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The BES data on the J/y — nK*%K*? reaction show a clear enhancement in the K*°K*C mass
distribution close to the threshold of this channel. Such an enhancement is usually a signature of an
L = 0 resonance around threshold, which in this case would correspond to an h; state with quantum
numbers 1¢(JPC) =0~ (177). A state around 1800 MeV results from the interaction of the K*K* using
the local hidden gauge approach. We show that the peak observed in J/y — nK*°K*® naturally comes

from the creation of this hy state with mass and width around 1830 MeV and 110 MeV, respectively.
A second analysis, model independent, corroborates the first result, confirming the relationship of the
enhancement in the invariant mass spectrum with the hy resonance.

© 2013 The Authors. Published by Elsevier B.V. All rights reserved.

The decay J/¥ — nK*°K*® was measured for the first time
by the BES Collaboration [1] with the aim of searching for
the Y(2175) resonance through the decay J/v — nY(2175) —
nK*0K*0, However, no clear enhancement in the K*°K*C mass
distribution was found near 2.175 GeV. Although unknown at the
time of the experiment, it is easier to understand at present that
the Y (2175), now cataloged as ¢(2170) in the PDG [2], with quan-
tum numbers I¢(JP¢) =0~ (1), does not couple to K*®K*C. The
resonance couples strongly to the ¢ fp(980) [3], and it was found
in Refs. [4-6], using Fadeev calculations and related methods, that
it was made of a cluster of ¢ KK, with the KK highly correlated
into an fp(980). On the other hand, since the J/y and the n
mesons have quantum numbers 0~ (1~~) and 0T (0~), respec-
tively, the decay J/y — nK*OK*0 constitutes the ideal reaction to
look for an h; state, with quantum numbers 0~ (177), coupling
with an s-wave to a K*K* pair.

Both on the theoretical and experimental sides, the study of h;
states above 1.5 GeV is very scarce [2]. In Ref. [7], the work of
Ref. [8] on the pp interaction was extended to SU(3) using the
local hidden gauge formalism for vector-vector interaction and
a unitary approach in coupled channels. This interaction gener-
ates resonances in different strangeness-isospin-spin channels. In
the 0~ (1%7) sector, a resonance was found with mass and width
around 1800 and 80 MeV, respectively. This resonance is dynam-
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ically generated from the interaction of K* and K*. As shown
in Ref. [7], given its quantum numbers, it cannot couple to
other vector-vector or pseudoscalar-pseudoscalar channels, which
makes its observation difficult. In Ref. [7] (see Table 7 in this work)
the vector-vector (V' V) channels for I =0 and strangeness S =0
are K*K*, pp, ww, wg, and ¢¢. For C-parity reasons, the coupling
of hy states, with C = —1, to pp, ww, we, and ¢¢ is forbidden, and
hence K*K* remains as the only VV channel accessible. On the
other hand, the possible pseudoscalar-pseudoscalar decay chan-
nels are also blocked. Indeed, since J =1 for the hy, this requires
L =1 for the two-pseudoscalar state, which then has negative par-
ity, opposite to that of the hy. The pseudoscalar-vector channels
(like K*K, pm, ...) would be allowed, but their thresholds are far
away. They can contribute to the width through the anomalous
coupling to V'V, but have little effect in the energy of the interact-
ing VV components, and they are effectively taken into account
in the parameters of the interaction, in particular, the subtraction
constant a(u) that regularizes the meson-meson loop function G.

This hy state cannot be clearly identified with any of the hy
states listed in the PDG, and it is not found in Ref. [9] (or, rather, it
is pushed down to lower energy). Reference [9] uses different dy-
namics, based on spin-flavor SU(6) symmetry, and a regularization
of the loops which is different from the one in Ref. [8]. Both ap-
proaches share qualitatively many features, but differ somewhat
in the numerical results. A different dynamical approach to the
vector-vector interactions is provided in [10], using a massive
Yang-Mills field theoretical framework. On the experimental side,
in an analysis of pp annihilation channels done in Ref. [11], an hy
state with mass and width 1965 and 345 MeV is found, very far
from the one predicted in Ref. [7].

On the other hand, a careful inspection of the BES results in
Ref. [1], shows an enhancement in the invariant mass spectrum
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Fig. 1. Diagrammatic representation of the J/y — nK*0K* decay.

of the K*°K*® around 1850 MeV (see more details from Fig. 4
of Ref. [1]), which might hint to a sizeable contribution from an
hy state strongly coupling to the K*9K*0 channel. However, as ex-
plained above, the search of the ¢(2170) resonance was the main
aim of Ref. [1], and no attention was paid to this enhancement.

