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Structure Analysis of thefJs1710d in the Radiative DecayJyc ! gK1K2
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The data onJyc ! gK1K2 from the BES experiment at the Beijing electron-positron collider
have been analyzed. We find two resonances in the 1.7 GeV region which were identified
as fJ s1710d: a scalar with mass1781 6 8110

231sMeVd and width 85 6 24122
219sMeVd, and a tensor

with mass 1696 6 519
234sMeVd and width 103 6 18130

211sMeVd. The resulting branching ratios
BsJyc ! gfJ dBs fJ ! K1K2d are (0.8 6 0.110.3

20.1d1024 for J  0 and (2.5 6 0.410.9
20.4d1024 for J  2,

respectively. [S0031-9007(96)01490-1]

PACS numbers: 14.40.Cs, 12.39.Mk, 13.25.Jx, 13.40.Hq
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There has been considerable recent interest in
fJ s1710d and its role in glueball spectroscopy. Ph
nomenologically, since thefJs1710d was first discovered
by the Crystal Ball Collaboration inJyc ! ghh [1], it
has been observed in other channels ofJyc decay [2,3],
the pp central production [4], andp2p induced reac-
tions [5,6], in which the production of glueballs is e
pected to be enhanced, while there is no evidence o
fJ s1710d in gg collisions [7] where glueball productio
should be suppressed. Moreover, thefJ s1710d has not
been observed in theK2p reaction [8], which suggest
that it is unlikely to be anss̄ state. A recent investigatio
[9] shows that the nature of this state depends critically
whether its spin parity is011 or 211; a scalarfJs1710d
is likely a glueball state. The calculations on QCD l
tice predict [10,11] that the lightest glueball should
a scalar with mass,1.5 1.7 GeV, which is consisten
with the mass offJs1710d. The study by Amsler an
Close [12] suggests that thef0s1500d should be a glueba
mixed with the nearby flavorless member of the3P0 qq̄
nonet. If this is indeed to be the case, another state
0031-9007y96y77(19)y3959(4)$10.00
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thogonal to thef0s1500d is believed to be in this region
Such a state orthogonal to thef0s1500d is expected to
have a large branching ratio in its decay intoKK̄, as the
data [13] from the Crystal Barrel show that the branc
ing ratio of the f0s1500d decaying intoKK̄ is smaller
than that expected for a glueball state. If thefJs1710d
proves to beJ  0, it fits the profile of such a state an
becomes an important glueball candidate. Thus, the
action Jyc ! gKK̄ would be a very important channe
to investigate thefJs1710d, because the production of
scalar glueball with a relative largeKK̄ branching ratio is
assumed to be enhanced in this reaction.

The spin of thefJ s1710d has not been well determine
experimentally [14]. The result from the MARK II
collaboration showed that it is dominated by the spin z
state [15]. ThefJ s1710d produced in the central regio
of the reactionpp ! pfsKK̄dps [4] favors strongly spin
two at m  1713 MeV, while a spin zero resonanc
with mass 1771 MeV is claimed in another reacti
p2s23 GeVyc2dp ! K0

s K0
s n [5]. The recent analysis

[16] of theJyc ! gp1p2p1p2 data from the MARK
© 1996 The American Physical Society 3959
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III showed the presence of both011 and 211 states in
this region. In this Letter, we present an analysis of
recentJyc ! gK1K2 data from the BES experiment
the Beijing electron-positron collider (BEPC). Our res
clearly shows the existence of both scalar and tensor s
in thefJs1710d region.

The preliminary selection of thegK1K2 events
chooses those that have two oppositely charged tra
of which the momentum is smaller than the mass
Jyc. Each charged track should have a good helix
in order to ensure a correct corresponding error ma
in the kinematic fit. Moreover, more than one phot
per event is allowed to consider the possible existenc
the fake photons which come from the interactions of
charged tracks with the shower counter or from electro
noise in the shower counter. The following selecti
criteria are used to remove the Bhabha events: (i)
opening angle of the two tracks satisfiesuop , 175±.
(ii) The energy deposit of each track in barrel show
counter (BSC) satisfiesEsc , 1.0 GeV. (iii) The angle
between each track and theZ direction (positron beam
direction) satisfiesj cosuj , 0.7. If the two charged
tracks are accollinear and the muon counter is hit,
event is rejected as agm1m2 event. It is required tha
the kinematic variablejUj  jEmiss 2 jPmissjj , 0.1,
whereEmiss andPmiss are the missing energy and missin
momentum of all charged particles, respectively, a
they are calculated by assuming two charged parti
as a K1K2 pair. This requirement can remove mo
background contributions from the events having m
tipion or other neutral particles. Another important c
P2

tg ; 4jPmissj
2 sin2sumgy2d , 0.0035 GeV2 is used

to eliminate background photons, whereumg is the
angle between the missing momentum and the pho
direction. The 4-C kinematic fits are performed b
assuming the final state as agp1p2 or a gK1K2

separately for each event, and the event is exclude
x

2
gp1p2 , x

2
gK1K2. Thus, after all these cuts, the bac

ground from following reactions is greatly removed: (

FIG. 1. Mass distribution forJyc ! gK1K2.
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Jyc ! Kp6K7, (2) Jyc ! r6p7, (3) Jyc ! r0p0,
(4) Jyc ! gf2s1270d, and (5)Jyc ! ghs1440d. The
Monte Carlo simulations indicate that the efficiencies
these reactions are 3.3%, 0.7%, 0.02%, 0.2%, and 0.0
respectively. Furthermore, most events withKp6K7

and r6p7 final states are distributed on a high ma
region (.2 GeV). TheK1K2 invariant mass spectrum
is shown in Fig. 1, wherein the resonance structure in
1.5 and 1.7 GeV regions is clearly seen.

