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Note on the baryonicB\L̄ph8 decay

F. Piccinini* and A. D. Polosa†

Theory Division, CERN, CH-1211, Geneva 23, Switzerland
~Received 21 December 2001; revised manuscript received 26 February 2002; published 21 May 2002!

In this short report we examine the exclusive three-bodyB→L̄ph8 decay using a simple pole model
involving a scalar intermediate resonance state. Our aim is to test the recently formulated hypothesis that
charmless baryonicB decays could occur mainly in association withh8 or g.
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In a recent paper by Hou and Soni@1#, the general prob-
lem of searching for new ways to estimate charmless b
onic B decays was addressed. The thesis is that charm
baryonic B decays may be more prominent in associat
with h8 or g. In particular, attention is focused on the excl
sive processB→h8L̄p, taking the cue from the experimen
tal observation of the unexpectedly large modesB→h8Xs
andB→h8K @2#.

Since the enhancement@Br(B→h8K).831025# was
established by the CLEO Collaboration, many studies aim
at investigating its nature have appeared. An interesting
posal to explain the phenomenon is that based on the
processb→sg* →sh8g, where the virtual gluong* emerg-
ing from the standard model penguin amplitude couples
h8 via an effectivegg* h8 vertex related to the gluonic tri
angle anomaly@3#. The structure of this vertex was reexam
ined in Ref.@4#, where the running of the effective couplin
of h8 to gluons, assumed to be constant in Ref.@3#, was also
taken into account. The possibility that thegg* h8 vertex
could be dangerously affected by out of control nonpertur
tive effects was discussed in Ref.@5#. Some further criticism
can be found in Ref.@6#. The emergence of ag* gh8 cou-
pling in theB→Dh8 decay has been explored in Ref.@7#. In
Ref. @8# a ‘‘nonspectator model’’ has been introduced
study the inclusiveB→h8Xs and the exclusiveB→K (* )h8
decays: the gluong of the gg* h8 vertex is supposed to b
emitted by the light quark inside theB meson, while theg*
comes from theb→s penguin amplitude.

Taking advantage of the latter mechanism, we estim
the B→h8L̄p branching ratio using a simple pole mod
according to which this decay proceeds via an intermed
scalarmeson. A pole model is also used in Ref.@1# to gain a
quantitative estimate ofB→h8L̄p, but the intermediate stat
there assumed is aK meson which makes the pole approx
mation questionable because theK is clearly quite off its
mass shell. As already noted in@1# it would be preferable to
exploit the idea of ag* emerging from the penguin ampl
tude and fragmenting into a diquark pair rather than rely
the simple picture of an intermediate state mediating
baryonic decay. The former approach takes care of the s
distance dynamics which is instead completely lost wh
considering only the long distance contribution due to
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intermediate state. Diquark models and sum rules are
tainly the most complete approaches to baryonic decays~see
the discussion in@9#, see also@10#!, anyway, in many cases
simple pole ideas have provided reasonable estimates of
eral exclusive processes.

In this report we will consider a pole model of theB

→h8L̄p interaction involving as intermediate meson sta
the K0* (1430) scalar resonance@11#; in other words we will
assume that the decay proceeds as followsB→h8K0*

→h8L̄p. The effective couplingsKL̄p and K0* L̄p have
been computed in Ref.@12# in the framework of a nuclear
soft-core model. It is interesting to observe that the lat
coupling is suggested to be almost ten times bigger than
former ~see Tables VI and VII in Ref.@12#!, suggesting that
theK0* (1430) state is a quite better candidate for being c

sidered as the intermediate state inB→h8L̄p.
The diagram we consider is shown in Fig. 1 while in F

2 we show the diagram supposed to be responsible for theh8
coupling to theB meson@8#. The penguin interaction and th
h8gg vertices are depicted effectively as two black spo
while the interaction of the almost-on-shell gluon~carrying
momentump) with the light quark line is represented with
smaller spot. This ‘‘nonspectator mechanism’’ has been u
in Ref. @8# to predict theBr(B→Kh8) branching ratio. In
this report we merely use the model to fitB→Kh8 and af-
terwards to predictB→K0* h8. Once theBK0* h8 coupling is
known, using the pole model we estimate theBr(B
→h8L̄p) with the Breit-Wigner approximation for the inter
mediateK0* .

The effectiveh8gg vertex is given by

.

FIG. 1. TheB→L̄ph8 decay is modeled to proceed via th
intermediate scalar resonanceK0* (1430). With respect to the calcu
lation sketched in Ref.@1#, whereK is taken in place ofK0* , here
we are considering the more reliable case in which the intermed
state is not heavily off its mass shell. Moreover, the effective c

pling of K0* L̄p, calculated in Ref.@9#, is definitely stronger than

that of KL̄p.
©2002 The American Physical Society08-1
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Ams~gg→h8!5 iH ~q2,p2,mh8
2

!emsabqapb , ~1!

where the form factorH(0,0,mh8
2 ) is estimated to be approxi

mately 1.8 GeV21 @3#. Here we consider theq2 dependence
of H described in Ref.@13# ~see Fig. 13 in Ref.@13#!, where
q25mh8

2
12p0Eh8 ~see Fig. 2!. Our starting point is the ex

pression for the amplitude ofB→Kh8 obtained in Ref.@8#:

^h8KuHeffuB&52 i
2CH fBf K

9L2

3~pB•qpK•p2pB•ppK•q!

52 i
2CH fBf K

9L2
mBp0

3F ~mB2EK!EK2
~mB

22mh
22mK

2 !

2 G ,
~2!

where

Heff5 iCH@ s̄gm~12g5!Tab#~ q̄gsTaq!
1

p2
emsabqapb .

~3!

