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Short distance coefficients and the vanishing of the lepton asymmetry iB—VI*|~
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We derive a condition the short distance coefficients goverhings,d)/ "/~ transitions must satisfy in
order for the forward-backward asymmetry to vanish in the exclusive mBdegK*,p)/* /. This relation,
which is satisfied in the standard model, involves the coefficient enteribg-iay 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 excludd/e rare
decays[S0556-282(98)00409-3

PACS numbsgs): 13.20.He, 12.39.Hg, 12.39.Ki

Transitions involving flavor changing neutral currentstors. In this paper we will show that the determination of the
(FCNC9 have attracted a great deal of interest given thatlilepton masss, for which Agg(s) vanishes constitutes a
they are forbidden at tree level in the standard m@8&Ml).  stringent test of the SM even in the exclusive decay modes.
This suggests that they have a great potential as tests of tig¢e will derive the relation among the short distance Wilson
SM as well as to bound its extensions. This is particularlycoefficients governing thé—q/ "/~ transitions, that re-
true of decays governed by the transitiobs-qy, b sults from the vanishing condition fétg(s), and show that
—q/ "/~ (q=s,d) and similar other FCNC decays of the  this condition is not affected by large theoretical uncertain-
quark. It is generally believed that this potential is mostlyties in exclusive channels.
realized in inclusive decays, given that these are theoretically The separation of short and long distance physics takes
under control. However, these tend to present more experplace in the operator product expansion of the effective
mental difficultieg 1]. On the other hand, the predictions for Hamiltonian. This is given by
exclusive decay modes are affected by large theoretical un-
certainties originating in the hadronic matrix elements. A H __4_GF AV o 1)
great deal of progress in lattice calculations has been o=~ 5 VibVia< i(u)O(u),
achieved in recent yeaf&]. However, uncertainties remain
important for large recoil momenta. This situation makes it,where the operator basf®;} is defined in[7], u is a renor-

a priori, difficult to extract short distance information from malization scale and the Wilson coefficient functio®i§u)

the experimental observations of these decays. This is cesre determined by the short distance structure of the under-
tainly the case foB—K*y. Although this also applies to lying physics. To compute the amplitude for the exclusive
the predictions of the hadronic matrix elements in the modes we will need the hadronic matrix elements of the
—q/ "/~ modes, the combination of symmetries with otheroperator€);. TheB—K*/*/~ mode dominates in the SM
experimental observations can drastically reduce the theoretiue to the CKM suppression of tiremode. The main results
ical uncertainties in some decay modes. Such is the case fof this paper are generally valid for any vector mesbiThe

the decayB—V/ "/~ (V=K*,p), for which the form fac- Lorentz structure of the operators defines various form fac-
tors can be predicted using a combination of heavy quarkors. The matrix elements necessary to describe this decay
spin  symmetry (HQSS, isospin symmetry[SU(3) for  are

V=K*] and the form factors to be measuredBr-p/ v 1

[3,4]. Thus, relatively safe predictions can be made for the - _ i *v alm_ I\ B
decay rate, as well for the forward-backward asymmetry of (Vik.@)lsLy,b[B(P) Z{IQE‘”“Be (PFk“(P—k)

leptons as a function of the dilepton maggg(m, ). The " .

latter has been shown to be very sensitive to extensions of —fe,—a(e"-p)(ptk),

the SM[4]. This is, of course, also the case in inclusive —a_(e*-p)(p—K),, )
decays, where the hadronic uncertainties are smaller. The K

potential ofAgg as a test of the SM in inclusive decays hasand

been studied at length in the literatyfs. 1

In the SM,Arg(s) vanishes for a certain value ef This - _= * anf * B
is the case in inclusive decays as well as in the exclusive<v(k’E)lsLU“”bL|B(p)>_ 26“”“B{AE pEH Bk
modesB—V/ " /. In the inclusive modef6], the value of i
the dilepton mass for wh|ch_ the asymmetry vanl_shes depends +C(e-p)pkP}+ = {A(€* “p
on two of the three short distance Wilson coefficients deter- 2
tmhlmng the transition. On the other hand, in echuswe modes, — k) + B(€* kP — €* ki)
e location of the zero depends also on hadronic form fac-

