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We apply the perturbative QCD factorization theorem developed recently for nonleptonic heavy meson
decays to the radiative dec&®—K* y. In this formalism the evolution of the Wilson coefficients from the
boson mass down to the characteristic scale of the decay process is governed by the effective weak Hamil-
tonian. The evolution from the characteristic scale to a lower hadronic scale is formulated by the Sudakov
resummation. In addition to computing the dominant contribution arising from the magnetic-penguin operator
05, we also calculate the contributions of four-quark operators. By fitting our prediction for the branching ratio
of theB—K* y decay to the CLEO data, we determine Bxsneson wave function that possesses a sharp peak
at a low momentum fraction S0556-282(199)01015-3

PACS numbeis): 13.25.Hw, 11.10.Hi, 12.38.Bx

I. INTRODUCTION amplitude of a heavy meson decay is expressed as the con-
volution of a hard subamplitude with meson wave functions.
The observation of the dec&8—K* y five years aggl]  The former, with at least one hard gluon attaching to the
opened a new era for particle physics, since the penguispectator quark, is calculable in the usual perturbation
structure of electroweak theory was probed for the first timetheory, while the latter must be extracted from the experi-
Soon after this observation, the inclusiBe-~ Xy decay[2] mental data or derived by nonperturbative methods, such as
was also established. The updated branching ratios for bofQCD sum rules. Since th&* meson wave function is
decays are (420.8+0.6)x10 ° [3] and (3.14:0.48)  known from sum rule analysd41,17, the B—K* y decay
x 10" [4,5], respectively. In the recent literature, the inclu- is an ideal process from which the unknoBrmeson wave
sive decayB— Xgy has received more attention than the ex-function can be determined. With tlBemeson wave function
clusive modeB— K* y. The branching ratio and the photon obtained here, we are able to make predictions for oBer
energy spectrum of th8— X,y decay have been used to meson decay modes, especially for the charmless decays. We
constrain the parameter space of the new physics beyond tiséall show that by fitting our prediction for the branching
standard model. The preference of studying the inclusiveatio B(B—K* vy) to the CLEO data, 8 meson wave func-
mode is clear in that its hadronic dynamics is much easier ttion with a sharp peak at the low momentum fraction is
handle as compared to the exclusive mode. It has beeobtained.
shown that, to the leading order inM{, M, being theb Comparing our work to others, we remark that most of the
quark mass, the branching rati{B— X,vy) is given by the previous studies on this decay focus only on the contribution
branching ratioB(b—sy) of the corresponding quark-level of the magnetic-penguin operat@-, and their approaches
process. Furthermore, the subleadinyyl/corrections can are based upon quark models. To ensure that other contribu-
be parametrized systematically using heavy quark effectivéions are indeed negligible, we also calculate the contribution
theory|[6]. by the current-current operat@,, which arises through the
The hadronic dynamics of the exclusive ded@y»K*y  four-pointb—sg* y coupling with the off-shell gluon reab-
is much more complicated. Specifically, one has to deal wittsorbed by a spectator quark. Although such a contribution
the soft dynamics involved in thB and K* mesons. Since has been calculated befdrE3], it is, however, obtained in a
the final states are light compared to the decay@ngeson, naive PQCD framework which does not include the Sudakov
one anticipates that perturbative QGPQCD is applicable resummation and the renormalization-gro(lpG) analysis
to this process because of the large energy release. In fa¢,3]. As a result, the predictions of R¢fl3] are sensitive to
the PQCD formalism based upon factorization theoremsthe choice of the renormalization scale In our more com-
which incorporates the Sudakov resummation of soft-gluorpleted approach, the sensitivity tocan be avoided. We find
effects, has been developed for somet[me9], and applied that, due to certain cancellations, the contribution @y
to semileptonid¢7,8], inclusive-radiativg9], and nonleptonic  turns out to be rather small.
B meson decayfl0]. This approach has been so far rather We also like to comment on a different viewpoint based
successful. In this article, we shall extend this formalism toon the overlap integral of meson wave functig@d], which
penguin-induced exclusive processes, such aBthek*y  showed that the diagrams without any hard gluon dominate
decay. The satisfactory result with repect to this complicatedver those we will be considering here. We shall argue that
process, as presented later, provides further confidence in thiee observation iff14] is due to an underestimation on the
validity of the PQCD approach tB meson decays. value of the strong coupling constant and a choice of &Bflat
According to the PQCD factorization theorem, the meson wave function. If evaluating the coupling constant at
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the characteristic momentum flow involved in the decay pro-
cess[13] and employing a sharpd& meson wave function,
these higher-order contributions may become comparable to
the leading-order ones. Hence, the approadi#j does not
seem to be self-consistent. In our approach, diagrams with-
out hard gluons do not contribute under our parametrization
of parton momenta. Therefore, diagrams with a hard gluon
attaching to a spectator are leading in our analysis.

