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Gluonic B and JÕc decays into theh8 meson
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Inclusive and exclusiveB decays into theh8 meson plus others are investigated in a model based on the
QCD anomaly. The invariant mass distribution is discussed. A constraint on the effective coupling is obtained
from data on the exclusive decay modes. The branching ratio ofJ/c→h8hg is predicted to be as large as
5.431025, which can be tested in the forthcoming CLEOc experiments.
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I. INTRODUCTION

A few years ago, unexpectedly large branching ratios oB
decaying into final states with anh8 meson such asB
→h8Xs andB→h8K were observed by the CLEO Collabo
ration @1,2# and recently confirmed by the BaBar@3# and
Belle @4# Collaborations. This stimulated much theoretic
activity in understanding the special role of theh8 meson in
B decays. As the contribution of traditional four-quark ope
tors from the effective Hamiltonian in the standard mod
~SM! is far below the data@5,6#, various exotic mechanism
were introduced, such as a large coupling between the g
andh8 through the QCD anomaly@7–11#, intrinsic c̄c con-
tent insideh8 @12,13#, and positive interference between se
eral contributions in the SM@14,15#, etc. The large contribu
tion arising from new physics was also discussed@8,16#.
Among those theoretical efforts, the possible enhancem
from the QCD anomaly is of particular interest since it
well known that theh8 meson plays a very special role in th
dynamics of low energy QCD@17#.

The mass eigenstatesh8 andh are related to flavor octe
and singlet statesh8 ,h0 through a mixing matrix:

h5h
8
cosu2h

0
sinu, h85h

8
cosu1h

0
sinu, ~1!

where u is the mixing angle andh8 ,h0 have the
flavor content h85(1/A6)(ūu1d̈d22s̄s) and h0

5(1/A3)(ūu1d̄d1 s̄s). The associated axial curren
are j 5

m85(1/A6)(ūgmg5u1d̄gmg5d22s̄gmg5s) and j 5
m0

5(1/A3)(ūgmg5u1d̄gmg5d1 s̄gmg5s), respectively.
Through the QCD anomaly, the divergence of the flavor s
glet axial current is nonzero and is given by

]m j 5
m05

1

A3
S 2i (

q5u,d,s
mqq̄g5q1

3as

4p
GmnG̃mnD ~2!

whereG̃mn5 1
2 «mnrsGrs is the dual ofGmn . This breaks the

global U(1)A symmetry for massless particles and preve
the flavor singlet stateh0 from being a Goldstone boson o
chiral SU(3)L ^ SU(3)R symmetry. The QCD anomaly give
its main contribution to the large mass ofh8(mh8
50.958 GeV) which is much heavier than the other flav
octet states such asp and K and suggests a large gluo
content inh8.
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The QCD anomaly indicates a strong coupling betwe
h8 and the gluon field. It is then natural to understand
large branching ratio ofB→h8Xs through the QCD
anomaly. In the literature there are two different ways
handle this problem. One is through the two-body decay p
cessb→sh8 from some effective Hamiltonian due to th
QCD anomaly@9#. The other is through the three-body pr
cessb→sgh8 @7,8#. In the first step of the decay, theb quark
decays into thes quark and a virtual gluong* , then g*
decays intoh8 and an on-shell gluong. This model has some
advantages in explaining the spectrum of invariant mass
tribution of recoiling hadrons. However, the effectivegg* h8
vertex seems to be too small from various approaches@8,18–
20#. In these approaches, the effective coupling betweenh8
and the gluon may contain complicated nonperturbat
quark-gluon interactions. It is then better to treat it as a f
phenomenological parameter rather than to evaluate it f
perturbative calculations@9#.

In this note we focus on the phenomenological analysis
the first mechanism. The effective Lagrangian in this mo
is given by@9#

He f f5aasGFs̄LbRGmnG̃mn1H.c., ~3!

whereas andGF are the strong coupling constant and Fer
constant, anda is the effective coupling. From this effectiv
Hamiltonian, the decayB→h8Xs arises from the subproces
b→sh8. The evaluation of matrix elements is straightfo
ward:

^sh8uHe f fub&5aasGF^sus̄LbRub&^h8uGmnG̃mnu0&. ~4!

