PHYSICAL REVIEW D VOLUME 53, NUMBER 7 1 APRIL 1996

Application of HQET to B—K ™) transitions

W. Roberts
Institut des Sciences Nueliees, 53 avenue des Martyrs, 38026 Grenoble, France;
Department of Physics, Old Dominion University, Norfolk, Virginia 23529;
and Continuous Electron Beam Accelerator Facility, 12000 Jefferson Avenue, Newport News, Virginia 23606

F. Ledroit
Institut des Sciences Nueliges, 53 avenue des Martyrs, 38026 Grenoble, France
(Received 5 October 1995

We examine the measured rates for the dedaysK®)l1», B>K®)y{") andB—K* vy in a number of
scenarios in the framework of the heavy quark effective theory. We attempt to find a scenario in which all of
these decays are described by a single set of form factors. Once such a scenario is found, we make predictions
for the rare decayB— K®)I "I ~. While we find that many scenarios can provide adequate descriptions of all
the data, somewhat surprisingly, we observe that two popular choices of form factors, namely, monopolar
forms and exponential forms, exhibit some shortcomings, especially when confronted with polarization ob-
servables. We predict?(B°—K°u* u™)=6.4+1.0x10 7 and #(B°—K*%u* 1 ")=3.8+1.3x10" . We
also make predictions for polarization observables in these decays.

PACS numbsgs): 12.39.Hg, 13.25.Hw, 14.40.Lb, 14.40.Nd

[. INTRODUCTION later article, we will consider more details of these decays,
such as forward-backward asymmetries. These decays, as
The decays of heavy hadrons have recently received muchell as the decaig— K* vy, are particularly interesting as the
attention in the literaturd1-13. From the experimental short distance operators responsible arise first at the one-loop
standpoint, these decays allow access to some of the fundeevel, and are therefore sensitive to new physics beyond the
mental parameters of the standard model, such as the elstandard model20-23. However, in order for any effects
ments of the Cabibbo-Kobayashi-MaskaWaKM) matrix.  due to such new physics to be clearly identified, the long
Questions of CP violation, heavy-flavor oscillations, and distance contributions that arise in the hadronic matrix ele-
many others have added to this interest. ments must be well understood. As witness to this, we point
From the theoretical standpoint, these processes, and tlveit that the inclusive rate— sy is reasonably well under-
heavy hadrons themselves, allow various quark models aftood, while the exclusive ra®— K* y has been predicted
QCD, as well effective theories, to be tested. In particularto be anywhere from 2% to 40% of this inclusive rf2d].

the heavy quark effective theofHQET) has both been In the case of the nonleptonic and the rare decays, there
tested by experimental observations, and has played a majarises the crucial issue of the form factors describing the
role in the extraction ofV.,| from experimental datfl3]. B—K®) transition. Such form factors may be estimated in

Much of the success of HQET has been in the treatmentarious models, from QCD sum rules, or by applying the
of decays from one heavy flavor to another, namedyc scaling relations predicted by HQET to the form factors for
transitions. The effective theory is more limited in scopethe correspondingd—K®*) transition. The method sug-
when applied to heavy-to-light transitions, suchcass or  gested by HQET, while clearly model independent, is itself
b—u. Neverthless, as we will outline in a later section, thesomewhat problematic, as one must take into account the
scaling behavior of the form factors that describe varioudact that predictingB— K™y, for instance, requires that
weak decays can be dedudddl]. This, in principle, allows these relations be carefully extrapolated beyond the kine-
the form factors forb—s transitions to be inferred from matic range accessible in tH2—K*) transitions. This is
those forc—s. because the maximun in the D—K®) transitions is 1.95

In this article, we assume the validity of the heavy quark(0.95 GeV?, while the q? appropriate to theB—K®*)y
symmetry and examine the decayD—K®)ly,  transition is 9.6 GeV.

B—K®) (") and the recently measur@-K* y in a num- The HQET symmetry predictions relate form factors at
ber of scenarios. In particular, we seek a scenario in whiclthe same value of the kinematic variablev’ (orv-p’), not

all of these decays are adequately described by a single set@f, wherev andv’ are the four-velocities of the parent and
form factors. A number of authors have performed similardaughter hadron, respectively. In this case, the extrapolation
analyses [15-19, using the decaysD—K®)lv and isfromv-v'=2.1inD—Klvtov-v'=3.6 inB—Ky. The
B—K®) g with varying results. corresponding numbers for thH€* decays are 1.3 and 2.0.

Once we find a scenario that is satisfactory for the decay$he question of extrapolation also applies to the rare decays,
mentioned above, we examine, briefly, the decaysand is particularly important for the decd—K* vy, for
B—K®) ™I~ In this way, we hope to make reliable esti- which =0, butv-v'=3.0.
mates of the absolute decay rates for these processes. In aFor the nonleptonic decays, a second issue is that of the
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factorization approximation, which is commonly used to cal-f, andg are assumed to be 2.5 GeV, 2.5 GeV, and 2.1 GeV,
culate the hadronic matrix elements required. This approxirespectively. The f;(0) have the values 0.660.03,
mation is not very well founded in general theoretically, yet—0.14+0.03, 0.4@-0.07, and 1.5%0.11, forf,, a,, g,
it appears to work well phenomenologically in tBedecays andf, respectively[26].
where it has been tested. Nevertheless, application of the
form factors of some model or effective theory to the decay B. Nonleptonic decays
B— Ky, in conjunction with the factorization approxima- . . I . .
tion, serves to probe both issues, and may fail due either to l_\IegIectlng penguin (_:ontr|but|ons,_ the effectlvg Hamil-
inadequate choice of form factors, failure of the factorization®©™an for the nonleptonic decays of interest here is
approximation, or both. G

The rest of this article is organized as follows. In the next 5, ——F * c - Sy*(1—
section we describe briefly the effective Hamiltonians and et \/EVCbVCS{Cl(mb)[Cy”(l 7s)PlLsy* (1= ys)c]
the appropriate hadronic matrix elements for the processes of _ _
interest. In Sec. Il we use HQET to obtain relations among +Ca(mp)[s7,(1= ¥s)bl[cy*(1~ ys)cl}, 5
the form factors of interest. In Sec. IV we discuss our fitting here
procedure, and present the results for the decays that we are
considering. In Sec. V we discuss possible limitations of our 1
results, and suggest questions that may be of interest to both Ci(mp)= >
theorists and experimentalists.