This article is organized as follows: In Sec. Il, we write
down the effective Hamiltonian for thB—K* y decay. In
particular, the current-current operatop and the magnetic-
penguin operator®- are identified as major sources of the
contribution. We then calculate th®,-inducedb—sg*y
vertex, keeping the gluon line off shell. In Sec. IIl, we derive
the factorization formulas for thB— K* y decay, which in-
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FIG. 1. Contributions to th&—K* y decay from the current-
current operato©,. The diagram with a photon emitted from the
other side of the charm-quark loop is not shown.

torsO,, O, andOg are depicted in Figs. 1-3. It is not hard
to see that contributions other than the above are negligible.

clude contributions from the various operators. The numerifor example, the contributions depicted in Fig. 4 are very
cal result is presented in Sec. IV, where the contribution okuppressed, although they are of the same ofdgeGra)

each operator is compared. Section V is the conclusion.

II. EFFECTIVE HAMILTONIAN

The effective Hamiltonian for the flavor-changifig—s
transition is now standard, which is given f5,16

Ge , <
Heif(b—sy)=— Evtsvtbi; Ci(wOi(p), ()

with
Olz(gcj)V—A(gjbi)V—A’

0,=(SiCi)v-a(Cibyv_a.

os=(§bi>v_A§ (0iG))v-a.
o4=<§bj>H§ (0jG)v-A-
os=<§ibi>va§ (0j0)v+a
06=<§b;>V_A§ (0% +A-

e —
07: mSiUMV(mSPL‘F mbPR)bi F

g —
08: msia“"(msPL-i-mbPR)T?bjGa (2)

j uv?

i,j being the color indices. In the PQCD picture, the lowest-
order diagrams for th®8—K* y decay arising from opera-

[17], as those of Figs. 1-3. We draw this conclusion from a
previous experience witB—D* y. Indeed, from a diagram

similar to Fig. 4(with s replaced byc, and thea on both

sides replaced by andu, respectively, one has obtained
B(B—D*y)=10"° [18]. Since fys~fp«, and V,,V,s is
comparable to/.,V 4, it is clear that the diagram in Fig. 4
gives B(B—K* y)~10 X C5,56~10"°-10"", and is
thus negligible. There is still one more type of contributions
of the same order as shown in Fig. 5. By an explicit calcu-
lation, one can show that such contributions merely give cor-
rections to the Wilson coefficientS83—Cg occurring in Fig.

4. Since the matrix elements of Figs. 4 and 5 have identical

v
O7
b s
[
(e
(=
(=
[
[=
=
[=
[
[=
— e —
q S q
(a)
[
(=
[=
(=
(=
(=
(=
(=
(e
[
(=
[
(b)

FIG. 2. Contributions to th8—K* y decay from the magnetic-
penguin operatoO-.
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FIG. 5. Contributions to th&—K* v decay from arD, inser-
tion and abremsstrahlunghoton.

