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We study the process J/¥ — y¢w, measured by the BES experiment, where a neat peak close to the
¢w threshold is observed and is associated to a scalar meson resonance around 1800 MeV. We make
the observation that a scalar resonance coupling to ¢ unavoidably couples strongly to K K, but no trace
of a peak is seen in the KK spectrum of the J/¥ — yKK at this energy. This serves us to rule out
the interpretation of the observed peak as a signal of a new resonance. After this is done, a thorough
study is performed on the production of a pair of vector mesons and how its interaction leads necessarily
to a peak in the J/¥ — y¢w reaction close to the ¢w threshold, due to the dynamical generation of
the fo(1710) resonance by the vector-vector interaction. We then show that both the shape obtained
for the ¢w mass distribution, as well as the strength are naturally reproduced by this mechanism. The
work also explains why the ¢ peak is observed in the BES experiment and not in other reactions, like

B* — K*¢w of Belle.

© 2013 Published by Elsevier B.V. Open access under CCBY license.

1. Introduction

A BES experiment looking for the decay of J/¥ — y¢w [1]
observed a neat peak close to the ¢w threshold which was tenta-
tively associated to a JPC = 0%+ state with mass around 1812 MeV
and width of about 105 MeV. An experiment with ten times
more statistics has been reported recently [2] and the peak is re-
confirmed, the reanalysis leading to claims of a state with mass
M =1795 + 7*2> MeV and a width I" = 95 + 1077} MeV, where
the first error is statistical and the second systematic. They also re-
port a product of branching ratios B(J/¥ — Y R) x B(R — ¢w) =
(2.00 + 0.087]:38) x 10~*. The decay of J/¥ — y¢w is dou-
bly OZI suppressed with a production rate that is smaller by at
least one order of magnitude with respect to J/¥ — yww and
J]¥ = v (3.

As usual, any new claim of a state is followed by theoretical
suggestions for its interpretation, and in this case there have been
works offering possible interpretations as a tetraquark state [4],
a hybrid [5], a glueball state [6], a threshold cusp attracting a reso-
nance [7] and an effect due to intermediate meson rescattering [8].
So far, none of these interpretations has been ruled out or sup-
ported by the experiment.

In Ref. [6] the J/¥ — yG is considered, where G is a glue-
ball state, followed by the decay of G into vector-vector, which is
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studied in Refs. [9,10] within the vector meson dominance hypoth-
esis. The possibility that the peak seen at BES could be a glueball
is found likely, although other alternative explanations are not ex-
cluded.

In the present work we propose a different interpretation as
due to the production of the fp(1710) resonance below the ¢w
threshold. We shall show that the presence of this resonance nec-
essarily leads to a peak around the ¢w threshold with a shape and
strength compatible with experiment. Invoking the principle that
if one phenomenon can be explained by an already established
mechanism one should not make claims of new physics, we will
conclude that the observed peak is not a signal of a new reso-
nance but a manifestation of the fp(1710). One might try to cast
doubts on the peak seen in BES III since a devoted search of the
Belle Collaboration in the B¥ — K*¢w reaction [11] does not see
the peak. However, we shall provide an explanation of why these
two facts are not contradictory.

A very strong argument against the peak being a new resonance
decaying to ¢w is provided by the fact that both the w and the ¢
couple strongly to KK. In this case the @ and ¢ can emit both
a KK pair and one of the K can be exchanged virtually between
the two vectors, leading to a decay of the 07+ state into KK with
L =0 (see Fig. 1). This is discussed in detail in Section I.C and
Fig. 2 of Ref. [12]. There one can see that the largest part of the
width of a resonance with mass around 1800 MeV coupling to ¢w
would be due to the decay into the KK channel since there is prac-
tically no phase space for decay into ¢ or K*K*. In the KK decay
channel the mass of the resonance would be very far from the KK


http://dx.doi.org/10.1016/j.physletb.2013.01.036
http://www.ScienceDirect.com/
http://www.elsevier.com/locate/physletb
mailto:amartine@if.usp.br
http://dx.doi.org/10.1016/j.physletb.2013.01.036
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/