+C(e* - p)(p*k’—p’kM)}. (J)
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unknown functions of the dilepton mass squasedn order  (7) a relation betweerC; and Cq that is largely free of the
to compute these, one needs to model the hadron dynamiggdronic theoretical uncertainties mentioned above.
involved in theB—V transition, introducing a large theoret-  |n the limit m,> A, with A the typical scale of the strong
ical uncertainty. This obscures the extraction of the interestmteractions inside thé8 meson, the spin of thé quark

ing short distance information, encoded in the Wilson coefdecouples from the light degrees of freed@h This results

ficients corresponding to the operatdly, Og and Oy, in various relations among hadronic matrix elements and,
which are the relevant ones ln—q/ "/~ transitions. therefore, among the form factors parametrizing them. We
~ The forward-backward asymmetry for leptons as a funcwill refer to these as heavy quark spin symmetH4QS9
tion of the dilepton mass squared is defined as relations. The HQSS relations corresponding to the matrix
Arg(s)= (1 d?T 0 d?r elements of2) and(3) allow us to express the form factors
i X_J Ixd dx F and G as functions of the “semileptonic” form factors
o dxds -10xas @) andg [10]. They take the form
dr '
a F=—f(mg—Ey)— 2mgg(mgEy +k?), 8

. f+ ZmB(mB_ Ev)g
B 2mg

: ©)

wherex=cos#f and ¢ is the angle between thé" and the
decayingB meson in the”* /"~ rest frame. It is straightfor-
ward to show that the numerator Ag(s) takes the form  \\here E, andk are the energy and momentum of tile
o . meson in theB rest frame, respectively. Furthermore, the
my p y
Apg(S)~4mgkCig Cogf+ — C1(fG—gF);, (5 form factorsf andg entering in the ¥Y—A) B—V matrix
S . o .
element(2), can be identified with the analogous form fac-
tors entering in the semileptonic decBy-p/ v. In the case
V= p this identification only makes use of isospin symmetry,
whereas folV=K* the use of S(B) symmetry is required.

wherek is theV three-momentum in th& rest frame, and
we have defined

F=Ap-q+Bk-q, We address the issue of &) corrections later in the paper.
(A+B) We can then rewrite the conditidid) making use of8) and
G=— 5 (6) (9), which gives
~ my — 2 1
In Eq. (5) C;=CS(m;) and Co=CE(m,) are the effective Co=— 25, C7] 4mek Ry + mgRy +4(mg— EV)]’

Wilson coefficients at the scal@,. These include all the (10
effects of the renormalization group running as well as, in

— where we defined the ratio
the case ofCq, the long distance effec{@] associated with

off-shell cc intermediate state'sThus,Agg(s) vanishes for a R = 9(So) 1D
value ofs determined only by two of the three Wilson coef- v

f(so)’
ficients, C; and Eg This condition can be written as the » . )
relation and all quantities depending on the dilepton mass must be

evaluated as=s,. This is the main result of the paper. The

Cuz — My C- (E F) @) relation (10) betweenC; and Cq now only depends on the
o ! ' ratio of the vector to axial-vector form factoRs,, which in
turn can be experimentally extracted from the deday
where s, corresponds to the dilepton mass for which_, ;.
Arg(s)=0 is satisfied, and the form-factors are evaluated at Corrections to(10) are expected to be small. The HQSS
So. The condition(7) for the vanishing ofArg(s) constitutes  relations(8) and (9) receive corrections suppressed by in-
a potentially powerful test of the SM given that it relates theverse powers of the quark mass. These come from the fact
Wilson coefficient governingp—sy decays,C,, to one of that the HQSS neglects the lower components obtlggiark
the additional coefficients appearing in the leptonic modesspinor. Thus, the suppressed terms are proportional to
the one that determines the vector coupling to the leptomp,/m,, wherep, is theb quark momentum in th& meson
current. However, and as it is frequently the case for exclurest frame and is of the order of the typical momentum ex-
sive decay modes, large theoretical uncertainties are presecttanged with the light degrees of freedom, Thus, we ex-
in (7), a result of our inability to compute the form-factors pect the typical size of these corrections to be of the order of
F(s), G(s), f(s) andg(s) within a controlled approxima- 10% or less.
tion. In what follows we show that, with the use of well  Up to this point we have not specified the vector meson in
established symmetry arguments, it is possible to derive frorthe final state. In the SM, the branching ratio for &
mode is expected to be about a factor of 20 larger than the
one for thep mode, due to the ratio of Cabibbo-Kobayashi-
1t is assumed that the resonadty and ¢’ contributions are Maskawa (CKM) matrix elementsVs/Vy. For the B
explicitly removed. Various treatments of the long distance contri-— K* /* /'~ decay is important to address the corrections to
butions exist. The associated uncertainty, however, has very littithe SU3) identification of the form factor§ and g with
effect well below thel/ s, wheres; is likely to be. those entering in the semileptonic dedy- p/ v. Estimates