", K

A;+Agky - Ko+ Agk3=0. (6)
(© ()]

FIG. 3. Contributions to th8—K™* y decay from the chromo- The invariance oﬂ/“/p under the interchangds, <k, and
magnetic-penguin operat@s. w— v further requiresA;=—A,. With the above relations,
i ) i ., IS simplified into
tensor structures, the branching ratio contributed by the latter””
figure behaves like ITOXC5X (ag/7)?~10"°, which is
also negligible. Finally, in Sec. IV, we shall see that the l,

contribution byOg is negligible as well. =Aglky-kae

,u,Vpu'( I(l - k2) 7+ evp(erE{kng,u

Before implementing the PQCD formalism to evaluate the — €0 KTKIK1, ]+ As( €40 KTKIK, — k2 €vpok?),
contributions of Figs. 1-3, we compute the four-poimt
—sg* y vertex. Our calculation essentially generalizes the (@)
work by Liu and Yao[19] to the off-shell gluon casg20].
We first perform a Fierz transformation @y, i.e., with

0,=(SiC)v-_a(Cib))v—a=(Sbj)y_a(ciClv-a. (3

V2
The b(p)—s(p’) y(ky)g* (k,) vertex is expressed as As=273€0:Crl 1u(M9), (8)

— 1
127=CoVigVipu(p") 5 /(1= v6) TRU(P) e (Ky),

@ As= —23—ﬁegsep[llo<M§>—lzo<M§>], C)
with the structure tensor
and
lvp=A1 Wp(,kl-kAzeWWk’z’
+ Ag€,0 KTKIKL, + As€, o KTKIK,, - oy
T As€,,0 KKK, T Ag€ e KTKIKg . (D) ab(mz)_f dxf X(1—x)k5+ 2xyk - kp—mP+ie
(10

Clearly, the form factorAg can be discarded because of
k,- e(k;)=0. From the requirement of gauge invariance, i.e.,

kil,,,=0 andk;l ,,,=0, we have Carrying out the Feynman-parameter integrations, we obtain
Ay +Aks-ky=0, 1 1 mP—x(1-x)k3
I 13(m?)= —z+f dX——— 5
y 2Q” " Jo xQ
b s 2_ _ 2 2
XA 00+ Q)
m?—x(1-x)k; |
g 7 — i O (Q2+K3—4m?)
FIG. 4. Contributions to th&8—K* y decay from the strong- m2 1+,3 Bkz
penguin operator®;,0,, ... ,O. The dark square denotes inser- —zIn—-— 1— 207 (17
tions of the operator®;,0,, . .., Os. Q '8 Q
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fld 1—x
X_

o Q7

xln‘

—imO(Q%+k3—4m?)

I 10(mM?) =1 5o(m?) =

m?—x(1—x)(k3+Q?)|
m?—x(1-x)k; |

B
2Q?|’

12

with Q2=2k;-k,, and B=\1—4m?/(k5+Q?). As a side
remark, we note that both;,(m?) and I,¢(m?)—1,5(m?)
have smooth limits am?—0. Hence, we can safely neglect
the contributions o0, andOg to theb—sg* y vertex, since
their Wilson coefficientsC, andCg, are much smaller than
CZ.

Having determined théd—sg* y vertex, we attach the
off-shell gluon line to the spectator quark to form tBe
—K*y amplitude as shown in Fig. 1. As mentioned, this
amplitude is of the ordeza G, the same as the amplitudes
induced byO, and Og depicted in Figs. 2 and 3, respec-
tively. In the next section, we shall compute the contribution
of each operator to th8—K*y decay using the PQCD
factorization theorem.

Ill. FACTORIZATION FORMULAS

In this section we first review the PQCD factorization

theorem developed for nonleptonic heavy meson decaﬁ

[10], and then extend it to thB— K* y decay. Nonleptonic
heavy meson decays involve three scalesMhigoson mass
My, at which the matching conditions of the effective
Hamiltonian to the original Hamiltonian are defined, the
typical scalet of a hard subamplitude, which reflects the
dynamics of heavy meson decays, and the factorization scal
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subamplitudeH(t). Because of Sudakov suppression, the
perturbative expansion ofl in the coupling constantg
makes sense. Therefore, a three-scale factorization formula is
given by the typical expression

t d; _
c(H@H(N)® ()@ exp{ —s(P,b)-2 fmf vq(asmnl,
13

where the exponential containing the quark anomalous di-
mensiony,= — as/m describes the evolution fromto 1b
mentioned above. The explicit expression of the exposent
is can be found if10]. Since logarithmic corrections have
been summed by RG equations, the above factorization for-
mula does not depend on the renormalization sgald0].

Our formalism then avoids the sensitivity to that appears

in [13].

