PHYSICAL REVIEW D VOLUME 57, NUMBER 11 1 JUNE 1998

Rare exclusive semileptonidy—s transitions in the standard model
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We study long-distance effects in rare exclusive semileptonic deBaySK,K*)(/*/’,v;) 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 ti@attké transition form factors agree
with the lattice results at largg?. We calculate branching ratios of semileptoBie>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.
[S0556-282(198)05911-4

PACS numbe(s): 13.20.He, 12.39.Ki, 12.39.Pn

I. INTRODUCTION proaches based on the heavy-quark symmigi8y, and ana-
lytical constraintd19].
The investigation of rare semileptonic decays of e Lattice QCD simulations, because of their most direct

meson induced by the flavor-changing neutral current transiconnection with QCD, are expected to provide the most re-
tionsb— s represents an important test of the standard moddiable results. Although it is not possible to place thguark
(SM) and its possible extensions. Rare decays are forbidde@irectly on the lattice, a constrained extrapolation in the
at the tree level and occur at the lowest order only througieavy quark masgl7] allows us to determine reliably the
one-loop diagrams. This fact opens the possibility to probe aform factors forB decays. A present limitation is that lattice
comparatively low energies the structure of the electroweak@lulations do not yet provide the form factors in the whole
theory at large mass scales, thanks to the contributions giccessible kinematical decay region: the daughter light quark
virtual particles in the loops. Moreover, rdse-s transitions ~ Produced inb decay cannot move fast enough on the lattice

are expected to be sensitive to possible new interaction&

such as those provided, e.g., by supersymmetric theories twh coils. For obtaining form factors in the whole kinematical
Higgs-doublet, top-color, and left-right models. These inter-J6CY r€gion one can use extrapolation procedures based on

actions govern the structure of the operators and the correCMe parametrizations of the form factors. For instance, in
> gove L € op . Tl?] a simple lattice-constrained parametrization based on
sponding Wilson coefficients, which appear in th8=1

i L = the constituent quark pictuf®] and pole dominance is pro-
effective electroweak Hamiltonian describing te> s tran- posed. Anyway, a reliable knowledge of form factors in

sitions at low energies. _ some region is already a substantial step forward, which pro-
A recent experimental observatl*on of exclusild and  yjges firm constraints for the results of other approaches.
inclusive [2] radiative decaysB—K*y and B—Xgy, has QCD sum rules give complementary information on the

prompted a lot of theoretical investigation on rare semilepform factors as they can calculate the latter at not very large
tonic B decays. However, in the case of exclusive decays anghomentum transfers. However in practice various versions
reliable extraction of the perturbatiyshort-distanceeffects  of the QCD sum rules give remarkably different predictions,
encoded in the Wilson coefficients of the effective Hamil- being strongly dependent on the technical subtleties of the
tonian[3-7] requires an accurate separation of the nonperparticular version. A recent analysi20] disregards the
turbative (long-distancg contributions, which therefore three-point sum rules in favor of the light-cone sum rules. On
should be known with high accuracy. The theoretical investhe other hand, the light-cone sum rules involve more phe-
tigation of these contributions encounters the problem of denomenological inputs and the results turn out to be sensitive
scribing the hadron structure, which provides the main unio the particular distribution amplitude of the light meson
certainty in the predictions of exclusive rare decays. used in the evaluation of the sum rule and to the model
In exclusiveB— K,K* decays the long-distance effects in adopted for the subtraction of the continuyoi. [13] and
the meson transition amplitude of the effective Hamiltonian[14]).
are encoded in the meson transition form factors of bilinear Constituent quark model@QM'’s) have proved to be a
guark currents. Various theoretical frameworks have beefruitful phenomenological method for the description of
applied to the description of meson transition form factorsheavy meson transitions. An attractive feature of the ap-
among them we should mention constituent quark modelproaches based on the concept of constituent quarks is the
[8—11], QCD sum rule§12-14, lattice QCD[15-17, ap-  suggestion of a simple physical picture of the decay process,
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based on the following phenomena responsible for the sofbackward and lepton polarization asymmetries.
physics:(i) the chiral symmetry breaking in the low-energy = We derive formulas for the differential decay rates and
region generating the constituent quarkis) a strong peak- asymmetries in exclusive rare semileptonic decays of heavy
ing of the soft(nonperturbativehadronic wave functions in mesons for the case of massive leptons taking into account a
terms of the relative constituent momenta with a width of thenonzero mass of the daughter quark produced in thelrare
order of the confinement scale; afii) the dominance of the transition. For massless leptons and/or in the limi—0
contribution of the Fock state components with the minimalour formulas reproduce known results.
number of constituents, i.eqacomponent in mesons. An We present a detailed analysis of nonresonant decay rates
important shortcoming of the quark model predictions for theand asymmetries iB— (K,K*)(/*/~,vv) decays within
form factors is a strong dependence of the results on the Qhe SM adopting our QM transition form factors. For com-
parameter$11l]. parison we also perform calculations with the lattice-

Thus we can see that none of the above-mentioned agonstrained form factors of R€fL7]. The decay rates evalu-
proaches can provide accurate form factors in the whole kiated in both models are found to be in agreement with each
nematically accessible region Bfdecays. In this situation a other, while the differential dilepton distributions are sensi-
combination of the results of different approaches can béive to subtle details of thg? dependence of the transition
efficient for obtaining reliable predictions. form factors. It is found that the lepton polarization asymme-

Our approach to the calculation of tle—K,K* transi-  try (P,) as well as the shape of the forward-backward asym-
tions is based on the dispersion quark mo#4,22. The metry (Agg) are largely independent of the long-distance
transition form factors are given by relativistic double spec-contributions and determined only by the values of the Wil-
tral representations through the wave functions of the initiakon coefficients in the SM. Such features make I#gth and
and final mesons both in the scattering and the decay regionP, good candidates for testing the standard model and prob-
The form factors of the dispersion quark model develop théng possible new physics.
correct heavy-quark expansion at leading and next-to-leading The paper is organized as follows. In Sec. Il the SM op-
1/mq orders in accordance with QCD for the transitions be-grator basis, describing the—s/ "/~ andb—sv transi-
tween heavy quark23,24. For the heavy-to-light transition tjons is briefly presented. In Sec. Il the meson transition
the form factors of the dispersion quark model satisfy theorm factors are considered. Section IV presents the differ-
relations between the form factors of vector, axial-vectorentig| rates, lepton spectra, and lepton asymmetries for the
?ar]c(:(;g,nz?:hceu:jriesnt(fr;/i?)lf at srl?all r(;aclﬁﬂlz] Thﬁskthe forr_‘n rare B—(K,K*)(/*/~,vv) decays including the case of