A. Martinez Torres et al. / Physics Letters B 719 (2013) 388-393 389

Fig. 1. A resonance R of mass ~ 1800 MeV, that couples to ¢w, decaying to KK.

threshold and the peak should be clearly observable, with no am-
biguities about its interpretation.! Yet, in the experiment studying
J/¥ decay into yKI_<. clear peaks are seen for the fp(1500) and
fo(1710) but no trace is seen of any peak around 1800 MeV [13].
Similarly, MARK III [14] reports a clear signal for the fp(1710) in
the KK spectra but no signal around 1800 MeV.

At the same time a new resonance is being claimed with quan-
tum numbers 07+ and mass close to 1800 MeV, observed in the
two pion and four pion mass spectrum, named fo(1790) [15-17]
and which one could be tempted to link to the peak found in
J/¥ — y¢w. This possibility can be, however, easily ruled out by
considering the fact that the decay of fo(1790) to KK has been
found to be strongly suppressed as compared to w7 or T
channels (for a natural explanation of this property of the f,(1790)
see Ref. [18]). Quoting textually from Ref. [16]: “A particular fea-
ture is that the fp(1790) — mr is strong, but there is little or
no corresponding signal for decays to KK”. As a consequence, the
enhancement observed near threshold in J/¥ — y¢w cannot be
related with the fp(1790) since the ¢w system would not have a
suppressed decay to KK (see Fig. 1), but just the opposite, as ex-
plained a few lines above.

Among the theoretical papers mentioned, Ref. [8] deserves a
special attention since the idea is also that the peak observed
could be a manifestation of the fp(1710) resonance, as we state
here, a possibility also hinted in Ref. [6]. The idea in Ref. [8] is
that the J/W decays into y fo(1710), then the fo(1710) resonance
couples to a pair of mesons (vector mesons, particularly K*K*,
were shown to be dominant) and there is rescattering of these vec-
tor mesons to produce the ¢w final state. An enhancement close
to the ¢w threshold was produced with this mechanism, with a
strength much smaller than the experimental data, and no firm
conclusions were drawn. Yet, as the authors mentioned, there were
many unknowns in the model, particularly tied to the interaction
of vector mesons (V'), where a perturbative approach was followed,
assuming VV — ¢w transition mediated by K and « exchange.
An important step forward in this direction was taken later on in
Refs. [12,19], where a thorough study of the vector-vector inter-
action was done using a coupled channel unitary approach with
the dynamics extracted from the local hidden gauge Lagrangians
[20-22]. This study allowed to see that the vector-vector scatter-
ing matrices develop some poles as a consequence of the interac-
tion, and resonances are generated. These resonant states qualify
as molecular states of two vector mesons and are usually referred
to as dynamically generated resonances. Among many of them, the
fo(1710) is generated and couples strongly to K*K* and ¢w. In
such a case, the mechanism for final ¢w production proceeds with
a primary production of yVV followed by rescattering of these
vectors to produce ¢w in the final state. As we shall see, the
primary production of ¢w is not allowed and only the V'V rescat-

1 Actually, noting this fact, the authors of Ref. [6] suggest that it would be inter-
esting to look in detail for the ¥ KK decay channel.