We now apply the three-scale factorization theorem to the
radiative decayB—K* y, whose effective Hamiltonian has
been given in the previous section. As stated before, only the
operatorsO,, O;, and Og are crucial, to which the corre-
sponding diagrams and hard subamplitudes are shown in
Figs. 1-3 and Table I, respectively. We write the momenta
of B and K* mesons in light-cone coodinates d%;
=(Mg/2)(1,10r) and Px=(Mg/y2)(1r2,0y), respec-
tively, with r=My« /Mg. The B meson is at rest with the
bove choice of momenta. We further parametrize the mo-
menta of the light valence quarks in tBeandK* mesons as
kg and ki, respectively.kg has a minus componeiii ,
giving the momentum fractiorg=kg/Pg , and small trans-
verse componentsg . k¢ has a large plus componeki ,
giving xx =kg /Py , and smalkyr. The photon momentum
le then P, =Pg—Py, whose nonvanishing component is

1/b, with b the conjugate variable of parton transverse mo-only P, .

menta. The dynamics belowhlis regarded as being com-
pletely nonperturbative, and parametrized into a meson wav
fucntion ¢(x), x being the momentum fraction. Above the
scale 1h, PQCD is reliable and radiative corrections produce
two types of large logarithms: IMy,/t) and Intb). The

The B—K* y decay amplitude can be decomposed as
e

M=e’;,~EE*MS-HGMN,G’;ME’I;,‘:MP, (14)

former are summed by RG equations to give the evolutionyith ¢, andey« the polarization vectors of the photon and of
from My, down tot described by the Wilson coefficients the K*' meson, respectively. Note that we have neglected the

c(t). While the latter are summed to give the evolution from
tto 1hb.

There exist also double logarithm&(Rb) from the over-
lap of collinear and soft divergenced,being the dominant

structure - ex«)(Pk- €3)/(P,-Px) which should come

together withe?, - €+ - This is due to our choice of the frame
which givesPy- €, =0. From Eq.(14), it is obvious that

. * 1 H H .
light-cone component of a meson momentum. The resummdNly the K* mesons with transverse polarizations are pro

tion of these double logarithms leads to a Sudakov fornf

factor exp—s(P,b)], which suppresses the long-distance con-
tributions in the largeb region, and vanishes ds=1/A, A

= Aqcp being the QCD scale. This factor improves the ap-
plicability of PQCD around the energy scale of few GeV.

Theb quark mass scale is located in the range of applicabil-

ity. This is the motivation for us to develop the PQCD for-

uced in the decay.
The total rate of th8—K* y decay is given by

malism for heavy hadron decays. For the detailed derivatioWe can further decompogd® andMP as

of the relevant Sudakov form factors, refer[#G8].
With all the large logarithms organized, the remaining
finite contributions are absorbed into a hdrdjuark decay

= s P (15
87TMB ’
Mi=ML+M,+Mi, (16)
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TABLE I. Hard subamplitudes obtained from Figs. 1-3. The quantAigandAs are integrands of;
andl,o— 1, respectively, where the general integrgl is defined in Eq(10).

Diagram HS
0, 4 (1)1 2 (1= 12+ 2+ 2x6) Ag+ (1 + 3xg)Ag
3 XXeMg+ (Kt —KgT)?
_ 2
04(a) 2r(1-r9)

[X<XaMB+ (K — kg 21[(Xg— 1) M3+ K31]

04(b) 2(1-r)[1+r+(1—2r)%]

DX4XamB+ (Kt — Kgr) 2] (X M3+ K1)

(1—r?+xg)(rX¢ +Xg)