. P n quark mode! Obey all Known Mngor- <6 leptons. Section V gives numerical analysis of the

ous theoretical constraints. A possibility to calculate dlrectlyIepton spectra and lepton asymmetries in exclusive rare

the form factor_s In ?‘” the_decay region, avoiding in .th's WaY B meson decays in the SM. The conclusion summarizes the
any extrapolation, is an important advantage of this formu-

lation of the quark model. The main results of this work arereSUItS and gives an outlook.
as follows.
We present a dispersion quark model calculation of the Il. THE OPERATOR BASIS
B—K,K* 2transitio_n form factors in the whole kinematical  The effective weak Hamiltonian, which describes the
range ofg®. Adopting the quark masses and the wave func-_, 5 yransition, has the following forrfa]:
tions of the Godfrey-Isgur mod¢R6] for the hadron spec-
trum with a switched-off one-gluon exchanf@®GE) poten- Ge
tial for taking into account only the impact of the Heﬁz—vtbvz‘sz Ci(n)Oi(p), (1)
confinement scale, we have found that the resulting form V2 |
factors are in good agreement with the lattice simulations at ] ] ] »
large g% Thus we expect to provide reliable form factors in Where Ge is the universal Fermi constant, the quantities
the whole decay region. Ci(w) are the Wlls_on coefficients, obtained af_ter integrating
The dispersion quark model form factors for tBe-K*  Out the heavy particles, and tii&’s are the basis operators;
transition agree favorably in the whole range of @? the sign of the Wilson coeff|C|e_n$i(,u) is determined as in
<(Mg—M%)2 with a lattice-constrained fif17] based on the WOrk[3]: C5(My)=—1. Within the SM, the operators
the constituent quark picturf9] and an assumption on a Providing the main contribution to rare decays pé¢5]
single-pole behavior of the form factév;(g2). On the other

hand, the parametrizations based on heavy-quark symmetry O1=[s.v*(1=vs)ballCcpyu(l—17vs)Cpl,
(HQS also give reasonable results if one assumes the o o
leading-order expressions for the form factors and replaces Oo=[s.¥"(1—ys)bgllCcay(1—ys)C,l,

the universal process-independent Isgur-W(i§&) function
with process-dependent form factoég .« and &g k«, re-

e __

lated to theB—K andB—K* transitions, respectively. The OMIFSQUW[mb(M)(lJF Vs)

latter are found to differ strongly from each other and from m

the asymptotic IW function. An important consequence is +my(p)(1—vs)]b, F~7,

that both our QM calculations of the form factors and the “

lattice-constrained parametrization of Rgf7] as well as the o2

use of the heavy-quark symmetry relations between the form Ogy=—=[S,7*(1— y5)b,]1 7,
. . .. . Vv 2 a? V5)Pqa yu ’

factors predict a quite similar behavior for the forward- 8
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e _ . where g? is the invariant mass squared of the lepton pair.
Olmzp[say“(l—yg,)ba]l YuYsl. (2)  The short-distance contributions are contained in the func-
ar

In Eq. (1) the renormalization scale is usually chosen to be tion h(m,/m,,q"/m;), which describes the one-loop matrix

u=m, in order to avoid large logarithms in the matrix ele- ]?Ier_nent ofl_th_e four-qugrk (zrpheraltc(fli :_ndOz (see, eig'm
ments of the operatof3; . The Wilson coefficientE; reflect or its explicit expression The long-distance contribution,
the specific features of the theory at large mass scales; théglated to the formation of intermediate bound states, is
are calculated at the scale=M, and then evolved down to usually estimated by combining the factorization hypothesis
w=mj by the renormalization-group equations. The analyticand the vector meson dominan@éMD) assumptior(5,6];
expressions fo€;(u) in the SM can be found, e.g., [d]. In  phenomenological analysgs| suggest that in order to repro-
what follows, the values of the Wilson coefficients at theduce correctly the branching rat®(B— J/¢X—/*/~X)

scaleu=m,=5 GeV are[3,4]: C;(my)=0.241,C,(my) = =B(B—J/yX)XB(Iyp—/"/") the fudge factor «,
—-1.1, C;,(my)=0.312, Coy(mp) =—4.21, andCyg(my,) which appears in Eq3) to correct phenomenologically for
=4.64. inadequacies of the factorization VMD framework, should

The four-quark operator®, andO, generate both short- satisfy the approximate relationk[3C,(m)+ C,(m,)]~
and long-distance contributions to the effective weak Hamil-—

tonian (l) Both contributions can be taken mt({_)f accouznt by It is understood that assuming a Simp|e Breit-Wigner
. ) i e C a = |
replacingCqy(my,) with an effective coefficien€q,(my,0°)  structure of the long-distance contributions for @fl as in

given by[5] Eq. (3) is an approximation which may become increasingly
C§V(My,q%) = Coy(Mp) +[3C1(My) + Cy(My)] inaccurate far beyond the resonance region. However as ar-
gued in[27], so far there are no firm arguments for choosing
m. g2 3 any other form of the long-distance contributionGg, . For-
X[ h mme2 t—« tunately, as we discuss later in this paper, many observable
b Tl @em effects in exclusiveB—K,K* transitions remain largely

stable with respect to variations in the long-range penguin
3 effects.
To sum up, the effective weak Hamiltonian has the fol-
lowing structure(cf. [4,5,7)):

2 : '
Vi=dlyg ', IV'vi_qz_”\/lvirvi

(M)
Heglb—sI1) = F % L VARE ”—[(mb+ms><sm,qub>+<mb my)(sia,,,q"ysb) (1 y#1) +C§l(my ,6%)
[57,(1=75)b](1 7))+ Croa(Mp)[ 57, (1~ y)bI(T¥*7sl) |, @)
Hap(b— 513 = 2\ VX (X[ 5071 79D 771 75)7] (5)
eff \/EZWS“’TZGW tbVits t alu 5 5 '
[
where x=(m/My)® and X(x,) is given in [7]. At m{  —go L, ysb currents, with the following covariant structure
=176 GeV one ha¥X(x;) =2.02. [25]:
IIl. MESON TRANSITION FORM FACTORS (P(M2.p2)|V,.(0)[P(My,p1))
The long-distance contribution B8— (K,K*) decays is =f.(a®)P,+f_(a%)q,,

contained in the meson matrix elements of the bilinear quark

currents ofH, i.e., in the relativistic invariant transition (V(M3,pz,€)[V,(0)|P(My,p1))

form factors of the vector, axial-vector, and tensor currents. 2 vt f3

In rare semileptonic decays there is another long-distance =29(0) €pvape” "P1P2,

effect, known as the weak annihilation, which is caused by

the Cabibbo-suppressed part of the four-fermion operatoréV(M,,p,,€)|A,(0)|P(Mq,p;))

not included in the operator badi$). However, the impact s sa 2 2 2

of this process irB— (K,K*) transitions is negligiblg5]. =1 17802 (A9)P1aP, +a-(a7)P1adu],
The amplitudes of meson decays are induced by the quark

transitionb—s through the vecto,, S'yMb axial-vector (P(M2,P2)[T,,(0)[P(My1,p1)