tering leads to the ¢w in the final state. One could reinterpret the
doubly OZI suppressed mechanism for ¢ production in this way,
the first suppression applying to the production of all VV pairs
without charm. This particular feature actually works in favor of
having a more neat resonant shape since the ¢w comes only from
rescattering of the vector mesons by means of an amplitude that
incorporates the fo(1710) resonance. Thus, a background from un-
correlated ¢w production is essentially absent in the mechanism of
production and the effects of the fy(1710) show up more clearly.
Since the resonance is below the ¢w threshold, it is a combination
of the tail of this resonance and the increasing phase space for ¢w
production what produces the visible peak. An enhancement of the
strength near threshold due to resonances below threshold is un-
avoidable and this is a well known effect. Sometimes this shows
up only as a deviation from phase space, with no peak structure
[23-25], but, depending on the strength of the background, some-
times it can also show up as a clear peak. This was the case of
the ete™ — J/WDD reaction, where one peak close to the DD
threshold was observed and associated to a resonance in the Belle
Collaboration work of Ref. [26]. However, in Ref. [27] it was shown
that a better fit to the data occurred due to the presence of a scalar
hidden charm state below the DD threshold, X(3700), predicted in
Ref. [28]. In the present case, the absence of a significant back-
ground for ¢w production magnifies the resonance shape close to
the ¢w threshold, to the point that in Refs. [1,2] a strong case
was made about the discovery of a new resonance. We shall argue
here that this is not the case, showing that the peak comes as an
unavoidable consequence of the coupling of ¢w to the fy(1710)
resonance.

2. Formalism

In Ref. [29] the study of the radiative decay modes of the J/¥
into a photon and one of the tensor mesons f>(1270), f}(1525),
as well as the scalar ones fp(1370) and fp(1710), was undertaken
and a good agreement with ratios of branching ratios was ob-
tained. We will follow closely this formalism since for our present
study we need both the radiative decay of the J/¥ into fp(1710),
as well as the more concrete one of the J/¥ — yow.

As in Ref. [29], we assume, following the argumentation of
Ref. [3], that the mechanism of Fig. 2(a) dominates the reaction.
Further support for this assumption was found in Ref. [29]. Then,
the cc component after the y radiation can decay into pairs of
vectors, which inevitably will interact among themselves. This is
shown diagrammatically in Fig. 3. The following step is to recall
that the cc object can be considered as an SU(3) singlet and then
the pair of original vectors in the primary step will couple to an
SU(3) singlet. The vector-vector content in the SU(3) singlet can be
easily obtained from the trace of V - V

VVsug@) singlet = Tr[V - V1], (1)
where V is the SU(3) matrix of the vector mesons
1,0, 1 + *t
7P + 75? 0 K
_ - 1,0, 1 *0
V= Iy #P+ze K . (2)
K*~ K*0 é

We, thus, find the vertex
VVsu) singlet = 0°0° + 00" + p o + ww + K*TK*
+I<*OI_<*0 +I *—I<*+ + I_<*01<*O +¢¢ (3)

One then projects this combination of V'V states, which are the
building blocks of the resonance produced, into V'V isospin states
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Fig. 2. Two mechanisms of the J/¥ radiative decay considering the possibilities that: (a) the photon is radiated from the initial cc state and (b) the photon is radiated from

the final hadronic state.
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Fig. 3. Schematic representation of J/¥ decay into a photon and one dynamically generated resonance.

Table 1

Couplings g's appearing in Eq. (11), with k one of the coupled channels: pp, K*K*, w®, ¢¢, and ¢w. The units of these g,’s are MeV.
R PP K*K* ww o P
fo(1710) —1030+i1086 7124 +i96 —1763 +i108 —2493 —i204 3010 —i210

with unitary normalization (an extra factor 1/+/2 for identical
particles or symmetrized ones) and phase convention [pT) =
=11, +1), [K*") =—[1/2,-1/2),

1 -
L 10°0°+ pTp~ +p "), (4)
- 1 - -
|K*K*),_y = NG |K*TK*™ + K*OK*0 + K* K*T + K*0K*0),
)

1

low) =0 = E|ww>’ (6)
1

lpd)1=0 = Ew«m, (7

and one gets the weights for primary VV production of the pro-
cess J/¥ — yVV with VV pairs in [ =0:

wi— —lfz ;orl( K*, ®)
ﬁ or ww,
1
5 for ¢¢.

It is interesting to note that there is no primary production of ¢w
with this mechanism. Production of ¢ will occur with the rescat-
tering of the primary VV vectors as depicted in Fig. 3, and the
sum of these terms is readily done by means of

4

tjjw—ypo ZAZWjijj—wW 9)
j=t

with A an unknown constant, w; the weights of Eq. (8) for the
different primary V'V channels, G; the loop function for the in-
termediate V'V states and tj_ 4, the transition scattering matrix
from the intermediate V'V states to ¢w. We take the information
for the G; and t;_, ; functions from Ref. [12].