Og(a) - R
3xcxaMB+ (Kt —Ka) 21 (1— 12+ xg)m3+ ka1
Og(b) (23— xg (1 X (X —2rXp+ 3xg)
3xXeMg+ (Kt — Kgr) 21[ (X — 1) M3+ kg 1]
0Og(c) B (1+0)(A=r[(1+1)Xg—rX¢]
(A=) (e —%)MB+ (K= k) 2] (1= 12)Xgm3 + K3 +]
O4(d) (1=rA[(L=r?)(2=xi) +(L1+3r)(2x = Xg) ]+ 2r X (X — Xg)
(1) = XMa+ (K= Kgr) 2I[(r* = 1)xcmG + ki 1]
Diagram HP
0, 4(L=r2xd (1-n)(A-r)+2r%c+ 2%g)Ay+(r (141X +(3—1Xg))Ad]
3 XiXeMg + (Kt — Kg) 2
05(a) B 2r(1-r?)
[X<XeMg + (Kt — Ka ) 21[ (Xg— 1) M3+ K3+]
04(b) B 2(1—r?)[1+r+(1—2r)x¢]
[XcXaMB+ (Kt — Kar) 2] (xma + k&)
04(a) (1—r?4Xg)(rXc +Xg) __
3AxXeMg + (Kt — Kar) 21[ (1 — 12+ xg) Mz + k3]
04(b) (2—3r)x—xg—r(1—xy)(rxx—2rxg+3xg)
3xxeMB + (Kier— k) 2L (X — 1) M3 + ki 7]
04(c) (1= (A=r?)[(1+1)Xg—X] —
(11D (xg =X+ (K — Kgr) 21 (1= r?) xgmg + k3]
04(d) (1=r3)[(1-r?)(2+x¢) — (1—3r)xg]— 2r X (X — Xg)

- 3[(1- rz)(XB_XK)M§+(kKT_ ker)2I[(r?— l)XKmé+ kiT]

054001-5



HSIANG-NAN LI AND GUEY-LIN LIN PHYSICAL REVIEW D 60 054001

wherei =S or P, and the terms on the right-hand side repre- G e
sent contributions from operato®,, O;, and Og, respec- rO=— —V{V,CeM3, (17)
tively. J2

ilp the following, we write the factorization formulas for where Cr=4/3 is the group theory factor. The amplitudes
M, in terms of the overall factor contributed byO, are written as

4 (1 1-x 1 1A
M3=rO 2 [Cax [y [ dxgnc | bdbgaxe) e () sttt exi — St L b))
0 0 0 0

(1—r)(1—r?)xgx

H,(Ab,/|B3|b), (18)
xy(1-r?)xcM3—M?2

X[(1=r2+2rxc+2xg)y — (rxg +3xg)(1—x)]

411 1-x 1 A
Mz=T3 f dx f dy f dxadx f bdbea(xe) b (k) s(ta)Calta) eXH — S(xg X 2,b,b)]
0 0 0 0

(1—r?)xx

y(1—r?)xcM3—

XA[(A=r)(1—r?)+2r2xc+2xg]y—[r(1+ r)xK+(3—r)xB](1—x)}X MzHZ(Ab’ \|B3b),

(19
with
A?2=xxgM3,
y 2
B3=xXgM3— (1~ r2)xcM3+ x(l—cx) :
t,=max A, \|B2[,1b). (20

To arrive at the above expressions, we have employed1Byfor the charm loop integral, instead of Eq$1) and(12). The
variablebg (bg), conjugate to the parton transverse momentys (kyt), represents the transverse extent of BngK*)
meson;t, is the characteristic scale of the hard subamplitude

H,(Ab,/|B3|b)=Ko(Ab)—Ko(y|B3lb) (B3>0)
(21)

=Ko(Ab)—i 5 HEI([BZb) (B3<0),

which comes from the Fourier transform of the corresponding expressions in Table lispaee. Note that, for simplicity
in the notation, we have used, to denote hard subamplitudes in bd#, andM5 . In Table I, these two amplitudes are
distinguished.

There are two diagrams, Figs.a2and 2b), associated with the operatdr, where the hard gluon connects both quarks of
the B meson or those of th&€* meson. The amplitudes from the two diagrams are

1 1/A
M§=—M$=I’(°)2f dXBdXKf bgdbgbkdby da(Xg) prx (Xk) (L—r?)
0 0
X{rH®@ (Aby ,|B3|bg, V|B2|bg) F(t7a) + [ 141+ (1—2r)x JHP (Abg,Crbg ,Crby) F1(t7p)}, (22)
with
B2=(xg—r?)M3, C3=x«M3,
t7a=max A, /|B7|,1/bg,1by),

t7b:ma)(A1C7al/bBalle)v (23)

where the functiorf; denotes the product
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F7(t)=as(t)co(t)exd — S(xg . Xk ,t,bg ,bi) ] (24)

