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s meson inJÕc decays
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Recently the BES Collaboration found evidence for the existence of thes meson in the processJ/c
→sv→ppv at the BEPC. In this paper we first discuss the relevant couplinggspp and show that the linear
s model gives rise to a reasonable description of thes decay intop ’s; then we calculate the coupling constant
gJ/csv

th using the perturbative QCD technique and the light-cone wave functions of thes andv mesons. The
results show that the theoretical value ofgJ/csv

th is within the range of the experimental value ofgJ/csv .
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I. INTRODUCTION

The Beijing Spectrometer~BES! Collaboration at the
Beijing Electron-Positron Collider~BEPC! recently reported
evidence for the existence of thes particle inJ/c decays. In
the p1p2 invariant mass spectrum in the process ofJ/c
→p1p2v they found a low mass enhancement, and
detailed analysis strongly favorsO 11 spin parity and a sta
tistical significance for the existence of thes particle of
about 18s @1#. The BES measured values of thes mass and
width are

ms5390236
160 MeV,

Gs5282250
177 MeV, ~1!

and the branching ratio is

BR~J/c→sv→p1p2v!5~1.7163.464.3!31023.
~2!

The s particle has been absent for many years from
Particle Data Group~PDG! data@2#; however, in recent year
there has been a revival of interest in studying the li
scalar-isoscalar meson, thes particle, as a broad resonanc
@3# experimentally and theoretically. Direct experimental e
dence for thes meson has been reported recently by
Fermilab E791 Collaboration@4# in the D-meson decay pro
cessD1→sp1→3p. Theoretically, thes meson can play
important roles in some problems. In Ref.@5#, the s can be
regarded as the dominant contribution to theuū1dd̄ current.
Moreover, using the sigma mass and width from E791, so
people@6# have investaged thes contribution toB→3p and
found that it can explain the recent data from the CLEO a
BABAR Collaborations.

In this paper, we study phenomenologically the dec
process J/c→sv→p1p2v and discuss the coupling
gspp andgJ/csv . By taking the meson wave functions ofs
and v to be similar to those ofp and r, and using the
perturbative QCD technique, we calculate the decay cons
gJ/css

th . Our theoretical prediction is shown to be within th
range of the experimental value ofgJ/csv .
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II. COUPLING CONSTANTS gspp AND gJÕcsv

Given the data on thes mass and width measured by th
BES Collaboration in Eqs.~1! and~2! we study the coupling
constantsgspp andgJ/csv . For a two-body decay of particle
X into final statesX1 andX2 the decay width is given by

G~X→X1X2!5
upu

32p2MX
2E uMu2dV5

upu

8pMX
2

uMu2, ~3!

where upu is the three-momentum of the final state in t
center-of-mass~c.m.! frame. Fors→p1p2, the s meson
decays 100% intopp. Furthermore, isospin conservatio
requires the final states be charged pions for two-thirds of
time. So we have

2

3
Gs

05gspp
2 1

8pms
2
Ams

2

4
2mp

2 . ~4!

Using BES data on thes ’s mass and width, and the exper
mental value of thep mass, we obtain

gspp52.020.19
10.30 GeV. ~5!

This number is surprisingly consistent with the theoreti
value of the linear sigma model@7#:

gspp
l inear s5

A2ms
2

f p
51.8020.30

10.50 GeV, ~6!

wheref p is the pion decay constant. In Eq.~6! thes mass is
taken from the BES measurement in Eq.~1!.

To get the phenomenological value ofgJ/csv , we use the
full three-body decay width~for example, see@7#!:
©2002 The American Physical Society05-1
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G~J/c→sv→p1p2v!

5
1

2

1

2mJ/c
gJ/csv

2 gspp
2

3E
4mv

2

(mJ/c2mv)2dx2

2p

1

8p
l1/2S 1,

x2

mJ/c
2

,
mv

2

mJ/c
2 D

3
1

8p
l1/2S 1,

mp
2

x2
,
mp

2

x2 D 1

~x22ms
2 !21Gs~x!2ms

2
,

~7!

where the factor 1/(8p)3l1/2 is the phase space integral
the corresponding two-body decay subprocess and

l~a,b,c!5a21b21c222ab22bc22ca. ~8!

Also in Eq. ~7!

Gs~x![Gs
03~ms /x!@p* ~x!/p* ~ms!# ~9!

is the comoving resonance width wherep* (x)
5Ax2/42mp

2 and Gs
05370236

160 MeV is the experimenta
value in Eq.~1!.

With the experimental values ofgspp in Eq. ~5! and the
branching ratio in Eq.~2!, solving Eq.~7! gives rise to

gJ/csv
expt 57.321.9

12.6 MeV. ~10!

III. gJÕcsv
th CALCULATED BY PERTURBATIVE QCD

In this section we follow closely the calculation of th
exclusive decays ofY in Ref. @8# to study the decay o
J/c→sv. The decay amplitude consists of two parts. One
the hard decay amplitude of the three-gluon modes and
another consists of the bound-state matrix elements of
going mesons.