Applying the relation^0u j 5
m8(0)uh8(0)&5 i f 8(0)P

m to the di-
vergences of both flavor singlet and octet axial currents
ignoring small u,d quark masses, the matrix elemen

^0uGmnG̃mnuh8& can be rewritten as

^0uasGmnG̃mnuh8&5
4p

3
A3

2
mh8

2
~ f 8sinu1A2 f 0cosu!,

^0uasGmnG̃mnuh&5
4p

3
A3

2
mh

2~ f 8cosu2A2 f 0sinu!.

~5!

In the b quark rest frame, the decay branching ratio is giv
by
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BR~B→h8Xs!5
p

12
tBa2GF

2mh8
4

~ f 8sinu1A2 f 0cosu!2

3
~mb

22mh8
2

!2

mb
3

, ~6!

BR~B→hXs!5
p

12
tBa2GF

2mh
4~ f 8cosu2A2 f 0sinu!2

3
~mb

22mh
2 !2

mb
3

, ~7!

wheretB is the lifetime of aB meson.

II. RECOIL MASS DISTRIBUTION

For two-body-like subprocesses such asb→h8s, the in-
variant mass is directly related to the energyEh8 of the h8
meson through the relationmX

25mB
21mh8

2
22mBEh8 , where

mB and mh8 are the masses of theB and h8 mesons. The
smalls quark mass has been ignored. In the two-body de
of b→h8s, the energy of h8 is fixed from energy-
momentum conservation. A typical value of the pole ma
mb54.8 GeV will lead to a narrow peak with the invaria
mass ofmXs

.1.5 GeV. This seems to be disfavored by t
current data since the experiment reported a peak at abo
GeV with a relatively large width in the recoil mass dist
bution @1,3#.

However, the above estimation may be too naive. N
that in the two-body decay process, the exact distribution
the recoil mass strongly depends on the wave function of
B meson, which is hard to estimate theoretically. It is t
early to draw the conclusion that the current data alre
disfavor all the two-body models.

To illustrate the nonperturbative bound state effects h
we adopt a simple model proposed by Altarelliet al. @21# a
number of years ago which is based on the Fermi motion
theb quark inside aB meson. The basic idea of this model
that the Fermi motion of theb quark and the spectator qua
q in the B meson make them have back-to-back relat
three-momentap in the B rest frame. The momentum is a
sumed to obey a Gaussian distribution as follows:

f~p!5
4

App
F

3
e2p2/p

F

2
, p5upu, ~8!

where f(p) is normalized as*0
`f(p)p2dp51. The mean

value ofp is ^p&5 3
2 p

F
. In this model the spectator quarkq is

always handled as on shell while theb quark is treated as of
shell. Through energy-momentum conservation, the effec
massW of the b quark is determined as

W25mB
21mq

222mBAmq
21p2 ~9!

and the energy of theb quark isEW5AW21p2. Here, one
parameterp

F
is introduced which specifies both the distrib

tion width and the mean value. Asp
F

is linked to the average
03401
y

s

t 2

e
f
e

y

re

f

e

e

energy of theb quark inside theB meson, in principle it can
be calculated from theories based on nonperturbative m
ods or from some models. For example, calculations fr
the QCD sum rule givep

F
50.5860.06 GeV@22#, and the

value from the relativistic quark model is 0.5460.16 GeV
@23#. The value ofp

F
can also be extracted directly from th

data. A fit to theB→Xsg photon energy spectrum gives
value of about 0.45 GeV@24# while the fits to semileptonicB
decays andB→J/cX give a value of 0.57 GeV@25,26#.
Thus the value ofp

F
is likely to lie in the range 0.4&p

F

&0.6 GeV. After including the Fermi motion, the differen
tial decay widthdG(mb)/dmX should be replaced by

dG

dmX
5E

0

pmax
dpf~p!p2

•

dG~W!

dmX
, ~10!

where pmax is the allowed maximum value ofp and
dG(W)/dmX is the differential decay rate in theB meson rest
frame, which is linked to the one in theb quark rest frame
through a Lorentz boost@25,27#. In Fig. 1 the invariant mass
distribution is generated in this model with different valu
of p

F
. Here we use (1/G)(dG/dmX), which is normalized to

unity and independent of the value ofa. It can be clearly
seen that thep

F
dependence is rather strong. The peak of

distributions shifts significantly from around.1.4 GeV~for
p

F
50.4 GeV) to.1.8 GeV ~for p

F
50.6 GeV). Consider-

ing the considerable uncertainties in both theory and exp
ment data, there is no significant disagreement in the re
mass distribution ofB→h8Xs .

