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Calculation of the branching ratio of B~ — h, + K in perturbative QCD
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The branching ratio of B~ — h, + K~ is re-evaluated in the PQCD approach. In this theoretical
framework all the phenomenological parameters in the wave functions and Sudakov factor are priori fixed
by fitting other experimental data, and in the whole numerical computations we do not introduce any new
parameter. Our results are consistent with the upper bounds set by the BABAR and Belle measurements.
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L. INTRODUCTION

h. of 1P, is the spin-partner of 7. in the charmomium
family, however, it seems /. behaves very differently from
other family members. Searching for 4., as well as h;, is a
challenging task for both experimentalists and theorists of
high energy physics [1]. k. was first seen at the CERN
Intersecting Storage Rings (ISR) [2], and later the E760
group at Fermilab reported observation of 4. by studying
the pp — h, — 7°J/4 [3]. However, the E835 group
claimed that they did not see 4, in this channel. Instead,
E835 reported observation of 4, in another channel pp —
h. — yn.— y7y7y [4]. Recently, the BABAR collaboration
set an upper bound for the production rate of 4, as 3.4 X
107 for BR(B~ — h.K~) X BR(h. — J/¢m 7)) at
90% C.L. [5]. By contrast, the Belle collaboration reported
null result on searching for 4, via B* — h K= and gave an
upper bound on the branching ratio as BR(B*™ — h K*) <
3.8 X 107 [6]. The CLEO Collaboration has announced
observation of &, in the decay #(2S) — 7°h, — 7'y,
with a very small branching ratio [7,8]. As a comparison,
so far, the BES II collaboration has not seen /. yet, and
searching for it may be an important issue for the upgraded
stage BES III.

One needs to understand the experimental status of the
production rate of h.. Moreover, a relatively larger pro-
duction rate may be associated with new physics [9-11],
therefore study of /. production may provide a chance to
investigate effects of new physics, such as supersymmetry
at lower energy scales. Of course, before invoking new
physics, one needs to more accurately estimate the produc-
tion rate of £, in the standard model (SM).

Suzuki suggested to look for h, at B — h K™ —
yn Kt — y(KKm)K™ and  if  approximately
BR(BT — h,K") = BR(BT — y,K%), he estimated the
cascade branching ratio as 2 X 1073 [12]. Gu considered
another decay chain and estimated the branching ratio
BR(BT — h.K* — yn. K" — y(KIKT7~ + c.c)Kt —
y(mta K a™ +cc)Kt)as 3.5 X 107° [13].

In the decay of B-meson into charmonium is the so-
called internal emission process where due to the color
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matching the process is suppressed compared to the exter-
nal emission. Moreover, the nonfactorizable effects would
further change the contribution of the internal process be-
sides a color factor of 1/3 [14]. Therefore it seems that the
smallness of B — h, + K is natural. However, one could
not reproduce experimental value of the B~ — y oK~
decay rate [15] in the QCD improved factorization, so
that the authors of [15] suggested one consider rescattering
effects in B meson decay. They claimed that [15] a larger
branching ratio for B~ — y.K~ which is consistent with
data, was obtained. Motivated by the same idea, they
applied the same scenario to investigate the rescattering
effects for B~ — h K™ case, i.e. supposing that the decay
B~ — h.K™ occurs via the subsequent rescattering effect
of D) — D®0_ the products of decay B~ — DL po
[16]. They obtained a branching ratio (BR(B~ — h . K™) =
(2 ~10) X 10™*) which is much larger than the upper
bound set by the Belle collaboration. It is very possible
that the branching ratio of B~ — h K~ was overestimated
in their work due to uncontrollable theoretical uncertain-
ties, such as some input parameters and basic assumptions
adopted in their calculation, which were comprehensively
discussed in their paper.

Even though we may suppose that we have full knowl-
edge on the weak and strong interactions at the quark level
and can derive the quark-transition amplitude, the most
difficult part is evaluation of the hadronic matrix elements
of the exclusive processes. In fact, at present, a complete
calculation of B* — h,K™ based on an underlying theo-
retical framework is absent. The perturbative QCD
(PQCD) approach is believed to be successful for estimat-
ing transition rates of B and D into light mesons [17], even
though there is still dispute about its applicability [18]. The
authors of Ref. [19] applied the PQCD approach to study
B~ — x.K and also obtained results which satisfactory
comply with data. Therefore we have reason to believe that
it is appropriate to analyze B~ — h K~ in this framework.
In this work, we calculate decay rate of B~ — h, K™ in the
PQCD.

