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Nonspectator contribution: A mechanism for inclusiveB˜Xsh8
and exclusiveB˜K „* …h8 decays
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We propose a mechanism that can explain the largeB(B→Xsh8)'1023 observed by CLEO. In this
mechanism,h8 is produced by the fusion of two gluons: one from the QCD penguin diagramb→sg and the
other one emitted by the light quark inside theB meson. The inclusive decay rate which is calculated via the
factorization assumption can easily account for the observed branching ratio. We also estimate the exclusive
branching ratioB(B→Kh8)57.031025 which is in good agreement with the experimental data and present
our prediction for theK* modeB(B→K* h8)53.431025. @S0556-2821~98!05213-8#

PACS number~s!: 13.20.He, 12.20.Ds
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I. INTRODUCTION

The CLEO Collaboration has recently discovered an
expectedly large branching ratio for the semi-inclusive h
ronic B→Xsh8 decay@1#:

B~B→Xsh8!5~7.561.561.1!31024,

2.0<ph8<2.7 GeV. ~1!

The corresponding exclusive decay rate has also been
sured:

B~B→Kh8!5~7.822.2
12.761.0!31025. ~2!

Possible mechanisms behind this large production of fash8
mesons have been discussed in recent papers@2–6#. For ex-
ample, Atwood and Soni~AS! @2# have suggested the sub
processb→sg*→sh8g (g* andg are virtual and real glu-
ons, respectively! as the main underlying mechanism. F
this purpose, the standard model QCD penguin diagram
used in conjunction with a gluon anomaly driveng* gh8
vertex. The form factor for this vertexH(q2,0,mh8

2 ), whereq
is the four momentum of the off-shell gluong* , is approxi-
mated by the constantH(0,0,mh8

2 ) which in turn is extracted
from J/c→h8g decay. However, the approximatio
H(q2,0,mh8

2 )'H(0,0,mh8
2 ) turns out to be problematic fo

two reasons:~1! As pointed out by Hou and Tseng@5#, there
is an implicit factor ofas in H which should be running with
q2 and this would suppress AS’s estimate by a factor of 1
~2! on the other hand, Kagan and Petrov@6# have indicated
that the momentum dependence of the form factor could
quite significant with the leading behavior of the for
mh8

2 /(q22mh8
2 ). As a result, including this effect further re
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duces AS’s result to about an order of magnitude below
observed branching ratio. Consequently, it has been s
gested that the remedy could be invoking new physics
increaseB(b→sg) to 10 %–15 % from its standard mode
value of nearly 0.2 %.

In this paper, we investigate the possibility that a som
what different process might be the underlying mechan
for B→Xsh8. We propose a nonspectator process in wh
h8 is produced via fusion of the gluon from the QCD pe
guin diagramb→sg* and another one emitted by the ligh
quark inside theB meson~Fig. 1!. It is shown that a conser
vative estimate of the contribution of this mechanism c
naturally account for the observed value. We also calcu
the branching ratiosB(B→Kh8) and B(B→K* h8) in the
context of factorization. The latter turns out to be smal
than the former by a factor 2.

II. EFFECTIVE HAMILTONIAN

The expression for Fig. 1 is the product of three terms
~1! The effective neutral current flavor changing vert

b→sg is as follows@7#:

A~b→sg!52 il t

GF

A2

gs

8p2
@E0s̄~q2gmn2qmqn!

3gn~12g5!Tab

2E08s̄imbsmnqn~11g5!Tab#, ~3!

FIG. 1. Nonspectator contributions toB→h8Xs .
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wherel t5VtbVts* andq is the gluon four momentum. In th
process considered here, both chromoelectric and chro
magnetic operators in Eq.~3! contribute. However, since
uE0u5u24.92u@E0850.16, the former operator is expected
have the dominant contribution. It is argued that the inc
sion of the chromomagnetic operator would increase the
clusive decay rate by 20 % to 50 %@2,5#. The purpose of this
paper is to show that even a conservative estimate of
proposed mechanism can account for the observed branc
ratio in an order of magnitude sense. For this reason, in
rest of this work, we take into account only the domina
chromoelectric operator. The QCD correction ofE0 has been
extracted from the Wilson coefficients of the four-quark o
erators in the leading log approximation@2#. The result
points to about a 17 % reduction inuE0u.

