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Following the observation of the fully heavy tetraquark candidates X(6900) and possible X(6300) in
the di-J/y spectrum by the LHCb Collaboration, we investigate the near-threshold dynamics of the
pseudoscalar quarkonium pairs in a coupled-channel approach in the di-n. channel. We show that the
Pomeron exchange mechanism should be a general dynamics in the near-threshold heavy quarkonium pair
interactions. In the di-;. channel, a coupled-channel system involving the di-%,., 7. — 11.(2S) and di-.(2S)
interactions can be established. Their S-wave interactions near threshold via the Pomeron exchange
potential can produce near-threshold resonance poles similar to the di-J/y, J/y —w(2S), and di-y(2S)
coupled channels. Interestingly, we find here that the pole positions are more shifted to the corresponding
thresholds and turn out to be different from those seen in the di-J/y spectrum. Taking into account the
suppression of the heavy quark spin flips in the transitions between two vector and two pseudoscalar heavy
quarkonium systems, the enhancements in the di-#,. spectrum should be different from those seen in the di-
J /y channel. Experimental study of the di-;,. channel should be useful for disentangling the nature of the

fully heavy tetraquark systems.

DOI: 10.1103/PhysRevD.106.054011

I. INTRODUCTION

The recent observation of the narrow enhancement
X(6900) and a possible broad structure X(6300) in the
di-J/w spectrum by the LHCb Collaboration [1] has
provided a strong evidence for exotic hadrons made of
four heavy quarks, which are beyond the conventional
quark model scenario. This observation immediate pro-
vokes tremendous interests in its nature and various
proposals for its structure are made in the literature.

The fully heavy tetraquark systems, such as ccce, bbbb,
chch, are peculiarly interesting since the leading-order
quark (anti-quark) interactions do not involve the light
quark degrees of freedom. One would anticipate that the
short-distance color interactions play a dominant role and
such multiquark systems should be genuine compact color-
singlet tetraquark states rather than loosely bound hadronic
molecules, where in many cases long-distance light hadron
exchanges are expected to provide the binding mechanism.
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Early studies of the fully heavy tetraquark systems can be
found in the literature [2—7]. With the recent experimental
progresses theoretical studies of the fully heavy tetraquark
states are carried out based on different treatments for the
heavy quark (antiquark) interactions [8—28]. These analyses
seem to have different conclusions on the property of the
fully heavy tetraquark states. In Refs. [9-14,19,20] the fully
heavy tetraquark states are predicted to have masses below
the heavy charmonium or bottomonium pair thresholds. In
such a scenario these states will keep stable since direct
decays into heavy quarkonium pairs via quark rearrange-
ments are forbidden. In contrast, other studies show that the
fully heavy tetraquark states may have masses above the
thresholds of the corresponding heavy quarkonium pairs
[2,6,15-18,21,22,24,27-29]. As discussed in Refs. [28,29]
the controversy arises from the different treatments of the
linear confinement potential. It shows that an explicit
inclusion of this potential will significantly raise the eigen-
values of the ground states and lead to resonance solutions
for these fully heavy tetraquark states.

Following the observation of X(6900) various interpre-
tations are proposed in order to understand the nature of
X(6900). In particular, in the potential models X(6900) is
far above the ground state and can be assigned as either the
first radial excitation states of 0™ /2%" or the first orbital
excitation state of 07" /17" [29-53]. QCD sum rules are
also employed to provide information for its tetraquark
nature [54-56]. However, the experimental evidence seems
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to raise more questions on the fully heavy tetraquarks
instead of solving problems. One immediate question is
that why there are only one narrow structure is seen, given
that the potential model would predict a large number of
states even for the same quantum numbers. In Ref. [29]
some configuration cancellation effects can be identified
for the radial excitation of 0™ decays into di-J /. But we
still lack quantitative results for understanding the potential
quark model spectra, and it is nontrivial to reach a direct
answer. In Refs. [57-60] coupled-channel approaches with
effective short-distance potentials are applied to investigate
the vector charmonium pair interactions. With unitarization
resonance pole structures are identified and the line shape
of the di-J/w spectrum can be described. The coupled-
channel approach can indeed evade the problem raised by
the potential quark model, namely, the number of states
observed in experiment is far less than that predicted by the
potential quark model. However, it is unclear what mecha-
nism provides the short-distance effective potential in the
coupled-channel approaches.

