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The color-octet mechanism for the decayB→h8X is proposed to explain the large branching ratio of
B(B→h8X);131023 recently announced by CLEO. We argue that the inclusiveh8 production inB decays
may dominantly come from the Cabibbo-favoredb→( c̄c)8s process where thec̄c pair is in a color-octet
configuration, and followed by the nonperturbative transition (c̄c)8→h8X. The color-octet intrinsic charm
component in the higher Fock states ofh8 is crucial and is induced by the strong coupling ofh8 to gluons via
the QCD axial anomaly.@S0556-2821~97!50417-6#

PACS number~s!: 13.25.Hw, 12.38.Lg, 14.40.Nd

Recently CLEO has reported@1# a very large branching
ratio for the inclusive production ofh8 in the B meson de-
cay:

B~B→h8X;2.2 GeV<Eh8<2.7 GeV!

5~7.561.561.1!31024. ~1!

If h8 is regarded as a pure SU~3! singlet meson made ofu,
d, and s quarks, the processB→h81X is Cabibbo sup-
pressed by the factorVub . The conventional estimate of the
branching ratio for this Cabibbo-suppressed process is of or-
der of 1026 @2#, which is over two orders of magnitude
smaller than the experimental result. To explain the large
branching ratio ofB(B→h81X), some suggestions have
been made@2,3#. The authors of@3# give arguments for the
need of enhanceb→sg* decays followed byg*→h8g. In
the latter step,g*→h8g is controlled by the effective
h8-g-g coupling via the QCD anomaly@4#. The authors of
@2# suggest that it is the very strong coupling betweenh8 and
the color-singlet axial vector current of the charm quark that
makes the dominant contribution to the largeh8 production
rate in the Cabibbo-favored processb→ c̄cs.

In this paper, we will discuss another possibility. Utilizing
the unique feature ofh8, i.e., its strong coupling to gluons
through QCD axial anomaly, and the large coefficient for the
color-octetc̄c current in theb→ c̄cs process, we will argue
that the production ofh8 in B decays may dominantly come
from the Cabibbo-favoredb→( c̄c)8s process wherec̄c pair
is in a color-octet configuration followed by the color-octet
c̄c pair nonperturbatively evolving into h8 via
( c̄c)8→h81X due to the color-octet hidden charm compo-
nent in the higher Fock states ofh8. The essential point of
our argument is that due to the strong coupling of gluons to
theh8 there should be an appreciable color-octet (c̄c)8 com-
ponent mixed into the higher Fock states ofh8.

Before discussing this possibility, let us first recall the
suggestion of@2#, where a large magnitude of the color-
singlet ‘‘intrinsic charm’’ of h8 is of critical importance. In
our opinion, however, there could be two problems in this

approach:~1! the mixed decay constantf h8
(c) suggested in@2#

may be too large;~2! the color-singlet matrix element
u^hcuc̄gmg5cu0&u used in@2# may also be too large.

To see these, we write the axial anomaly relation for the
charm quark,

]m~ c̄gmg5c!52iM cc̄g5c1
as

4p
GmnG̃mn , ~2!

and define

^0uc̄gmg5cuh8~p!&5 i f h8
~c!pm . ~3!

If the charm quark is infinitely heavy, the mixed decay con-
stant f h8

(c) should vanish. In the physical world, as argued in

@5#, the nonvanishingf h8
(c) is due to the existence of thec̄c

component in the physicalh8 wave function, and then

f h8
~c!

5O~lh8hc
f hc

!, ~4!

wherelh8hc
is the mixing angle~in radian! betweenh8 and

hc , and f hc
the decay constant ofhc . Based on the axial

anomaly and the gluonic matrix element ofh8, the mixing
anglelh8hc

has been estimated to be@5#

lh8hc
'1.231022. ~5!

It reproduces the experimental value ofG(J/c→gh8) via
G(J/c→ghc) andh8-hc mixing, and is also consistent with
most quark model calculations~see, e.g., @6#!. With
f hc

'400 MeV @2#, we find

f h8
~c!