III. BOUND ON a FROM INCLUSIVE AND EXCLUSIVE
B DECAYS

The value ofa could be constrained from the exclusiv
decay modesB→h8(h)K (* ). Note that, although predic

FIG. 1. Recoil mass distribution from processb→sh8 with
Fermi motion included. The solid, dashed, and dotted curves co
spond top

F
50.6,0.5, and 0.4 GeV. The value ofmq is fixed at 0.15

GeV. The shadowed area indicates the acceptance cut ofmX

,2.35 GeV from the CLEO experiment.
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tions of the standard effective Hamiltonian approach are
low to account for the data of inclusive decay modes,
disagreement in the exclusive decay modes is smaller@6,15#.
Furthermore, the effective Hamiltonian approach can rep
duce the correct patterns ofBR(B→h8K)@BR(B→hK)
and BR(B→h8K* )&BR(B→hK* ) which are observed
in the experiments. This implies that in exclusive deca
te

n

n

a

03401
o
e

-

s

modes it may still play an important role, and the interfe
ence between different contributions may also be import
@28,29#.

Nevertheless, by saturating the current data on exclu
decays, the upper bound of the parametera can still be ob-
tained. The decay amplitudes of decay modesB→h8K (* )

andB→hK (* ) in this model read
M~B6,0→h8K6,0!5aGF

4p

3
A3

2
mh8

2
~ f 8sinu1A2 f 0cosu!

mB
22mK

2

2~mb2ms!
F0

BK~mh8
2

!,

M~B6(0)→hK6(0)!5aGF

4p

3
A3

2
mh

2~ f 8cosu2A2 f 0sinu!
mB

22mK
2

2~mb2ms!
F0

BK~mh
2 !,

M~B6(0)→h8K* 6(0)!52aGF

4p

3
A3

2
mh8

2
~ f 8sinu1A2 f 0cosu!

uPh8K* umB

~mb1ms!
A0~mh8

2
!,

M~B6(0)→hK* 6(0)!52aGF

4p

3
A3

2
mh

2~ f 8cosu2A2 f 0sinu!
uPhK* umB

~mb1ms!
A0~mh

2 !, ~11!
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whereuPh8K* u.uPhK* u. 1
2 mB . F0

BK(q2) andA0(q2) are the
form factors forB→K andB→K* transitions with momen-
tum transferq2. The value ofmb is taken to be the effective
one, i.e., mb

22.*W22f(p)p2dp. In the calculations, we
takemb54.65 GeV, which corresponds top

F
50.5 GeV and

mq50.15 GeV.
The corresponding branching ratio can be evalua

through the relation

BR5
tBuPu

8pmB
2

uMu2, ~12!

whereuPu is the momentum of one of the final state meso
in the B rest frame.

It is useful to define two kinds of ratio that are indepe
dent of the parametera.

~1! The ratio betweenB→h8X andB→hX(X5Xs ,K, or
K* ). This ratio is independent of the value ofa and sensitive
only to theh8-h mixing. In this model one finds@30#

R[
BR~B→hXs!

BR~B→h8Xs!
5

BR~B→hK !

BR~B→h8K !
5

BR~B→hK* !

BR~B→h8K* !

5
mh

4

mh8
4 S f

8
cosu2A2 f

0
sinu

f
8
sinu1A2 f

0
cosu

D 2

. ~13!

In the following numerical calculations we takeu5217°
and f 85 f 051.06f p @31# as an illustration. This leads to
value of R.0.16. Considering the CLEO data ofR
&0.1–0.8 @2#, it follows that with the constraints fromB
→hK, this model can account for at most;60% of the
d

s

-

observedB→h8K branching ratio. Note that the exact valu
of R may vary with different sets of parametersu, f 8, and
f 0; the constraints fromR are only an order of magnitud
estimate.

~2! The ratio betweenB→PK* and B→PK (P5h8 or
h). In this model it is independent ofboth the value ofa
and the details of theh8-h mixing.

R8[
BR~B→h8K* !

BR~B→h8K !

5
~mB

21mK*
2

2mh
2 !224mB

2mK*
2

~mB
22mK

2 !2
•S A0~mh8

2
!

F0
BK~mh8

2
!
D 2

.

~14!

