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ARTICLE INFO ABSTRACT

Editor: H. Gao The primary objective of this study is to investigate hadronic molecules of K*K,(1270) using a one-boson-
exchange model, which incorporates exchanges of vector and pseudoscalar mesons in the 7-channel, as well as
the pion exchange in the u-channel. Additionally, careful consideration is given to the three-body effects resulting
from the on-shell pion originating from K,(1270) — K*z. Then the BESIII data of the J /y — ¢nn’ process is
fitted using the K*K,(1270) scattering amplitude with J”¢ = 0=~ or 17~. The analysis reveals that both the
JP€ =07~ and 17~ assumptions for K*K,(1270) scattering provide good descriptions of the data, with similar
fit qualities. Notably, the parameters obtained from the best fits indicate the existence of K* 151(1270) bound
states, denoted by ¢(2100) and ¢,(2100) for the 17~ and 0™~ states, respectively. The current experimental
data, including the # polar angular distribution, cannot distinguish which K*K,(1270) bound state contributes
to the J /yw — ¢nn’ process, or if both are involved. Therefore, we propose further explorations of this process,
as well as other processes, in upcoming experiments with many more J /y events to disentangle the different

possibilities.
1. Introduction states is the formation of hadronic molecules, as extensively reviewed
in Refs. [3,8,14,17,19,20].

Exotic hadrons, which lie beyond the conventional quark model [1, Among the exotic states, those with exotic quantum numbers J "¢
2], have gained significant attention in the past two decades due to that cannot be formed by conventional quark-antiquark mesons, such
the observation of numerous exotic states or their candidates in experi- as 077,17* and so on, are of extremely great interest. Currently,
ments. Despite of extensive research on the structures and properties there have been four experimental candidates of such exotic states,
of these exotic states, many of them remain subjects of debate. We namely z,(1400), ;(1600) [22], #,(1855) [23] and #;(2015) [24,25],
refer to Refs. [3-20] for recent reviews on the experimental and the- all possessing JPC = 1=+, Although numerous theoretical studies have
oretical status of exotic hadrons. One intriguing observation is that proposed the existence of 0™~ states, such as compact tetraquark
many of the observed peaks are located very close to the thresholds states [26-30], hybrid states [31-36], glueballs [37-40], or a D*DS
of hadron pairs that they can couple to. This proximity can be at- hadronic molecule [41], no experimental signals have been reported
tributed to the S-wave attraction between the relevant hadron pair, as thus far. One should notice that the above predictions may have large
discussed in Ref. [21]. Consequently, a natural interpretation for these uncertainties and some of them are still controversial, even problem-
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atic. For example, the QCD sum rules concluded that no 0™~ tetraquark
state exists below 2 GeV [42,43].

In a recent work [44], a narrow 0=~ D* D;(2420) molecule y,(4360)
was predicted in the one-boson-exchange (OBE) model based on heavy
quark spin symmetry and the assumption that the y(4230), w(4360)
and y(4415) can be identified as hadronic molecules consisting of
DD,, D*D(2420) and D*D; components, respectively [29,45-49].
This predicted state can be searched for in the J/wn or DD* final
states in e*e™ collisions, specifically in the processes ete™ — J/wnn
or ete™ - DD*n. Analogously, in the hidden strangeness channel, we
can investigate the 0~~ molecule composed of K*K,. These states may
manifest in the ¢’ or KK* final states in the decays of J /.

In Ref. [50], a total of 1.3 x 10° J /w events were used to investi-
gate the decay process J /y — ¢n'n. Notably, an enhancement around
2.1 GeV was observed in the final states involving ¢#’. By incorporat-
ing a Breit-Wigner (BW) resonance with J P = 1% or 1-, the invariant
mass distribution of ¢’ was well described, while the possibility of
JP =0~ was ruled out based on the distribution of the ; polar angle,
which represents the angle between the outgoing # meson and the in-
coming e*e” beams in the rest frame of the J/w. However, we will
later explain that the current data do not provide conclusive evidence
to exclude the J¥ = 0~ possibility due to the significant contribution of
the phase space (PHSP) processes derived from the experimental Monte
Carlo simulations.