~2! The gluon-gluon-psuedoscalar meson (h8 in this case!
vertex can be written as

Ams~gg→h8!5H~q2,p2,mh8
2

!dabemsabqapb , ~4!

q and p are four momenta of the two gluons andH is the
relevant form factor which contains a factor ofas implicitly.
AS made an estimate ofH(0,0,mh8

2 )'1.8 GeV21 using the
decay modec→h8g which is expected to proceed main
via on-shell gluons. However, contrary to th
H(q2,p2,mh8

2 )'H(0,0,mh8
2 ) assumption utilized by AS, it is

claimed that the momentum dependence ofH could be quite
significant @5,6#, resulting in a suppression by an order
magnitude. We show that the nonspectator mechanism
gested in this work can produce a large enough branch
ratio which could match the observed value when suc
suppression factor is taken into account.

~3! The emission of gluons by the light quark is describ
below.

By combining the above three terms one arrives at
effective Hamiltonian corresponding to Fig. 1:

Heff5CH@ s̄gm~12g5!Tab#~ q̄gsTaq!
1

p22Mg
2
emsabqapb ,

~5!

where

C5l t

GF

A2

as

2p
E0 , ~6!

and the effective gluon massMg is due to bound state ef
fects. Alternatively, one may use the usual gluon propag
~no effective mass! along with a model that incorporates th
binding effects and off shellness of the light quark inside
B meson. A rearrangement of Eq.~5! via Fierz’s transforma-
tion,
01401
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@ s̄gm~12g5!Tab#~ q̄gsTaq!

5
1

9H @ s̄gsgrgm~12g5!q#

3@ q̄gr~12g5!b#1@ s̄gsgm~11g5!q#@ q̄~12g5!b#

2
1

2
~ s̄gssrhgmq!@ q̄srh~12g5!b#1color octectJ ,

~7!

simplifies the calculation of the hadronic matrix elements.
fact, using the factorization assumption, only the first tw
terms in Eq.~7! contribute to^h8XsuHeffuB&. In general, the
nonfactorizable contributions to two body hadronicB decays
which involve large energy releases are not expected to
significant. For our nonspectator mechanism, it seems
sonable to expect the deviation from the factorization to
around 12BB whereBB is the parameter associated with th
hadronic matrix element of the neutralB meson mixing.
Consequently, the nonfactorizable effects are estimated t
around 5 %@8#. Utilizing the definition of theB meson decay
constant,

^0uq̄gmg5buB~pB!&5 f BpB
m , ~8!

and its associated relation

^0uq̄g5buB~pB!&52 f B

MB
2

mq1mb
, ~9!

we obtain the relevant matrix element as follows:

^h8XsuHeffuB&5
C fBH

9~p22Mg
2!
H 2@ s̄gsgrgm~12g5!q#pB

r

1S MB
2

mq1mb
D @ s̄gsgm~11g5!q#J

3emsabqapb . ~10!

Hereafter, we take the light quark massmq50.

III. RECOIL MASS DISTRIBUTION
AND BRANCHING RATIO

The calculation of the differential decay rate is no
straightforward, starting from the matrix element in Eq.~10!.
We use the usual convention for the invariant variab
s5(ph81k8)2, t5(ps1k8)2, andu5(ps1ph8)

2:
5-2



NONSPECTATOR CONTRIBUTION: A MECHANISM FOR . . . PHYSICAL REVIEW D58 014015
FIG. 2. The recoil mass distribution of the branching ratio for the inclusive decayB→h8Xs .
dG~B→Xsh8! C2f B
2H2 p2

f
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t

dtdu
5

648p3MB
3~p22Mg

2!2Fp2XH S W2Y2
2 D

3~W2X!2XZ1S X2
s1p2

2 DWJ
2q2ZW21XYZW1~s22Y2q2!

3S X2
s1p2

2 DW22S MB
2

mb
D 2

3H p2S X2
s1p2

2 D ~s2Y2q2!2p2q2

3S W1Z2Y2
p2

2 D1Y2Z2~s22Y2q2!

3S W2Y2
p2

2 DYJ G , ~11!

where W5(u2mb
2)/2, X5(mb

22ms
21s)/2, Y5(mh8

2
2p2

2q2)/2, andZ5(t2ms
2)/2. mXs

2 5t is the invariant mass o

the final state strange hadron. The differential decay rate~11!
depends on the virtualities of the internal gluons both exp
itly and implicitly through the form factorH. As we dis-
cussed in the previous section,H(p2,q2,mh8

2 ) is suppressed
for large values ofp2 andq2. Therefore, the dominant con
tribution to the decay rate is expected to arise from the sm
virtuality region. On the other hand, in the nonspecta
mechanism of Fig. 1, because of the kinematical freed
one can impose a constraint such asp250. Consequently,q2

can be expressed as
01401
-

ll
r
,

q25mb
21mh8

2
2u1~ t2ms

2!
mB

22u
. ~12!