A —Sylu ¥°b, tensorT,, s and pseudotenson”, =—2|s(q2)(p1ﬂp2V—plyp2M),



57 RARE EXCLUSIVE SEMILEPTONICb—s TRANSITIONS ... 6817

(V(M32,p2,€)|T,,(0)|P(M1,py)) T1(0%)=—9g+(a)/2
=i€* (9.4 (0) €,10sPP+9-(0%) €,1,050° To(9%)=~[9+(a®)+9°g_(q?)/(PQ)]/2,
+90(0%)Pra€urp PR3], Ta(0?)=(My+Mp)2[g (a2)/(Pa)—do(q?)/2]/2. .
7
P(My,p,)|T2 (0)|P(My,
(P(M2,po)| ol IP(M1,py)) The relativistic invariant form factors encode the dynami-
=s(q2)ewaﬂP“qﬁ, cal information about the decay process and should be con-
sidered within a nonperturbative approach. We investigate
(V(M3,p;,6)|T5 ,(0)|P(My,py)) the meson form factors within a dispersion formulation of
the relativistic constituent quark modgM) [21].
=9.(q)(esP,—€P,)+0_(0°) (€50, ~€50,) Let us consider the transition from the initial meson
) . g(my)g(ms) with massM, to the final mesom(m;)q(ms;)
+90(a%)(P1€")(P1,P2, ~ P1uP2y), ®)  with massM.,, induced by the quark transitiom,—m;

where q=p;—p,, P=p;+p,. We use the following through*the curreng(m,)J ,(,»)d(my). For the transitiorB,
notations: y°=iy°y*y*y*, o, =il2y,, y,,] 0128 —(K,K*) one hasmy=my, m;=m;, andmz=m,. The
=1, 50,,=(~1/2)€, 050" B "and Sp(y°yEy"yeyP) constituent quark structure of the initial and final mesons is

— 4 e;wa,B described by the verticd$, andI',, respectively. The initial
Another frequently used set of the form factors is con-B-meson  vertex has the spinorial  structurd’
nected with set6) as follows: =iys G;/\N., whereN, is the number of colors; the final

meson vertex has the structufe=iys G,/\/N, for a pseu-
Fi(g®)=f.(g%, doscalar state andlp,=[Ay,+B(k;—ks),] G,/ N,
) o o with A=—1 andB=1/(\/s,+m;+m5) for an 'Swave vec-
Fo(q9)=1.(q)+q%f (q%)/(Pa), tor meson. A< 0 the spectral representations of the form
factors have the formi21
Fr(a®)=— (M1 +Mo)s(q?), el
1 0
V(g®)=(M;+M 2), fi(g?) = f d s
(9%)=(M1+M2)9(q°) i(9°) 1672 ) (my s my2 S2¢2(S2)

AL(g)=F(g?)/(M1+M)),
Ay(g%)=—(M1+My)a.(g?),

A(g®)=[g%a_(q?®) +f(g?)+(Pga,(g?)]/2M,, where the wave functiow;(s;)=G;(s;)/(si—M?) and

f'(SlISZVqZ)
X 2.4 )dS I—, 8
-Ll(sz %) 1P1(S1) 1/2(81,52,(]2) ®

2 2 2 2 2 2 2 2
So(Mi+m5—q?) +g2(ms+m3) — (mi—m3)(mi—m3)

S (52,99 =
2m3
| NSy 3, mpA (2, my)
a 2m? '
|
and\ (sy,S;,83) = (81 +5,—83)°— 45,5, is the triangle func- The unsubtracted double spectral densitigés; ,s,,q?)
ton. . _ _ of the form factors reaf22]
Equation(8) accounts for only two-particle singularities
in the Feynman graphs. For ground-state pseudoscalar and gzz[mla2+ My +mMy(1—a;—as)], (10)
vector mesons built up of constituent quarks with the masses
mg andmyg, the functione(s) can be written as Fo+T =F,=2m,5+4a[s,— (M —my)2]—2mss
(11)
(9= VS i) ©  F.-T_=T, 2)—2my3
= ) =T,=2m,s+4ay[s m,—m —2m;3s,
¢ \/— W 34 + 2 ag[s;—(m; 3)°] 3 12
wherek=\"%(s,m? m—)/2\/§ andw(k?) is the ground-state g=—-As—4Bg, (13

S-wave radial wave function, normalized as _
[odkie|w(k?)[?=1. 9. +9g_=AT;—8B+8B(m;+my)B, (14)
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g+~ g-=AT,+8B(m—mj)B, (15 T o
E— 7D - -~
_ ~ O
a+D_a,D:_25+4BC26Y1+0.’12C0, (16)
~ _ % M§_51+ Mg_sz 9 27
a+D+ a,D=—4A(2m3+BC1)a1+a’11C0, (17) \/S_]_ \/S—Z 2’
T o__ M2 o e m? 1
fp=—4A mim,m;+ —~(S,—m;—m3) ~  ~
2 9o=90t = =7
(Vs1+s5)% 85
my 2 2
T (S memms) Mi-s; M%—sz)..
+ g. (28
M, Vs s,
— > (ss=mi—mj) |+ CopB, (18 o
The structure of the HQ expansion in leading oreD)
_ and next-to-leading ordéNLO) of the form factors given by
Oop=—8Aa,— 8B[ —mza;+(M3—m,)aqq Eq. (8) with the spectral densitigd0)—(19) agrees with the
corresponding structure of the HQ expansion in Q[28],
+(mz+my)ais], (19 . . . =
provided that the functiong(s;) are localized near thgq
where threshold with a width of the or_def&QCD [22]. Moreover, _
for the case of meson decays induced by a heavy-to-light
a1 =[(S;+5,~ S3)(Sp— M7 +m3) quark transition the dispersion formulation provides the form
factors which satisfy the leading-order relations between the
—2S5(81— m§+ m‘Z;)]/)\(sl ,$2,53), (200  form factors of the vector and tensor currents near zero recoil
given in[25].
ap=[(81+ S~ S3)(S,— M +m3) As the analytical continuation to the timelike regiai
- >0 is performed, in addition to the normal contribution
—2sy(sp—mi+m3) J/N(sy,S2,S3), (21)  which is just the expressiof8) taken atq?>0, the anoma-
lous contribution, described explicitly if21], emerges. The
1, 5 5 normal contribution dominates the form factors at snegll
B=7[2mz— ay(s;—mz+m3) and vanishes whe?=(m,—m;)?, while the anomalous
y contribution is negligible at smat|>>0 and steeply rises as
_aZ(SZ_m1+m3)]! (22) q2—>(m2_m1)2.
Notice that since the dispersion qﬂark model is based on
a= ai+4ﬁsz/7\(81,sz,53), taking into account only two-particlgq intermediate states
in the amplitude of the interaction of theq constituent
ap= a1y = 2B(S1+5,—S3)/N(81,52,83), (23 quark pair with the external field it is conceptually close to
) the light-cone quark moddlLCQM) [8]. In particular, the
Co=—8A(M;—m3)+4BC;, Cy=s,—(My+myz)%, (24)  form factors of the LCQM8] can be rewritten afj?<0 as