( as( mb) ) 76/23+ ( as( mb) ) 12/21,

ag(My) ag(Mmy)

—6/23 12/2
(as(mb)) _(as(mb)) 1 ®

ag(my) ag(my)

1

Il. DECAY PROCESSES Cy(my)= >

A. Semileptonic decays ] )
Here, my, is the mass of th&V boson, andag(w) is the

Of the three processes we discuss, the semileptonic degnning coupling of QCD. This effective Hamiltonian medi-
cays are perhaps the simplest to treat theoretically. The ebyeg o classes @& nonleptonic decays. The first class con-
fective Hamiltonian for these decays is tains aD in the final state:B—DX where X may be

G B Ds,D% . The second class contains a light meson in the final
-%eff:—FVcsgn(l— ys)Cly*“(1— y5) v, . (1 state:B— “K"Y WhereY_ is now a charmonium state. _

V2 To evaluate the matrix elements of the effective Hamil-

. ) *) tonian we employ the factorization assumption. By Fierz re-

The hadronic matrix elements for the dec@ys-K™’l v are  arrangement we rewrite the effective Hamiltonian in a form

which is suitable for use with this assumption. Both terms of

(K(p")|syuclD(p))y=f(p+p")+f (P—P)u, the effective Hamiltonian contribute, in general, but for the
= _ decays in which we are interested, only the second term is of
(K(p")[sy,vsc|D(p))=0, interest, and it may be written
<K*(p/l€)|§7,¢1,c|D(p)>:ige/.wa,36*v(p+p’)a(p_p,)'gv GF 1 _
_ Het=—=VepVes| Ca(Mp) + = Ca(my) |[Sy,(1—ys)b]
(K*(p',€)[S7,75cID(p))=f el +a.e* - p(p+p'), V2 Ne
+a_e*-p(p—p),. (2 X[cy*(1- ys)c], ()
These decays are thus described in terms of six independehereN; is the number of colors.
a priori unknown form factors. The terms in. anda_ are At this point, it has become customary to replace the cou-
unimportant when the lepton mass is ignored, since pling coefficient by a phenomenological constagt whose
_ _ absolute value is measured to be approximately 0.24. The
(P—p") Iy (1=ys)m=(K,+ k) Iy (1= y5) v sign ofa, is not important for our discussion at this point. It
— will become important if long distance contributions to the
=mly*(1=ys) . (3 dileptonic rare decays are included.

For the decayB—K*)J/y, we therefore write, after us-

In experimental analyses, the form factérs, a, , f, and ing factorization,

g are usually assumed to have the form

fi(0) I YK®)| H o B VRV, PE) |Cy,(1—y5)c|0
fi(qz): ! q21 (4) < 1 AU eff >_\/§ cb csa2< wCY,u( ¥s)C >
1__ —
m; X(K™)[sy*(1~¥5)b|B). 8)

whereq?=(p—p’)2, andm; is a mass, usually taken to be The hadronic matrix element& *)|sy*(1— y5)b|B) are

that of the nearest resonance with the appropriate quantuamalogs of those of the previous subsection, so that the form
numbers. To date, only the mass appropriaté, tchas been factors required for these matrix elements may, in principle,
measured, and its value measured by the CLEO Collaborde obtained from the “semileptonic” decays & mesons
tion is 2.0+ 0.22 GeV[25]. The masses appropriate &g , into kaons. Such decays do not take place in the standard
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model, but we can invoke heavy quark symmetries to relateve can easily relate the matrix elements above to those in
the form factors needed to those for the semileptonic decayshich the current isso,,ysb. Experimentally, nothing is
of D mesons to kaons. known about the form factors, g.. nor h.
The remaining matrix element is
Ill. HQET AND FORM FACTORS

J/ &) Cy*(1—ys5)c|0)=f,m,e. 9 _ _ . :
((pyegley (1=ys)cl0)=f, i © Using the Dirac matrix representation of heavy mesons,

one may treat heavy-to-light transitions using the same trace
formalism that has been applied to heavy-to-heavy transi-
tions [28,29. In the effective theory, &® meson traveling

7 with velocity v is represented 428,29
fl,//: \/Flpalﬂf—zwa (10)
16a“m 1+9

The decay constant, can be obtained from the leptonic
width of the appropriate charmonium vector resonance as

D(v)— > ¥s=Mp(v), (15
where we have ignored lepton masses. In this way, we find
f,=0.382 GeV, and,,=0.302 GeV. with an identical representation forB meson. The meson
states of the effective theory are normalized so that
C. Rare decays <@(v’)|,@(v))=20063(p—p’). (16)

In the standard model, the effective Hamiltonian for the

decayb— sy is [20,22,27 The states of QCD and HQET are therefore related by

ID(v))=Vmp| Z(v)). 17

In all that follows, we will represent the states of full QCD as
|D(v)), and the states of HQET &s/(v)).
+mg(1—ys) ]oF, 11 Let us consider transitions between such a heavy meson
(D meson and a light mesorikaon of spin J, through a
where F#" is the electromagnetic field strength tensor, andgeneric flavor-changing current. In the effective theory, the
the term in mg may be safely ignored. For the decay matrix element of interest is
b—sl*1~, the corresponding effective Hamiltonian is

, Ge _
Teft= — E ersvtbcﬂmb)s%w[ my(1+ ys)

(KO(p,n)|sTh{?|Z(v))=TH{ETMp(v)}.  (18)

.my _ — . : _— . . .
2i — C7(my)s0,,q"(1+ y5)bly#I I is an arbitrary combination of Dirag matrices, andy is
the fully symmetric, traceless, transverddndex tensor that
_ - _ represents the polarization of the state with sphifThe ma-
+Co(My)Sy,u(1= y5)DI¥*I+Cio(My)Sy, trix E must be the most general that can be constructed from
the kinematic variables available, and Dirggnatrices. The
. (12 most general form for this ig30]

G
'7ﬂef‘f:

E a
N 27 ViV

X (1= y5)bly#ysl

I

. » . . =7 0, v, [0, (670 p) +BES (0 p))
The Wilson coefficientsC; are as in the article by Buras

et al.[22]. For the discussion at hand, we have ignored con- 5 5
tributions that arise from closedq loops, although these +7MJ(§(3 )(U'p)+¢§2)(v'p))](
may be easily included.