The hard functions

H{® (Aby,\/|B3|bg , V|B7|bk) =Ko(Ab)h(+/|B3|bg,V|Bby) (B3>0),

Ko(Abh’ (V[B|bg, V[B3[bk)  (B3<0), (25)
with
h=6(bg— b)) Ko(\|BZbe) o V[B[by) + (bg—byc),
h' =i [ 6(bs— b HE(VTBTbe)Jo( V[BZby) + (b—by) ], (26)
and
H®(Abg,Csbg,C7by)=Ko(Abg)h(Cbg,Cby), (27)

are derived from Figs.(2) and 2Zb), respectively. The relatiov §‘= - M7P reflects the equality of the parity-conserving and
parity-violating contributions induced b®-.

Four diagrams, Figs.(8-3(d), are associated with the operafdg, where the photon is radiated by each quark inBhe
K* mesons. The corresponding amplitudes are

1 (1 1A
M= =02 | “dxgaix | badbebicbida(xe) b (50 (114 X 1+ XD (b Bsb B Fol o

+[(2—-3r)xc—xg+T(1—xg) (rxg — 2rxg+3xg) JHY (Abg ,Cgbg ,Cgby ) Fg(tgy)
+(L+1)(1=rA)[(1+1)xg—rx JHE (V]A"?[by ,Dgbg ,Dgby) Fl(tsc)
—{(1=r)[(1—r2)(2—x) + (1+3r)(2xc— xg) ]+ 2r X (X — Xg) JHEV (V|A" 2| bg ,Egbg , Egby ) Fa(teg)),  (28)

1 (1 VA
Mg’:I‘(O)gj’o dXBdXKfO bedbgbydbi da(Xp) drcx (Xi) (1= 1%+ Xg) (rXic+Xg) HEY (Aby ,Bghg ,Bgby) Fg(tga)

+[(2=3r)x—Xg =1 (1=X) (rXc — 2rXg+ 3xg) JHEY (Abg , Cgbg , Cgbi) F( tep)

+(1=1)(L=rA)[(1+1)xg— X JHE (VA ?[by ,Dgbg , Dgby ) F(tgc)

—{(1=r)[(1—r2)(2+x) — (1= 3r)xg] — 2r 2 (xx — Xa) HE (V| A"2|bg ,Egbg , Egbi ) F (tgq)), (29
[
Wlth FS(t):as(t)CB(t)exq_S(XB1XKvtibBibK)]- (31)

"2 _(1_,2 _ 2 21 _ 2 2
A== Xe=x)Mg,  Bg=(1=r"+xg)Mg, The hard functions
Ci=(1-xIMg, Di=(1-r’)xgMg, @ "

Hg”(Aby ,Bgbg,Bgbyx) =H7”(Aby ,Bgbg ,Bgby),
Ea=(1-r?)xcMg,

tga=maxA,Bg,1lbg,1by), HEY(Abg, Cgbg ,Cgby) =Ko(Abg)h’ (Cgbg ,Cahby),

tgr=max A,Cg,1bg,1by), HO(V]A"Zby ,Dgbg ,Dgby)
tac=max A%, Dg, 1/bg, L), =Ko(\JA Z[b)h(Dgbg ,Dgby)  (A2=0),
teq=max V|A'?,Eg, 1lbg, 1), (30 _

and the functiorFg: = EHgl)(mbK)h(DsbB’ngK) (A7?<0),

054001-7
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H{ (VA ?[bg,Egbg ,Egby)

=Ko(V|A"?|bg)h’ (Egbg ,Egby) (A2=0),

LT
=i 5 HEP(VIA?[bg)h’ (Egbg Egbi)  (A*<0)
(32

are derived from Figs. (8)—3(d), respectively. It is obvious

PHYSICAL REVIEW D 60 054001

TABLE Il. The amplitudesM| in units of 10°® GeV 2.