In Eq. (9) A represents the reduced matrix element for the op-
erator responsible for the transition ¢¢ — V Vgy3) singlet. Indeed

(€20 ,p|(VV)j) = D (eE10,p|(VVIR)(VVIR|(VV)j), (10)
R

where (VV)r denotes a given R representation of SU(3) for two
vectors and (VV); refers to a particular VV physical channel.
Since cc is an SU(3) singlet only the VVgyg) singler representa-
tion contributes to the sum. The factor (cc|Op|(VV)g) stands for
the coefficient A and ((VV)g|(VV);) are then the w; coefficients
given in Eq. (8).

The argument about the absence of ¢w tree level is quite pow-
erful. Indeed, take now the Belle reaction mentioned in the in-
troduction B¥ — K*¢w. This is a weak interaction process which
does not conserve isospin, and, thus, SU(3). As a consequence we
cannot associate a unique SU(3) representation to the ¢w system
and then we can have tree level ¢ background which would blur
the appearance of a possible peak. We shall give an example of
this at the end of the results section. In view of this argument, the
facts that a peak in the ¢w invariant mass is seen in the BES ex-
periment but not at Belle can be reconciled. Thus, the Belle finding
cannot be used to cast doubts on the BES peak, which we do not
question. Instead we show that it is unavoidable as a consequence
of the presence of the fp(1710) resonance.

The t;_,; matrices can be traced back to the results of Ref. [12]
by writing for each resonance

&i&j

—= 11
s — M2 +iMg Tk ()

tisj=
where g;, g; are the couplings of the resonance to the i, j chan-
nels. We only need the fp(1710) resonance here and the couplings
are tabulated in Table 1.

With the amplitude of Eq. (9), which depends on the invariant
mass of ¢w, we can construct the ¢ mass distribution given by

ar 11
dMiny — (2m)% 4M3 ,

Pydolt]/w—ypol®s (12)
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Fig. 4. Schematic representation of J/¥ decay into a photon and a dynamically generated resonance.

where p, and g, are the photon momentum in the J/¥ rest
frame and the w momentum in the ¢w rest frame, respectively

1/2 2 2
D, = Al (M]/W’O’Minv)_
v 2M,y
1/2 2 2 2
_ AR me ), m3)
qow = . (13)
2Miny

On the other hand, if we are interested in the production of the
fo(1710) resonance regardless of its decay channel, the relevant
mechanism is depicted diagrammatically in Fig. 4 and we have

4

tiwsyfano) =AY w;G;g; (14)
j=1

and the partial decay width for this process is given by

1 1
——
8t M 1w
where q,, is the momentum of the photon, like p, of Eq. (13) but
calculated at Mjny = M f,(1710)- The theory cannot provide the value
of the constant A in Eqs. (9) and (14) since this requires a precise
knowledge of the mechanism of OZI suppression, but if we divide
dI'/dMipy by I'j;y .y 5, the constant is cancelled and we can make
precise predictions for the ratio. We shall call this ratio R

Ty oy fo1710) = 10—y fo1710) 2y (15)

dMin, 4L
Rp = %’ (16)
Lyjw—y fo1710)

which we can evaluate with the tools presented before. The value
of this quantity is relevant because, together with the shape of the
¢w mass distribution, it can be compared with the experimental
values.