For the processJyc ! VXsX ! PP̄d, the moment is
defined as

Tr 
Z

W suV , VdRe

3 fDj
0,2ms0, uV , 0dDl p

m,0 sVdgd cosuV dV , (1)

where W suV , Vd is the angular distribution,r denotes
s j, l, md, and P represents a pseudoscalar particle. T
measured moment is

N 0
m 

X
events

RefDj
0,2ms0, uV , 0d ? Dl

m,0
psVdg , (2)

and the correlation matrix ofN 0
m is

Omn 
X

events
RefDj0

0,2m0s0, uV , 0dDl0

m0,0
psVdg

? RefDj
0,2ms0, uV , 0dDl

m,0
psVdg , (3)

wherem andn denote the indicess j0, l0, m0d ands j, l, md,
respectively.

The efficiency-corrected measured can be expresse

N  C21N 0 (4)

or

Nm 
X
n

C21
mnN 0

n . (5)

The quantity C in Eqs. (4) and (5) is the efficienc
correction matrix,

Cmn 
1

Ng

NaX
i1

RefDj0

0,2m0s0, uV , 0dDl0

m0,0
psVdg

? s2 2 dm0dRefDj
0,2ms0, uV , 0dDl

m,0
psVdg , (6)

The covariance matrix ofN is

V  C21OsC21dT , (7)

where Na is the events number accepted by dete
after the events selection, andNg is the events numbe
generated in Monte Carlo simulation.

Previous work by BES at BEPC [17] indicates th
there exists a spin 0 and a spin 2 component in
mass region offJs1710d. The higher spin componen
are excluded as the results from perturbative quan
chromodynamics [18] show that the contributions fro
the high spin s.2d components are very small. Th
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FIG. 2. The helicity amplitudes versus invariant massK1K2.

theoretical moments of radiative decayJyc ! gXsX 2

PPd, Tr ; T s j, l, md with 011 and211 components can
be written as [19]

T s000d , 8fsA2
10 1 A2

11 1 A2
12d 1 B2

10g , (8)

Ts200d ,
4
5

fsA2
10 2 2A2

11 1 A2
12d 1 B2

10g , (9)

T s020d , 8

∑
1
7

s2A2
10 1 A2

11 2 2A2
12d

1
1

p
5

A10B10g

∏
, (10)

Ts220d ,
8
5

∑
1
7

sA2
10 2 A2

11 2 2A2
12d

1
1

2
p

5
A10B10g

∏
, (11)

Ts221d ,
4
5

∑
1
7

s
p

3A10A11 2 23
p

2A11A12d

1

p
3

2
p

5
A11B10g

∏
, (12)
FIG. 3. The separated011 from fJ s1710d.

Ts222d ,
4
p

6
5

∑
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2
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1

2
p

5
A12B10g

∏
, (13)

T s040d ,
8

21
s6A2
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11 1 A2

12d , (14)

T s240d ,
4

105
s6A2
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4

105
s3

p
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T s242d ,
4
p

10
35

A10A12 , (17)

whereB10 is the helicity amplitude for011 component,
A10, A11, and A12 are those for211, and g ; 2 cosf

represents the interference between011 and211.
The objective function is defined as

L2  sN 2 T dV 21sN 2 Td , (18)

and the standard Minuit Program in CERN LIBRAR
is used to minimizeL2. The invariant mass spectru
K1K2 (from 1.44–1.86 GeVyc2) is divided into 14 bins

FIG. 4. The separated211 from fJ s1710d.
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TABLE I. The masses, widths, and branching ratios ofX011 andX211 .

Spin Mass (MeV) Width (MeV) BsJyc ! gXd sX ! K1K2d s1024d

011 1781 6 8110
231 85 6 24122

219 0.8 6 0.110.3
20.1

211 1696 6 519
234 103 6 18130

211 2.5 6 0.410.9
20.4

f 0
2s1525d 1516 6 519

215 60 6 23113
220 1.6 6 0.210.6
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with a 30 MeV bin width in order to ensure both hig
statistics in each bin and a small enough mass interval
performing a moment analysis. The helicity paramet
are obtained for each bin, respectively, by minimizing t
L2, in which g ; 2 cosf ranges from22 to 2. The
helicity amplitudesB10, A10, . . . from above fits are shown
in Fig. 2. There are multisolution problem for some bin
and we resolve this by finding all possible solutions f
the bin and choosing the one that has the smallestL2 and
small errors of helicity amplitudes.

The contributions to thegK1K2 mass spectrum from
011 and 211 components are shown in Figs. 3 an
4, respectively, which are renormalized to the observ
mass spectrum. Thef 0

2s1525d is well reproduced in
Fig. 4, and a second211 resonanceX211 appears in the
lower part of thefJ s1710d mass region. Figure 3 show
the presence of a011 resonanceX011 in the higher
part of fJs1710d mass region, and it accounts for 30
of fJ s1710d with nearly 10% uncertainty. The masse
widths, and branching ratios of011 and 211 are given
in Table I, in which the errors come from the Brei
Wigner fit and the uncertainties of the background sha
and the bin widths, respectively. The branching rat
are estimated by using the acceptance efficiency fr
Monte Carlo simulation and the fit of the spectra of the
resonances.

The hadronic decayJyc ! vK1K2 is also useful
to study the identification of thefJs1710d because the
f 0

2s1525d in this channel is below the threshold. It
expected that this can be carried out with the upgrad
BES and moreJyc events in the near future.

In summary, a scalar and a tensor are separated from
broad resonance around 1.7 GeV. The scalarX011 s1780d
in the fJ s1710d mass region is clearly established in o
analysis. Further investigation on the other channels, s
as Jyc ! g4p and theJyc ! gpp will be helpful to
understand the nature of the scalar and tensor.
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