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The BES data on the J/ψ → ηK∗0K̄∗0 reaction show a clear enhancement in the K∗0K̄∗0 mass
distribution close to the threshold of this channel. Such an enhancement is usually a signature of
a resonance around threshold, which in this case would correspond to an h1 state with quantum
numbers IG(JPC) = 0−(1+−). This state around 1800 MeV is studied from the interaction of the
K∗0K̄∗0 in J/ψ →ηK∗0K̄∗0 decay, confirming the relationship of the enhancement in the invariant
mass spectrum with the h1 resonance. The role of f1(1285) resonance in the J/ψ → φ K̄K∗ and
J/ψ → φ f1(1285) decays are also investigated. The theoretical approach is based on the results
of chiral unitary theory where the f1(1285) resonance is dynamically generated from the K̄K∗

interaction. In order to further test the dynamical nature of the f1(1285) state, we investigate the
J/ψ → φ K̄K∗ decay close to the K̄K∗ threshold and make predictions for the ratio of the invariant
mass distributions of the J/ψ → φ K̄K∗ decay and the J/ψ → φ f1(1285) partial decay width with
all the parameters of the mechanism fixed in previous studies. The results can be tested in future
experiments and therefore offer new clues on the nature of the h1(1800) and f1(1285) states.
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1. Introduction

Since the J/ψ and the η mesons have quantum numbers IG(JPC) = 0−(1−−) and 0+(0−+),
respectively, the decay J/ψ → ηK∗0K̄∗0 constitutes the ideal reaction to look for an h1 state, with
quantum numbers 0−(1+−). However, both on the theoretical and experimental sides, the study of
h1 states above 1.5 GeV is very scarce [1]. In Refs. [2, 3], the vector-vector interaction generates
resonances in different strangeness-isospin-spin channels. In the 0−(1+−) sector, a resonance was
found with mass and width around 1800 and 80 MeV, respectively, which is dynamically generated
from the interaction of K∗ and K̄∗. This state cannot couple to other vector–vector or pseudoscalar–
pseudoscalar channels, which makes its observation difficult. Furthermore, this state cannot be
clearly identified with any of the h1 states listed in the PDG [1], and it is not found in Ref. [4]. A
different dynamical approach to the vector-vector interactions is provided in [5], using a massive
Yang-Mills field theoretical framework. On the experimental side, the BES results [6] shows an
enhancement in the invariant mass spectrum of the K∗0K̄∗0 around 1850 MeV, which might hint to
a sizeable contribution from an h1 state strongly coupling to the K∗0K̄∗0 channel.

The f1(1285) resonance with quantum numbers 0+(1++) is an axial-vector state, which is
described as a qq̄ state [7, 8, 9, 10, 11, 12]. On the other hand, the f1(1285) is also suggested
to be a dynamically generated state from the single channel K̄K∗ interaction in the chiral uni-
tary approach [13]. Because f1(1285) resonance has positive G parity, it cannot couple to other
pseudoscalar–vector channels and two pseudoscalar mesons. Thus, since f1(1285) is located be-
low the K̄K∗ mass threshold, its observation is difficult in two body decays. Indeed, the main
decay channels of the f1(1285) are 4π (branching ratio = 33%), ηππ (52%), and πK̄K (9%). In
Refs. [14, 15], the decays of f1(1285)→ ηπ0π0 and f1(1285)→ πKK̄ were studied using the K̄K∗

picture of the f1(1285). The theoretical predictions are compatible with the experimental measure-
ments. Recently, the production of f1(1285) resonance in the reaction K−p → f1(1285)Λ within
an effective Lagrangian approach was studied in Ref. [16] based on the results obtained in chiral
unitary theory. The theoretical calculations are also in agreement with the experimental data.

On the experimental side, in Refs. [17, 18], the decay of J/ψ → φ f1(1285) was studied from
the J/ψ → φ2(π+π−) and J/ψ → φηπ+π− decays by the DM2 Collaboration, while in Ref. [19],
the branching fraction of J/ψ → φ K̄K∗ was measured from the decay of J/ψ → φKK̄π by the BES
Collaboration. Because the J/ψ and the φ mesons have quantum numbers 0−(1−−) and 0−(1−−),
respectively, the decay J/ψ → φ K̄K∗ constitutes the ideal reaction to look for the f1(1285) state,
with quantum numbers 0+(1++), coupling to an s wave K̄K∗ pair. However, since the f1(1285) is
located below the K̄K∗ threshold, it will contribute to the region close to the threshold of K̄K∗.