Cp=51—(Mpy—my)?,

C3=S3—(My+my)?~C;—C,.

double-spectral representations similar to the dispersion
model. One finds that aj?><0 the form factors which are
given by the unsubtracted spectral representations in the dis-

We label with a subscripd the double spectral densities persion formulation are the same as in the LCQM. At the
of the form factors which require subtractions. The subtracsame time, the LCQM form factork, a., a_, andg, are

tion procedure has been fixed by matching th@aglexpan-

different from the dispersion quark model form factors and

sion of the form factors in the quark model to the corre-do not develop a correct heavy-quark expansion in the next-
sponding expansion in QCD in leading and next-to-leadingo-leading g order.

orders for the case of a meson transition caused by heavy- For evaluating the form factors we need to specify the

to-heavy quark transitiof22].

quark model parameters such as the constituent quark masses

The double spectral densities with properly defined suband the wave functions. In RdfL1] we have run calculations

traction terms read
F=To+[(Mi-s)+(M3-s)]g,
Vst s,
(Vs1+s2)? =55
Mi 51+M§_Sz)g’

s Vs,

E+:E+D+

(29

(26)

of the mesonic form factor&) adopting different QM’s for
the radial wave functiomv(k?) appearing in Eq(9), in par-
ticular: a simple GaussiarAnsatz of the Isgur-Scora-

TABLE I. Constituent quark massém GeV) and the average
momentum squaretin Ge\?).

Ref. my ms me My <k2>K <k2>K* <k2>Bu

0.22 042 165 50 0.17

GI-OGE[29] 0.17 0.26
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FIG. 1. Form factors for th8 — K,K* transition vs the lattice data: solid line indicates GI-OGE, dashed line indicates ISGW2, dotted
line indicates lattice-constrained parametrizatiorn 1of].

Grinstein-Wise model ZISGW2) [28] and the variational In order to obtain more reliable predictions for the form

solution[29] of the effectiveqq semirelativistic Hamiltonian ~ factors, we require the QM parameters to be adjusted in such
of Godfrey and Isgu(Gl) [26]. These two models differ both a way that the calculated form factors at lagfeare com-

in the shape of the radial wave function, particularly at highpatible with the lattice resultgl5,16. We have found that
momentak, and in the values of the quark masgsse Ref. the best agreement with the lattice data at landes ob-

[11]). The results of our calculations have shown that theained for the quark masses and wave functions of the Gl
mesonic form factorg8) are sensitive both to the high- model with a switched-off one-gluon exchan@@l-OGE).
momentum tail of the meson wave function and to the valueghe constituent quark masses and the average momenta
adopted for the quark massese, also, Ref.30]). squared characterizing the GI-OGE model are given in Table

TABLE Il. Parameters of the fif;(g%)=f;(0)/[1—010%+ 0,q*] to the B—(K,K*) transition form
factors in the GI-OGE model.

Decay B—K B—K*
f.(0) f_(0) s(0) g(0) f(0) a.(0) a-(0) go(0) g.(0) g-(0)
Ref. (o] 01 01 01 01 01 01 01 (o] 01
(0] (00} (o) (o) () (o) () (o) (0] ()

GI-OGE 0.33 -0.27 0.057 0.063 2.01 —0.0454 0.053 0.0056—0.3540 0.313
0.0519 0.0524 0.0517 0.0523 0.0212 0.039 0.044 0.0657 0.0523 0.053
0.00065 0.00066 0.00064 0.00066 0.00009 0.00004 0.00023 0.0010 0.0007 0.00067
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l. Table Il presents simple fits to the calculated form factorsdisagrees also with the lattice results at laggenamely, at
Figure 1 shows the GI-OGE form factors versus the availgq®=16 Ge\? the form factorsT;, T,, andA; turn out to be
able lattice data foB— K* [15,16. For comparison, we also considerably larger than the lattice points, and the form fac-