Experimentally we have, from the Particle Data Group (PDG)
[30],

B(J/¥ — ¥ fo(1710) — yKK) = (8.57)2) x 1074 (17)
and for B(fp(1710) — KK) we have some values in Ref. [30]

B(fo(1710) - KK) =0.36£0.12 Ref.[31]
=0.3870% Ref.[32]
=0.6 Ref.[8]. (18)

Ref. [31] is a theoretical model where vector-vector and pseu-
doscalar-pseudoscalar channels are considered in a unitary way.
Yet, the vector-vector interaction is omitted in the approach and
it is this interaction what produces the fp(1710) resonance dy-
namically within the unitary treatment of the local hidden gauge
approach [12], and it couples most strongly to K*K*. Hence, the
coupling to KK determined in Ref. [31] must be used with caution.
Ref. [32] is from 1986 and we assume that it has been improved

200
ﬂ -
c L
S
> L
e -
5 100
< L

0
M, (Gev)
Fig. 5. The invariant mass distribution Al for the process J/¥ — y¢w from

dMipny
Eq. (12). The data points, shown by filled circles, have been taken from Ref. [2].

The dotted and dashed lines represent the background and the fo(1710) resonance
contribution, respectively. The solid line shows the coherent sum of the two.

by the number quoted in Ref. [8] from 2006. We thus take the rate
of Ref. [8], however, with an error to allow overlap with the num-
bers quoted in Refs. [31] and [32]. Then we obtain

Iyw-
LIy Q70 _ (1 4+98) x 1073, (19)
Ly '

On the other hand, from Ref. [2] we have

B(J/¥ — YR — ypw) = (2.00+0.08*138) x 1074, (20)

from where estimating roughly the errors we find

B(J/¥ — YR — y¢w)

_ +0.12
BUMW i) O (21)

—0.07"

3. Results

First of all we show the shape of the distribution dI"/dMj;,, and
compare it with the updated data of the experiment [2].

In our approach, and assuming the dominance of the diagram
represented by Fig. 2(a), there is no tree level contribution to the
¢w production. However, in order to account for the strength of
the distribution at large values of Mjyy, far away from the fy(1710)
resonance, we allow for a small background, which we take as a
constant amplitude for simplicity, and we replace in Eq. (9)

tjjw—yow = tjjw—ypow + B, (22)

with 8 being a constant (positive or negative) whose value is fixed
by fitting the data around Mj,, ~ 3000 MeV where the fy(1710)
gives no relevant contribution. The value of 8 turns out to be of
the same sign as Re{t; /v —ypo)-

In Fig. 5 we show the ¢w invariant mass distribution obtained,
fixing the total strength such as to reproduce the peak of the ex-
perimental data on the number of ¢w events per bin. As we can
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Fig. 6. The invariant mass distribution A for the empirical amplitude of Eq. (23).

dMiny
The solid line corresponds to the results found with a Breit-Wigner form with

the central values of the resonance parameters suggested in Ref. [2], i.e., mass of
1795 MeV and width of 95 MeV. The dashed curve corresponds to assuming the
same mass but the upper limit of the width, 183 MeV.

see, there is a perfect agreement between our results and the ex-
perimental data. This might be surprising at a first sight, but the
tail of the resonant shape of the amplitude of Eq. (9), together with
the phase space factors in Eq. (12), essentially the factor g, which
vanishes at the ¢w threshold, combine to give a peak close to the
threshold. The resulting shape of the peak is linked to the dynam-
ics of the process.

It is interesting to separate the contribution of the resonance
and the background. In Fig. 5 we also show the contribution of the
resonance alone, eliminating the background g in Eq. (22). As we
can see, the resonance term is dominant, although the interference
with the background raises the strength of the distribution. For
comparison we also show in the figure what one obtains from the
background alone.

The agreement with the data is certainly a point to support the
idea expressed in this Letter. This agreement is better than the one
that would be obtained by the resonance proposed in Ref. [2]. To
show this, we simply substitute ¢,y g0 Of Eq. (9) by

A/

+ B 23
S—MIZQ/-FI.MR/FR/ ﬂ ( )

tjjw—y¢w — LEmp =

with A’ adjusted to get the strength at the peak position and B’
again adjusted to get the strength of the distribution at large val-
ues of Mij,y. After adjusting to the total strength of the peak we
obtain the distribution shown in Fig. 6, which does not reproduce
well the data. It should be noted that in Ref. [2] a large range of
mass and width of the resonance are given and we find that for
the values of Iy in the higher part of the range the agreement
is better, yet of lower quality than the one provided by our ap-
proach. The important point is that once a new resonance is ruled
out by the arguments in the introduction, the peak of Ref. [2] is
nicely reproduced in terms of the fp(1710) dynamically generated
in the approach of Ref. [12], independently that good fits could be
obtained assuming a new resonance.