In the Review of Particle Physics (RPP) [51], there are two K, parti-
cles, namely K;(1270) and K,(1400). Given that the observed enhance-
ment in J/y — ¢n'n is slightly below the threshold of K* 151(1270),
it is reasonable to investigate whether the ¢’ invariant mass distribu-
tion can be explained by the presence of K*K,(1270) molecular states.
In the following analysis, we will use K; to refer to K;(1270) unless
otherwise specified.

2. K*K; scattering in the OBE model
2.1. The K*K, potentials

The flavor wave function of the K* K, state with specific J¥C can
be expressed as

|K*K,) pc = L (|K*K,)y +C(=1)/~1=2c|K*K,)). @)

V2
where J| represents the spin of K*, J, represents the spin of K,, and
C refers to the charge conjugation operator. Using the following phase
conventions for the charge conjugation transformation,

ClK*y=—|K*), C|K))=]|K,), (2)
we have
* 1 * 7
|K K1>1——=$ (K"K )+ |K*Ky)). @)
* 1 * 7
|K*K) ) = — (|K*K;) - |K*K)). &)

V2

In order to assess the exchanges of the vector meson (V) and
pseudoscalar meson (P) between K* and Kl in the t-channel, the
Lagrangian of K*K*V /P coupling is needed. From the hidden lo-
cal symmetry formalism, the relevant Lagrangians can be constructed
as [52-54]

Lyyy =ig{(0,V,=0,V,) V*V"), )
G/
Lyyp= %ewnﬂ (9,V,0,VP). ©®

where
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and (---) means the trace in flavor space. The coupling constant g
is expressed as g = my /(2F,) where m represents the mass of the
vector meson p and F, = 92.4 MeV is the pion decay constant. The
coupling constant G’ is expressed as G’ = 3g’*/(4z>F,) with g’ =

~Gymy [(\2F2) and Gy, = F,/\/2 [55].
Expanding Egs. (5) and (6), we obtain the following K*K*V /P cou-
plings,
lg 7 ®V 7 *V
Lgegep= ﬁ{ [er (aMK ) - (aqu) 7K ] P
+2K; 7K} - (0"p" — 0" pY) 1 9

= R (0,K) = (0,8 K)o

+2K K (0"t — 0'0") }, (10)
Ly-kop=—i8{ [K] (9,K™) = (9,K7) K™] "
+21231<;; (0"¢" — 09" }, 11
G’ ~
Lyigep= 7eW‘/’a“K;r -m0,K;, 12)
!
_ vaf e *
Lgogin= _2\/§€M “0,K; 9, Kyn, 13)
with
K*t _ _
K= ( K )v’(* = (K7, k%), a4)

p

pt+p” pm—p" o)

L B as)

(x/i iV2

,,{M,M,,,o), 16
V2o V2

and 7 are the Pauli matrices in the isospin space.
We assume that the K; K; V' /P couplings have the same form as the
K*K*V /P couplings,

ig _ _
EK]KIP - 712{ [KIVT (aMKIV) - (aMKIV) TKlv] P!

+2Ky, 7Ky, - (0"p" = 0"p") }, a7)
[gl = v e v
Lg ko= 75{ (K (0,K7) = (9,Ky,) K] o
+2K,K,, (0" 0t —0"w") }, 18)
Lx k9="i&1{ [K1, (0,K}) = (9,Ky,) K}] ¢
+2K,, Ky, (0"¢" —"¢") }, 19)
!
C = ge”""ﬂd K, v 79, K (20)
KK\« 2 u™lv a™1p>
!
' _
Lxikin= _2\/§euvaﬂaﬂKlvaaK1ﬁ'7’ @D
with
K :<K1+> R, = (K7, K9) 22)
1 K? e 15/
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We further assume that the coupling constants g; and G’1 should be
of the same order as g and G’, respectively. As a result, we opt to set
g =g and G| = G’ in the following calculations. This would be the
case in the massive Yang-Mills model for vector mesons [52]. We have
verified that any deviation of approximately 20% in g, and G; can be
adequately accommodated by varying the cutoff to be introduced later.