present the form factors obtained within the ISGW2 expo-tor Ay to be too small. The form factor§, and A; in the
nential Ansatz for the soft meson wave functigag]. 3ptSR approachl2] are decreasing with? in contradiction
A good agreement of our QM predictions obtained withwith the results of other approaches and lattice simulations.
the GI-OGE wave functions with the results of lattice simu- Let us notice that an approximate relatign =—g_,
lations is not surprising: the strong long-distance physics isound to describe well the lattice points at larg@and ex-
dominated by the confinement mechanism, and therefore tended in[17] to the whole kinematically accessible region,
seems quite natural, that soft wave functions which take intenight signal that relations motivated by the heavy-quark
account the effects of the confinement scale provide the forrsymmetry also work with a reasonable accuracy in Ehe
factors in agreement with the lattice QCD results. —K,K* case. In fact, the HQ expansion of the form factors
Recently, a lattice-constrained parametrization for Bhe g, andg_ gives
—K* form factors has been developed in the whole range of
accessible values @f [16]. It is based on the Stech param- M.+
etrization of the form factors obtained within the constituent 9+ 2\/Wflw(‘”)[1+ O(1/mgq)]
quark picture, HQS scaling relations negf= qﬁ]ax and a 2
smgle pole behavior oA; suggested byng-scaling relations  and
atq?=0 from the light-cone sum ruledCSR’s) in the HQ
limit. Parameters of the single-pole fit to the form factor M;—
A,(0)=0.29"553andM,=6.8"37 GeV are found from the 9-=-~ L/ngw ®)[1+0(1/mg)].
leasty? fit to the lattice QCD simulation in a limited region 2
at high values ofg?. Such a parametrization, though still An approximate relatiorg, =—g_ can be obtained from
phenomenological, is also consistent with the dispersivehis expansion in the limiM ¢« <Mg only if the generically
bounds of Ref[19] and therefore obeys all known theoreti- different combinations;y(w)[1+0O(1/mg)] in g, andg_
cal constraints. It should be taken into account however thagvolve in this limit to the same functiofy_, x+, which how-
the lattice-constrained parametrization is an approximationever goes far from the Isgur-Wise function. Let us assume
in particular, it suggests the relationT(g?)=(1 the leading-order IW relations for the form factors with the
—@?/PQg)T,(g?) which can be also translated intp, (g°) W function replaced by the functiosiz . and &g« for
=—g_(g%. In dynamical calculation within QM’'s or B—K and B—K* transitions, respectively. The process-
LCSR’s these relations are fulfilled within 10% accuracy butdependent functiongg .k » determined from the GI-OGE
are never found to be exact. Nevertheless, approximat®M results forT, andF, through the relations
Stech’s relations combined with a monopole fit&p exhibit
surprisingly good agreement with the lattice points at large 4\MgM 2MgM
2 i fpx=—"""T4, _xk=——-F
q° (see Fig. 1 B Mt M TP Mgt My
The form factorA; calculated in our approach for the BT UK B K 29
GI-OGE model wave functions is found to have a behavior
very close to the single-pole function with the parametersare shown in Fig. 2. The deviations for other form factors of
A1(0)=0.326 andM ,=6.86 GeV in agreement with an as- the B—K* transition found through the LO HQS relations
sumption of Ref[17]. The results on most of the form fac- with &z _«+ from the lattice-constrained parametrizations
tors are within 5% agreement with the parametrizatid¥  can be as much as 20%.
except for the form factowW which turns out to be at zero Summing up, the dispersion quark model calculates the
recoil some 15% smaller in our calculations. form factors in the whole kinematically accessible decay re-
Table 1l compares predictions on the form factors fromgion. The form factors of the dispersion quark model have
various approaches. One can see that our results agree witle following properties: they develop a correct HQ expan-
those of the LCSR of Ref14]. The form factors of another sion in the leading and next-to-leadingry orders in agree-
version of the LCSR[13] have different behavior, which ment with QCD in heavy-to-heavy transitions provided the

TABLE Ill. Comparison of the results of different approaches on the form fadterd,, A;, andA, atq?=0 andg®=16.2 Ge\?.

Ref. T, T, A, Ag
g°=0 9°=16.2 GeV¥  ?=16.2 GeV g°=0 °=16.2 GeV 9°=0 g°=16.2 GeV

LCQM [8] 0.155 0.53 0.26 0.26 0.45 0.32

3ptSR[12] 0.19+0.03 0.5-0.05 0.13-0.03 0.37-0.03 0.23-0.03 0.3-0.03 1.0-0.05

LCSR[13] 0.18 0.84 0.35 0.36 0.65 0.27 0.64

LCSR+Lat[14]  0.15+0.04 0.54 0.22

Lat+ [17] 0.16"3%2 0.57+0.04 0.21-0.04 0.29 0.440.04 0.33 1.280.07

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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decay width for the rare decd—K/ "/~ can be cast into

14 the form

’

d’T'(B—K/ /")
dsdt

12

III| 1,7 ‘ T
’

?{rv
>
| L1 1 | | ‘ 1

1 Tl G|2:M3|stth|2“§m - -
_ —I1Bp+2mdp], (30
256m° =11 g

08
where

0.6

Bp=|Ce(my,a?)f . (92 +2(my+mg) Cr,(mp)s(g?) |2

] +|Caa(mp) f (g,
04 1 1 1 I 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1

11 12 13 14 15 ~ ~ o a am a oA A "
® [I=(t—-21)(t—r)+st+m(1l+r+m—s—2t),

L ‘ T T .v‘ L

~

FIG. 2. The Isgur-Wise functiog (solid) [22,30, and the form
factorség_ k (dotted and ég_«+ (dashed calculated via Eq(29). Sp= |CloA|2[

~ S ~
L= oI @)+ (2-1)

soft wave function is concentrated in the region of the con- .

finement scale; for the case of heavy-to-light transition they 2 pk 2 S 2012
have the correct scaling properties at small recoil and obey XReT (@D (a7)]+ 2 [f-(a”)]
the LO 1ing relations between the form factorséf A, and

T currents[25], and numerically they agree with the lattice with FE(MK/MB)2 and ﬁ]E(m//MB)% After integrating

results at large? for theB—K* transitions. Thus we expect overi from .. =[1+F+2ﬁ1—§— /1—4ﬁ1/§)\1’2(1§ F)]/Z
the dispersion quark model form factors to be reliable in the - mn .

whole kinematically accessible region. 0 tAmgmx:[l*‘f; Zf;n_gf \/%—4@/57\1/2(15.?.)]/2, where
In the next sections we use the QM form factors evaluated (1.8.r) =1+r°+s°—2r —2s—2rs, one obtains the invari-

with the GI-OGE wave functions and the lattice-constrained®nt dilepton mass distribution

parametrizations of Refl7] for analyzing the decay rates L

and asymmetries in ram® decays. dl'(B—K/"/7)

ds

(31)

IV. DIFFERENTIAL DECAY RATES
AND LEPTON ASYMMETRIES

GIZZMg|V?thb|2aém / ~ o\ 1204 20
In this section we present formulas for the differential 1536m° 1-4mish s
decay rates, forward-backward asymmetries, and lepton po-
larization asymmetries obtained for bati,#0 andm, +#0
for the transition induced by the effective Hamiltonian Eg. X
(4) in the caseB— (K,K*)(/*/ ") and by Eq.(5) in the
caseB— (K,K*)(vv).