The only new hadronic matrix elements that arise in theThe ¢'s are uncalculable, nonperturbative functions of the

(19

1
75'

rare decays of interest are kinematic variable - p, and the 1 §s) is present if the reso-
_ . nanceK® has naturalunnatural parity.
(K(p")|so,,b|B(p))=is[(p+p')(P—P), From this point on, let us limit the discussion to only two

of the kaon resonances, namely the ground-state pseudosca-
lar kaon itself, and its vector counterpakt}. The above
then leads to

(K(p)[STh{O| Z(v)) = {(£,+ Bér) ysT Mp(v)},

—(p+p").(P—P") .l

(K*(p',€)|50,,b|B(P))= €110l 9+ €* “(p+p')*
+g_e*“(p—p')*
+he*-p(p+p")“(p—p")*], (K*(p,&)|STh{®| Z(v)) = Tr{[ (£3+ péa) € v

(13) + &5+ PE6) ITMp(v)}.

introducing four new form factors. Because of the relation (20

At this point, let us emphasize that the form factérare
independent of the form df, and so are valid for decays

my ., — _ guvep
MR Tap (14) through the left handed currefk =y, (1— ys)], as well as
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for rare decay§I'=0,,(1* ys)]. These form factors are a++a,~m53/2, a+—a,~m51’2,
also independent of the mass of the heavy quark, and are

therefore universal functions. Thus they are valid for fwmﬁ,’z, g~m51’2,

D—K decays, as well as faB—K decays. This indepen-

dence of the quark mass allows us to deduce, in a relatively s~mz¥2, h~m5%2,

straightforward manner, the scaling behavior of the usual
form factors that describe these transitiph4]. We illustrate g~ Y2 T
this by examining one matrix element in detail. 9+79-~Mp~", 9+=g-~Mp .

Consider Equations(19) and (20), and consequently Eq$21)—

(24), contain all of the leading ordeny dependence in the
form factors, and are valid irrespective of the mass of the
strange quark. If the strange quark could be treated as heavy,

(K(p)|sy,c|D(pe))=f.(Po+p),+f_(Po—P),

= \/m_D<K(p)|37uh(vc)|@(”)> then we could think of the; as arising from an infinite sum
144 of terms in the ITthy expansion. The leading order forrfia
=\mpTH (&+ p&y) VsV Vs 1/mg) are also contained in these expressions. These expres-
sions are also valid in the limit of a very light strange quark.
Isgur and Wise[14] have used the scaling df, +f_
=2\mp(&10,,— £:P,.). (2)  (=m3'? to say that this combination of form factors van-
] ] ishes(at leading order in bp), and suggest that one can
From these equations, one finds that write f_=—f, +O(1/mp). Implicit in this argument is the
assumption that the strange quark is very light. In our for-
\/m_D malism, this amounts to settin§ to zero, and we would
gl:T(thf—)’ automatically lose the full scope of our predictions. This is

because we could then never recover the limit of a heavy
strange quark, for in this limit§;=— \/m_K§/2, whereé is
£r= (f_—f.). (22) the usual Isgur-Wise function.
2\/m_D The strange quark is such that it may be treated as either
heavy or light. We believe that neither the full hea/jimit
Since the; do not scale with the mass of the heavy quark(¢,= — Jmg£&/2), nor the limit of a very lights quark

(or mesop, it is trivial to deduce that (¢,—0) is completely satisfactory. We assume neither limit
in our analysis, and therefore make full use of the predictions
fo+f_~mp?, f,—f_~mi2 (23)  of the heavy quark effective theory, which are valid indepen-

dent of the mass of the strange quark. This means that we
For the other transitions of interest, the form factors are agetain the form factog, in our discussion and treat it as a
defined in the previous section, and the relationships betweetpmpletely independent form factor, tying it to neither of the

these and the; are two limits discussed.
At the risk of boring the overly patient reader to tears, and
\/m_D perhaps even to death, we list one more set of relationships
§1=T(f++f,), among form factors, this time writing the usual form factors

in terms of the¢; . The relations are

1 1
&= (f_—f,)=—mps, e
2 2\/m_D D f+ \/m—D(‘fl meZ)y
3 1
E3=——(a;+a.), fo=——=(&+mpéy),
2 \/m—D 1 D62
§4:\/§(Zg_a++a):mgzh, f=2\mp(é5+v-pés),

1

1
- a.=~ —apl &t Mo(fe—£a)l,
=— pg)=— 2 P
&= Nm—D(f+2mDv Pg) 5 (9++9-),

1
a_=-— Egz[gg—mD(fe_&)],

1
(24)

2\/m—D(gf_g+)- L

o y . . 9= ="
These expressions yield the additional scaling behavior Mp

£6= \/m_Dg:

(25
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For the corresponding transitions withbaquark (and aB We close this section with a brief discussion of radiative
meson in the initial state, all factors ofny above must be corrections to the currents and matrix elements that we have
replaced bymg. Using this, rearrangement of Eq&5  discussed. In the limit of a heawyquark, the full current of
yields QCD is replaced by31]

1/m 1/2
fE(v-p>=§(—B)

D
mp fZ(v-p)

Mp
1+ —
Mg

s'b—srh(® (27)

a( mb)} (629

ag(u)

#2021

—(v-p) 1],
Me This arises from integrating out the quark, and matching

the resulting effective theory onto full QCD at the scale
m,, at one loop level. At the scalm., we must also inte-

fB(U'p):E(%) YA 2 (v-p) 1_,_@ grate out thec quark, but there is also the effect due to
- 2\ mp - mg running betweemn, andm;. The net effect of this is that the
form factors¢; appropriate to th&— s transitions are related
+ fg(v . p)(@ _ 1) } ' to those for thec— s transitions by
m

-b*?S: C—S
i i

—(6/25
as(mb)} 28)

ag(mc)

Mg 1/2
fB(v~p)=(m—> fP(v-p), _ _
D The forms of the matrix elements that we discuss above
are valid in the limit of infinitely heavyo andc quarks. For
quarks of finite mass, there are clearly going to be correc-
5 C(mp\ Y2 tions to the relations we have obtained. In other words, new
9°(v-p)= ms, (v-p), form factors that appear first at ordemi/ and 1m, will
begin to make contributions. It is expected that such contri-
butions will become more significant away from the “nonre-
m coil” point, or for v - p>m ). This is particularly important
Dev- 14 -2 for theB—K*) decays, as - p can become very large. Nev-
ai(v-p) . .
mg ertheless, we will apply the relations we have found through
m all of the available phase space. It is our hope that by doing
__1”, this, we will at least be able to indicate the suitability of
Mg HQET for these transitions. However, since we fit the form
factors rather than attempt to calculate them in some model,
some of these higher order effects may, in fact, have been
mD) included.
1+ —
Mg

1/2

1/m

aB_(v-p)zz(m—z a(v-p)
TABLE |. Values of the parameters that result from four differ-

Mp ent fits, for the exponential scenario. In this table, fit 1 means that
me L] (26 only DK™y is included in the fit; fit 2 mean® K™y
and B—K®)J/y are included; fit 3 meansD—K®)|yp,
B—K®)J/y, and B—K™*)y' are included; fit 4 means
D—K*lv, B—>K*J/¢, B>K*¢', andB—K* y are all included,

and applies only to decays witt*'s in the final state.

