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Abstract We reported the observation of Y(2175) in φf0(980) mass spectrum in J/ψ → ηφf0(980) with

f0(980)→π+π− and the observation of a broad 1−− resonance of K+K− mass in J/ψ→K+K−π0. The results

from the partial wave analyses of J/ψ→γπ+π− and γπ0π0, as well as J/ψ→pK−Λ̄ are also presented.
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1 Introduction

QCD predicts the existence of the multi-quark

states, qq̄-gluon hybrids and glueballs. These states

have been searched for many years by some exper-

iments. However, none of them is well established

after all the efforts. The 5.8×107 J/ψ data sample,

accumulated with BES detector, provides a good lab-

oratory for the search of non-qq̄ states and study of

light hadron spectroscopy.

2 Observation of Y(2175) in J/ψ →

ηφf0(980)

A new 1−− structure, denoted as Y(2175) and

with mass m = 2.175±0.010±0.015 GeV/c2 and width

Γ = 58±16±20 MeV/c2, was observed by the BABAR

experiment in the e+e− → γISRφf0(980) initial-state

radiation(ISR) process[1, 2]. This observation stimu-

lated some theoretical speculation that this state may

be an s-quark version of the Y(4260) since both of

them are produced in e+e− annihilation and decay to

similar final states[3]. The Y(2175) has correspond-

ingly been interpreted as a ss̄g[4], a 23D1 ss̄ state[5] or

a tetraquark ss̄ss̄ state[6]. As of now, none of these

interpretations have either been established or ruled

out by experiment.

With a sample of 5.8 × 107 J/ψ events col-

lected with upgraded Beijing Spectrometer (BES/)

detector[7] at Beijing Electron-Positron Collider

(BEPC), the decays of J/ψ→ ηφf0(980), with η→

γγ, φ → K+K−, f0(980) → π+π− are analyzed. Af-

ter the final events selection, an η signal is evident in

the γγ invariant mass spectrum (Fig. 1(a)); η→ γγ

candidates are defined as γ-pairs with |mγγ−0.547|<

0.037 GeV/c2. A φ signal is distinct in the K+K− in-

variant mass spectrum (Fig. 1(b)) and for these can-

didates we require |mK+K− − 1.02| < 0.019 GeV/c2.

Fig. 1. (a) The γγ invariant mass spectrum.
(b) The K+K− invariant mass spectrum.
(c) The π+π− invariant mass spectrum.
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In the π+π− invariant mass spectrum, candidate

f0(980) mesons are defined by |mπ+π− − 0.980| <

0.060 GeV/c2 (Fig. 1(c)). The φf0(980) invariant

mass spectrum for the selected events is shown in

Fig. 2(a), where a clear enhancement is seen around

2.18 GeV/c2.

The Dalitz plot of m2
ηf0(980) versus m2

ηφ for the

selected events is shown in Fig. 2(b), where a diag-

onal band can be seen. This band corresponds to

the structure observed around 2.18 GeV/c2 in the

φf0(980) invariant mass spectrum shown in Fig. 1(a).

Fig. 2. (a) The φf0(980) invariant mass spec-
trum; The open histogram is data and
the shaded histogram is sideband-determined
background. (b) The Dalitz plot of m2

ηf0(980)

versus m2
ηφ.

To clarify the origin of the observed structure,

we have made extensive studies of potential back-

ground processes using both data and MC. Non-η or

non-f0(980) processes are studied with η-f0(980) mass

sideband events. Non-φ processes are studied with φ

mass sideband events. The total sideband events esti-

mated from all these sidebands (minus double count-

ing) are shown as the shaded histogram in Fig. 2(a).

No structure around 2.18 GeV/c2 is evident.

We fit the φf0(980) invariant mass spectrum and

the total sidebands simultaneously. In the fit, the

normalization for the background polynomial is con-

strained to be the same for both the signal and side-

band histograms. We use a constant-width Breit-

Wigner (BW) convolved with a Gaussian mass res-

olution function (with σ = 12 MeV/c2) to represent

the Y(2175) signal. The statistical significance of

the signal is 5.5σ. The mass and width obtained

from the fit (shown as smooth curves in Fig. 3)

are M = 2.186 ± 0.010(stat) ± 0.006(syst) GeV/c2

and Γ = 0.065 ± 0.023(stat) ± 0.017(syst) GeV/c2,

and the product branching ratio is measured to

be Br(J/ψ→ηY(2175)) · Br(Y(2175)→φf0(980)) ·

Br(f0(980)→π+π−) = (3.23±0.75(stat)±0.73(syst))×

10−4, using MC-determined selection efficiency of

1.44%. Here, the second errors are systematic errors.

The systematic uncertainties on the mass and width

are estimated by varying the function form used to

represent the background, the fitting range of the in-

variant mass spectrum, the bin width of the invari-

ant mass spectrum, allowing the sideband and signal

background normalizations to differ and possible fit-

ting biases. The latter are estimated from the differ-

ences between the input and output mass and width

values from MC studies. In addition to above system-

atic sources, the systematic error on the branching ra-

tio measurement comes also from the uncertainties of

MDC simulation (including systematic uncertainties

of the tracking efficiency and the kinematic fits), the

photon detection efficiency, the particle identification

efficiency, the η decay branching ratio to γγ and the

φ decay branching ratio to K+K−.

Fig. 3. The solid curve is the fit to the data
(points with error bars).

3 Observation of a broad 1−− resonant
structure in the K+K− mass spec-
trum in J/ψ→K+K−π0

A broad peak is observed at low K+K− invariant

mass in J/ψ→ K+K−π0 decays, detailed analysis is

described in Ref. [8].

The Dalitz plot for the selected 10631 events is

shown in Fig. 4(b), where a broad K+K− band is evi-

dent in addition to the K∗(892) and K∗(1410) signals.