2. The decay of J/ψ → ηK∗0K̄∗0

The decay mechanism is shown in Fig. 1. We assume that, the bare production vertex for
J/ψ → ηK∗0K̄∗0, is of a short range nature, i.e., just a coupling constant in the field theory lan-
guage. Then we can easily get the K∗0K̄∗0 invariant mass spectrum for the J/ψ →ηK∗0K̄∗0 as [20]:

dΓ
dMinv

=
C

v(M2
inv)

p1 p̃2

MJ/ψ
t(M2

inv), (2.1)
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Figure 1: Diagrammatic representation of the J/ψ → ηK∗0K̄∗0 decay.

with C a global constant factor which will be fitted to the data. The t and v stand for the K∗K̄∗→
K∗K̄∗ scattering amplitude and transition potential, respectively, which depend on the invariant
mass, Minv of K∗K̄∗ system. And p1 is the η momentum in the J/ψ rest frame, while p̃2 is the
convolution with the mass distribution of the two K∗0, of the momentum of K∗0 in the center mass
frame of K∗0 and K̄∗0 system (see more details in Ref. [21]).

There are two free parameters for calculating the K∗0K̄∗0 invariant mass spectrum. In model
A, one is the global constant C. The other one is the subtraction constant a(µ), which determines
the amplitude t. We find a good agreement with the data [6] using the natural range −1.0 <

a(µ) < −0.6. In addition, we consider a constant potential v (model B), fitted to reproduce the
data. A constant potential is acceptable here given the small range of Minv considered in this work,
and would render our analysis more model independent. By considering a constant potential, the
subtraction constant a(µ) is no longer a free parameter, and we fix a(µ) =−0.8 in this case. Then,
we have two free parameters need to be determined: the global constant C, and the potential v itself.
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Figure 2: The K∗0K̄∗0 invariant mass spectrum of J/ψ → ηK∗0K̄∗0 decay.

In both approaches, the free parameters are fitted by means of a χ2 function to reproduce the
K∗0K̄∗0 invariant mass spectrum data of the BES Collaboration, shown in Fig. 2, where the blue
short-dashed curve represents the spectrum obtained with the fitted parameters of model B. One
can see that the reproduction of the data is good. We stress that this approach is rather model
independent, since we do not assume any underlying model for the transition potential v, but take
it to be a constant. For model A, the results are shown in Fig. 2 with solid, long-dashed, and dot-
dashed lines, with three different values of the subtraction constant, a(µ) =−1.0, −0.8 and −0.6,
respectively. It is also clear that the reproduction of the data is also good. Finally, the (green)
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dotted line, and the associated error band (dark green) is the prediction for phase space alone. It is
find that the inclusion of an h1 state, generated dynamically from the K∗K̄∗ interaction, is crucial
to achieve a fairly good description of the BES data. The phase space alone clearly does not follow
the trend of the data. But one observes that below 1.93 GeV almost every datum is above the phase
space band, while they are mostly below for energies above that one.

3. The decay of J/ψ → φ K̄K∗

For J/ψ → φ K̄K∗, the decay mechanism is similar as the case of J/ψ → ηK∗0K̄∗0 as shown
in Fig. 1, replacing η with φ and K̄∗0 with K̄. With the scattering amplitude t and the transition po-
tential v for K̄K∗→ K̄K∗, we depend on the invariant mass, Minv, of K̄ and K∗, the decay amplitude
for J/ψ → φ K̄K∗ is given by

TJ/ψ→φ K̄K∗ = VPCs
[
1+G(M2

inv)t(M
2
inv)

]
= VPCs

t(Minv)
v(Minv)

, (3.1)

with VP a constant and Cs is the spin structure: Cs = εi jkεi(J/ψ)ε j(φ)εk(K∗). Then, we can easily
get the K̄K∗ invariant mass spectrum for the J/ψ → φ K̄K∗ as [20, 21, 22]:

dΓJ/ψ→φ K̄K∗

dMinv
=

V 2
p

(2π)3
Minv

8M3
J/ψ

t(Minv)
v(Minv)

∫ Mmax
φ K̄

Mmin
φ K̄

∑∑C2
s Mφ K̄dMφ K̄ . (3.2)

For a given value of Minv, the range of Mφ K̄ can be easily obtained as explicitly shown in Ref. [23].

