Eur. Phys. J. A 31, 461-464 (2007)
DOI 10.1140/epja/i2006-10205-7

THE EUROPEAN
PHYSICAL JOURNAL A

Special Article — QNP 2006

The study of light scalar mesons at BESII

Liao Hongbo?
For the BES Collaboration

Institute of High Energy Physics, CAS, Beijing 100049, China

Received: 25 October 2006

Published online: 28 February 2007 — © Societa Italiana di Fisica / Springer-Verlag 2007

Abstract. The production of ¢ and « in J/¢ decays is presented using 58 million J/v events collected
at BES II detector. We also report the study of the light scalar mesons fo(980), fo(1370), fo(1500) and

fo(1710) etc. in J/v decays.

PACS. 12.39.Mk Glueball and nonstandard multi-quark/gluon states — 13.25.Gv Decays of J/v, T, and

other quarkonia — 14.40.-n Mesons

1 Introduction

Since the discovery of the J/¢ at Brookhaven [1] and
SLAC [2] in 1974, more than one hundred exclusive de-
cay modes of the J/i¢ have been reported. The J/¢ de-
cays provide an excellent source of events to study light-
hadron spectroscopy and search for glueballs, hybrids, and
exotic states. Recently, 5.8 x 107 J/1 events have been
obtained with the upgraded Beijing Spectrometer (BE-
SIT) [3]. Many important results on study of the light
scalar mesons and the measurements of J/¢ decays are
performed based on this data sample.

2 Study of scalar mesons
210inJ/¢p —» wrnta™

In J/¢p — wrtn™, there are conspicuous wf2(1270) and
b1 (1235)7 signals. At low w7 mass, a large and broad peak
due to the o is observed.

Figure 1 shows the 777~ invariant mass distribution
from J/v¢ — wrt 7. Partial-wave analyses have been per-
formed on this channel using two methods and different
parametrization of o are applied [4].

Different analysis methods and different parameteri-
zations of the o amplitude give consistent results for the
o pole. The average pole position is determined to be
(541 £ 39) — (252 £ 42) MeV/c%.

22kinJ/p > KTK—ntm~

We find evidence for the & in the process J/¢p —
K*(890)k, k — (Km)gs. We select a KTm~ pair in the
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Fig. 1. The 777~ invariant-mass distribution from J/v —

wrtm™  (crosses). The upper full histogram shows the

maximum-likelihood fit, the lower full histogram corresponds
to the background estimated from w sidebands, and the dashed
histogram shows the ¢ contribution.
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Fig. 2. KTn~ combinations are selected in the mass range

892 + 100 MeV/c® from J/¢p — KTK~ 7t~ data. The figure
shows the invariant-mass distribution of accompanying K~ 7"
pairs (crosses). The upper full histogram shows the maximum-
likelihood fit, the lower one shows the x contribution.
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Fig. 3. The 777~ invariant-mass distribution from J/¢) —
¢t (crosses). The full histogram shows the maximum-
likelihood fit and the shaded histogram the background es-
timated from ¢ sidebands.
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Fig. 4. The K™K~ invariant-mass distribution from .J/¢ —
¢KT K~ (crosses). The full histogram shows the maximum-
likelihood fit and the shaded histogram the background esti-
mated from ¢ sidebands.

K* mass range 892 + 100 MeV/c?; fig. 2 then shows the
projection of the mass of the other K ~7t pair.

Two independent PWA analyses have been performed.
Both favor strongly the fact that the low mass enhance-
ment of the K77~ system is a resonance. The 0T res-
onances k is highly necessary in both fits. The aver-

age values of pole position for k is determined to be
(841 £ 7873%) —i(309 £+ 91728) MeV /c? [5].

2.3 Study of J/¢yp — ¢t~ and J /¢ — pKTK—

Figures 3 and 4 show the 777~ and K+ K ~ invariant mass
distribution from J/¢ — ¢ntr~ and J/¢p — ¢KTK™,
respectively. In figs. 3 and 4, the shaded histogram corre-
sponds to the background estimated from ¢ sidebands.

The ¢rtn~ and ¢KTK~ data are fitted simultane-
ously by using partial-wave analysis [6], constraining res-
onance masses and widths to be the same in both sets
of data. The full histogram in figs. 3 and 4 show the
maximum-likelihood fit.