The work would not be complete if we did not calculate the
strength of the J/¥ — y¢w distribution. We do it now by evalu-
ating the ratio of Eq. (16) for the integrated dI"/dMi,y and I'j;y —
y fo(1710). If we integrate up to M{?3* = 2.1 GeV, a region that
accounts for the largest part of the peak, we obtain a value of
Ry =0.15, in agreement with the central experimental value of
Eq. (21). We can also quantify the theoretical uncertainties. First,
we take the limit of integration to M3* = 2.3 GeV, certainly an
upper limit, and we get R = 0.21. Further theoretical uncertain-
ties can be obtained by changing randomly the mass and width
of the fp(1710) between the range of the PDG, 1720 & 6 MeV

and 135 + 8 MeV, respectively, and the couplings g; by 10 %. The
ratio of 0.15 gets then converted into Ry = 0.15 £ 0.04, which
added to the uncertainties in the choice of M13* can be set into

Rp=0.15T007

As we can see, the range of theoretical values fully overlaps
with the experimental one of Eq. (21). This agreement is totally
tied to the dynamics of the V'V interaction that we have used,
and, in as much as this dynamics has been tested in so many
processes [29,33-35], it stands on solid ground. Then, the agree-
ment on the absolute values of the rate of production relative to
I'jyw — ¥ fo710) is a strong point in favor of the idea exposed
here that the peak observed in Refs. [1] and [2] is due to the exci-
tation of the fp(1710) resonance and its further decay into ¢w.

We have stressed the relevance of not having the ¢w primary
production to produce the shape of the experimental distribution.
In order to further understand this point we have evaluated d,‘f,,%

for K*K* production where one has now a tree level contribu-
tion. The second term of Eq. (9) would now be substituted by
A@yeigs + X121 ®jGjtj_, gug+) and G, in Eq. (12) by Gg+. In this
case we observe that the background of the tree level largely dom-
inates the distribution and only a very small peak at threshold
appears that could be missed in an experiment with low resolu-
tion.

4. Conclusions

In this work we had a look at the data of two BES experiments
for the reaction J/¥ — y¢w, where a neat peak is observed in the
¢w mass distribution close to the ¢w threshold. In the experimen-
tal works this peak was seen as a signal of one new scalar meson
state with mass around 1800 MeV, not reported in the PDG. We
made the important observation that both ¢ and w couple strongly
to KK (with the same strength) and a scalar resonance coupling to
¢w unavoidably would couple to KK, and it should be seen cleanly
in the KK spectrum. The fact that no trace of a peak was seen in
the experiment around this energy in the J/¥ — yK K reaction
was proof enough to rule out the peak observed in J/¥ — y¢w
as a signal for a new state. We also noted that the lack of the tree
level contribution for ¢ production in the J/¥ — y¢w reaction
allowed to obtain a clear peak in the ¢ invariant mass distribu-
tion. In this sense, we showed that in a reaction like in the Belle
experiment B* — K*¢w [11] there can be such ¢w tree level con-
tribution and the large background can dilute the peak, otherwise
observed in the BES experiment.

The main part of the work has then been devoted to show that
the peak observed in the experiment is naturally obtained from the
excitation of the fp(1710) resonance and its coupling to ¢w. The
agreement of the ¢w distribution with experiment was excellent
and the absolute rates for the partial decay width of J/¥ — y¢w
reaction were also in very good agreement with experiment. The
combination of all these facts clarifies the situation around this
experiment with the conclusion that the peak observed is not a
signal of a new resonance, but just a manifestation of the well
established fp(1710) state.
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