In Ref. [61] we propose that the Pomeron exchange plays
a unique role in heavy-quarkonium scatterings. It provides
a soft scale in the interactions between two vector char-
monia, i.e., J/w — J/w, and J/y — y/(2S), near threshold.
With unitarization it shows that pole structures can arise
from the Pomeron exchange and coupled-channel effects
between the di-J/y, J/w —w(2S), and di-w(2S) scatter-
ings. For the heavy meson scatterings, the Pomeron
exchange has strong couplings near threshold. It provides
an origin of the short-distance dynamics for the X(6900)
structure in the di-J/y spectrum, and predicts a general
feature for double heavy quarkonium scatterings near
threshold.

In this work we extend the Pomeron exchange dynamics
to the di-n. and 5. — .(2S) coupled channel, and explore
its role played in different heavy-quarkonium scattering
processes. As discussed in Ref. [61] a special feature with
the Pomeron exchange in the heavy-quarkonium scatter-
ings is that the Pomeron exchange can occur via both the
t and u channel. Interferences between the ¢ and u-channel
amplitudes are strong near threshold and they will die out
with the increase of the center of mass (c.m.) energy. For
the di-n, and 75.—n.(2S) scatterings, the Pomeron-7,.
(17.(2S)) vertex has different coupling structure from the
Pomeron-J /y (y(2S)). But in the near-threshold region the
dominant terms have similar behavior. It is also interesting
to note that the relative S-wave di-7, or . — .(2S) couple
to JP€ = 0**. Meanwhile, one would expect little mixing
between di-J /y and di-7, in the state of 0T The reason is
that the transition between J/w and 7. is an M1-type
transition which will be suppressed by p/m.. Here, p is the
typical three-momentum of the charm quark in the near-
threshold kinematic region. Thus, structures observed in the
di-n. spectrum should be distinguished from the structures
seen in the di-J/y spectrum.

In the next section we briefly introduce the Pomeron
exchange dynamics and provide the coupled-channel for-
malism for the di-#. and 7. — 1.(2S) scatterings. In Sec. III
the numerical results and discussions are presented. A brief
summary is given in the last section.

II. FORMALISM

A. Pomeron exchange mechanism

Pomeron as an effective degrees of freedom for the
t-channel multi-soft-gluon exchanges has been extensively
studied in the literature [62,63]. It has been successfully
applied to high-energy processes to account for the diffrac-
tive behaviors in hadron collisions and vector meson photo or
electroproductions on the nucleon [64-67]. As noted in
Ref. [61], the Pomeron exchange is different from the
t-channel pole contributions. It behaves rather like a positive
charge conjugation isoscalar photon with J*¢ = 1=*, and
does not have a pole in the positive angular momentum
complex plane. This makes it different from the 7-channel
light meson exchanges although sometimes the soft-gluon
exchanges may give rise to effective light meson exchanges
due to quark-hadron duality argument [68]. For the heavy-
quarkonium scatterings near threshold, the absence of the
Regge trajectories for light-meson exchanges implies the
leading role played by the Pomeron trajectory.

The asymptotic soft-gluon dynamics can be described by
the Pomeron trajectory in the Regge theory, i.e.,

iG(s, 1) = (a's)21, (1)

where a(7) = 1 + € + ot with ¢ = 0.08 a small positive
quantity indicating the dominance of the C = +1 Pomeron
exchange in the f channel, and o = 0.25 GeV~2 as the
commonly adopted value.

The general form of the interaction between the Pomeron
and the constituent quarks can be expressed as

ﬂ%QiyaQin}/ang(sv t), (2)

where Q; and Q; are the constituent quarks (antiquarks)
in the initial hadrons which interact with each other by
the Pomeron exchange; . = 1.17 GeV~! is the coupling
strength between the Pomeron and the charm quark in the
charmonium states. We adopt the pseudoscalar scalar
coupling for the 7,QQ vertex, QysQOn.. Then, the quark
loop amplitude can be factorized as [66],

;a(nc) = fnc(t)ra’ (3)

where 7, (t) is the form factor of the corresponding hadron
which arises from the transition between the initial and final
hadrons via the Pomeron exchange with momentum trans-
fer t; I'* is the spin structure for the quark interactions with
the Pomeron and external hadrons in one of the quark loops
in Fig. 1, and has the following form:
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(a) t channel process

FIG. 1.