+al(v-p)

WherefE is the form factor appropriate to tHe—K transi-
tion, while fE is the form factor appropriate to tH8—K
transition, and quantities on the left-hand sides of ER6)

are evaluated at the same valuesvefp as those on the pgameter  Fit 1 Fit 2 Fit 3 Fit 4

right-hand sides. Omitted from each of E@6) is a QCD

scaling factor, discussed below. a; 2.497 0.671 0.667
Equationg26) illustrate two effects, namely the scaling of a, 1.503 -0.265 -0.266

form factors in going from th® system to the8 system, as as 10.0 8.825 1.745 1.742

well as the mixing ofa, with a_, andf, with f_. The a, 4.521 5.137 1.259 1.257

effect of this mixing is very important in going from tran- as 9.996 9.998 9.990 9.726

sitions toB transitions, as it introduces form factors that have  aq 1.044 1.037 1.080 1.074

not yet been measured experimentally, or to which experi- b, 3.353 1.979 1.984

ments are not yet sensitive, namély anda_ . In the rates b, 4710 8.0x10°° 3.1x10°°

for the semileptonic decayB— K *)| v, terms dependent on bs 3.511 0.238 78105 3.0x10°°

f_ anda_ are proportional to the mass of the lepton, and b, 10.0 1.447 1.076 1.076

thus play a miniscule role, except negtr= m|2. Such terms b 5.914 6.730 6.520 6.458

may also be significant if the polarization of the charged be 0.585 0.563 0.585 0.581

lepton is measured.
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TABLE Il. Values of the parameters that result from four differ- experimental collaborations have extracted acceptance-
ent fits, for the multipolar scenario. The columns are as in Table I¢orrected distribution§25,32. Instead, the form factors are

Parameter Fit 1 Fit 2 Fit 3 Fit 4
a; 3.358 0.144 0.158
a, 2.929 5.875 5.951
as -10.0 0.162 0.144 0.145
a, -10.0 3.154 2.569 2.365
as 1.399 0.288 0.346 0.451
ag 0.055 1.094 1.085 0.922
by
b, 0.290 10.0 10.0
bs -0.507 10.0 10.0 10.0
b, 1.134 0.468 0.388 0.354
bg -1.012 -1.042 -1.030 -0.907
bg 10.0 -0.439 -0.435 -0.392

IV. RESULTS AND DISCUSSION

A. Data

_All of the results we describe are for decays with (or
K%) in the final state. The treatment of charged kaonssmaller than those fob°— K~ )"y, while the published
would be identical, and we believe that our results in thesdorm factor parametrizations are for the average over charge
channels would be similar in quality to those we obtain forstates. To account for this, we rescale the values of the
neutral kaons. Before describing the results of our fits, wef;(0) to correspond to the smaller rates for neutral kaons. It
must comment on how we treat the available data, particuis these rescaled values that are cited in Sec. Il A, and that
larly in the case of the semileptonic decays. Very few of thewe use to generate the simulated data.

all assumed to be of the monopole fof@®6], and the param-
eters are then extracted from the Monte Carlo simulations,
with acceptances and efficiencies folded in.

Because of this, we proceed in the inverse sense to gen-
erate some “simulated data.” We use the published mono-
pole parameters for the form factors to generdi&/dg?
spectra for the semileptonic decays, using the published un-
certainties in the monopole parameters to generate uncertain-
ties in the simulated data. In general, these errors are corre-
lated, but we ignore this correlation.

The simulated data generated in this way are completely
smooth. We introduce an “antismoothing” by smearing the
simulated data with a pseudorandomly generated Gaussian
distribution of mean zero and standard deviation determined
by the errors in the unsmeared simulated data. It is this
smeared simulated data that we use for fitting. For the decays
D*—K%I*p, we also include the ratiod", /T and
I', /T _ in the fit, wherel' . are as defined in by the Particle
Data Group(PDG) [26]. In addition, we must point out that
the measured decay rates @F —K°*)|* 1 are somewhat

TABLE IIl. Values of the form factors and their logarithmic derivativesggt=0, for the exponential
scenario. The columns are as in Table I.

Quantity Experiment Fit 1 Fit 2 Fit 3 Fit 4
f.(0) 0.66+0.03 0.59-0.04 0.66+0.03 0.66-0.03
f%(0) 0.23+0.09 0.80-0.19 0.24-0.07 0.24-0.07
f.(0)
f_(0) 0.97+0.48 -0.06-0.12 -0.07-0.12
f2.(0) 0.98+0.17 -2.50-4.61 -2.32-3.96
f(0)
£(0) 1.55-0.11 1.53-0.10 1.55-0.07 1.57-0.11 1.57-0.08
f(0) 0.16 0.15:0.12 0.12-0.05 0.14-0.03 0.14-0.05
f(0)
9(0) 0.40+0.07 0.35-0.03 0.36-0.02 0.37-0.03 0.37-0.02
9'(0) 0.23 0.36-0.12 0.35-0.05 0.36-0.02 0.36-0.05
g(0)
a.(0) -0.14-0.03 -0.23-0.05 -0.20-0.05 -0.19-0.05 -0.19-0.04
a.(0) 0.16 -3.17-0.66 -1.72-0.76 0.03-0.11 0.03-0.44
a.(0)
a_(0) -2.99+0.36 -6.33-1.98 -1.18-0.05 -1.18-0.28
a’ (0)

1.25+0.15 0.12-0.08 -0.05-0.01 -0.05-0.11

a(0
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TABLE IV. Values of the form factors and their logarithmic derivativesgdt=0, for the multipolar
scenario. The columns are as in Table I.