In the present work, following the formalism of Ref. [7], we
shall make a first study of the role of the h; state (which is dy-
namically generated by the K* and K* interaction) in the J/y —
nK*0K*0 decay. The decay mechanism is shown in Fig. 1. Let us
denote by Vp the bare production vertex for J/y — nK*0K*0, We
assume that this bare vertex is of a short range nature, i.e., just a
coupling constant in the field theory language. To take into account
the final state interaction of the K*K* pair (which, in the end, will
generate the hy resonance), one has to make the resummation of

. . . 2
the diagrams shown in Fig. 1. Let us also denote by t(M; ) and

v(Miznv) (where Miyy is the K*K* invariant mass) the full ampli-
tude and the bare interaction vertex, respectively, of an I =0 K*K*

pair. These are related by:
_ =L Sy S, (-1 1
t=v4+vGet=v(1+GH=1-vG) 'v=(v"'=G) , (1)

where E(Miznv) is the loop function for the K*K* pair. This func-
tion is divergent, and it can be regularized both with a cutoff
prescription or with dimensional regularization in terms of a sub-
traction constant [12]. Here we shall make use of the dimensional
regularization scheme, which introduces a subtraction constant,
a(u), where w is a regularization scale, taken here as u =1 GeV
(notice that there is only one free parameter). Moreover, since the
K* and K* have large total decay widths, they should be taken
into account. For that purpose, the G function is the loop function
for two stable particles of masses my and my, G(M2 , m3, m3), but
convoluted in the masses my and my with the mass distribution of

the two vectors, as done in Refs. [7,8]:
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The distribution is considered in the range my = mgs 4 2=,
where m} and I+ are the nominal mass and width of the K*
meson, respectively.

With all these definitions, the full amplitude l'p(Miznv) for the
process J/y¥ — nK*K* can be written, according to the diagrams

in Fig. 1, as:

ey
P_Vp(1+G(Minv)t(Minv))_VP v(MZ )’ v

mv

where the last equality follows from Eq. (1). Then we can easily
get the K*0K*0 invariant mass spectrum for the J/y — nK*0K*0
as [13]:

dr C i
= P, (5)
dMiny  [V(M: )12 My

with C a global constant factor (that absorbs the unknown ver-
tex Vp) which will be fitted to the data, and p; is the  momen-
tum in the J/v rest frame,
1/2 (g2 2 a2
b A2M3, me ME )
2Myy

, (6)

where A(x, y, z) is the Kihlen or triangle function. In Eq. (5), P2 is
the momentum of the K*° in the K*°K*® center of mass system,
but, as for the G function, we must take into account the large
width of the K* meson. That is, P, is the convolution with the
mass distribution of the two K*0 (in the range my =mg+£2 k=),
of the momentum p,, given by:

P i md)

2Miny

(7)

The K*°K*0 invariant mass spectrum, Eq. (5), depends on the
amplitude t, and the most important ingredient in this amplitude
is the K*K* — K*K* transition potential v. We will discuss two
approaches to this potential in this work. In principle, this poten-
tial is fixed from the hidden gauge unitary approach of Ref. [7].
There, it was found that:

3M2
v=<9+b(1—%>)g2, (8)
4mi.

