l 2

transition amplitude.
The current experimental limits@20# on b→ql 1l 2 pro-

cesses, although still above the SM expectations, indi
that sensitivity to these transitions will be achieved soon
that, in some cases, large data samples could be accumu
in the near future. We have shown that it is possible to r
ably test the SM in exclusive FCNCB decays. In particular
we have seen that the measurement of the zero of
forward-backward asymmetry for leptons,AFB(s), in B
→Vl 1l 2 decays provides a test of the short distance str
ture of the SM and its extensions, within a controlled a
proximation. The relation~10! involving the Wilson coeffi-
cients C̄7 and C̄9 is derived by making use of the heav
quark spin symmetry, and is expected to receive only sm
corrections. These are the same corrections leading
(mB* 2mB)/mB.0.009. The experimental measurement
the ratio of form factorsRV from B→rl n decays, even if
not a very precise one, together with the condition~10!, pro-
te

s,

8,

h

-

d
ss
g

te
d
ted
i-

he

c-
-

ll
to
f

vides a stringent test of the SM in the CKM-suppress
modeB→rl 1l 2. The CKM-favored modeB→K* l 1l 2

requires the use of SU~3! symmetry relations among th
form factors. We estimated the SU~3! breaking corrections in
~13! to be small for a fast recoilingK* . On the other hand
we have also estimated the approximate value of the dilep
masss0 for which AFB vanishes and found it to be typicall
at a lepton mass corresponding toEK* .2.3 GeV which, ac-
cording to~13!, would imply a very small SU~3! correction
of the order of 6%. Thus this exclusive mode, which is e
perimentally favored over other exclusive channels as wel
over the inclusive decay, provides a test of the short dista
structure of flavor changing neutral currents.
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