This band corresponds to the broad peak observed

around 1.5 GeV/c2 in the K+K− invariant mass pro-

jection shown in Fig. 4(c).

A partial wave analysis shows that the JPC of this

structure is 1−−. Its pole position is determined to be

(1576+49
−55

+98
−91) MeV/c2 - i(409+11

−12
+32
−67) MeV/c2, and the

branching ratio is B(J/ψ→ Xπ0) ·B (X → K+K−)=
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(8.5±0.6+2.7
−3.6)×10−4, where the first errors are statis-

tical and the second are systematic. These parame-

ters are not compatible with any known meson reso-

nances.

Fig. 4. (a) The γγ invariant mass distribu-
tion. (b) The Dalitz plot for K+K−π0 can-
didate events. (c) The K+K− invariant mass
distribution for K+K−π0 candidate events;
the solid histogram is data and the shaded
histogram is the background (normalized to
data). (d) The K+K− invariant mass distri-
bution for the π0 mass sideband events (not
normalized).

To understand the nature of the broad 1−− peak,

it is important to search for a similar structure in

J/ψ→KSK
±π∓ decays to determine its isospin. It is

also intriguing to search for K∗K,KKπ decay modes.

In the mass region of the X, there are several other

1−− states, such as the ρ(1450) and ρ(1700), but the

width of the X is much broader than the widths of

these other mesons. This may be an indication that

the X has a different nature than these other mesons.

For example, very broad widths are expected for mul-

tiquark states.

4 Partial wave analysis (PWA) of
J/ψ→γπ+π− and γπ0π0

BES reported the results on J/ψ radiative decays

to π+π− and π0π0 based on a sample of 58 M J/ψ

events taken with the BES/ detector[9]. Fig. 5 shows

the π+π− mass spectrum for the selected events, to-

gether with the corresponding background distribu-

tions and the Dalitz plot. There is a strong ρ0(770)

peak mainly due to background from J/ψ → ρ0π0.

A strong f2(1270) signal, a shoulder on the high mass

side of the f2(1270), an enhancement at ∼1.7 GeV/c2,

and a peak at ∼2.1 GeV/c2 are clearly visible. The

lightly shaded histogram in Fig. 5 corresponds to the

dominant background J/ψ → π+π−π0. The other

backgrounds are shown as the dark shaded histogram

in Fig. 5. Fig. 6 shows the π0π0 mass spectrum and

the Dalitz plot. The shaded histogram corresponds to

the sum of estimated backgrounds determined using

PDG branching ratios[10]. In general, the π+π− and

π0π0 mass spectra exhibit similar structures above

1.0 GeV/c2.

Fig. 5. Invariant mass spectrum of π+π− and
the Dalitz plot for J/ψ→ γπ+π−, where the
lightly and dark shaded histograms in the up-
per panel correspond to J/ψ→ π+π−π0 and
other estimated backgrounds, respectively.

Fig. 6. Invariant mass spectrum of π0π0 and
the Dalitz plot for J/ψ → γπ0π0, where the
shaded histogram in the upper panel corre-
sponds to the estimated backgrounds.

Partial wave analyses (PWA) are carried out us-

ing the relativistic covariant tensor amplitude method

in the 1.0 to 2.3 GeV/c2 ππ mass range. There are

conspicuous peaks due to the f2(1270) and two 0++

states in the 1.45 and 1.75 GeV/c2 mass regions. The

first 0++ state has a mass of 1466±6±20 MeV/c2, a

width of 108+14
−11±25 MeV/c2, and a branching frac-

tion B(J/ψ→ γf0(1500) → γπ+π−) = (0.67± 0.02±

0.30)×10−4, which is considered as f0(1500). Spin 0

is strongly preferred over spin 2.

5 Observation of K−Λ̄ mass threshold
enhancement in J/ψ→pK−Λ̄

The Dalitz plot for J/ψ→ pK−Λ̄ events is shown

in Fig. 7. In addition to bands for the well estab-

lished Λ∗(1520), Λ∗(1690) and a pΛ̄ mass enhance-

ment, isolated from the Λ∗ and N∗ bands, in the
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right-upper part of the Dalitz plot, there is a signif-

icant N∗ band near the K−Λ̄ mass threshold. Fig. 8

shows the invariant mass spectrum of K−Λ̄. We

have performed very preliminary partial wave anal-

ysis (PWA) and obtained the mass of this threshold

structure N∗
X in the range of 1500 to 1650 MeV/c2,

the width about 70 to 110 MeV/c2 and the spin-parity

favoring 1/2−. In particular, it has a braching ratio

B(J/ψ→ pN∗
X)B(N∗

X → K−Λ̄) larger than 2× 10−4.

Considering the mass of N∗
X is below or very close to

K−Λ̄ threshold, i.e., the phase space producing K−Λ̄

final state is very small, the large branching ratio to

K−Λ̄ indicates N∗
X has very strong coupling to K−Λ̄,

suggesting that it could be the K−Λ̄ resonant state

predicted by chiral SU(3) quark model[11].

Fig. 7. The Dalitz plot for J/ψ→pK−Λ̄.

Fig. 8. The K−Λ̄ invariant mass spectrum in
J/ψ→ pK−Λ̄.

6 Summary

With BESII 5.8 × 107J/ψ data, the Y(2175)

is observed in φf0(980) mass spectrum in J/ψ →

ηφf0(980), with the statistical significance of around

5σ. The measured mass and width are consistent

with those of from BABAR. A broad 1−− resonance

of K+K− mass in J/ψ→ K+K−π0, a K−Λ̄ enhance-

ment in J/ψ→ pK−Λ̄ and the results from the partial

wave analysis of J/ψ → γπ+π− and γπ0π0 are also

presented.
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