where g =m,/2f, being m, and f the mass of the p meson and
the pion weak decay constant, respectively. The term 9g% comes
from the four vector contact term, whereas the term proportional
to b comes from the exchange of vector mesons. The constant b is
determined by the masses of the vector mesons (p, w, ¢ and K*)
and its value turns out to be b = 6.8. If one uses Eq. (8) there
are two free parameters for calculating the K*°K*? invariant mass
spectrum of Eq. (5). One is the global constant C, which does not
influence the amplitude t. The other one is the subtraction con-
stant a(u), that completely determines now the amplitude t. This
constant, in the absence of data and by similarity with other chan-
nels, was fixed in Ref. [7] to a(u) = —1.7, but this value does
not allow to obtain a good reproduction of the BES data for the
K*0K*0 invariant mass spectrum. It produces a peak that is nar-
rower and lower in mass than the bump seen in the data. Instead,
we find a good agreement with the data using the rather natural
range —1.0 < a(u) < —0.6. The second possibility is to consider
a constant potential (in contrast to the one in Eq. (8), which de-
pends on Miznv), fitted to reproduce the data. A constant potential
is acceptable here given the small range of Mj,, considered in this
work (1.7 GeV < Mj,y < 2.1 GeV), and would render our analy-
sis more model independent. By considering a constant potential,
the subtraction constant a(u) is no longer a free parameter. This
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Fig. 2. (Color online.) The K**K*® invariant mass spectrum of J/v — nK*°K*® de-
cay. The data points are taken from Ref. [1]. The different lines represent the output
of Eq. (5) for the different approaches considered in this work. The short-dashed
line and the associated error band (light blue) represent the results of the constant
potential. The (red) solid, long-dashed and dot-dashed lines represent the results
for the potential in Eq. (8) with a(u) = —1.0, —0.8 and —0.6, respectively. Finally,
the (green) dotted line, and the associated error band (dark green) is the prediction
for phase space alone.

Table 1

Values of some of the parameters used or determined in this work.
Potential C (Gev) ay v/g? x2/d.of.
Constant 42+6 -0.8 —6.2+1.2 0.45
Hidden gauge 42+6 -1.0 Eq. (8) 0.56
Hidden gauge 53+7 —0.8 Eq. (8) 0.47
Hidden gauge 67+9 -0.6 Eq. (8) 0.42

is so because it is an additive term in the G function, and then
any shift in this subtraction constant can be exactly absorbed in
the constant potential, as can be seen in Eq. (1). For this reason,
we fix a(u) = —0.8 in this case (the central value of the range
used above). Then, when using the constant potential, two free pa-
rameters need to be determined: the global constant C, and the
potential v itself.

In both approaches, the free parameters are fitted by means of
a x? function to reproduce the K*°K*® invariant mass spectrum
data of the BES Collaboration, shown in Fig. 2. Actually, the points
in the latter represent the number of events once the sideband
events are subtracted from the experimental points for the K*0K*0
mass distribution given in Ref. [1].!

We start with the discussion of the second approach (con-
stant potential). The best fit values of the potential v and the
global constant C are shown in Table 1. The blue short-dashed
line in Fig. 2 represents the spectrum obtained with these pa-
rameters. The errors of the parameters as well as the error band
of the curve are given by the condition x? < x2. + 1, where
X2, is the minimum x2. It is worth noting, by inspection of
Fig. 2, that the reproduction of the data is good. The x2/d.o.f.
is rather small, given the large errors in the experimental data.
We stress that this approach is rather model independent, since
we do not assume any underlying model for the transition poten-
tial v, but take it to be a constant. We now consider the approach
in which the potential is taken from the local hidden gauge the-
ory, Eq. (8), for three different values of the subtraction constant,
a(u) =—1.0,—0.8 and — 0.6. The results are shown in Fig. 2 with
solid, long-dashed, and dot-dashed lines, respectively. The fitted
global constant for each case is shown in Table 1. The x?/d.o.f. is

! The sideband events are removed in Ref. [1] to evaluate the total rate of the

process J /¥ — nK*0K*0, but the data for the mass distribution shown in Fig. 4 of
Ref. [1] are given without this subtraction.
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Fig._3. (Color online.) The modulus squared of the amplitude, |t|%, for K*K* —
K*K*, for the different approaches considered in this work. The notation of the
lines as in Fig. 2.

similar to that obtained with the constant potential and, inspect-
ing Fig. 2, it is also clear that the reproduction of the data is also
good.

Both approaches (constant and local hidden gauge potentials)
give results in good agreement with the data, and give hints for
the presence of a resonance. Yet, we would like to see if the
experimental K*°K*0 invariant mass spectrum in Fig. 2 can be
accounted for by solely phase space. This is easily achieved by
putting t =v =1 in Eq. (5), and adjusting C. This turns out to be
C=4847 GeV~!, and the fit has a larger x2/d.o.f.=0.9. The dot-
ted curve and the associated error band (dark green band) in Fig. 2
represent this result. It is easy to see that the inclusion of an hq
state, generated dynamically from the K*K* 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, even if
the corresponding x2/d.o.f. = 0.9 could be statistically acceptable,
which is due to the large errors of the experimental 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.