Generally, for two-body nonleptonic decays of B meson,
both factorizable and nonfactorizable diagrams contribute
to the transition amplitudes, however, for B~ — h K™, the
contributions from factorizable diagrams disappear since
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the conservation of G parity leads to (0|cy, ysclh.) =0
[20]. Therefore, the decay rate of B* — h.K* is much
different from that in B* — J/¢K* [19,21] where both
factorizable and nonfactorizable diagrams contribute.

To be more precise than the qualitative understanding,
one needs to calculate the nonfactorizable contribution
where the QCD effects are accounted. Moreover, since
the process is not factorizable, the convolution integral
would involve the initial B-meson and all the two produced
mesons altogether.

Our numerical results indeed indicate that the order of
magnitude of B~ — h.K~ should be of order of 3.6 X
1073, which is smaller than the upper bound set by the
BABAR collaboration [5] and slightly below the upper
bound given by the Belle collaboration [6]. It is noticed
that our result about B(B~ — h.K~) is smaller than that
estimated by the authors of [12,13,15] and more consistent
with data.

Indeed, a more decisive conclusion should be made as
more accurate data are accumulated by BES III, CLEO,
BABAR, Belle and even the LHCD.

The structure of this paper is organized as follows. After
this introduction, we formulate the decay amplitude of
B~ — h.K~ in the PQCD approach. Then we present
our numerical results along with all the input parameters
in Sec. III. The last section is devoted to our conclusion and
discussion. Some tedious expressions are collected in the
Appendix.

II. FORMULATION
The quark-diagrams which contribute to the transition
amplitude of B~ — (!P|)h, + K~ are displayed in Fig. 1.

As has been discussed in the introduction, the factorized
diagrams Fig. 1(a) and 1(b) do not contribute to the am-
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FIG. 1. Feynman diagrams correspond to the calculation of
hard amplitudes in B — h K.

PHYSICAL REVIEW D 74, 114029 (2006)

plitude because the G parities of axial meson /4, and axial
current are mismatched and in the flavor SU(3) symmetry
limit the corresponding hadronic matrix element is forbid-
den [15,20].

The effective Hamiltonian relevant to B~ — h. K~ de-
cay in the SM is written as [22]

G
Heff=72

10
= Vi Vis Zci(ﬂ)@z} (1)
=

[vcbv:ixcl(m@l + Cy(1)0,)

where C;(u) are the Wilson coefficients and O, are the
relevant operators defined as

O, = Gocplv-a(Cpba)y—a
O, = (54¢0)v-a(Cpbg)y—a,
Oss5) = (Eaba)v—AZ(éﬂCIﬁ)v—A(vm),
q

Oue) = (EabB)V—AZ(EI,BQa)V—A(V+A)’
q

3 _ _
@7(9) = 5(Saba)V—AZeq(QBQB)V+A(V—A)’
q

3 _
(98(10) = 5(Sab/a)v—AZeq(Qﬁqa)v+A(v—A),
q

with «, B being the color indices. The explicit expressions
of the Wilson coefficients appearing in the above equations
can be found in Ref. [22].

We define, in the rest frame of the B meson, p, p’ and ¢
to be the four-moneta of B, K and £, k;(3), k| ) and g,y to

be the momenta of the valence quarks inside B(b(g)),
K(s(g)), and h, (c(c)), respectively. Then we parametrize
the light cone momenta with all the light quarks and
mesons being treated as massless

:TB(I L0 = (p*, p~,0p),

p= mT =12, 0y),

q= ﬁ(l’ r%,0r) = (g, ¢, 0p),

ki = (ip*, p~ ko), ky = (%p*,0 —kp),
=@p T ap T Kin), k= EpTHPT, k),

a1 =0q",yq . qr), = (5¢". 9", —qr),

where the mass ratio r is set as r = mhl_/mB. x; and x! are
the fractions of the longitudinal momenta of the valence
quarks. The superscripts “+” (plus) and “—" (minus)
mean that the three-momentum is parallel or antiparallel
to the positive z direction which is defined as the direction
of the three-momentum of the produced 4. k1, k| and
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qr are the transverse momenta of the valence quarks inside
B, K and h, respectively.

Therefore, we concentrate on the calculations of the
nonfactorizable diagrams Fig. 1(c) and 1(d). Then we
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Hamiltonian into two categories according to their chi-
rality, i.e. (V —A)®(V —A) and (V —A) ® (V + A).