Quantity Experiment Fit 1 Fit 2 Fit 3 Fit 4
f,(0) 0.66+0.03 0.64+0.06 0.63-0.02 0.62-0.04
f.(0) 0.23+0.09 0.29-0.17 0.29-0.07 0.29-0.08
f.(0)
f_(0) -5.56+1.88 -0.84-0.34 -0.86-0.34
f2.(0) 0.03+0.03 0.210.04 0.21-0.04
f(0)
£(0) 1.55+0.11 1.55-0.14 1.55-0.08 1.53-0.18 1.54-0.07
f(0) 0.16 0.04-0.12 0.14-0.06 0.17-0.20 0.15-0.05
f(0)
9(0) 0.40+0.07 0.51+0.05 0.40-0.03 0.40-0.05 0.37-0.03
9'(0) 0.23 0.22-0.01 0.24-0.03 0.23-0.05 0.19-0.02
9(0)
a. (0) -0.14+0.03 -0.24-0.05 -0.21+0.04 -0.26-0.08 -0.26-0.03
a’(0) 0.16 -1.14-0.33 -1.11+0.30 0.93-0.71 -0.98-0.27
a.(0)
a_(0) 3.54+0.33 -1.370.25 121061 -1.21-0.22
a’ (0)
a® 0.22+0.02 -0.08-0.01 -0.09-0.11 -0.09-0.01
a_(0)
For the nonleptonic decays, we fit to the PDG averaged B. Heavy-s limit
decay widths forB°—K%; andB°—K% y. In the case of One approximation used recently in the literature has been

the latter, we also include the ratlq /T". For this ratio, we to treat the strange quark as he489,34, so that the decays
take the averaged value of 0%¥8.073 as calculated by of interest can be treated in the heavy-to-heavy limit. In this
Gourdinet al. [15,16. Masses and lifetimes of mesons arelimit, the form factors of Eq(20) may be written
all taken from PDG[26], and we useV,,=0.9988,
Vi=0.03, V,,=0.9738, V,=0.041, m,=4.9 GeV, and (s —@g
m.=1.5 GeV,m,=177 GeV. 1757 2 &
It is worth mentioning that the experimental choice of
monopole form factors may be inappropriate, particularly for 1
f. In the limit of a heavy strange quark, one finds tfat —5225522\/——5,
x(l+v-v')é(v-v'), wheref is the Isgur-Wise function. If Mk
¢ is assumed to be monopolardR, then simple pole depen-
dence forf is inappropriate. Even in the case of a light
strange quark, we find thdt<és+v - pé&g, again indicating
that the dependence on the kinematic variable is nqt simply &itions, and in this limitm,=my«. In particular, this limit
monopole form. However, for the range of accessible in means thats=my&g.
D—K* decays, the decay rate is not sensitive to the kine- \yg have used this form in fitting the data, and have ob-
matic dependence. The effect on the decay rate for the noRained reasonable fits to the differential decay rates in the
leptonic and rare decays being considered here, however, agamileptonic decays, as well as to the total decay rates in the
quite significant. nonleptonic decays. Polarization ratios, however, are poorly
In our fitting, we have separated the decays containing @eproduced. In the case of the nonleptonic deBayK* i,
K meson in the final state from those containing’ameson  the ratiol’, /I" depends only on kinematics, and has a value
in the final state. Thus, for instance, we do not include dataf 0.43, independent of the form chosen forThe experi-
on ratios of rates likd"(D—K*Iv)/T'(D—KIv). Our rea- mental value is 0.780.07. In addition, the rati®', /T'_ in
son is that such ratios introduce correlations between th®—K*|v always has a value of about 0.4, significantly dif-
parameters of the form factors for the two sets of decays. ferent from the experimental value of 0:£6.04, and largely

§3=6,4=0, (29

where¢ is the Isgur-Wise function for heavy-to-heavy tran-



3650 W. ROBERTS AND F. LEDROIT 53

3.0

2.5

a,(@)

FIG. 1. Form factors for th® —K®*) transi-
tions that result from fits, using exponential
forms. The thick solid curve is the experimentally
extracted form factor, while the thick dashed
curves show the range that results from the ex-
perimental uncertainties in the parametrizations
of the form factors. In each graph, fit 1 means
that onlyD—K®)| v is included in the fit; fit 2
means D—K®)p and B—K®*)J/y are in-
cluded; fit 3 meanD—K*)p, B—K*)J/y,
and B—K®)y’ are included; fit 4 means
D—K*ly, B—K*J/y, B—K*y', and
B—K*y are all included, and applies only to
a, , f, andg. On the scale shown, the curves for
fit 4 are indistinguishable from those of fit 3. The
arrows indicate the maximun accessible in the
semileptonic decay® —K®)| .
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independent of the form chosen fér This indicates that the exponential scenario, ea¢h has one of the forms
value of 0.43 obtained for the ratid, /T" in B—K* ¢ is not b
necessarily due to the breakdown of factorization in the, _ _ _ _ __ o2 2
heavys limit, as this limit does not even provide an adequategi_aiexq bi(v-p me)]—aiexp{ 2mp (Gmax—d )}’
description of all measurements in the semileptonic decays. (30)
Relaxing the strict heavg-limit, but constraining the

form factors to be near this limit, does not help much, as the &=aexd —bi(v-p—mye)?]
polarization observables are still not well reproduced. The b
conclusion that we draw from this is that the heavimit =aieXF{ — — (QP qz)z}’ (31)
may give an acceptable description of unpolarized data, but 4mp
may be dangerous when applied to polarization observables.

&=aex —bj(v-p)?], (32)

C. General features of results o ) ] )
] _while in the second scenario, which we call the multipolar
All of the results we present are obtained by performingscenario. the forms chosen are

four kinds of fits, namely1) include the semileptonic decays

D— K™l only; (2) include the semileptonic decays as well &=a;(1+bj-p)n, (33

as the nonleptonic decay—K®)y; (3) include the semi-

leptonic decays, the nonleptonic dec&s>K™*)y, and the  with n,=—2,—1, 0, 1. In the exponential scenario, E§0)

nonleptonic decay8—K™*)y'; (4) include the measured most closely corresponds to the forms that arise in some

decay rate foB—K* y in the fit, as well as the three other quark models, most notably that of Isgur and collaborators

decays. Clearly, in the case of the decayKtmesons, we [35]. However, in such models, the exponential of E3f) is

need perform only three kinds of fits. In cases where a meaissually multiplied by a polynomial iw - p, or equivalently,

sured quantity is not included in the fit, we calculate thatin g2. In the multipolar scenariay;=—2 corresponds to a

guantity using the fit parameters. dipole form factor, whilen;= —1 represents a monopole. In
We have explored two sets of parametrizations of theany one fit, we do not choose all the form factors to have the

form factors. In the first scenario, which we refer to as thesame form. This means that, for instance, in the case of the
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tions that result from fits, using “multipolar”
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decays toK mesons, for which there are two form factors, some cases, however, we find that if we fit the semileptonic
the second scenario corresponds to sixteen different possibiecays alone, omitting all of the nonleptonic decays, the pre-
combinations of forms fog; and&,. diction for the rare decays is of the right order of magnitude.
In each case, the; andb; are the free parameters to be One possible conclusion here is that factorization is not ap-
varied in the fit. There are therefore twelve free parameterplicable to these nonleptonic decays, or that there are signifi-
in each fit, to be compared with five extracted and threeant nonfactorizable contributions to the amplitude.
assumed parameters in the measured semileptonic decays.|n contrast with the exponentials of the first scenario,
Since we have more free parameters than are extracted frofﬁany combinations of the “multipolar” forms of the second

the experimental data, one might expect that it should bgcenario lead to good descriptions of all the data simulta-
;/ery easy to account for all of the %allta. In fact, the numbher %heously. One outstanding feature of all of our results in this
ree parameters poses some problems, as it means that g, 5 iywhich also exists in the exponential scenario, but to

problem is not very well constrained. One consequence o lesser extejtcan be easily understood by examining Eq.