! f p' f h8'130 MeV ~6!
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~see Ref.@7#!, where f h8 is the flavor SU~3!-singlet decay
constant of theh8. Including the mixing ofh8 with otherc̄c
states likehc8 ,hc9 ,..., will enhancef h8

(c) . As a safe estimate,
we would expect

lh82~ c̄ c!'~2 – 10!%, ~7!

and thenf h8
(c)<40 MeV, wherelh82( c̄ c) is the total mixed

amplitude of thec̄c component inh8. In any case, we think
that f h8

(c)
5140 MeV, as suggested in@2#, is too large. Also,

even withf h8
(c)

540 MeV, we still havef h8
(c)

! f h8 , and there-
fore in our estimate@5# the relation

2iM c^0uc̄g5cuh8&'2
as

4p
^0uGmnG̃mnuh8& ~8!

should be a fairly good and self-consistent approximation.
The second problem in@2# is the overestimate of the

color-singlet matrix elementu^0uc̄gmg5cuhc&u, which is re-
lated to u^0uc̄gmcuJ/c&u. The latter is determined in@2# by
exhausting the experimental value ofG(B→J/c1X). How-
ever, it is well known that at the lowest order the color-
singlet part ofb→ c̄cs process only contributes one third of
the decay widthG(B→J/c1X) measured by CLEO@8,9#.
The situation does not get better even if the next-to-leading
order ~NLO! corrections inas are included in the nonlep-
tonic effective weak Hamiltonian forB decays@10#. If the
NLO results are used, even with the large value of
f h8

(c)
5140 MeV, the estimated results ofh8 production inB

decays in@2# will become

B„b→~ c̄c!11X;~ c̄c!1→h8…50.1230.630.931023

50.06531023, ~9!

which is much smaller than the experimental result Eq.~1!.
Because of the two problems mentioned above, the color-

singlet intrinsic charm mechanism suggested in@2# may en-
counter difficulties in explaining the largeh8 production rate
in B decays. We therefore consider another approach, i.e.,
the color-octet intrinsic charm of theh8. Our suggestion is
motivated by two physical aspects:~1! the color-octet pro-
duction for charmonium inb→ c̄cs process;~2! the appre-
ciable color-octet intrinsic charm component in the higher
Fock states ofh8.

We now come to the production of color-octet compo-
nents. It is known that based on the nonrelativistic QCD
~NRQCD! factorization formalism@11# the theoretical inves-
tigations@8,12# show that the color-octet contributions might

account for the main part ofJ/c production inB decays.
Encouraged by the success of the color-octet mechanism in
the explanation ofJ/c production inB decays, we conjec-
ture that the color-octet contribution may also explain the
large branching ratio ofh8 production inB decays. To see
the importance of the color-octet component in the Cabibbo-
favored processb→ c̄cs, we write explicitly the effective
Hamiltonian of nonleptonicB decays@8#,

Heff52
GF

&

VcbVcs* S 2C12C2

3
c̄gm~12g5!cs̄gm~12g5!b

1~C11C2!c̄gm~12g5!Tacs̄gm~12g5!TabD , ~10!

where GF is the Fermi constant andVi j ’s are Kobayashi-
Maskawa matrix elements. The coefficientsC1 andC2 are
Wilson coefficients at the scale ofm5Mb . To leading order
of as(Mb) and to all orders ofas(Mb)ln(MW/Mb), they are

C1~Mb!'@as~Mb!/as~MW!#26/23, ~11!

C2~Mb!'@as~Mb!/as~MW!#12/23. ~12!

In this effective Hamiltonian equation~10!, the first term is
the color-singlet term, while the second term is the color-
octet term. Numerically, takingas(MW)50.116 and
as(Mb)50.20, the coefficients in front of the two terms are
then

C15
2C12C2

3
50.13, ~13!

C85C11C252.2. ~14!

The coefficient of the color-octet term is over 16 times larger
than that of the color-singlet term. So the color-octet contri-
butions to the decay width ofB meson in theb→ c̄cs pro-
cess will have a factor of;280 ~the ratio ofC8 /C1 squared!
enhancement compared to the color-singlet contributions.
This color-octetb→ c̄cs process may provide an explanation
for the nc andBs.l . ~the semileptonic decay branching ratio
of the B meson! problems inB decays@13#.

For h8 production, by including the intermediate (c̄c)8
contributions in the processb→ c̄cs→h81X, one might ex-
plain the large branching ratio. The color-octet contributions
come from the following process

b→~ c̄c!@3S1
~8!#s; and nonperturbatively~ c̄c!@3S1

~8!#→h81X. ~15!

Here, the intermediatec̄c pair is in a color-octet3S1 configuration, which comes from the hidden charm component in the
higher Fock states ofh8. To realize the (c̄c)8 transition intoh8, one must introduce the hidden charm component in the Fock
states ofh8. We write the Fock state expansion as

uh8&5C n̄nu~ n̄n!1&1C n̄ngu~ n̄n!8g&1C c̄ cgu~ c̄c!@3S1
~8!#g&1•••1C c̄ cu~ c̄c!1&1••• , ~16!
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whereu(n̄n)1&5 (1/)) u(ūu1d̄d1 s̄s)1& is the color-singlet
and SU~3! flavor-singlet state, which is the leading part
of the h8 wave function~for convenience we neglect the
h-h8 mixing!. The mixing of charm inh8 can be understood
by the transitions (c̄c)1→two gluons→(n̄n)1 and
( c̄c)8→one gluon→(n̄n)8 , as shown in Figs. 1~a! and
1~b!, respectively. A naive counting rule for the quark-gluon
vertex might indicate

uC c̄ cgu.uC c̄ cu, ~17!