Our formulas for the differential decay rates and forward-
backward asymmetry coincide with the corresponding for-,» * o+ -
mulas of Ref.[31] and reproduce the formulas of Refs. d F(BHAK A/ )

[10,13 in the casems=0 andm,#0 and those of Ref12] dsdt

in the casem;=0,m;=0. For lepton polarization asymme-

tries our expressions in the liming=0 coincide with the GEMp| ViV p|2a2,,

results of[10,13. = 51275
Introducing the dimensionless kinematical variabes

=q?M2% and t=(Pg—p,+)¥MZ, the double-differential ~with

2m . .
(1+ = ))x(l,s,r)ﬁerlZnép
S

. (32

In the case of the decd—K*/*/~ one has

B+ 87 +4msy], (33

N2(1S,r) ~ S—1+4T7~
2 TH|H+(q2)IZ+ - IIR(g?),

BEY=[(5+2mN(LS,1)+ 2511]|G(q?)|2+ IF(a?)|

~ ~ I
s+2m— —
2r

BZ)=25[2t+5—T1—1—2m]R(q?),
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2C7,(mp) My+m; 2

|G(®)[*=| C3u(my . 4" Meg(q?) ~— o 9+(0)| +ICroa(my)Meg(a?)”
f(q?) 2C;,(mp) my—mg . 2 f(q?)|2

IF(0?)|2=| C&f(my g2~ — — — 22" 2 —2(1-1)By(q?)| +|Croa(Mp)r—| »
Mg 5 Mg Mg

2

2C-.(my) my—m
7'y( b) b S +|C10A(mb)MBa+(q2)|2!

[H+(a?)]?= | C5Um, . ¢7) M (4%) ~——— —-—B.(a%)

R(g%)= Re{

2C, (my) my—m
- =B (@)
s B
Rl(qz):R@[
+Re[

S
Bo(d%)=09+(9%) +9-(g®)—,
1—r

2 —
o HA)_2Co mymym

Cgf\;(mb'q ) MB % MB

cel(my,9?)Mga, (q?)

*

+[Ca(mp) 2R @, (q?) f* (9],

2C,.(m ) my+mg f 2) *
Cv(my,a*)Mpg(g?) — 72,( : t;\/IB g+(q2)HC10A(mb) ﬁ/?g } ]

f(q?) 2C -mg .
cglim, gty A T <1—r)quZ)}[cmmb)MBg<q2>]*],

2
8. (q7)= -3 2 g ()

ICianl® - - 1f(@®)]? 2(1+k) -5 s
= A(1s,r){ —2|g(qP)Mg|>— ——— + - a,(g)Mg|*+ —Ja_(g®)Mg|?
v 2 ( ) |9(9*)Mg| )\(l,s,r)’ Mg ‘ a la, (g*)Mg| 4r| (9°)Mg|
1 2y ak (2 2\ ok (2 1-t 2 * (2
+§Re[f(q )ai(g9)+f(g9)a(q9)]+ Z—FRG[MBaAq )MgaZ(q9)] ¢, (34)
|
where nowr = (M« /Mg)2. After integrating over the vari- A2(1s,r)
f we f e L)
ablet we find ar +
L ALST) . .
dl'(B—K*/*/7) - (2A )(s—1+r)R(q2). (36)
ds
GZMS|VEV,,|2a? The effective Hamiltonian for th(B—>(K,K*)(v7) transi-
_ZF 7Bl TtsTth M 1—4m/a\YA15,T) tion (5) may be obtained from the corresponding Hamil-
1536m° tonian for theB— (K,K*)(/* /) transition(4) by the fol-
o lowing replacements:
m -
S A X(X¢) X(%)
m—0, C-.,—0, ceff ! , — — .
) a4 NMsir(oy) T sin(6y)
where (37
1-7_3)2 Hence, expressions for the decay ratesB'Hq;(K,K*)(vf)
By=2\(151)3G(g?)|2+ 2§+u IF(q?)|2 can be obtained from the corresponding formulas for
4r B—(K,K*)(/ /™) by the replacemen37).
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For the decay8—K*/*/~ a very interesting quantity

is the forward-backwardFB) charge asymmetnAgg(s),
which is defined as

1
dl(B—K*/*/7)Ids

Arg(s)=

d’T(B—K*/*/7)

X =
dsd cog 6)

f Old cog )

d’I'(B—K*/*/7)
dsd cog 6)

— J'j)ld cog 0)

Arg(s)=

PL(S)=

6823

. 3sV1-4m/s\MA(18,1)Ry(0?)

(1+2m/s)By+12mésy

(39

Finally, we will consider also the longitudinal lepton po-
larization asymmetnP, (s) defined as

1 [dI(h=-1) dI(h=+1)

~ ~ 7 (40)
dr'/ds ds

, (38)  whereh=+1(—1) means right{left-) handed charged lep-
ton /~ in the final state. In case of the rare decBy

whered is the angle between the charged leptoh and the —K/ "/~ one has

B-meson directions in the rest frame of the lepton pair. As is
well known, the FB asymmetry is sensitive to the parity
structure of the electroweak interaction. At low values)éf

the parity-conserving photon exchange is expected to domi-
nate and therefore the FB asymmetry should be small; on the
contrary, at largey? the contribution of the parity-violating

Z- and W-boson exchanges becomes relevant, leading to a
large asymmetry. Moreover, the FB asymmetry is sensitive
to the relative sign of the Wilson coefficierts] and there-

PL(s)

- 2V1—4m/s\(1s,r)

(14 2M/SN(LS,T) Bp+ 12Mbp
X Re[[ CE(my,02) . (9?)
+2(my+mg)C7,(mMy)s(g%) ]

X Claafi(a®)}, (4D)

fore its measurement could be used as a probe of the new
physics beyond the standard model. Explicitly, one has  whereas for the proce®&—K*/*/~ one gets

(3= 2L am's 2N(13,7)5Rq( 2)+<2§+—(1_F_§)2 Re(@)+ M0 )
S (1+2m78) By + 12M4, S1SFeld 4 Fid PRI
NLST) . . ]
~ (31 DRR(@) |, (42
4r
where
[ 2C,.(my) my+mg
RG<q2>=Re‘ CE(My , 6°)Meg(a?) - — — g+<qz)}[cm<mb>MBg<q2)J*}.
[ f(q®>) 2C,(my) my—mg . f(q?)]*
Re(c?)=Rel | Cglmy gt - 2o Mo Mo () 25 2y [cm/«mb) (q )} ,
I Mg S Mg Mg
[ 2C,.(my) mpy—mg
RH+<q2>=R% CE(my 0°) Mg (%) — "=~ B+<q2>}[cm(mb>MBa+<q2>]*],
[ f(g®>) 2C,,(my) my—mg .
RR<q2>=Re-[ C3i(my g2y i) - 2T Mo (1—r)quZ)}[cloA<mb>MBa+<q2>]*}
L B S B

2C —mg f(g?)*
+Rﬂcsfvf(mb,q2>msa+(q2>— 713(”“’) mbMBm B+<q2>HcmA(mb>%} ] 43
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Notice that for a left-handed massless neutrino Ef) A similar analysis with the lattice-constrained parametriza-
yields P_=—1. The same result can be obtained also fromtion for T, [17] yields |V ¢ =0.041*+ 0.005"+ 0.005*",