For the type of (V — A) ® (V F A), the hard kernels of
Fig. 1(c) are, respectively, written as

divide the operators appearing in the effective
|
(e) oy = | i _ _ o T
Hyp ey (PP q) = [lgmql ey —— Yu(l vs)lm[v"(l Ys)lwpligsy"lpp TR 2
(©2) PN~ o] i . i
HS  (ppq) =2 , 1 - 1+ vl — 3
appa' gy (P P [lgﬁ Py ( ys)La[( Ys)lwpligsy" 1gp  — K 3)
where the factor “—2" in Eq. (3) comes from the Fierz transformation on the (V — A) ® (V + A) operators.
Similarly, for Fig. 1(d), we have
HED ol ) = 1 — o yi(] — i o T —i ’ 4
apparpy PP @) = | ¥ (1= v5)aligey* (1 = vs) B gy sy g a,p,[‘g” lps U — 17 (4)
HY o (0.0 ) = =2[y,(1 = y5)],a| igsy*(1 + ys) i Yo [igw”];mf_ii- S
appa'Bp a g ‘ _(QZ —ky + k/z) - me ap (kz - kl2)2

In the above expressions, indices 1, 2 denote the contribu-
tions from (V — A) ® (V — A) and (V — A) ® (V + A) op-
erators, respectively.

Finally, for each type of operators we obtain the decay

amplitude Ml(-") which is a sum of the two nonfactorizable
diagrams. For saving the space, we collect them in
Appendix A. The wave functions relevant to calculation
is given in Appendix B.

The decay width of B~ — h K™ is written as

2
FZ% [p/l | M2

2 8mwm}

(6)

with the total amplitude is the sum of M ,(c, d) as
— o (c) (d) (d)
M =M+ M7+ M7+ M.

p denotes the three-momentum of the produced meson in
the center-of-mass frame of B meson. All the explicit
expressions of M, are collected in Appendix A in order
to shorten the text and focus on the physics contents.

III. NUMERICAL RESULTS

The input parameters used in the text are given below:
mg = 5.279 GeV, mg =0.494 GeV  [23]. m, =
3.524 GeV [7,8]. For the CKM mixing parameters, we

take N 02243, Sy3 = 00413, S13 = 0.0037 and 513 =
|

[
1.05 [23]. The parameters appeared in the wave functions

are put in the Appendix B following the corresponding
wave functions.

Using the above parameters, one finally obtains the
branching ratio of B~ — h,.K~ (in the numerical calcula-
tion, we take the central values listed in the data book for
the input parameters)

BR(B~ — h,K™) = 3.6 X 1075,

Since all the parameters adopted in our numerical com-
putations are included in the wave functions of the con-
cerned hadrons and the Sudakov factor which are obtained
by fitting data of some well measured processes, thus the
error of our final result is due to the uncertainties in such
fitting. Because of the uncontrollable factors, one cannot
expect to get very accurate value at the present stage.
Therefore, we only keep two significant figures without
explicitly marking out the error range. But in the last
section, we will present a rough error estimate which
may make sense.

There are some theoretical uncertainties in our calcula-
tions. One of them comes from the next to leading order
corrections to the hard amplitudes [24]. In view of this
point, we check the sensitivity of the decay rate with
different choices of hard scales, i.e. we set the hard scales
as

max(0.75/A., 0.75\/B, 1/by, 1/}, 1/b,, 1/|by — byl) = t, = max(1.25\/A,, 1.25\/B_, 1/b;,1/b},1/b,, 1/Ib; — by)
max(0.75y/A, 0.75\/By, 1/by, 1/b,,1/b,, 1/Iby + by|) = 1, = max(1.25\/A,, 1.25\/B,, 1/by, 1/b,1/b,, 1/Iby + b)),
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and other parameters are fixed. Then we can obtain the
branching ratio of B~ — h,K~ and the error may be a few
percents and the whole result is not sensitive to the change
of hard scales.

Another uncertainty comes from the nonperturbative
parameters in meson wave functions, such as w, in B
meson wave functions, although they are determined di-
rectly from previous experiments or some nonperturbative
methods like QCD sum rules. Here we vary the value of w,,
at the range 0.32 ~ 0.48 GeV, with other parameters fixed,
as Ref. [24] did, then we find that the errors can be as large
as 20%. It can be observed that the decay rate is relatively
more dependent on the value of w,,.