g f
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of these corrections in specific calculations indicate they are
small as long as the recoil energy of tié& is large enough.

To show this explicitly we can make use of some general 0oL
properties of the constituent quark model picture that are - '
likely to capture the correct SB) breaking effects. This is
the situation if one uses the formalism proposed by Stect

[11] and further developed by SoargR2] to include light
qguark mass effects, which is fully relativistic and incorpo-

rates correctly the quark spin degrees of freedom. The spir
structure plays a fundamental role in the ratios of form fac-

tors. We are interested in estimating the double ratio

RS
o= RO’ (12
whereR\'j* refers to the quantity i110), whereasR{, corre-
sponds to the quantity extracted frdBa—p/v. The devia-
tions fromé=1 are a measure of the amount of SLbreak-
ing. Within the formalism of[11,127 we obtain the
approximate expression

1+mg/(Exx —Esp
1+ mg/(Egx—Egp)

(13

=
£
-0.25

-0.50

R R
0 1

\Z [GeV]

FIG. 1. The non-resonant forward-backward asymmetry of lep-
tonsAgg defined in(4), for B—K*e*e™ as a function of the dilep-
ton masss. The asymmetry is computed by making use of the
relations(8) and (9) and the semileptonic form factors from: the
BSW* model of [15] (solid line), the light-cone QCD sum rule
calculation of{ 16] (dashed lingand the relativistic quark model of
[17] (dotted ling. The lighter solid line corresponds to the BSW
model with the vector form factay multiplied by a factor of two,
and illustrates the uncertainty in the position of the; zero.

wheremy andm;g are the down and strange quark constituent . _ . . _
masses, ané, is the energy of the spectator quark inside remarkable agreement with what is obtained with typical

the vector meson. This is typically of the order &f i.e. a
few hundred MeV. Thus, for large enough valueskg: ,
the ratioRy, is not very sensitive to S(3) breaking effects.
For instance, for the typical valuesy=Es,=300 MeV,
ms=450 MeV, the SW3) breaking effect is below 15% for
Ex+>1 GeV. As we will see below, the typical recoil ener-
gies where the asymmetry vanishes are even larger.
The measurement of the ratl®, from B— p/ v decays
will hopefully be available in theB factory era. Thus, the
measurement df, in any of theB—V/ "/~ modes can be
turned into a test of the SM via the relati¢t0). However, it
is interesting to estimate the value ®fin the SM, in order

model calculations ofRy . This is not entirely surprising
since, although Stech’s formalism makes use of the constitu-
ent quark picture, the ratiBy is independent of wave func-
tions and overlap integrals, which typically are the main
source of disagreement among different calculations of indi-
vidual form factors. In Fig. 1 we illustrate this point by plot-
ting the non-resonant forward-backward asymmeXgy(s)
defined in(4) as a function of the dilepton mass for the
model calculations of15,16,17. The location of the zero of
the lepton asymmetry is fully determined By, . This ratio
tends to be very similar across models, even when the values
of the individual form factors may differ. Also shown, is the

to see that it typically corresponds to a region with largeresult of one of the models (BSY obtained by signifi-

recoil energyE,, . In order to illustrate this point we can use

again Stech’s formalism. Then the ratio of vector to axial-

vector form factors is simply

1

RVZ - FBK (14)