Egs.(37), (41), and(42). The predictions for the dilepton distribution B
—(K,K*)/ "/~ decays are reported in Fig. 3, where the
V. NUMERICAL ANALYSIS nonresonant contributions are also shown separately. The to-

] ] tal decay rates turn out to be at least one order of magnitude
In this section we analyze the decay rates and |ept°'|brger than the nonresonant decay rates.
asymmetries in the standard model: the Wilson coefficients |t should be noticed that the approximate parametrization

—~ H H *
?t thgt.scaflqz—fmbtare g][\'tin 'g Sec. I, and tEB_’g'IK | of the long-distance effects in the—s effective Hamil-
r?rliSIV:/ci)tE t%rm GellCOOGrSEOm ; | |stpt\a/r3|fonnqtlijarr] mro e dev::t lgtonian by a simple sum of the Breit-Wigner terms might
ate € N - Model wave functions are adopted,, ., wq inaccurate far from the resonance region, in particu-
For the B—K* transitions we also consider the lattice-

constrained parametrizations of the form factors of RET] lar nearq®=0. Several otheAnsize for parametrizing the
P o ' long-distance effects have been discussed in the literature
We denote the two sets of predictions as QM and Lat, re

spectively [32]. Howeve_r, there are argumen'gs that the nonresqnant con-

' tributions which are most interesting as they contain the in-
formation on the Wilson coefficients can be reliably sepa-
A. Decay rates and dilepton distributions rated in a broad interval ofj?> except for the resonance

First, let us evaluate th&,. Combining our QM predic- regions. First, a theoretical analysis of the long-distance ef-

tion for the T,(0) with the CLEO data oB—K* y [1] we fects inB—K* transition atq®=0 [33], where the long-
find distance contribution is unlikely to be given by a simple sum

of the Breit-Wigner terms, resulted in a small absolute value
|Vis|=0.038+0.005*". (44)  of the long-distance effects of only few percent. And second,
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TABLE IV. Nonresonant branching fractions of the radiative and rare semilepBdecays. The branch-
ing fractions are evaluated usift¢.; at the scalee=5 GeV. Uncertainties connected with a relevant choice
of this low-energy scalg.~mj, are not shown.

Decay QM Lat [5] Exp.

mode X |V,/0.0382 X |V,/0.0472 X |V,/0.0332

B—K*y 4.2x10°° 4.2x10°° (4.9£2.0)x10°° (4.2+1.0)x 1075 [1]
B—K*ete™ 1.50x10°© 1.45x10°6 (2.3+0.9)x 106 <1.6x107°[34]
B—K*utu~ 1.15x10°8 1.1x10°® (1.5+0.6)x10°© <2.5x10°°[35]
B—K*rtr™ 1.0x 1077 1.1x 1077

BoK*Swy, 1.5x107° 1.4x107° (1.1x0.55)x10°°

B—K/t/~ 4.4x10°7 (4.0=1.5)x 1077 <0.9x107°[34]
B—Krtr™ 1.0x1077

B-KSu, 5.6x10°° (3.2-1.6)x10°6

assuming an additional®> dependence of the long-distance specific details of the behavior of the relevant form factors.
contribution toCE" as in Ref.[32], we have observed the Notice that the maximum of the asymmetryg@M3=0.1 is
dilepton distributions to change by not more than 4% inmainly proportional to the ratioM/A;)2. That is why the Lat
someq? regions and all asymmetries to remain unaffectedArg turns out to be larger in the maximum than the QM
within 1% accuracy. This fact provides a possibility to reli- asymmetry. Nevertheless the general trend of the behavior of
ably separate the nonresonance contributions and in principlecg for all considered sets of the form factors is similar: the
to measure the Wilson coefficients. nonresonant asymmetry is positive at low, has a zero at

Table IV summarizes our predictions for the nonresonantj?/M3=0.15, and then becomes negative irrespective to the
branching ratios. The branching ratios obtained with the QMdetails of the form factor behavior. Let us point out that
and Lat sets of the form factors are given in unitsmaximum absolute value of tHeegative asymmetry is at-
|V(4/0.038% and |V,/0.0417, respectively, such that th8  tained atg?/M2=~0.62 where|Agg|=0.4 both for the QM
—K*y branching ratio evaluated wit€@;,(«=5 GeV) in  and Lat sets of the form factors. This is considerably smaller
each case is normal!zed to the central CLEO véllef this  than |Agg|=0.6 reported in12]. This difference is traced
factor is equal to unity. back to a very specific behavior of the form factarin [12]

Note that the transiionsB—K*u"u~ and B  which contradicts the results of other approaches and to the
—K*e"e” have different rates, because the amplit®le approximate HQS relations between the form fact@se
—K*/*/~ has a kinematical pole a*=0, which makes a|so discussion ifi11]).
the corresponding decay rate very sensitive to the lower
boundary of the phase-space volung+£4m?), while the C. Lepton polarization asymmetry

amplitudeB—K/* /"~ is regular atq?=0 and, therefore, ) o
insensitive to the mass of the light lepton. Figure 5 shows lepton polarization asymmetrigs for

One observes a strong sensitivity of the differential decay"@SSless and massive leptons. For understanding the behav-
rates inB—K* transitions at lowg?: the decay rates are ' of P itis important to }e}ke into account the relationship
results of the interference of various form factors and thufetween the Wilson coefficients in the SM:
are sensitive to the details of thejf behavior. One can see c

: ; mMy) <Cqga(Mp) = — Cqy(My). 45
that the Lat and QM form factor sets which both provide a 7Mh) <C10a(My) ov(My) 49
reasonable agreement with the lattice results at large . e .
yield sizable deviations in the differential distributions at low In the case of the tran_3|t|da—>K/ z .(/:'“’e) a simple
g2 and hence in the branching ratios. Thus for deriving ac2nalysis of Eq.(41) yields the following behavior of the
curate predictions for the branching ratios one needs accura{pnresonam:,_: P_ is equal to zero ag”=4m; andq
knowledge of the form factors at log?. =(Mp—M)* due to kinematical reasons, and in the inter-

The decay rates of thB— K modes turn out to be more Mediate region 092’ P steeply goes down to the value
stable with respect to variations of the relevant form factors’t=2CevC10/(Coy+ Ciga)=—1 independently of the
(cf. [11]) and thus might be more perspective for extractingpartlcular behavior of th&—K transition form factors. A
V,s from rare semileptonic decays. weak g2 dependence of the nonresonareis due to the

function h(m./m,,q%/m2) in C& .