In Ref. [12], the author proposed that A, — 71,7y is a
promising mode to look for 4. and presented a theoretical
estimation on the branching ratio as BR(h, — m1,.y) =
0.50 £0.11. Combining this branching ratio with
BR(n, — KKm) = (5.7 + 1.6)%, one could predict the
branching ratio of the decay chain B~ — h K~ —
(ney)K™ — (KKm)y)K™ as

BR(B~ — h, K~ — (n,y)K~ — (KK7)y)K™)
=1.0X 1076, (7)

IV. DISCUSSION AND CONCLUSION

In this work, we employ the framework of PQCD ap-
proach to calculate the transition rate of B~ — h.K~ and
predict the branching ratio to be about 3.6 X 1075,

It is observed that only nonfactorizable diagrams con-
tribute to the decay amplitude, because this transition is a
G-parity violation process. So one can expect it to be
relatively suppressed compared with B~ — J/¢/K~ which
is about 1.00 X 1073 [23]. In our work, we estimate the
ratio and obtain results which are reasonably consistent
with data. In this way, we not only naturally reproduce the
production rate of 4. at BABAR and Belle, but we also have
a chance to study the nonfactorizable diagrams. Usually, in
most processes, both factorizable and nonfactorizable dia-
grams contribute and it is hard to separate their contribu-
tions. Thus when comparing with data, there is an obvious
uncertainty. However, this case is an optimistic place
where only nonfactorizable diagrams contribute. It enables
us to uniquely investigate the nonfactorizable contributions
to the weak transitions and testify applicability of the
theory, PQCD.

Our prediction is consistent with the upper bound re-
ported by the Belle and BABAR collaborations [6] at the
level of order of magnitude. Thus we can conclude that the
PQCD is applicable to the process, especially to deal with
the nonfactorizable diagrams.

In fact, all these phenomenological parameters in the
wave functions of B, K, h. are priori determined and the
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choice of the factorization scale follows the conventional
way. In our numerical computations, we do not introduce
any free parameter to adjust. Therefore the error of the final
result obtained in this work is due to the uncertainties
included in the wave functions of the concerned hadrons
and the Sudakov factors which are expressed in terms of a
few phenomenological parameters.

As the input parameters, which exist in the wave func-
tions of the concerned hadrons, vary within a reasonable
range, an error of about 20% is expected. On the other
hand, it would be difficult to make a precise estimate on the
uncertainty because it is determined by nonperturbative
QCD effects, thus only the order of magnitude of the
results can be trusted. Even then, our theoretical predic-
tions are more consistent with the present data, i.e. the
upper bounds set by the experiments. It seems that based
on the PQCD approach, the obtained results are more
consistent with data than the earlier analyses [12,13,16],
thus one expects that the theoretical framework may reflect
the real physics picture, at least works in this case.

If the future experiments further reduce the upper bound
and the theoretical estimate on the branching ratio of
B~ — h. + K~ cannot tolerate the new data even consid-
ering the range for the input parameters, one would con-
front a serious challenge to our understanding of the
physics mechanisms, therefore, we hope that by improve-
ment to reduce both statistical and systematic errors,
new measurements of the BABAR and Belle collaborations
will provide important information towards the answer,
otherwise we may need to wait for the data of the future
LHC-b.

To be more accurate in both theory and experiment, we
need to wait for more data and improvement in the method.
Indeed, a favorable channel for observing 4, is decay of
(2S). However, unfortunately, the BES collaboration has
not observed this mode and one needs to wait for the
upgraded stage, i.e BES III which would accumulate
much larger database in future and then we can further
investigate the consistency between theory and experi-
ments.
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APPENDIX A: SOME RELEVANT FUNCTIONS
APPEARED IN THE TEXT

The explicit expressions of decay amplitude Ml(-j) ap-
peared in the text can be written as
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c 8 * * 3
Mﬁ) = W [dxl fdx’l ]dy[bldbl qudbqde[Vcch'sCZ(,u) - Vszzs(C4(,U«) +§€cclo(ﬂ)>}

X p(xy, b)) (v) X [ (DKAL + L DKP + o % (KT e (1) exp[—S(2)1Q (x1, x4, v, by, b,),
(A1)

M&”)—(ZN e [axi [axi [ay [siav, [b,ap, [ de[c6<m+ e.Call) (Vi Vi (o, )8}, )
X [p)DKAY + SENKPY + ¢LOKTY Jay(r.) expl—S(1)1Q (x1, X1, v, by, b,), (A2)