this is that there appear to be several local minima for an 25), where it is seen thags is present in all of the form
particular choice of form factors. Nevertheless, there ar%( ' : 6 IS prese * 1
actors that describe the semileptonic decBysK*. It is

some combinations of form factors that simply do not pro-

vide adequate descriptions of the data, despite the large nurﬂlerefore not at all surprising that our results are most sensi-
ber of free parameters. tive to this form factor. Invariably, we have found that the

When only the semileptonic decays are included in the fitPest fits occur fog linear inv - p (i.e.,ng=1), independent
we find that almost any combination of forms for the form of the forms chosen for the other form factors. Furthermore,
factors leads to reasonable results. The few combinationi§e slope parametdss is almost always negative, with val-
that do not provide good descriptions fail only in their de-ues lying between-0.4 and—0.65 GeV *. The only posi-
scription of the polarization observables. tive values forbg occur when only the semileptonic decays

When we use the exponential forms, we find that we areare included.
not able to obtain an adequate description of all of the data The fact thatég is so well constrained in our fits means
simultaneously. In particular, when we include the nonlepthatf andg are also quite well constrained. Since these are
tonic decays in the fit, the prediction for the rare decaythe only two form factors that are needed for the decay
B— K* y is significantly different from the measured rate. In B—K* v, it is no surprise that we find little variation in the
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FIG. 3. Form factors for th& —K™) transi-
tions that result from fits, using exponential
forms. In each graph, fit 1 means that only
D—K®™)y is included in the fit; fit 2 means
D—K®)y andB—K™)J/y are included; fit 3
means D—K®Ily, B—K®)J/y,  and
B—K®)y' are included; fit 4 means

100 — D—K*ly, B—K*J/y, B—K*y', and
[ B—K*y are all included, and applies only to
3 a,, f, andg. The region between the vertical
80 ] dashed lines is the range qgf for which infor-
mation is available from thB— K ™)l v semilep-
60 L ] tonic decays.
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predictions for this decay rate as we vary the parametrizaare displayed in Table | for the exponential forms, and in
tions of &3, &4, andés, provided that the choice of param- Table Il for the multipolar forms. In the first scenario, the
etrization of&g is unchanged. results we have selected correspondjoand &5 as in Eq.

For other forms of§s, we find that at most two of the (30), £, and¢, as in Eq.(31), andé&s and &g as in Eq.(32).
semileptonic, nonleptonic, or rare decays are well accommomn the second scenario, then, have the values
dated. For instance, if we choose a monopole forméar .= (0,—1,1,—2,1,1).
then in addition to the semileptonic decays, we find that we ' 1o give some sort of meaning to these parameters, we

can accommodate either the nonleptonic decays, the rare dgipjay in Tables 11l and IV the values of the form factors at
cay, but not both. In addition, if we choose all form factors to 2 _

b | fail to find ad te d it £ th g-=0, as well as their logarithmic derivatives at the same
€ monopoiar, we fail o find adequate descriptions o epoint. In these tables, the theoretical error that we quote, as
polarization observables, particularly for the raftig /T’

measured in the nonleptonic decay We[l as those that we quote_ for the rgst of our res_ults, are

Our results for the form factors are comparable with those,Ee _stlr?]ates onlly, ?nd arﬁ oft_)talned by using the covariance ma-
of other authors. Gourdist al.[15] have found that a num- fix that results irom the fit. . .
ber of scenarios, including monopolar form factors, are un- qu th? monopgle form chosen by experimentalists, the
able to describe the nonleptonic measurements. AleksdQdarithmic derivative is
et al. [17] have found that softening the scaling relations 1 df(q? 1
allows an adequate description, while in a second article, _'(_Q) = (34)

. . 2 2 2

Gourdinet al.[16] have found that allowing the form factor fi(@") dg” Jpe_o m
f to decrease linearly with? allows an adequate description
of the data. We find thatt is quadratic irg?, but the absolute wherem, is the polar mass. In this way, we can compare our
value atq®=0 for the B—K* transitions is larger than the form factors atq?=0, and the corresponding slope param-
absolute value aq2=qﬁqax, in keeping with the results of eters, with the experimental values. It is gratifying to find

[16], and quite different from pole models. that for f, g, andf, , the values we have obtained are, for
the most part, quite consistent with the experimental values,
D. Parameters and form factors for both the exponential and multipolar scenarios. In addi-

For each scenario, we have selected a set of fits that wigon, the logarithmic derivative of, shows some variation
consider to be representative. The parameters for these fiss we go from fit to fit, and there are sizable variations in the
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FIG. 4. Form factors for th&—K®*) transi-
tions that result from fits, using multipolar forms.
The key is as in Fig. 3
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values forf_, a_ and their logarithmic derivatives. These the correspondingd—K®*) decay. The corresponding form
variations are not surprising, as there are no experimentdactors for theB— K*) transitions are shown in Figs. 3 and
constraints on these quantities. Although the values we ob4, respectively. In these latter figures, the vertical dashed
tain for these quantities may lie outside the accepted domailines indicate the range ofj> that correspond to the
suggested by models, it is nevertheless quite satisfying t&—K®*) decays: the values af- p within the dashed lines
note that the values do not change much as we go from fit 2f Figs. 3 and 4 are the same as those that lie to the left of the
to fit 3 to fit 4, particularly for the multipolar scenario. It is arrows in Figs. 1 and 2.
also interesting that the prefered slope parametemafoiis The effect of the mixing mentioned near the end of the
negative. previous section is seen in the curves ffranda? . In the
The form factors for theD —K*) transitions that result case off. all of the curves for thé form factors are very
from these fits are shown in Fig. 1 for the exponential formsclose to each other, and are all quite similar to the monopole
and in Fig. 2 for the multipolar forms. In each of these fig-form over the entire range of physically accessityfe Ap-
ures, we indicate with arrows the maximuyA possible in  plication of Eq.(26), or more truthfully, of Eq(20), leads to

TABLE V. Results of fits for semileptonic decays, exponential forms. The columns are as in Table I.