In general the decay amplitude ofJ/c→sv can be writ-
ten as

M5CJ/c~0!E
21

1

dxE
21

1

dyfs* ~x,Mc
2!

3fv* ~y,Mc
2!Th~x,y,Mc

2!, ~11!

wherex5x12x2 ,y5y12y2, andxi ,yi are the constituents
fractional longitudinal momenta which satisfySxi51 and
Syi51. In Eq.~11! CJ/c(0) is a nonrelativistic approximat
wave function of theJ/c meson,fs(x,Mc

2) andfv(y,Mc
2)

are the distribution amplitudes of thes and v wave func-
tions, respectively, andMc is the charm quark mass.

Th(x,y,Mc
2) is the hard decay amplitude of the char

quark pairs into two light quark-antiquark pairs, which
defined by

Th~x,y,Mc
2!5E d4l

~2p!4
Th~x,y,l ,Mc

2!. ~12!
09750
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There are 12 Feynmann diagrams shown in Fig. 1 contrib
ing to Th , which are all explicitly shown in Ref.@8#. Using
the Landau rules, it is found that both infrared and colline
divergences exist in every diagram. Fortunately, through
use of color neutrality and collinear Ward identities, one c
prove that, on summing up all of the diagrams, the div
gences cancel@8#.

For quarkoniaJ/c, the nonrelativistic approximate wav
function CJ/c(0) can be determined by the decayJ/c
→e1e2,

G~J/c→e1e2!5
16pas

2e2

MJ/c
2

uC~0!u2. ~13!

According to Brodsky, Huang, and Lepage@9#, the light-
cone wave function of a hadron is essentially determined
the off-shell energy variable. Thus, for the light scalar mes
s, we assume the light-cone wave function to be the sam
that of the pion@10#:

cs~xi ,k�!5AsexpF2bs
2 S k�

2 1mu
2

x1
1

k�
2 1mu

2

x2
D G , ~14!

wherek' is the relative transverse momentum of the fin
meson,mu is theu quark mass, andxi are the constituent’s
fractional longitudinal momenta.As andbs are two free pa-
rameters which are taken to beAs5Ap'32 GeV21 and
bs

25bp
2 '0.84 GeV22 @10#. For the wave function of the

vector mesonv, we assume it to be the same as that of thr
meson@11#:

cv~yi ,k'!5AvexpF2bv
2 S k�

2 1mu
2

y1
1

k�
2 1mu

2

y2
D G , ~15!

whereAv andbv are taken to beAv5Ar'30 GeV21 and
bv

2 5br
2'0.55 GeV-2, which can be determined from tw

constraints@10,11#.
The distribution amplitudef in Eq. ~11! is defined as

f~x1 ,x2 ,Mc
2!5E

0

Mc
2 dk'

2

16p2
c~x1 ,x2 ,k'

2 !. ~16!

FIG. 1. Feynmann diagram for the hard three-gluon dec
There are 12 diagrams in total; however, just one of them is sho
5-2
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Making use of the wave functions ofs andv in Eqs. ~14!
and ~15!, we have

fs~x,Mc
2!5

As~12x2!

64p2bs
2 FexpS 24bs

2
mu

2

12x2D
2expS 24bs

2
Mc

21mu
2

12x2 D G , ~17!

fv~y,Mc
2!5

Av~12y2!

64p2bv
2 FexpS 24bv

2
mu

2

12y2D
2expS 24bv

2
Mc

21mu
2

12y2 D G , ~18!

where we have usedx5x12x2 ,y5y12y2 ,Sxi51, and
Syi51. In deriving the integration of Eq.~16!, we have

FIG. 2. Distribution amplitudesfs(x) andfv(x) of the s and
v mesons. The solid curvefs(x) is determined by Eq.~17! with
As532 GeV21 andbp

2 50.84 GeV22 and the dashed curvefv(x)
is determined by Eq. ~18! with Av530 GeV21 and br

2

50.55 GeV22.
su

Q.

ti

-

09750
ignored the QCD evolution of the distribution amplitud
since the charm quarkMc is not large and the evolution
effects are not significant in this energy range. Thus the
tribution amplitude is essentially determined by the nonp
turbative model@10#. In Fig. 2 we show the distribution am
plitudes ofs,v.

With the values of the parametersAp ,bp
2 ,Ar ,br

2 given
above, we obtain the coupling constantgJ/csv

th responsible
for the decayJ/c→sv,

gJ/csv
th 510.7 MeV. ~19!

One can see that our theoretical prediction forgJ/csv
th above

agrees within the errors with the experimental valuegJ/csv
expt

in Eq. ~10!.

IV. CONCLUSION

In this paper we have used the new BES experime
evidence for thes particle and studied its properties in th
processJ/c→sv→ppv. We have obtained the phenome
ogical values of the coupling constantsgspp and gJ/csv ,
and the theoretical prediction ofgspp

l inear s in the linear s
model. We show that the linears model gives rise to a
reasonable description of thes decay intop ’s. We have
calculatedgJ/csv by perturbative QCD and in this approac
we take the wave functions of thes andv to be similar to
those ofp andr. Our theoretical predictions and the expe
mental value ofgJ/csv are shown to be consistent.
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