8 3
M = o [ [ [y [biany [ byav, [ o Vivieam = vivi(csmw + Secuw) |

X ¢p(xy, b)) MIEEDKAL + LEDKPY + k(KT Jar, (1) exp[—S(1)1Q(x), x1, 3, by, b,),  (A3)

My = o [ [asi [ay [oiave [bgan, [ao] i + Secsw|[Vavisat. s

XLGRODIATY + GRODIPY + G LODKTS e (1) expl=S(1a)1Qa(x1, 37, 3, b, by), (Ad)
[
s : ) ) ()
where the explicit expressions of KA, KP;”" and KT}/ KPY = 16mb3m&r2 (=1 — x, + x| +y),  (All)

which come from the contraction of hard kernel and had-
ronic wave functions are given below. Here the meaning of

indices i, j have been shown in the text. KT (ld) — 16m bzmo (-1 — X + x1 +y), (A12)

KA(]C) = —16mb*r*(—1 + r*)(—x; + x{ —y), (A5)

(d) — 4.2(__ + 2\(—1 — + / +
KP (1C) — —16mbmE R (—x, + X, — ), (A6) KA S 8mb*r=(—1 + r*)(—1 —x; + x| +y), (Al3)
KT = 16mb>mEr?(—x; + ¥ =), (A7) KPY = 8mb3mk(—1 —x, + x| +y),  (Ald)
KA = KAY =0, (A8)

K—[I—(Zd) = —8mb3m(1§(—1 —x; t x| +y). (A15)

KI]:D(C):_g BmEr2(—x, + x\ — ), A
2 mbZmg r(=xi + % = y) (A9) The explicit forms of Q. ,4(x;, x{, y, by, b,) which come
from Fourier transformation to products of propagators

(o) — _ 3 2(_ —
KT3" = —8mb*m{r*(—x; + x{ — ), (A10)  corresponding to quark and gluon are listed as follow

|

(15,351 by) = (Ko DBCAL) + TT=Nol/lb, D + 0o Alb, DB A Ko (VB Dby = b
(A16)

(1,5, 3,51, b,) = Kol Ay DA + 5 TN 2Ll + i/ A, DA A Ko/ Bilbs + b,
(A17)
with
Ac=m2 = (o +y= D =D =2 43D, Bo= (1= x)( =21 = P,
Ag=m2 = (0 = (1 =X = )+ (=0 md By= (= x)(1 = )1 = P

Here J;, N, are ’ith’ order Bessel functions of first and second kind, respectively, K; denotes ’ith’ order modified Bessel
functions.
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The explicit expressions of Sudakov factor coming from the resummation of double logarithm appeared in high order

radiative corrections to the diagrams are also given below

S(t.) = s((1 —x))p*, by) + s(x|p'~, b)) +s((1 — x})p'~, b))

1 —In(t./Aqep) —In(t./Aqep) —In(t./Aqcp)
—— | In + In + In Al8
Bi [ — In(b Agep) In(b} Agep) In(b,Aqgep) } (Al8)
S(ty) = s((1 —x)p*, by) + sxip'~, b)) + s((1 —x})p'~, b))
1 —In(t4/Aqep) —In(t4/Aqep) —In(t4/Aqep)
—— | In + In + In R Al9
Bi { — In(b; Agcep) In(h} Agep) In(b,Aqcp) } (A19)

where

[C = maX(\/Z(; \/37C) l/b]) l/b/) l/bq’ l/lbl - bql)y

The explicit expressions for the Sudakov factors are given
in Ref. [25,26] as

S(w,Q)=de7p

w

[ln<%>A[as(p)] + B[a‘y(m]}

g 67 @ 10 eve
A=Cr=+ | — -2 +2 Bl
Cr [9 3 27 BO“(zﬂ
w (%
“(5)
2 a, | e2ve—l
B___ >
3w “< 2 )
‘)/q(as(luf)) = _as(/“(‘)/ﬂ-!
:33—2nf
0 12

where 7 is the Euler constant. . is the flavor number, and
Y4 18 the anomalous dimension. We will take n equal to 4
in our numerical calculations.