because the former has fewer vertex and then is less Okubo-
Zweig-Iizuka suppressed than the latter. If this naive argu-
ment makes sense, theh8 will have more color-octetc̄c
component than color-singletc̄c component. Then, because
the short distance coefficient~Wilson coefficient! of the
color-octet contributions is over 16 times larger than that of
the color-singlet contributions, the former may dominate
over the latter in the processb→ c̄cs with c̄c→h8X.

We follow the calculations ofJ/c production inB decays
@8,12# to estimate the production rate ofh8 in B decays via
c̄c transitions.1 The color-singlet contribution has been esti-
mated before in Eq.~9!. For the color-octet contribution, the
calculation is simple, and the result is

G„B→~ c̄c!@3S1
~8!#1X→h81X…

5
^O8

h8~3S1!@ c̄ c# !&

^O8
c~3S1@ c̄c# !&

PS~h8!

PS~c!

3G„B→~ c̄c!@3S1
~8!#1X→J/c1X…

5
^O8

h8~3S1@ c̄c# !&

2Mc
2 ~C11C2!2S 11

8Mc
2

Mb
2 D Ĝ0 ,

~18!

where

Ĝ05uVcbu2S GF
2

144p D Mb
3McS 12

4Mc
2

Mb
2 D S 12

Mh8
2

Mb
2 D .

~19!

Here, PS(h8) and PS(c) are the phase space factors of
processesb→h81X and b→J/c1X, respectively. In Eq.

~18!, the notation̂ O8
h8(3S1@ c̄c#)& is the long distance non-

perturbative matrix element which represents the probability
of the (c̄c)@3S1

(8)# evolving intoh8. To account for the ex-
perimental measurementB(B→h8X)'131023, the matrix

element̂ O8
h8(3S1@ c̄c#)& must be taken as 6.431023 GeV3,

which is three times smaller than the color-octet matrix ele-
ment ^O8

c(3S1@ c̄c#)& used in@12#.
For theJ/c, the Fock state expansion@11#

uJ/c&5O~1!ucc̄~3S1 ,1I !&1O~v !ucc̄~3PJ8 ,8I !g&

1O~v2!ucc̄~3S1 ,8I or 1I !gg&1•••

indicates the3S1 color-octet c̄c component in the higher
Fock states ofJ/c is of orderO(v2);O(1021), wherev is
the charm quark velocity in the charmonium. On the other
hand,3S1 color-octetc̄c component in the higher Fock states
of h8 should be of order@see Eq.~17!#

O~C c̄ cg!.O~C c̄ c!5~2 – 10!31022, ~20!

as indicated bylh82( c̄ c)5(2 – 10)31022 in Eq. ~7!. This
may imply that due to QCD axial anomaly theh8 strongly
couples to gluons and then mixes substantially withu( c̄c)8g&
and u( c̄c)1& Fock states via intermediate gluons. Therefore,
the color-octetc̄c matrix element for theh8 is not much
smaller than the color-octetc̄c matrix element for theJ/c.

This means that the obtained value for^O8
h8(3S1@ c̄c#)& by

fitting the h8 data can be understood on the basis of QCD
anomaly.

To conclude, in order to explain the large production rate
of h8 in B decays within the standard model, the proposed
color-singlet intrinsic charm mechanism may encounter dif-
ficulties. Therefore, we argue that the inclusiveh8 produc-
tion in B decays may dominantly come from the Cabibbo
favoredb→( c̄c)8s process wherec̄c pair is in a color-octet
configuration, and followed by the nonperturbative transition
( c̄c)8→h8X. The color-octet intrinsic charm component in

1It should be noted that in the processb→ c̄cs→h8X, the c̄c pair
is off shell, for which the NRQCD formalism is no longer valid.
However, as a rough estimate, we may compare theh8 production
rate in B decays with that ofJ/c by employing the NRQCD
method with the superficially extended definition for the matrix
elements for off-shell quarks, and then conclude that the excess of
h8 production inB decays may be understood by including the
color-octet mechanism.

FIG. 1. Hidden charm mixing inh8 for ~a! the color-singletc̄c
pair and for~b! the color-octetc̄c pair plus a gluon.
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the higher Fock states ofh8 is crucial and is induced by the
strong coupling ofh8 to gluons via QCD axial anomaly.
Further investigations will be made to examine this mecha-
nism.
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