Quantity Experiment Fit 1 Fit 2 Fit 3 Fit 4
ok, (10 Gev) 4.16+0.50 4.26-0.28 3.910.24 3.910.24

I'p_k#1, (1071 GeV) 2.98+0.25 2.88-0.12 2.870.14 2.76:0.12 2.770.12
r

F—L(D—>K*Iv) 1.23+0.13 1.19-0.12 1.23-0.13 1.06-0.08 1.06-0.10
N

r
F—+(D—>K*Iv) 0.16-0.04 0.26:0.02 0.18:0.02 0.18-0.03 0.18:0.02
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TABLE VI. Results of fits for semileptonic decays, multipolar forms. The columns are as in Table I.

Quantity Experiment Fit 1 Fit 2 Fit 3 Fit 4
I'p_ki» (107 Gev) 4.16+0.50 3.96-0.28 3.94:0.23 3.95-0.25

Ip_kx1, (107 GeV) 2.98+0.25 2.88-0.12  2.870.14 285013  2.880.10
E(DHK” ) 123013 121010  1.22009  1.26:0.13  1.23-0.09
I'y

r

1_—+(D—>K*Iv) 0.16+0.04 0.16-0.03 0.16-0.03 0.1720.04 0.23:0.03

curves forf® seen in Figs. 3 and 4. We point out that the generally poorly described, while in the case of fits 2, 3, and
scaling effect due to the coefficient of tHi& term is only 4, the theory does a reasonable job of describing all of the
about 15%, so that the very different forms f&r seen inthe ~ data. The differences between fits 1 and 2 are shown most
figures must be attributed to the mixing witR . graphically in the forr_n fagtors of Figs. 3 and 4. These dif-
In examining the curves of this figure, one must rememferences have very significant ef_fects on the decay rates for
ber to compare the form factors near the kinematic end® rarefdet:zays. In general,the rcllnl‘ferencglf_ln the for:n factors
points. This means thatf® near QZZQ%%Z(mD among fits 2, 3, and 4 are much less striking. We also point
. 2 oo out that the striking differences in form factors are achieved,
_2mK) =1.95 zGe should be compared witlfl near  for the most part, with very small adjustments to the inter-
q?=(mg—my)?=24.8 Ge\~. It is very interesting to note  cepts and slope parameters, as seen in Tables |1l and IV.
that the form factors for th& —K*) transitions that result ~ one comment on the ratip,=I', /T’ in B—K*¢ is
from fitting to the semileptonic decays alone are usually veryyorth making. For many fits, we obtain values for this ratio
different from those that result when the nonleptonic decayshat are essentially unity. Gourdiet al. [15,16] state that,
are included in the fit. _ assuming factorization of the transition amplitude, this ratio
By examining the graphs of Figs. 1 and 2, as well as théyas a maximum value of 0.833. They go on to point out that
numbers of Tables Ill and 1V, it is clear that the form factors gpservation of a value of, greater than this value would be

that we have obtained are quite consistent with the experipgication of significant nonfactorizable contribution to the
mentally extracted ones) the range of physically accessible transition amplitude. In their notation,

g°. Outside of this range, however, all of the form factors we

obtain are markedly different from the experimental forms. (a—bx)?

This clearly has very important consequences for the nonlep- PL= (a—bx)?+2(1+c?%y?)’ (35)
tonic and rare decays.

with a, b, andc being determined by kinematics, and

E. Results and discussion

2 2
As can be seen from the numbers in Tables V and VI, all — Ax(y) — Vimy)

fits to the semileptonic decays are reasonable. The quality of Ay(m3)’ Ay(m3)’
the fit with respect to the nonleptonic decays, the results of

which are displayed in Tables VIl and VI, is quite different, The form factorsA;, A,, andV are those defined by Bauer
however. In the case of fit 1, the nonleptonic decays aret al.[36]. This is correct as long asis not large. We have

(36)

TABLE VII. Results of fits for nonleptonic decays, exponential forms. The columns are as in Table I.

Quantity Experiment Fit 1 Fit 2 Fit 3 Fit 4
I'g .k, (107 GeV) 3.29+0.95 1.27-15.0<10°% 3.29+0.95 3.33:0.95

Iy ey (10716 GeV) 6.93+1.33 1.61+1.13 7.06-1.48 6.75-1.11 6.771.30
%(B—>K* 9 0.78+0.073 0.130.21 0.72-0.08 0.780.05 0.78-0.07
Ig .k, (1071 GeVv) <35 1.57-10.79x10°® 1.07+0.25 1.08-0.25

Tg ey (10 GeV)  6.14+3.95 22.9-9.10 5.75-2.64 9.46-0.53 9.46-1.18

%(B—)K* ) 0.07£0.04 0.96:0.02 0.76:0.03 0.76:0.05
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TABLE VIII. Results of fits for nonleptonic decays, multipolar forms. The columns are as in Table I.

Quantity Experiment Fit 1 Fit 2 Fit 3 Fit 4
I'g .k, (107 GeV) 3.29+0.95 77.0>259.28  3.7%0.51  3.82-0.65

[g_kx, (1071 GeV) 6.93+1.33 280.@:52.0 6.96-1.30 6.86:1.34  7.6%-1.11
E(BHK* 9 0.78+0.073 0.880.03 0.78-0.07  0.780.07 0.7t0.05
r

I'g .k, (1071 Gev) <35 26.76-17.10  1.730.33  1.75-0.38

Tg iy (107 GeV) 6.14+3.95 26.06-4.50 9.11*+0.97 833281  8.490.80
%(BHK*,//) 0.69+0.07 0.7#-0.05 0.7:0.08  0.69-0.04