(b) u channel process

Iustrative diagrams for (a) ¢ channel and (b) u channel Pomeron exchange processes in 7.1.(2S) — n.n.(2S). For n.n. —

n.1. Bose symmetry will introduce a factor of 2 subtraction to the cross section.

< Trly (g +m )y (q+ w1 +m )y (g +p3+m.)],  (4)
where m, is the constituent charm quark mass of the
interacting quark and ¢ is the four-vector momentum
introduced into the loop function in Fig. 1.

For the Pomeron exchange transitions between
two heavy flavor hadrons near threshold, the Regge
limit can be satisfied immediately, i.e., s > |¢|. It allows
the on-shell approximation [64], and function I'* can be
reduced to

1 1
r = M2 (4m2+p3)171+2(

4mg - p3)ps|. (5)
where m. = M, /2 has been adopted. Applying the
formalism to both the ¢ and u channel, the 7. —7#,
scattering amplitude can be written as,

= (F, t) x G(s, 1)
1 1 2 2\ ,,a
m—2 (4’” + p3 Pi+5 3 (4mc - p3)p3
'7(.‘
1 1 2 2\ ,a
X (4m? + p3)ps §(4mc — p)r§ (6)
e

T, = (F, (u)* x G(s, u)
1 1

— (4 2 2 ~(4 2 2\

Xm%(. [( m; + py)p§ 2( myg p4)p4]

1

2

1
X 2 |:(4mc + p3)p§ + 5 (4mg — p%)p%] (7)
nC

where p; and p, are the four-momentum of the initial
pseudoscalar meson. In the limit of |f| — 0, function I'*
can be further simplified as I'* =~ 2p{. This behavior
actually favors the heavy-flavor hadron interactions near
threshold via the Pomeron exchange where, on the one
hand, the amplitude will be enhanced by the quark mass,
and on the other hand, the form factor suppression is
minimized. In contrast, for light hadron scatterings with
light flavors, the Pomeron exchange contribution will be
suppressed by the quark masses near threshold. In such a

sense, the Pomeron exchange actually plays a unique role
in heavy quarkonium pair scatterings near threshold and
has not been noticed before.

It should be noted that the ¢ and u-channel in Eq. (6) will
equal to each other in the scatterings of two identical
mesons, e.g., J/wJ/y = J/wJ/y and n.n. — n.n.. Thus,
a factor of 2 should be subtracted in the cross section due to
Bose symmetry in these scatterings.

In Eq. (3) function F, (¢) is the form factor which
contains the dynamics of the Pomeron-meson interaction. It
describes the momentum transfer dependence of the cou-
pling strength due to the Pomeron exchange. We adopt a
commonly used form [69] as follows:

Fp (1) = (2p.) exp (ﬁ) (8)

where g, = (1.177097) GeV~™' is the coupling between
Pomeron and the ¢ quark in the meson. It is determined by
fitting the experimental data for the J/y photoproduction
[70]. The parameter A, = (1.2+£0.1) GeV is a typical
energy scale reflecting the Pomeron-valence-quark inter-
action range which is determined by the LHCDb data for the
di-J/w spectrum [1].

The effective potential V(s,7) at leading order is
obtained by the sum of the ¢ and u-channel Pomeron
exchange amplitudes. Note that the explicit -dependence
appears in the Pomeron exchange potential. We only focus
on the S-wave amplitudes in the pseudoscalar charmonium
scatterings, and the quantum number of the S-wave
couplings between the two pseudoscalar charmonia can
only be 0" *. By integrating the angular part of the Pomeron
exchange potential, we define an equivalent separable
potential following the unitarization scheme of Ref. [71],

V(s) :% / V(s f)d(cos §). (9)

This approximation is justified for the relative S-wave
couplings near threshold. It is also a reasonable approxi-
mation for the heavy quarkonium interaction systems near
threshold with s > [¢| and s > |u| in Fig. 1.
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We apply the Bethe-Salpeter equation on the separable
potential V(s) for the heavy quarkonium system consisting
of H; and H, and extract the general form of the 7-matrix,

V(s)

T6) = v (10)

where the loop function G(s) is

G( ) d4q iz eXp (_262/1\2)
§) = )
(2n)*lq* = M, + ie][(P — q)* = M, + ie]

(11)

with My, and My, denoting the masses of the two heavy
charmonia, respectively. Note that the integral is regular-
ized by a cut-off function exp (—2g%/A?) as long as the
internal charmonium states go off-shell. The analytical
expression of the integral is [72,73],

50) = G370 71 - FoRE
+g—7]jexp(—2k2/A2) {erfi (\/Ek> - l” . (12)

where k = \/2;,(\[ — My —Mpy,); A =07 GeV is the

form factor parameter corresponding to the typical size of

C — My My, . .
the heavy quarkonia; and y = Wy, M, is the reduced mass;
and erfi(%) is the imaginary error function.