The values ofF0 and A0 in the Bauer-Stech-Wirbel mode
@32# are F050.38,A050.32, which correspond toR50.84,
while from the light cone QCD sum rule@33,34# F050.35
60.05,A050.3960.1, andR51.160.3. Thus if this model
gives the dominant contribution to these modes, the valu
R should be around 1. However, the current data give a va
of R8&0.5–0.4@2#. This is a clearer and stronger constra
than the one fromR. With the observed small value ofR8,
this model can explain at most half of the branching ratio
B→h8(h)K and therefore is not the dominant mechanism
these processes. In Figs. 2~c!–2~f! the numerical results for
branching ratios as a function of the effective couplinga are
given and compared with the data. As some inclusive de
modes have not yet been observed by the BaBar and B
Collaborations, only the CLEO data are used in the num
cal evaluations. It can be seen from the figure that the d
for the exclusive decay modesB→h8K* and B→hK im-
5-3
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FIG. 2. Branching ratios for inclusive and exclusive decay modes as a function ofa. ~a! For decay modeB→h8Xs , the dark and light
shadows represent the 1s (2s) ranges allowed by current data.~b! For decay modeB→hXs , the light shadows represent the 90% allowe
range.~c! For decay modeB→h8K1, the dark and light shadows represent the 1s (2s) allowed ranges.~d! For decay modeB→hK1, the
light shadows represent the 90% allowed range.~e! For decay modeB→h8K* 1, the light shadows represent the 90% allowed range.~f! For
decay modeB→hK* 1, the dark and light shadows represent the 1s (2s) allowed ranges.
es
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pose strong constraints on the effective coupling. With th
constraints, the maximum value ofa lies in the range

a&~8 –9!31023 GeV21. ~15!

From Eqs.~6! and ~7!, the branching ratio of inclusive
decaysB→h8(h)Xs as a function ofa is plotted in Figs.
2~a! and 2~b! and compared with the data. In the decayB
→h8Xs the acceptance cut effect is taken into accou
which leads to a 19% reduction from the calculation in E
~6!. Given the upper bound ofa in Eq. ~15! this model can
still successfully reproduce theB→h8Xs branching ratio
within the 1s range.

IV. PREDICTION OF RADIATIVE DECAY JÕc\h8hg

From the effective Hamiltonian in Eq.~3!, this model can
also contribute to the radiativeJ/c decays intoh8. Using the
03401
e

t,
.

relation Eq. ~5!, the ratio betweenJ/c→h8g and J/c
→hg can be predicted and is found to be the same as in R
@31#:

G~J/c→h8g!

G~J/c→hg!
5U^0uGG̃uh8&

^0uGG̃uh&
U2

•

~12mh8
2

!3

~12mh
2 !3

, ~16!

which is in good agreement with the data.
Furthermore, given the value of the effective couplinga

the decay rate ofJ/c→h8hg can be predicted. To this en
let us first define the ratio

r ~h8!5G~B→h8Xs!/G~B→g* Xs!, ~17!

which can be understood as the size ofb→sh8 relative to
b→sg. Taking G(B→g* Xs);1% and a&0.008 GeV21,
which comes from the bounds from exclusive decays, as
example, one finds
5-4
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r ~h8!&0.045. ~18!

Note that the strong coupling constant in the effective Ham
tonian has been separated from the effective couplinga and
absorbed in the matrix element of^0uasGG̃uh8(h)&. It is
expected that there is no significant running of the value oa
from the energy scalemB to mJ/c .

Since the radiative decay ofJ/c→gX is dominated by
the processJ/c→g* g* g, the branching ratio ofJ/c
→h8h8g can be simply estimated as

BR~J/c→h8h8g!

BR~J/c→gX!
.r ~h8!2. ~19!

Observation of the processJ/c→gX gives BR(J/c→gX)
5(17.062.0)31022. Thus, takingr (h8)50.045, the maxi-
mum branching ratio ofJ/c→h8h8g is estimated as

BR~J/c→h8h8g!.3.431024. ~20!

The decay rate ofJ/c→h8hg can be estimated as follows
a
he

s.,

03401
l-

BR~J/c→h8hg!

BR~J/c→h8h8g!
5R. ~21!

Using the value ofR50.16 from Eq.~13! one finds for the
maximum branching ratio forJ/c→h8hg

BR~J/c→h8hg!.5.431025. ~22!

Considering that the detection efficiency ofh8 is about a
few percent~throughh8→hgg), it may be hard to find a
signal of such a decay mode in Beijing Spectrometer~BES!
at Beijing Electron Position Collider~BEPC! due to limited
statistics~in BES 53107J/c samples are collected!. But in
the forthcoming CLEOc project 13109J/c samples are
planned to be produced. It will then be promising to sea
for the signal and test the predictions from this model in
CLEO c experiment.
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