In the reactioB—K*/*/~ (/= u,e) the situation is a
bit different: now the term irf{.4 proportional to a small

The forward-backward dilepton asymmetries iB C,, contains a photon pole a?=0 and thus a parity-
—K*/*/~ decays are presented in Fig. 4. For comparisongonserving photon exchange dominates the decay agfow
we show also nonresonaAtg evaluated with the form fac- providing a small value oP_. At large g* one findsP, =
tors for the ISGW2 quark model parameters, and obtained-1 because of just the same reason as inBheK case
assuming the HQS relations between the form factors. Onwith the only difference being that the kinematical zero at
can observe a strong sensitivity of the asymmetries to thg?=(Mg—Mgx)? is absent. In the intermediate region of

B. Forward-backward asymmetry
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FIG. 4. Forward-backward asymmetriesBa-K*/*/~ transitions.(a) B—K*u" " (e*e™) , nonresonant(b) The same, total(c)
B—K* "7~ , nonresonant(d) The same, total. Solid line indicates GI-OGE, dashed line indicates ISGW2, dotted line indicates lattice-
constrained parametrization 7], dash-dotted line indicates HQS relations.

g?, the nonresonant, is an interplay of the parity- for the relevant form factors: a relativistic constituent quark
conserving and parity-violating terms yielding a negatie  model, formulated in a dispersion form, and the lattice-
smoothly falling from O to—1 in a way largely independent constrained parametrization of R¢fL7]. Our main results
of the particulag? dependence of the transition form factors. are as follows.

In the total P, in the reactionsB— (K,K*)/ "/~ (/ We have presented a dispersion quark model calculation
=pu,€) the  and ¢’ resonances appear as sharp peaks on gf the B—K,K* transition form factors in the whole kine-
smooth nonresonance background. matical range ofg?. Adopting the quark masses and the

The results of our calculation shown in Fig. 5, as well asyaye functions of the Godfrey-Isgur mod@8] for the had-
the results of Refs[10,11, correspond to the picture de- ron gpectrum with a switched-off one-gluon exchange poten-
scribed above, whereds, reportgd in[13] has a different 5| for taking into account only the impact of the confine-
behavior withP, = —0.6 at largeq” which seems to be very ant scale, we have found the resulting form factors to be in
doubtful. The lepton polarization asymmet?y in the case good agreement with the lattice simulations at lagde

*\ ot ;
lB_t’(rlf’K )7 \jvithm geirr‘neralrtfor:![og?f trhen tre:ntdh ofnthner I|gr:1t The form factors in the dispersion quark model develop
eptons case a porta erence. the nonreso a%e correct expansion in the leading and next-to-leading
P, does not go down to the value—1 in the kinematically :

. . . 2 1img orders for the heavy-to-heavy decays, and satisfy the
accessible region. The, again tums out to be largely in- relations between the form factors of the vector, axial-vector
sensitive to the meson transition form factors. In the tBal dt N id in th : tr'1 "I
one observes only th¢’ peak in the kinematically acces- and tensor currents vaid in thé region near Ine zero-recol
sible region. point in case of heavy-to-light decays. In addition, the form

factors are compatible with known analytical constraints.
Hence, the form factors of the dispersion quark model
obey all existing rigorous theoretical constraints and agree
We have analyzed rare semileptonic transitioBs nicely with the results of lattice simulations for tiBe—K*
—(K,K*) within the standard model adopting two models decay at largeg®. Moreover, the dispersion quark model

VI. CONCLUSIONS
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FIG. 5. Longitudinal lepton polarization asymmetry?,() in the decaysB—(K,K*)/*/~: (8 B—Ku*u (e'e”). (b) B
—K*utu (efe). (c) B—=Kr' 7. (d) B—K*7"7 . Solid line indicates GI-OGE, dotted line indicates lattice-constrained parametriza-
tion of [17]. Thick lines indicate nonresonant, thin lines indicate total.

form factors for theB—K* transition agree favorably in the (i) The differential dilepton distributions inB
whole range of &g?<(Mg—Mg)? with a lattice- —K/*/~ decays are less sensitive to the detailg/obe-
constrained fif17] based on the constituent quark pict{®¢  havior of the form factors than the corresponding distribu-
and an assumption on a single-pole behaviohgg?). Thus  tions in B—K*/ "/~ processes. Thus, the reactidh
we expect to have reliable form factors in the whole kine-—Ku* ™~ seems to be the most appropriate one for the

matically accessible decay region. determination ofV,s from rare exclusive semileptonic de-
We have performed a detailed analysis of the nonresonarmtays.
decay rates and asymmetriesBr- (K,K*)(/"/~,vv) de- (iv) The shape of the forward-backward asymmetryBin

cays in the standard model and obtained predictions for at~K* "~ within the SM is almost independent of the
exclusive channels using our GI-OGE form factors and thdong-distance contributiongg is positive at smaly?, has a
lattice-constrained fit to the form factors Bf»K* transi-  zero atq?=0.15M3 and then becomes negative at largér
tion. On the other hand, the values Aty in the maximum and
(i) Combining our QM result foiT,(0) with the central the minimum are determined by the ratios of the form factors
CLEO value forB—K* y [1] we estimate the central value (see also discussion [136]).
|V =0.038. With the lattice-constrained parametrization of (v) The longitudinal lepton polarization asymmetry
the form factors[17] one finds the central valugV,g P.(B—Ku"u™) at all kinematically accessiblg?, except
=0.041. for the end points and regions neérand ¢', as well as
(i) The nonresonant branching fractions obtained with the? (B—K* ™ 1) at largeg? are largely independent of the
two sets of the form factors are in good agreement if thdong-distance contributions both in the effective Hamiltonian
relevant|V, | is used in each case. Nevertheless, a betteb—s/ "/~ and those incorporated into the meson transition
knowledge of the relevant form factors arougd=0 is still ~ form factors. In particular, P (B—Kutu")
required. =2CqyC10a/(C3y+C3,) (=—1 in the SM, and hence
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P directly measures the ratio of the Wilson coefficientsing way: with increasing the accuracy of the lattice predic-
Coy/Cyqa at the scaleu=m, . Thus, the experimental study tions one can put forward the determination of the meson
of the forward-backward asymmetry and the longitudinalwave funcfcions from the leagt? fit to the lattice results at
lepton polarization asymmetry potentially provides an effec-small recoils, based on our proposed spectral representations

tive test of the standard model and its possible extentions. fO the form factors. Then such a lattice-constrained quark
odel would provide reliable and accurate form factors at all

}nematically accessiblg?.

Nevertheless, for obtaining more accurate predictions fo
the decay rates one needs additional knowledge of the vecto
meson—virtual photon junction vertex which could be given

in the near future by HERA photoproduction data.
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