APPENDIX B: WAVE FUNCTIONS RELEVANT TO
CALCULATION

The B meson light cone wave function is usually written
as [27]

1 d*;
0 (277)4

e*(0135(0)b, (I B(p))

=9
V2

{<p T m3>y5[¢3<k> - ég(k)ﬂaﬁ,

(BI)

where n =(1,0,07) and v = (0, 1, 0;) denote the unit
vectors corresponding to the “plus” and “minus”™ direc-
tions, respectively. In Eq. (B1), two different Lorentz
structures exist in the B meson wave functions. ¢z(K)
and ¢ (k) satisfy the following normalization conditions
respectively

m

t4 = max(y/Ag y/Ba, 1/b1, 1/b}, 1/b,, 1/1by + b))

J /

In the numerical calculation, one usually ignores the con-
tribution of ¢ (k) [28,29] and only takes the contribution
from

[
4
Gy Batk) =0

(B2)

d*k
(2 )4 ¢B(

/B
PN

P

(P + mp)ysdp(k). (B3)

1
B 2N,

The wave function of B meson is given as [28,29]

Mix? 1
25)2 o E(bwb)z }
b

by, b) = —B fp22(1 — x)? exp[

21/2N

(B4)
where w;, = 0.4 GeV and Nz = 2.4 X 10>. The decay
constant of B meson fp = 0.18 GeV.

The twist-3 light cone distribution amplitude of K me-
son is expressed as

(RO(p)150(2)g(0)|0) = [ dxe™?" oy p! i (x)

+ mo Ys d’K(x)
+ m[ys(vn — 1)]pg(x)}ga,
(BS)

2
my
my+my

where my . In a recent work [30], the K meson
wave function distribution amplitudes used in Eq. (B8) is

given as

A(x) = {6x(1 — x)(1 + aXC?(2x — 1)

2\/2N
+akCy*(2x —

D)}, (B6)
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27 3
P(x) = {1 +3pK(1 + 6af) — 9pKak + C}/Z(Zx - 1)[7p’£a{< - p’f(i + 27a§>i|

2\/_21\1
9
+ CY2(2x — D(B0n3x + 15pKaK — 3pKak) + CL/*(2x — 1)<10n3KA3K — Epka§>

3 3
— 3k CY22x — 1) + E(plj + pX)(1 — 3aX + 6a5) Inx + E(plj — pX)(1 + 3aX + 6aX) m}, (B7)

by =~ =, (B8)

15 15
Z(x) 5 2N { [ p+ +15pKak — TpKa{( + <3p§a{( pKa§> C(2x - 1)

2
+ (5736 — %m,(wy( + ;p+a2 >C3/2(2x — 1) + m3x A3 C 2 (2x — 1)} + 9xi(pk + pX)(1 — 3aX + 6aX) Inx
+ 9xx(pX — pX)(1 + 3ak + 6ak) ln)'c}, (B9)
with
pr = e DM g2y P =tee ),
my my fx my

1 1 3
ci(r) = 550 =) Ci(r) = g 3 =302 + 3514, cPy=3, 0= 62— 1),

1
c3? = 5 (35 + 31),

where aX = 0.06 = 0.03, aX = 0.25 £ 0.15, f3x = (0.45 £ 0.15) X 1072 GeV?, w3x = —1.2 £ 0.7, A3x = 1.6 £ 0.4,
fx = 0.16 GeV, m; = 137 = 27 MeV, m, = 5.6 = 1.6 MeV.
The light cone distribution amplitude of 4, meson is proposed in [20]

2

(he(q, €)|¢,(2)cp(0)[0) = — ﬁ ﬁl duei”q'z{fhcmh[[fﬁ + %}75@26(@ - f;ifﬂjﬂ?’5¢1t(l4)}ﬁ (B10)

with

% 2

® 0 __ € "z mh(;zl" ® % #

€llw — 9u ™ o Cle T T
q-z q-z

We have dropped out the twist-3 distribution amplitudes here, because k. is heavy, the higher twist contributions are
negligible. Because the produced /.. in the transition B~ — h.K~ can only be longitudinally polarized, the wave function
10} ,i(u) does not contribute and we neglect its explicit form in the text. It is a good approximation to assume that ¢ (u) is of
the same form as yg which is the leading-twist distribution amplitude of x., defined in Eq. (59) of Ref. [19]

x(1 —x)[1 —4x(1 — x)]j07
I (x) = 27.46 Jr_ (g — gl ol ( 5 e, (B11)
¢ 2./2N, [1—2.8x(1—x)]
where h, decay constant f, is set to be 0.335 GeV which is the same as f, as has been done in Ref. [12].
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