Integrating Eq.~11! over u, we obtain the invariant mas
distribution for the branching ratio,dB(B→Xsh8)/dmXs

,
depicted in Fig. 2. For our numerical evaluations, we ha
takenmb54.5 GeV,ms50.15,1 Mg'LQCD'0.3 GeV @see
our explanation following Eq.~5!#, as50.2, f B50.2 GeV,
and uVtu5uVtbVts* u'uVcbu'0.04. In order to obtain the tota
branching ratio with the experimental cut 2.0<ph8<2.7
GeV, the differential decay rate~Fig. 2! is integrated over the
rangems

constituent50.45<mXs
<2.32 GeV resulting in

B~B→Xsh8!54.731023, 2.0<ph8<2.7 GeV.
~13!

The momentum dependence ofH(q2,0,mh8
2 ) has not been

taken into account in the above estimate. Insert
H(q2,0,mh8

2 )52H(0,0,mh8
2 )/(q2/mh8

2
21) in Eq. ~11! re-

sults in the reduction of Eq.~13! by more than an order o
magnitude toB(B→Xsh8)'1.331024. We note that our
proposed nonspectator mechanism can indeed explain th
der of magnitude of the experimental data even though
estimate~which because of the sensitivity to the uncerta
input parameters should be taken with caution! is somewhat
smaller than Eq.~1!.

1For phase space calculations,ms is taken to be the constituen
quark massms

constituent'0.45 GeV.
5-3
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IV. EXCLUSIVE DECAYS B˜Kh8 AND B˜K* h8

Using Eq. ~10! in conjunction with the factorization as
sumption, one can write the hadronic matrix element
B→Kh8 as follows:

^h8KuHeffuB&5
C fBH

9~p22Mg
2!

F2^Kus̄gsgrgm~12g5!qu0&pB
r

1S MB
2

mb
D ^Kus̄gsgm~11g5!qu0&G

3emsabqapb . ~14!

In fact, the second term in Eq.~14! does not contribute and
the first term can be related to aK-meson decay constant vi
the definition

^K~pK!us̄gmg5qu0&5 f KpK
m , ~15!

along with the identity

gsgrgm5 i esrmng5gn1gsrgm2gsmgr1grmgs . ~16!

As a result, the matrix element~14! can be simplified to

^h8KuHeffuB&52 i
CH fBf K

9~p22Mg
2!

~pB•qpK•p2pB•ppK•q!,

~17!

leading to the exclusive decay rate

G~B→Kh8!5
C2H2f B

2 f K
2

1944pMg
4

upW Ku3~mh8
2

14upW Ku2!p0
2 ,

~18!

which is derived by imposing thep250 constraint.upW Ku and
p0 are the three momentum of theK meson and the energ
change of the light quark in theB meson rest frame, respec
tively:

upW Ku5F ~mB
21mK

2 2mh8
2

!2

4mB
2

2mK
2 G 1/2

, ~19!

p05
mB

22mb
2

2mB
2Eq , ~20!

whereEq is the energy of the light quark in theK meson. To
proceed with the numerical evaluation ofB(B→Kh8), one
can assume an appropriate model to estimateEq . However,
roughly speaking, one would expectEq5mK2ms

constituent

'0.05 GeV. The exclusive branching ratio is then estima
to be

B~B→Kh8!57.031025, ~21!

which is in good agreement with experimental data~2!.
In the same manner, the matrix element relevant for

B→K* h8 decay can be obtained from Eq.~10!:
01401
r

d

e

^h8K* uHeffuB&52 i
CH fBf K*

9~p22Mg
2!
F pB•qe•p2pB•pe•q

1
2mB

2ms

mbmK*
2 ~2 i emsabpK* mesqapb

1pK* •qe•p2pK* •pe•q!G , ~22!

where the polarization vectore and the decay constantf K*
of K* appear in Eq.~21! via the definition

^K* ~pK* ,e!us̄gmqu0&5 f K* em, ~23!

and its follow up

^K* ~pK* ,e!us̄smnqu0&5 i
ms

mK*
2 f K* ~pK*

m en2pK*
n em!.