The latter equation is a combination of Eq.~1! and of the
flavor changing vertexb→sg @14#, according to the model in
Fig. 2. The second factor is theqqg vertex,q being the light
quark in the heavy meson. TheC constant is built with the
Inami-Lim functionE @14# according to

C5
GF

A2

as

2p
VtbVtd* @E~xt!2E~xc!#, ~4!

where

E~xi !52
2

3
ln~xi !1

xi
2~15216xi14xi

2!

6~12xi !
4

ln~xi !

1
xi~18211xi2xi

2!

12~12xi !
3

, ~5!

xi5mi
2/mW

2 , mi being the internal quark mass and we a
sumeas50.2, f B50.2 GeV, andf K50.167 GeV.

The second equation in Eq.~2! is obtained in the center o
mass frame of the decayingB and averaging on the direc
tions of the gluon radiated by the light quark in theB system
~see Fig. 2!. Obviously

FIG. 2. According to the model used,h8 is coupled to the vir-
tual gluon produced in the SMb→s penguin amplitude and the so
gluon radiated by the light quark in theB.
09750
-

EK5AmK
2 1pK

2 ,
~6!

upKu5FmB
21mK

2 2mh8
2

4mB
2

2mK
2 G 1/2

.

Assuming the cutoff L50.23 GeV in Eq. ~2! (L
'LQCD), and considering alsop0, the energy of the almost
on-shell gluon emitted softly by the light quark,p0'L, we
reproduce fairly well the experimentally observed cent
value ofBr(B→Kh8)57.831025.

Having fitted the parameterL ~see Fig. 3! on the observed
rate for B→Kh8, oncep0 is chosen to bep0.0.25 GeV,
we can now consider the case of theB→K0* h8 process writ-
ing, after Ref.@8#, the expression for its amplitude as

^h8K0* uHeffuB&51 i
2CH fBf K

0*

9L2

3~pB•q pK
0*
•p2pB•ppK

0*
•q!. ~7!

We take the definition and the value of the leptonic dec
constantf K

0*
in Ref. @15#:

f K
0*
mK

0*
2

50.084260.0045 GeV3. ~8!

Using the amplitude given in Eq.~7! we readily compute
the branching ratio:

Br~B→K0* h8!53.431026. ~9!

To perform this estimate we use a value for theH form factor
given by H51.5 GeV21 instead of the H(0,0,mh8

2 )
51.8 GeV21. This is because we take into account the fo
factor suppression extensively described in Ref.@13# ~see
Fig. 13 of Ref.@13#!.

The latter prediction is functional to compute theBr for
the processB→L̄ph8 using the coupling

FIG. 3. In the nonspectator model there is an important dep
dence on the cutoffL chosen. In our case we useL just as a fit
parameter. We fit theB→Kh8 to predict B→K0* h8. The experi-
mental value indicated by the horizontal line selectsL
50.23 GeV.
8-2



or

h
e

d.
:

m

m-

f our
ys,

tude
ple
less

the
al-
tor

er
rac-

.
c-
1-

BRIEF REPORTS PHYSICAL REVIEW D 65 097508
gK
0* Lp

(eff)

A4p
522.83, ~10!

computed in Ref.@12#. ~In Ref. @12# the symbolk is used
rather thanK0* ; see Ref.@16#!. The expression for the width
is given by

G~B→L̄ph8!K
0*
5

G1G2

16~2p!3mB
3

3E
(mL1mp)2

(mB2mh8)2

dq2l1/2~mB
2 ,q2,mh8

2
!

3
1

~mK
0*

2
2q2!21GK

0*
2

mK
0*

2

1

q2

3l1/2~q2,mL
2 ,mp

2!, ~11!

where G2 and G1 are, respectively, 4p(gkLp
(eff) )2 and

u^h8K0* uHeffuB&u2. The l function is the Ka¨llén triangular
function defined asl(x,y,z)5x21y21z222(xy1yz1xz).
This appears in the integrated two-body phase space f
spinless decaying particlea:

G~a→b1c!5
1

16pma
3
l1/2~ma

2 ,mb
2 ,mc

2!ugabcu2,

~12!

gabc being the matrix element of the process at hand. T
couplingsBK0* h8 and B(K0* )off -shellh8 are assumed to b
n

09750
a

e

the same and the Breit-Wigner formula is implemente
Equation~11! allows for a prediction of the branching ratio

Br~B→L̄ph8!56.031027, ~13!

which is sensibly lower than what was expected in Ref.@1#,
namely Br(B→L̄ph8)52.431025. Varying smoothly the
value of p0 and selecting accordingly the value of the for
factorH from Ref.@13# and the value of the cutoffL in order
to fit B→Kh8, we find a nice stability of theBr obtained in
Eq. ~13!. Even more stable against variation of the para
eters is the value ofBr(B→h8K0* ). It is worth noting that
G(B→L̄ph8)K

0*
/G(B→K0* h8).0.18. However, it should

be stressed that, due to the intrinsic model dependence o
approach and due to the complexity of the baryonic deca
these results have to be understood as order-of-magni
estimates. Interestingly, what emerges here is that a sim
pole model, suggests a quite reasonable rate for a charm
baryon-antibaryon final state produced in association withh8
in a B decay.

This exclusive mode could be soon reconstructed by
BaBar and Belle Collaborations and our straightforward c
culation provides the possibility to test the nonspecta
model in Ref.@8#, the nuclear-soft-core model in Ref.@12#
and, more basically, the anomaly picture in Ref.@3#.

Once observed,B meson baryonic modes could also off
new paths to explore fundamental topics such as the ext
tion of CP violating phases.

The authors would like to thank M.L. Mangano, Th.A
Rijken, and D.O. Riska for useful discussions. A.D.P. a
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