B. Coupled-channel approach
with the effective potential

Similar to the study of the coupled channels of the di-
J)y, J )y —w(2S), and di-y(2S) system [61], the coupled
channels of the di-n., . —n.(2S), and di-n7.(2S) can be
described by a 3 x 3 potential, i.e.,

Vit Vio Vi3
V(is)=| Vo Vi Va3 |, (13)
Vi Vo Vi

where V;; denotes the Pomeron exchange potentials
including both the ¢ and u channels for each process.
The loop integral function G for the di-#.., . — 1.(2S), and
di-n.(2S) coupled channels is written as

G, 0 0
Gis)=| 0 G, 0 |. (14)
0 0 G

To evaluate the coupled-channel contributions at LHCb, the
energy spectrum should be an input, which however is

unavailable. Thus, we adopt the same prescription of
the energy spectrum for the di-J/yw production as
Refs. [57,61], and the transition amplitude (labeled as
channel 1) is written as

M =P (14 rG6Tals)). (15)

with T, (s) being the element of the 7-matrix in Eq. (10).
The ratios r; describe the different production strengths for
different channels. The function P(y/s) parametrize out
the energy spectrum of the short-distance production as
follows:

P(V/s) = ae™”, (16)

where f and « are experiment-related quantities. For the di-
n. production, the lack of experimental information means
that we cannot provide a definite prediction for the
interfering pattern caused by these coupled channels in
the di-. spectrum. As a qualitative estimate, we apply f =
0.012 GeV~2 and a = 0.31 which are fitted in the di-J/y
production [57,61].

We also need to fix the unknown parameter r; in Eq. (15),
which determines the relative production strengths for
different channels at LHCb. However, due to the lack of
the experimental information, we adopt the same values for
r; asin Ref. [61]. Meanwhile, since it is possible that r; carry
complex phases arising from the production mechanism,
e.g., higher resonance channels can feed down to the di-;,
spectrum via the DPS processes, we will investigate the
phase dependence of the transition amplitude in the di-7,
spectrum in the numerical calculations.

In our model the di-n,. spectrum is calculated by

r(s) = Pocl g

8xs i (17)

1

where p, is the three-momentum of the final . in the
center of mass frame of the initial states.

III. NUMERICAL RESULTS AND DISCUSSIONS

Proceeding to the numerical calculations of the di-n,
energy spectrum, we first consider the pole structures in the
T-matrix for single channels. It shows that resonance poles
with JP€ = 0" can be produced by the Pomeron exchange
potential for the pseudoscalar charmonium pairs.

InFigs. 2 and 3, we illustrate the spectra for single channel
scatterings, i.e., #.]. = ne and nn.(2S) = 7oy (2S),
respectively. In order to illustrate the sensitivities of the
results to the two parameters g, = (1.177097) GeV~! and
Ay, = (1.2£0.1) GeV, we plot the cross sections as bands
which corresponds the ranges of these two parameters. The
lines indicate the cross sections calculated with the central
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o [mb]

6.0 6.2 6.4 6.6 6.8
Vs [GeV]
(a)

6.0 6.2 6.4 6.6 6.8
s [GeV]
(b)

FIG. 2. Single channel scattering cross sections for #n.57. — 5., via the Pomeron exchange. (a) f. = (1.17‘:8_'8; ) GeV~! and

(b) 4, = (1.2+0.1) GeV.

a [mb]

6.7 6.8 6.9 7.0 71 7.2
s [GeV]
(a)

FIG. 3.
(b) 4, = (1.2+0.1) GeV.

values of these two parameters. It shows that the Pomeron
exchange mechanism produces enhancement structures
above their corresponding thresholds. With the central values
of these two parameters we obtain two single-channel
resonance poles which are located at (6031 —i110) and
(6703 — i90) MeV, respectively, on the second Riemann
sheet of each channel. The parameter uncertainties will result
in the change of the pole positions. We will extract the poles
later for the coupled-channel calculations.