Now, we use the parameters obtained in the fits to see if the
amplitude t obtained by means of Eq. (1) with both approaches
has or has not a resonance. For this, we plot the modulus squared
of the scattering amplitude of K*K* — K*K* in Fig. 3. For the case
in which the potential is taken as a constant, the peak is located
roughly at 1810 MeV, whereas its width is around 100 MeV. In
the local hidden gauge potential case, we find instead 1850 MeV
and 120 MeV. In both cases, the t matrix has a resonant shape,
and the differences of about 40 MeV in the position of the peak
can be accepted as systematic uncertainties of the resonance mass
in our analysis. Definitely, an experimental study with more statis-
tics would help reduce these uncertainties. Note that, because of
the large error bars in the data, the statistical error band (shown
in Fig. 3 for the constant potential) is quite broad. However, this
barely affects the position of the maximum, which moves by less
than 10 MeV.

Finally, we check that the enhancement obtained really stems
from the h; resonance and not from some threshold effect. We will
focus, for definiteness, in the case of the chiral potential with
a(n) = —1. The first check is related with the K* width, I'g«. For
stable particles, the threshold strongly influences the mass spec-
trum, but it could be that, since I'k+ is large, this effect could have
been softened. If we decrease I+, the mass and width of the h;
resonance become smaller. For a stable K*, although the interplay
between the threshold and the h; state is stronger, the enhance-
ment in the cross section still persists. This can be appreciated in
Fig. 4, where the mass spectrum is represented for different val-
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Fig. 4. (Color online.) The K*°K*C invariant mass spectrum of J/y — nK*0K*0
decay. The different lines corresponds to the chiral potential studied, and a value
a(u) = —1, but different values of I'k+. The red solide line stands for I'x+ =50 MeV
(physical case), the blue dashed line for I'g» =30 MeV, and the black dot-dashed
line for I'kx = 0, that is, a stable K*. It can be seen that the enhancements is
present in the three cases.
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Fig. 5. (Color online.) The K*°K*0 invariant mass spectrum of J/y — nK*0K*0
decay. The different lines correspond to the chiral potential studied, and a value
a(u) = —1, but decreasing the strength of the interaction v [Eq. (8)] by means of
the change g? — g2/a. The red solide line stands for o = 1 (physical case), the
blue dashed line for &« = 3, and the black dot-dashed line for o = 6. This curve
is already very similar to the phase space curve (dotted green line and associated
band), as explained in the text.

ues of the width, I'xx =50 MeV (red solid line) corresponding to
the physical case, 30 MeV (blue dashed line), and zero (black dot-
dashed line), that is, a stable K*. The essential physics is thus the
same, although one observes a small shift in the pole position. But,
even not relying on the fact that a resonance may be present, it
can be checked that the enhancement is still due to a strong fi-
nal state interaction among the K*K* pair. For such a purpose,
we make progressively zero the interaction v in Eq. (8) by chang-
ing g2 — g2/a, and making o large. In Fig. 5 we show the mass
spectrum for o =1 (red solid line) corresponding to the physical
case, and the values o = 3 (blue dashed line) and 6 (black dot-
dashed line). The latter is seen to be already very similar to the

phase space curve (dotted green line and associated band), already
shown in Fig. 2. This shows that a small (or zero) interaction is not
able to produce the effect we have studied in this work.

In summary, we have studied the J/v — nK*°K*0 decay with
the aim of determining the existence of an h; state through
J /¥ — nhy — nK*9K*® decay. In particular, by using a constant
potential and a local hidden gauge potential for the K*K* — K*K*
transition, we calculate the distributions of the differential de-
cay width, with which we obtain the line shape of the K*0K*°
invariant mass spectrum. By fitting our results to the BES exper-
imental data, we find that these can be fairly described by in-
cluding the contributions from an h; state, while the phase space
alone cannot describe the data, especially the bump structure near
threshold. We also show the corresponding results for the mod-
ulus squared of the scattering amplitude of K*K* — K*K*, from
where we can get the mass and width of this h; state around
My, =1830+£20 MeV and I}, =110+ 10 MeV, respectively.

The analysis done here shows clearly enough that the BES data,
with the enhancement of the K*9K*0 invariant mass spectrum
close to the threshold, call for an hi resonance with the proper-
ties given by our fit. Yet, the data could be considerably improved,
and in view of the results of the present Letter, it would be most
advisable to do so, in order to improve on the present statistics,
which would also revert into smaller systematic errors in the de-
termination of the resonance properties.
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