J/ψ

φ

K̄

K∗

f1(1285)

Figure 3: Production mechanism of the J/ψ → φ f1(1285) decay.

If we are interested in the production of the f1(1285) resonance, the relevant mechanism is
depicted diagrammatically in Fig. 3. Then, the partial decay width of J/ψ → φ f1(1285) is

ΓJ/ψ→φ f1(1285) =
V 2

P

8π
G2(M f1)g

2
f1

p′φ
M2

J/ψ
∑∑C′s

2
. (3.3)

where the spin factor C′s is now C′s = εi jkεi(J/ψ)ε j(φ)εk( f1). The g f1 = 7555 MeV is the coupling
constant of the f1(1285) to the K̄K∗ channel.

The chiral theory cannot provide the value of the constant VP in Eqs. 3.2 and 3.3, however,
if we divide dΓ/dMinv by ΓJ/ψ→φ f1(1285) the constant VP is cancelled, and we can make precise

predictions for the ratio RΓ =
dΓJ/ψ→φ K̄K∗/dMinv

ΓJ/ψ→φ f1(1285)
. This ratio is relevant because it has no free parame-

ters (all the parameters are fixed by previous works) and, thus, it is a prediction of the theory. The
shape, as well as the absolute values of the ratio RΓ for the K̄K∗ mass distribution, can be compared
with the experimental measurements.
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Figure 4: Results of RΓ as a function of invariant mass Minv of K̄K∗.

In Fig. 4, we show the theoretical results for RΓ as a function of Minv. The solid curve stands
for the theory prediction and the dotted curve stands for the phase space. For evaluating the con-
tributions of the phase space, we replace t(Minv)/v(Minv) of Eq. 3.1 by a constant, thus removing
any effect of the Minv dependence of the f1(1285) resonance. Then we tune this constant such that
the Minv integrated RΓ in the range of energies from the K̄K∗ threshold to 1.7 GeV is the same as
the one evaluated with the explicit resonance formalism. We see a clear threshold enhancement
in Fig. 4 which is caused by the contributions of the f1(1285) state below threshold, which is dy-
namically generated by the K̄K∗ interaction. Actually, the range of the invariant mass of K̄K∗ in
the decay of J/ψ → φ K̄K∗ is from the threshold of K̄K∗ up to 2.077 GeV, however, we cannot
go so far because the chiral theory works well about 200− 300 MeV from the threshold, hence
we consider only the range of 300 MeV above the K̄K∗ threshold as shown in Fig. 4. The future
experimental observation of the mass distribution RΓ would provide very valuable information on
the mechanism of the J/ψ → φ K̄K∗ decay.

4. Summary

In summary, we have studied the J/ψ → ηK∗0K̄∗0, → φ K̄K∗ and → φ f1(1285) with the
aim of determining the existence of an h1 state and the nature of f1(1285). By using a constant
potential and a local hidden gauge potential for the K∗K̄∗ → K∗K̄∗ transition, we calculate the
K∗0K̄∗0 invariant mass spectrum. By fitting our results to the BES experimental data, we find that
these can be fairly described by including the contributions from an h1 state. The mass and width
of this h1 state are around Mh1 = 1830±20 MeV and Γh1 = 110±10 MeV, respectively.

For the J/ψ → φ K̄K∗ and J/ψ → φ f1(1285) decays, we calculate the ratio RΓ as a function
of invariant mass Minv of K̄K∗. A clear threshold enhancement in Fig. 4 compared with the phase
space appears, which is caused by the presence of the f1(1285) state below threshold. The experi-
mental observation of this mass distribution would then provide very valuable information to check
our predictions and the basic nature of the f1(1285) resonance.
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