As shown in Figs. 2 and 3, the structures turn out to be
different from those in the di-J/y and J/w — y(2S) single
channel scatterings [61]. It shows that the peaks are more
shifted toward the thresholds here than in the system of the
vector pairs. Such a difference is due to the different
coupling vertices for the pseudoscalar and vector mesons to
the constituent quark and antiquark pair.

It is unlikely that the JF¢ = 07 structures in the di-;,
spectrum are the same as those seen in the di-J/y
spectrum. Taking into account that the transition of J/y —
1. involves the spin flip of the heavy quark, the transition of
J/wJ/yw — n.n. should be suppressed in the heavy quark
symmetry limit. In other words, it suggests that the
Pomeron exchange mechanism actually predicts different
near-threshold resonance structures with J°¢ = 0" in the

40
30
a
£ 20
o}
10
0
6.7 6.8 6.9 7.0 71 7.2
s [GeV]
(b)

Single channel scattering cross sections for n.4.(2S) — 7.4.(2S) via the Pomeron exchange. (a) . = (1.17J_r8"857 ) GeV~! and

di-J/y and di-,. channels. This makes the measurement of
the di-n, channel interesting for disentangling the nature of
X(6900) and the possible near-threshold state X(6300) in
the di-J/y spectrum. It may also provide a direct test of the
Pomeron exchange mechanism if a lower mass near-
threshold enhancements can be identified.

For the coupled channel, we further simplify this study
by reducing the 3 x 3 coupled-channel problem into a2 x 2
coupled-channel, i.e., with the effective potential

\% \%4
V(s) = ( 11 12>’ (18)
Vor Vo
and the loop integral function
G 0
G(s) = < ! ) (19)
0 G,

This reduction is because we only focus on the di-7,
spectrum of which the threshold is far away from the di-
7.(2S) threshold. As a result, the di-n.(2S) interaction
contributions to the di-n, channel will be significantly
suppressed by the Pomeron-meson form factor if the initial
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and final-state mesons have large mass differences. We note
that the di-;.(2S) interaction will become significant in the
e —1.(2S) channel as the coupled-channel effects. The
other reason for this approximation is, as mentioned earlier,
due to the lack of experimental information on the di-x,
production. Therefore, focussing on the di-#, channel near
threshold will allow us to focus on the mechanisms which
are predominant in this channel.

By searching for the pole structures in the coupled-
channel 7T-matrix (Eq. (10), we identify two resonance
poles, (6050 —i164) MeV and (6711 —i141) MeV cor-
responding to the central values for . and 4, , which are
located at the second and fourth Riemann sheet, respec-
tively. It is similar to the case of the S-wave di-J/y and
J/w —w(2S) coupled channel [61], and reflects some
general features arising from the Pomeron exchange
mechanism. Comparing with the poles, (6278 —i80) MeV
and (6860 — i74) MeV, found in the S-wave di-J/y and
J/w —y(2S) coupled channel interactions, we still see that
the poles created by the di-;. and 7. — 7.(2S) interactions
have lower masses and are shifted more toward the
corresponding thresholds than in the coupled channels of
the di-J/y and J/y — w(2S).

For the di-. spectrum in its production at LHC, the
experimental information is still lacking. We thus adopt the
similar production relation as in the di-J/y production [61]
to investigate the di-#, spectrum. Considering that 7. and
J/w both are the ground state charmonia, and both 7, (2S)
and w(2S) are well-defined first radial excitation states,
we fix the relative production rate but leave the phase angle
as a free parameter in the numerical calculations, i.e.,
ri:r, = 1:2¢. The dependence of the coupled-channel
spectrum on the phase angle 6 will be illustrated by the line
shapes at different values for 6.