M3/ M3IT, M3/T,
—2.46-14.117 —140.14-143.31 —0.58+1.10
M5IT MPIT, MEIT,
—-1.21-11.05 140.14+ 143.31 0.54-1.33

0= 1.53 ps, and the QCD scale=0.2 GeV[10]. We find

that the above factorization formulas bear the features of Eghat, no matter what value of the shape paraméigris

(13). _
The exponentials exp(S) appearing inM,| are the com-
plete Sudakov form factors with the exponent

_ todu
S=s(xgPg ’bB)+2f _7’q(‘ls(M))+S(XKF)IJ(r ,bi)
lhbg M

t

(33

d
+s((1—xg) Py ,bg)+ Zj %Yq(as(ﬂ))-

oy

The wave functionspg and ¢« satisfy the normalization

1 f,
fo ¢i(X)dX=m, (34

with the decay constarit, i =B andK*. The wave function

chosen, the modebl’ in Eq. (36) with a flat profile leads to
results smaller than the CLEO data which giv&B
—K*y)=(4.2+0.8+0.6)x 10 ° [3]. In fact, the maximal
prediction fromqbg), corresponding to the shape parameter
Cg=—M3, is about 3.0 10" °, close to the lower bound of
the data.

On the other hand, using modef" in Eq. (37) with a
sharp peak at smaX, we obtain a prediction much closer to
the experimental data. It is indeed found that,«ss0.795
GeV, a prediction 4.20410 ° for the branching ratio is
reached, which is equal to the central value of the experi-
mental data. If varying the shape parameter to bath
=0.79 GeV andw=0.80 GeV, we obtain the branching ra-
tios 4.25<10°° and 4.14& 10 °, respectively. It indicates
that the allowed range fow is wide due to the yet large
uncertainties of the data. '

The detailed contributions from each amplitutlg are

- : o
for the K* meson with transverse polarizations has been deﬁsted in Table 11 in units of 106 GeV~2. It is clear thaﬂ\/l?

rived using QCD sum rulegl2], which is given by

 fxx 15
yx= G Z(l—fz)
X[0.2671— £2)?

+0.017+0.21£3+0.07], (35

and M7P together give dominant contributions to the decay
width. One also sees thkt5 andM5 are smaller by an order
of magnitude, while the amplitudes associated vith are
highly suppressed. In Table Il, it is interesting to note that
M3 adds constructively tM3, i.e.,|M5+M3|>>|M3%. On
the contraryM}5 is destructive taV? . Because of this can-
cellation effect, the inclusion oD, contributions only en-
hances the total rate by 2 #%his result is basically consistent

with £=1—2x. As to theB meson wave functions, we em- With the estimation obtained ifi3]). This result is not sen-

ploy two modelg 21,22

Npx(1—x)?
0 =B—
R vERTRT— -
2
¢gl)(x):Ngmex‘{_%<xTMB> }
(37)

whereNg andNg are normalization constants, whi and
o are shape parameters.

IV. RESULTS AND DISCUSSIONS

In the evaluation of the various form factors and ampli-

tudes, we adoptGg=1.1663% 10 ° GeV ?, the flavor
numbern;=5, the decay constanfg=200 MeV andf
=220 MeV, the Cabibbo-Kobayashi-MaskaW@KM) ma-
trix elements V.V p| =0.04, the massell .=1.5 GeV,Mz

=5.28 GeV, andV i =0.892 GeV, theB® meson lifetime

sitive to the choice ofv. We obtain the same enhancement
for the total rate withw chosen to be 0.79 GeV and 0.80
GeV, respectively.

By fitting our prediction for the branching rati&3(B
—K* y) to the CLEO data, we determine tBemeson wave
function

(39

1 XM 2
Pp(X)= o.74oo7g/x(17_x)ex% _ E( er\)

which possesses a sharp peak at the low momentum fraction
X. We stress that, however, E8) is not conclusive be-
cause of the large allowed range of the shape parametér
more preciseB meson wave function can be obtained by
considering a global fit to the data of various decay modes,
includingB— D ™) 7(p) [23]. Once theB meson wave func-
tion is fixed, we shall employ it in the evaluation of the
nonleptonic charmless decays.