The f5(980) is observed clearly in both sets of data.
The Flatté form

o 1
M? — 5 — Z.(glpmr + g2pKf()

(1)
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Fig. 5. The KTK~ invariant-mass distribution from J/¢ —
wKTK~ (crosses). The full histogram shows the maximum-

likelihood fit and the shaded histogram the background esti-
mated from w sidebands.

has been used to fit the fo(980) amplitude. Here p is
the Lorentz invariant phase space, 2k/+/s, where k refers
to 7 or K momentum in the rest frame of the reso-
nance. The present data offer the opportunity to deter-
mine the parameters of f,(980) accurately: M = 0.965 +
0.008(stat) £0.006(sys) GeV /c?, g = 0.165+0.010(stat) £
0.015(sys) GeV/c?, g2 /g1 = 4.21 £ 0.25(stat) £ 0.21(sys).

The ¢mm data also exhibit a strong peak centred at
M = 1335MeV/c?. Tt may be fitted with f>(1270) and a
dominant 0% signal made from fo(1370) interfering with
a smaller f(1500) component. There is definite evidence
that the fo(1370) signal is resonant, from interference with
f2(1270). The mass and width of f5(1370) are determined
to be: M = 1350 £ 50 MeV/c? and I" = 265 4+ 40 MeV/c?.

There is also a definite signal from fu(1790) — w7~
with M = 1790130 MeV/c?, I = 270750 MeV/c?. Tt can-
not arise from fo(1710), since the branching fraction ratio
KK /rm for fo(1790) is a factor 14 lower than that re-
ported in ref. [4] for fo(1710). The large discrepancy in
branching fractions implies the existence of two distinct
states fo(1790) and fp(1710), the fo(1790) decaying dom-
inantly to 7 and the f5(1710) dominantly to K K. The
fo(1790) is a natural candidate for the radial excitation of
f0(1370) and behaves like f5(1370).

For ¢ KT K~ data, there is a conspicuous peak due
to f4(1525), but there is a shoulder on its upper side.
This shoulder is fitted mostly by fo(1710) interfering with
fo(1500); there is also a possible small contribution from
f0(1790) interfering with fo(1500).

2.4 Study of J/¢p — wKTK~

Figure 5 shows the K™K~ invariant-mass distribution
from J/¢) - wKTK~. The shaded area indicates back-
ground events from the sideband estimation. A partial-
wave analysis has been performed [7], the full histogram
in fig. 5 shows the maximum-likelihood fit.

A dominant feature of J/1yp — wK+TK ™ is fy(1710),
the present data are consistent with earlier studies which
identify J = 0. The fitted fo(1710) optimises at M =
1738 £30MeV/c?, I' = 125 £ 20 MeV /2.
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Fig. 6. Left: the #7n~ invariant-mass distribution from
J/yp — ~mtn~ (crosses). The full histogram shows the
maximum-likelihood fit and the shaded histogram corresponds
to the 777 7 background. Right: the 7%z invariant-mass
distribution from J/¢ — yx°x°. The crosses are data, the full
histogram shows the maximum-likelihood fit, and the shaded
histogram corresponds to the background.

In J/¢p — wrtn~ [4], there is no definite evidence for
the presence of fo(1710); if its mass is scanned, there is
no optimum around 1710 MeV/c?, and the fitted fo(1710)
is only 0.43 4+ 0.21% of wn 7. In the wK ™K~ data pre-
sented here, the fo(1710) intensity is (38 +6)% of the data
within the same acceptance as for wnTn~. The branch-
ing fraction for J/¢ — wfo(1710), fo(1710) - KT K~ is
(6.6 £1.3) x 10~*. We find at the 95% confidence level

BR(fo(1710) — 7mr)
BR(fo(1710) — KK)

<0.11, (2)

where all charge states for decay are taken into account.

2.5 Study of J/¢p — vynw

Figure 6 shows the 77~ and 7%7° invariant-mass dis-

tribution from J/¢p — yrtr~ and J/¢p — yn070. A
partial-wave analysis is carried out in the 1.0-2.3 MeV/c?
7 mass range [8]. There are two 07T states at ~ 1.45
and 1.75GeV/c?, respectively. One 0T+ state peaks
at a mass of 1466 + 6 = 20MeV/c? with a width of
108111 4+ 25MeV/c?, which is approximately consistent
with fp(1500). However, due to the large interference
between S-wave states, a possibility contribution from
f0(1370) cannot be excluded. The mass and width of an-
other 0t+ state is 176573 + 13MeV/c? and 145 + 8 +
69 MeV /c?, respectively.