30
25
9 20
c
2 15
w
10
5

0

6.0 6.2 6.4 6.6 6.8 7.0

\F[GeV]
(@ 6 =—7/4

In Fig. 4 we present the results for the di-;, spectra with
several different values for 6, ie., 6 =—x/4,—n/2,
—3z/4,—r,x/4,7/2,3x/4, 0. It shows that for all these
phase angles, the threshold peak due to the low-mass pole
at (6050 —i164) MeV does not vary significantly. In
contrast, the line shape near the . —7.(2S) threshold is
very sensitive to the phase angle. This is understandable
since the resonance pole, (6711 — i141) MeV, is located at
the fourth Riemann sheet which is close to the physical one.
Therefore, the interference effects from the low-mass pole
turn out to be significant. As shown in Figs. 4(e) and 4(f),
the line shapes around the . —7.(2S) indicate apparent
destructive interferences between these two poles and dip
structures can be produced. It is also noticeable that the
positions of the second enhancements in Figs. 4(d) and 4(h)
are actually different due to the interfering effects. We
anticipate future experimental measurements should pro-
vide more stringent constraint on the phase parameter.

In Fig. 5 we present the parameter uncertainty effects
on the di-n, spectra with § = —z/2 in the coupled-channel
calculations. With g, = (1.17:00]) GeV~! and 4, =
(1.2 £0.1) GeV, the line shape dependence on the param-
eter uncertainties is observable. The uncertainties with
parameter . can cause a shift of pole positions within
the ranges of (6048 ~6058) —i(168 ~160) MeV and
(6709 ~ 6719) — i(140 ~ 139) MeV, while parameter 4,
leads to (6047 ~ 6051) — i(168 ~ 160) MeV and (6708 ~
6715) — i(140 ~ 144) MeV. Approximately, about 10%
uncertainties with these two parameters have produced
the mass shift by about 10 MeV, while the widths are
insensitive to the uncertainties. Another interesting feature
is that in the coupled-channel spectra the parameter
uncertainty effects are also strongly correlated with the
phase angle 6.

35

30

25

£ 20
2

o 15

10

5

0

60 62 64 66 68 70 60 62 64 66 68 70
Js [Gev s [Gev]
(c) 6 =—-3m/4 d 6=—7

25
20

o

Events

o

60 62 64 66 68 70 60 62 64 66 68 70
s [Gev) s [Gev]
(e) 6 =7/4 ) 6 =m/2

5
%60 62 64 65 68 70 60 62 64 66 68 70
s [Gev] s [Gev]

(g) 6 =3m/4 (h) 6 =0

FIG. 4. The di-n, spectra in the coupled-channel model with different values for the phase angle 6. Plots (a)-(h) correspond to

6= -—-r/4,—r/2,3n/4, —n,—xr/4,7/2,37/4, 0, respectively.
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Events

6.0 6.2 6.4 6.6 6.8 7.0

\/; [GeV]

(a)

FIG. 5.

Events

0
6.0 6.2 6.4 6.6 6.8 7.0

\/; [GeV]

(b)

The coupled-channel di-;7, spectra with 6 = —z/2 with the parameter uncertainties of . (left panel) and 4, (right panel)

included. (a) B, = (1.172057) GeV~" and (b) 4, = (1.2+0.1) GeV.

IV. SUMMARY

The observation of X(6900) and the possible X (6300) in
the di-J/y invariant mass spectrum at LHCb has provided
great opportunities for probing the fully heavy tetraquark
systems. Although there have been a lot of efforts from the
quark potential models advocated to the understanding of
the fully heavy tetraquark states, it is not clear why only a
few structures have been seen in experiment while many
states predicted by the potential quark model are absent
from observation. In this study we show that the Pomeron
exchange as the effective multisoft-gluon exchange dynam-
ics seems to play a crucial role in the near-threshold heavy
quarkonium pair interactions. It is also a general feature for
heavy-heavy systems which arises from the soft-gluon
couplings to the heavy-flavor quarks. Following the study
of X(6900) and possible X(6300) based on the Pomeron
exchange mechanism, we extend this approach to the
pseudoscalar charmonium pair system in a coupled-channel
formalism. Although the lack of experimental information
makes it impossible to constrain the di-;, production at
LHC, we show that the near-threshold 7. —7.(1.(2S))

interactions via the Pomeron exchange can produce reso-
nance poles with J”¢ = 0™+ and lead to nontrivial line
shapes in the di-n. spectrum. This phenomenon can be
studied at LHCb or in near-threshold di-, production
processes as a prediction for the Pomeron exchange
mechanism. Nevertheless, as a general mechanism it can
be searched for in other heavy quarkonium interactions in
experiment. Further theoretical studies of its broad man-
ifestations are also strongly recommended.
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