explored this possibility, and found that there are scenarios iforms may be adequate for predicting total rates, but not
which large values of this polarization observable are posedecay spectra, nor polarization observables. We limit our dis-
sible. However, in such scenarios, while most of the othercussion to the multipolar scenario in what follows.
data are still well described, the decay rate for the process The predictions for the proce&s—KI| "1~ are 2—3 orders
B—K* y is predicted to be too large. of magnitude smaller than present experimental upper limits,
In Tables IX and X we display our predictions for the rare while those forB—K*|*|~ are smaller than the experimen-
decaysB—K*y, B—KI*I~, and B—K*I|*|~, obtained tal limits by factors of 4—6. We point out, however, that the
using the form factors from the four different fits. The lepton calculated rates for these last two processes do not include
spectra are shown in Figs. 5 and 6. As expected, the formossible contributions from charmonium resonances, which
factors from fit 1, especially in the exponential scenario, leadwill certainly alter the shape of the lepton spectrum, and
to rates that are ruled out by experimental observations, pashould also increase the total decay rate. An investigation of
ticularly in the case of the dec&~— K* y. In the multipolar  this effect will be left for a future article. However, in at least
scenario, the predictions from fits 2 and 3 are somewhabne experimental analysis, kinematic cuts are imposed on the
larger than the CLE®24] measurement dB— K* y, while  total mass of the lepton pair, so that events that may arise
the result from fit 4 is consistent with the measured value. from either of the first two vector charmonium resonances
Given the failure of the exponential scenario to explainare excluded24]. In any case, our results suggest that the
the B—K* y data, one might be tempted to discard its pre-exclusive dileptonic decay to tH€* should be observed in
dictions for the dileptonic decays. However, we see that théhe near future.
integrated rates are, for the most part, quite similar to those The results that we have obtained here again illustrate that
predicted in the multipolar scenario. The spectra that resulthe fit to the presenb— K®*) semileptonic spectra alone is
from the two scenarios are very different, however, and thénadequate for providing information dB—K* processes.
predictions for the relative amount of longitudinally polar- Even when we include the nonleptonic decays, the predic-
ized and transversely polarizé&d® produced are also some- tions for different decay modeparticularly B—K*1*|~
what different. The exponential forms predic{/I" ~0.1,  with longitudinally polarizedk*’s) are sensitive to the non-
while in the multipolar scenario, the ratio ranges betweereptonic modes we include in the fit. If any of these predic-
0.15 and 0.24. The moral here may be that the exponentiaglons are to be taken seriously, we would suggest that most

TABLE IX. Predictions for decay rates of rare processes, exponential scenario. The columns are as in

Table 1.

Quantity Experiment Fit 1 Fit 2 Fit 3 Fit 4
I'g_k+, (1077 GeV) 1.76-0.83  0.010.03  0.02:0.02  0.01*0.01  0.0x0.01
Tg kut, (10718 GeV) <158.0 0.36:0.72  0.08-0.02  0.08-0.02

T ket (10718 GeV) 0.12£0.05  0.13-0.03  0.13-0.02  0.13-0.02
T ket (10718 GeV) 0.13+0.02  16.3-12.1  1.15-0.20  1.15-1.60
T ruu- <10.1 0.25-0.06 ~ 16.5-12.1  1.270.19  1.271.60

(1078 GeV)
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TABLE X. Predictions for decay rates of rare processes, multipolar scenario. The columns are as in

Table I.

Quantity Experiment Fit 1 Fit 2 Fit 3 Fit 4
Ig kx, (10717 GeV) 1.76-0.83  77.9317.80 6.173.31 6.34-4.35 2.210.72
Ig kut, (10718 GeV) <158.0 6.3%5.65 0.27-0.05  0.28-0.05

FLKWM_ (1078 GeVv) 5.05+1.04 0.330.13  0.34-0.15  0.22-0.03
F;HK*M”_ (1078 GeVv) 72.7+14.5 1.82-1.49 1.42-125 1.450.54
Ig ket (10718 GeV) <10.1 77.714.4 215149 1.76:1.26 1.67-0.55

attention be paid to the predictions of fit 4 in the multipolar tinuum, will at least alter the positions of the zeroes, and may
scenario, as this is the only scenario that adequately devash out the effect altogether.
scribes all of the data available.

One of the features of the predicted spectra are the V. CONCLUSION
minima in the differential decay rates. These minima are the
result of zeros in the respective helicity amplitudes, and the We have used the scaling predictions of HQET, together
question of whether or not these zeros do indeed exist, and dfith the most recent data o —K®)I» semileptonic de-
their exact locations, will have to await B factory. How-  cays, to extract the form factors that describe the K(*)
ever, long-distance effects, such as those that arise fromndB—K®) processes. The latter we have applied to other
charmonium resonances, or even from the charmonium corprocesses, namely the nonleptonic decBys K®*)y and
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B—K®)y' as well as the rare decayB—K*y and bers are consistent with other model calculatip24]. We
B—K®™)I*17. In the case of the nonleptonic decays, wealso predictl’+/I", in B®—K*%u* 1~ to be 0.15-0.07.
have assumed factorization of the transition amplitude is To fully constrain the predictions of HQET, information
valid. We have also performed simultaneous fits of the semign the form factor@_ andf_ is needed from the semilep-
leptonic, nonleptonic, and rare processes, and have foungnic decays. Such information can only be obtained from
that HQET, together with factorization, provide an adequatejgh-precision measurements of the decay spectra at low val-
framework for descr(lb)m+g the observations. Our predictionses ofg?, particularly for semileptonic decays to muons, as
* - . . .
for the modesB— K™ "1~ suggest that these should be \e|| as by measuring the polarization of the charged lepton,
m_easurable in the next generation of experiments, and CeHgain preferably the muon. In addition, the precision and
tainly at the propose® factory. . _ statistics in theg? spectrum must be improved so that the
_ Perhaps the greatest shortcoming of our fit procedure liegym factor parameters can be extracted from the data, par-
in how we handle the data, or simulated data, for the seMigcylarly for the decay® — K*1v. Perhaps the ideal experi-
leptonic decays. Ideally, we should have attempted to fit OUpyent would be the equivalent of present CLEO experiments,
choices of form factors to the experimentally measured dn‘~In which the machine is tuned to be a sourceBE pairs
ferential decay rates. As a second choice, our choices of for roduced from the strong decays of thig¢4S). For D de-’
factors should have been input into the experimental Mont ays, the equivalent would be to produce a copious number

Carlo programs to obtain the fit parameters. In any case, it i " 770)’ hich i h
clear that the present data, particularly in the—-K*|v é_dﬁﬁn fe?():tf)’ryw ich can be realized at the proposed

mode, are inadequate to sufficiently constrain the form fac-
tors. In addition, the differences in form factors between fit 1
and fits 2, 3, and 4 are quite striking.

The scenario that best describes all of the experimental
data is the multipolar one, and in this scenario, we find that
the universal form factogg is linear inv-p. Using this We gratefully acknowledge helpful conversations with N.
scenario, we predict?(B®—K%u ™ u™)=(6.4+1.0)x 10"’ Isgur, particularly for some very useful discussions on scal-
and .#(B°—K*%u* 1 ")=(3.8£1.3)x10 8. These num- ing relations. We also thank C. Carlson, A. Freyberger, J.
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