A strong production of the fo(1710) signal was ob-
served in the PWA of J/¢ — yKK [9], with a mass of
1765 £ 4752 MeV/c? and a width of 16675115 MeV /c2.
If the 0+ state at ~ 1.75GeV/c? observed here is in-
terpreted as coming from f((1710), we obtain the 77 to

KK branching ratio as % = 0.417011. This

value is slightly higher than in wr 7~ and wK* K~ [7,10].
Hence, an alternative interpretation for this 0+ state is
the fo(1790). This 0T+ state may also be a superposition
of fo(1710) and f(1790).
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Fig. 7. Left: the K™K nTn #° invariant-mass distribution
for the J/¢ — yw¢ candidate events. The dashed curve in-
dicates the acceptance varying with the w¢ invariant mass.
Right: Dalitz plot.
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Fig. 8. Left: the 2(n" 7~ 7°) invariant-mass distribution for
candidate events. The dashed curve is the phase space invariant
mass distribution, and the dotted curve shows the acceptance
versus the ww invariant mass. Right: the 2(x 7~ x°) invariant
mass of the inclusive Monte Carlo sample (shaded histogram).

2.6 0t states in J/¢p — yw¢ and J/9p — yww

The left panel of fig. 7 shows the K+ K~nt 7~ 7% invariant-
mass distribution for the J/1¢ — ~yw¢ candidate events.
The dashed curve indicates the acceptance varying with
the w¢ invariant mass. The right panel is the Dalitz
plot. The detailed analysis of J/¢ — ~yw¢ is described
in ref. [11]. The decay modes of w — wtzr~7° and
¢ — KTK™ are used in the analysis.

The significance of the w¢ threshold enhancement is
more than 100. From a partial-wave analysis with covari-
ant helicity coupling amplitudes, the spin-parity of the
X = 07" with an S-wave w¢ system is favored. The
mass and width of the enhancement are determined to
be M = 1812F1% (stat) + 18 (syst)MeV/c?> and I' =
105 £+ 20 (stat) + 28 (syst) MeV/c?, and the product
branching fraction is B(J/¢ — ~vX) - B(X — w¢) =
(2.61 £ 0.27 (stat) £ 0.65 (syst)) x 10~ %. The mass and
width of this state are not compatible with any known
scalars listed in the Particle Data Group (PDG) [10]. It
could be an unconventional state [12-16]. However, more
statistics and further studies are needed to clarify this.
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In the left of fig. 8, it is the 2(7 "7~ 7°) invariant-mass
distribution for J/¢ — yww (w — 777~ 7%) candidate
events. The dashed curve is the phase space invariant-
mass distribution, and the dotted curve shows the ac-
ceptance wersus the ww invariant mass. The right one
is 2(n 7~ 70) invariant mass too, the shaded histogram
is the inclusive Monte Carlo sample. In our analysis
of J/9p — ~ww [17], the presence of a signal around
1.76 GeV/c? and its pseudoscalar character are confirmed,
and the mass, width, and branching fraction are measured
by partial-wave analysis.

The partial-wave analysis shows that the structure
around 1.76 GeV/c? in the ww invariant-mass spectrum
is predominantly pseudoscalar. But one 0T+ component
is needed in the fit around 1.8 GeV/c?. If we use the mass
and width of which was determined in J/¢ — yw¢, the
statistical significance of the 0T+ component is 6.5¢.

3 Summary

Based on 5.8 x 107 .J /v events accumulated at the BESII
detector, the scalar mesons have been carefully studied
with partial-wave analysis. The ¢ and & are clearly seen in
J/p — wrtr™ and J/¢p - K*Km, KT K~ 77~ respec-
tively and the corresponding pole positions are obtained.
The light scalar mesons f,(980), fo(1370), fo(1500) and
fo(1710) etc., have been studied in some J/1) decay chan-
nels. The 07" w¢ threshold enhancement in J/1 — ywe
is observed. And in J/¢p — ~ww, one 07T state is
needed around 1.8 GeV/c? in the fit of ww invariant mass
spectrum.
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