Now the condition(10) for the vanishing of the asymmetry
simplifies to

— mb —
ng _ZS_ C7(mB_ Ev_k), (15)
0
which, solving forsy, translates into
2 20m
mg+mg(2C,/Cg—1)
o= ———— 1T (16)

1—Cg/2C,

We can use this expression to obtain an estimatg @f the

cantly changindry by doubling the value of the vector form
factorg. The resulting shift in the position of the asymmetry
zero gives a conservative estimate of the theoretical uncer-
tainty one incurs in by using models. On the other hand, such
shift in Ry, would significantly affect th&— p/ v branching
ratio, enhancing it by a factor of (23) depending on the
dependence. Such dramatic effects, already bound by the
present CLEO measurement of this mdd&], will be ex-
tremely constrained by more precise measurements in the
B-factory era. Thus, we conclude that the valusgis much

less sensitive to changes Ry, thanB— p/v. In this way,

we see that high precision in the extractionRyf is not a
necessary conditiom order to have a precise prediction of
the position of the zero in the asymmetiyg(s).

Extensions of the SM modify the matching conditions of
the short distance coefficien{8,19], therefore potentially
upsetting the relatioiL0). A change inC; and/orCq4 would
appear as a shift is;. On the other hand, a new contribution
mainly affectingC,, would have no effect on the zero of

SM. For instance, using the next-to-leading order value fola_,(s), whereas it would affect other quantities such as mo-
C- [13] and the corresponding value 6f as described in mentum distributions, branching ratios, etc. Such is the dis-
[14] one obtains, foV=K*, s,=3.9 Ge\’. This value isin  criminating power of measuring the location of tAgg(s)
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zero. For instance, since the sign ©f is not measured in Vides a stringent test of the SM in the CKM-suppressed
b— sy, itis in principle possible that it is the opposite to the modeB—p/"/~. The CKM-favored mod®—K*/ "/~
SM prediction. In this extreme case, the forward-backwardequires the use of S8) symmetry relations among the
asymmetry does not have a zero in the physical region. Ledorm factors. We estimated the &) breaking corrections in
drastic modifications occur in several scenarios involving(13) to be small for a fast recoiling(*. On the other hand,
new states which contribute to the one-lobp-q/*/~ we have also estimated the approximate value of the dilepton
transition amplitude. masss, for which Ag vanishes and found it to be typically
The current experimental limi{20] onb—q/ "/~ pro-  at a lepton mass correspondingHg. =2.3 GeV which, ac-
cesses, although still above the SM expectations, indicatgording to(13), would imply a very small S(B) correction
that sensitivity to these transitions will be achieved soon ang the order of 6%. Thus this exclusive mode, which is ex-
that, in some cases, large data samples could be accumulatggrimentally favored over other exclusive channels as well as

in the near future. We have shown that it is possible to reliyer the inclusive decay, provides a test of the short distance
ably test the SM in exclusive FCNB decays. In particular, st cture of flavor changing neutral currents.

we have seen that the measurement of the zero of the

forward-backward asymmetry for leptongcg(s), in B - o
—.V/*/~ decays provides a test of the short distance struc- The author thanks P. Ball for providing a parametrization

ture of the SM and its extensions, within a controlled ap-Of the model of(16], L. Reina for a discussion on the next-
proximation. The relatior{10) involving the Wilson coeffi- to-leading order calculation of;, and J. D. Richman for
cientsa andEQ is derived by making use of the heavy discussions concerning the experimental prospectsB of
quark spin symmetry, and is expected to receive only smalt>p/ v measurements. This work was supported by the U.S.
corrections. These are the same corrections leading t@epartment of Energy under Grant No. DE-FGO02-
(mgx —mg)/mg=0.009. The experimental measurement of95ER40896 and the University of Wisconsin Research Com-

the ratio of form factorR,, from B— p/ v decays, even if
not a very precise one, together with the conditi@), pro-

mittee with funds granted by the Wisconsin Alumni Re-
search Foundation.
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