Finally, as mentioned in the Introduction, the authors of
Ref. [14] found that the diagrams without hard-gluon ex-
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changes dominate over FiggaRand Zb) we have evaluated where thes function requires that the longitudinal momenta
[only the operatolO,; was considered in the calculation of of the spectrator quarks in tt® and K* mesons be in the
the branching ratid3(B— K* y) in [14]]: the latter contrib- same direction. Fourier transforming the above expression
ute at most 23% to the branching ratio, or 12% to the decaynto b space, and convoluting it with the wave functions in
amplitude. However, in that analysis, is set to 0.2, which  Egs. (35) and (38) and with the Sudakov factor, we derive
is even smaller tharg(Mg) =0.23 evaluated at thB meson  the amplitudes

mass. We argue that such a small coupling constant is inap-

propriate, since the momentum flow involved in the decay 1 LA

process is most likely less than thequark massM,, say, MO = —Ms(O)ZF(O)f de bdbeg(X) Py« (X)

roughly 1-2 GeV, which corresponds ta~0.4. TheK* 0 0

meson mass was neglected[i], such that Fig. @) does (1+1)(1-r?)

not contribute. In our analysis we did not make this approxi- X > c,(1b)exd — S(x,x,1/b,b,b)].
mation, and observed that the contribution from Figp) 2s 4m°MpCr

aboutM« /M~ 1/5 of that from Fig. 2b). Moreover, a flat (40)

B meson wave function corresponding to the shape param-

eter v=~1.3 GeV was adopted in the computation of thewithout hard gluons, the momentum fractioand the trans-
higher-order contributions ifi14], which is far beyondw  verse extenb are equal for thd& andK* mesons. We have
~0.4 GeV specified inM22]. If a sharperB meson wave set the hard scaleto 1b due to the lack of gluon momentum
function is employed, these contributions will be enhanced afransfer. A simple numerical work on Eq40) gives
least by a factor of 3. Note that the leading-order contribu4y $(0)/r(0): —2.51x 108 GeV 2, which is of the same or-
tions considered ifil4] are less sensitive to the variation of der as the contributions fro@, andOg. One of the reasons

o in the wave function. Adding up the above enhancementsg, the smallness of1 3 | compared to the values obtained
the amplitude folO(as) corrections becomes approximately jn [14], is the additional strong Sudakov suppression. Re-
equal to the leading-order contribution. In this sense thgg g toMS listed in Table 11,M5 is negligible. If includ-

analysis in[14] does not seem to be self-consistent. ing MS© andMP©  the branching rati®(B— K* y) will
In our approach, the momentum of the spectator quark irilncrea7$e by only7 1 7'%

the B meson is parametrized into the minus direction, while
the momentum of the spectator quark in & meson is
parametrized in the plus direction. This parametrization is V. CONCLUSION

appropriate because of the hard-gluon exchange. Note that In this paper we have extended the PQCD three-scale fac-

the factorization formulas presented in Sec. Ill are CON4qrization theorem to the penguin-induced radiative decay

strur(]:ted bals;ed on the|d|at?]rar_n? W'tz ?jt least one-r]lard-glulcFu_)K* v, which takes into account the Sudakov resumma-
exchange. -or exampl€, the iniraréd dIVergences rom Sell, , ¢, large logarithmic corrections to this process. We

energy corrections to the spectator quark are factorized imﬂave included the nonspectator contribution from the

the B meson wave function, if they occur before the hard-¢, . o cyrrent operatd, besides the standard contribution

gluon exchange, and into tH€* meson wave function, if . : ;

. given by magnetic-penguin operat@s andOg. It turns out
they occ.ur_afte.r the ha.trq-.gluon e>.<change. W'thOUt. hafd qufhat the contribution byD, is negligible due to certain can-
ons to distinguish the initial and final states, factorization of

X : ; cellations. The contributions froil®g and other operators in
self-energy corrections to the spectator quark is amb|guou§he effective Hamiltonian are also quite small. Finally, we

Therefore, the diagrams without hard gluons do not appear IHave determined thB meson wave function from the best fit

the regime of PQCD factorization theorems, and those witq0 the experimental data di(B— K* y), which will be em-
one hard gluon are indeed leading. If we ignore the validity P V)

of the factorization, we may proceed with evaluating theployed to make predictions of oth&meson decays.
contribution ofO; from the diagram without hard gluons in
the PQCD framework. It is trivial to obtain the hard subam- ACKNOWLEDGMENTS
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