~24!

Equation~22! in conjunction with the constraintp250 leads
to the following expression for the exclusive decay rate:

G~B→K* h8!

5
C2H2f B

2 f K*
2

1296pMg
4mB

2
upW K* u E

21

1

F~x!dx,

F~x!5~C11C3C5!2
C4

2

mK*
2 1~C21C4C5!2S 2q21

C3
2

mK*
2 D

22~C11C3C5!~C21C4C5!S 2C61
C4C3

mK*
2 D

1C5
2@mK*

2 C6
22C3C6C42C4~C3C62q2C4!#,

~25!

where

C15
mB

21mh8
2

2mK*
2

2
2C2 ,

C25mBp0 ,

C35
mB

22mh8
2

2mK*
2

2
2C4 ,

C45@~mK*
2

1upW K* u2!1/22upW K* ux#p0 ,

C55
2msmB

2

mbmK*
2 ,

C65
mh8

2
2q2

2
,

5-4
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upW K* u5
$@mB

22~mh81mK* !2#@mB
22~mh82mK* !2#%1/2

2mB
.

p0 is the same as in Eq.~20! andq2 is obtained from Eq.~12!
by substitutingmK*

2 and mB
222mBEq for t and u, respec-

tively. In order to estimate the branching ratio forB
→K* h8, analogous with theB→Kh8 exclusive decay, we
take the energy of the light quark inK* to be

Eq'mK* 2ms
constituent'0.44 GeV,

which results in2

B~B→K* h8!53.431025. ~26!

We note that the results for exclusive decays should no
altered significantly because of the momentum depende
of H. This is because of the fact that, unlike the inclus
process,q2 for these decays is fixed at around 1–3 GeV2.
The measurement of theK* mode will be a crucial testing
ground for various mechanisms suggested for theh8 produc-

2We estimatef K* '205 GeV2 by using the experimental value o
the ratiosG(t→K* 2nt)/G(t→K2nt) and f K50.167 GeV@9#.
on
B

; P
7;
.

01401
e
ce

tion in hadronicB decays. For example, our prediction is
contrast toG(B→K* h8)'2G(B→Kh8) obtained from the
proposedb→cc̄s→h8s process@3#. We should also empha
size that the ratios of decaysG(B→Kh8)/G(B→Xsh8) and
G(B→K* h8)/G(B→Kh8), calculated in our mechanism
are independent of the input parameters likeas , f B , and
Mg , and therefore, free of the uncertainties associated w
these parameters.

V. SUMMARY

We calculated a nonspectator contribution to the inclus
B meson decay intoh8 and hadrons containing a strang
quark. The result indicates that this mechanism could exp
the large experimental branching ratioB(B→Xsh8) ob-
tained by CLEO. Our estimated exclusive branching ra
B(B→Kh8) agrees with the experiment as well. The expe
mental confirmation of the predicted branching ratio f
B→K* h8 will give strong support to the suggestion that t
nonspectator mechanism is indeed the underlying proces
the above decay modes.

ACKNOWLEDGMENTS

The authors thank Professor I. A. Sanda for sugges
this project and for useful discussions. M.A. acknowledg
support from the Science and Technology Agency of Jap
. D
@1# Jim Smith, talk given at the 7th International Symposium
Heavy Flavor Physics, Santa Barbara, California, 1997;
Behren, talk given at the Princeton BaBar meeting, 1997
Kim, talk given at FCNC 97, Santa Monica, California, 199
F. Würthwein, CALT Report No. 68-2121, hep-ex/9706010

@2# D. Atwood and A. Soni, Phys. Lett. B405, 150 ~1997!.
@3# I. Halperin and A. Zhitnitsky, Phys. Rev. Lett.80, 438~1998!;

Phys. Rev. D56, 7247~1997!.
.
.

@4# F. Yuan and K. T. Chao, Phys. Rev. D56, 2495~1997!.
@5# W.-S. Hou and B. Tseng, Phys. Rev. Lett.80, 434 ~1998!.
@6# A. L. Kagan and A. A. Petrov, hep-ph/970734.
@7# T. Inami and C. S. Lim, Prog. Theor. Phys.65, 297 ~1981!.
@8# M. R. Ahmady, R. R. Mendel, and J. D. Talman, Phys. Rev

55, 419 ~1997!.
@9# Particle Data Group, R. M. Barnettet al., Phys. Rev. D54, 1

~1996!.
5-5