Using the above Lagrangian, we obtain the potentials from #-channel
meson exchanges in momentum space,

t
yOg= (1 (L __4 Fy
v 2 3\ 2 mgemg, q> +m3, +ie

2
— 4D g2 | my (1 4 Fy,
=A =S\ 1+ 5 - I (23)
2 3 \n Mmy«Mmg, q- +my, +ie

2 m2 F!
=A9-& (14X iz— 6 L. 9
2 3 M mK*mKI q2+mV+ie

2 2
~ G'? Fl’Dq G'? FI’,mP )
Vi@ == = L Al (25)
: 4B @2 +m}, +ie 48 g2 +m? +ie
F1m2
) ) G'?  TpMp o)
14 =2V =—=_ PP 4 A0 26
P (@ P D==> Fimric (26)
where
2t
g°F
Ap=r(L__2_) @27)
2 u MysMy,
2t
&F, (1 6
e : 28)
2 u MMy
© _ o, _ G
AP =240 =S, (29)

and yu is the reduced mass of K*K, and q = k — k' is the three-
momentum of the exchanged 7 with k and k' the three-momenta of
the incoming and outgoing particles in the center-of-mass (c.m.) frame,
respectively. The superscripts (1) and (0) represent the results in the 17~
and 0™~ cases, respectively. The flavor factors are F ; =3,F Cf) =1, F(; =

2,F! =3 and F,; = 1/3. The constant components of the potentials,

A(Vl;(’),), will be rewritten as two scale-dependent parameters [44,56],

cOW=cr) Y AP +dn) Y, A, (30)
V=p,0,¢p P=r,n

COW=cr) Y AP +dn) Y, A, 31
V=pw,p P=n.pn

which will serve as counterterms to absorb the cutoff (A) dependence
as will be explained later. We will take C(V and C© as free parameters
to be fitted.

The S-wave K, K*x coupling can be expressed as'

.85
£K1K*7r =l—
V2

where the coupling constant g¢ = 3.4 is determined by the partial decay
width of K| - K*z. Note that we have ignored a possible D-wave con-
tribution. Utilizing the Lagrangian in Eq. (32), we obtain the potential
for the u-channel 7 exchange as

cH * o H El
(avKl K~ K! raVKM) 0'm+he., (32)

1 In principle, there should be other terms containing 0,0,m, which are, how-
ever, one order higher than those in Eq. (32) in the power expansion of the pion
momentum. Therefore, these terms are omitted.
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2
2 _ 2
Vg =342 (i, =) 1 33)
mu A= g8s dmg mg- g —m2 +ie’
0 _ (1
VO =-va, 34)

where g represents the four-momentum of the exchanged pion.
2.2. Lippmann-Schwinger equation

The scattering amplitude can be obtained by solving the Lippmann-
Schwinger Equation (LSE),

B1 V(E;K 1) T(E;Lk)
@Y E—12)Qu)+iT(E;D/2

T(E;k' . k)=V (E;K' k) + (35)
where k and k are the three-momenta of the initial and final states in
the c.m. frame, in order, y is the reduced mass of K*K,, and E is the
energy relative to the threshold. The energy-dependent width I'(E; 1) is
the sum of the widths of K* and K. The integral is ultraviolet divergent
and it is regularized by introducing a Gaussian form factor,

V (E;K k) -V (E;K k) e @/N, (36)
where A is the cutoff parameter. The effects of the variation of A can be
absorbed by adjusting the value of C(") or C© introduced in Egs. (30),
(31).
After the S-wave projection, the LSE in Eq. (35) is reduced to
di PV (E; k', 1) Ty(E; 1, k)

Ty(E; k', k) =V, (E; K,k —
oK =Vo (ERK) + [ 55 E-rjominEnn )

with k,k" and I the magnitudes of the corresponding three-momenta.
We would like to emphasize that the .S-wave projection of the potential
is nontrivial, and it will result in additional cuts to the scattering am-
plitude [44,57]. This introduces significant complexity, particularly for
the u-channel 7 exchange. Further details can be found in the Supple-
mentary Materials.

The K* dominantly decays into Kz with a decay width around
I'gx =50 MeV [51]. The total decay width of the K, is (90 +20) MeV
and the branching ratio of K; —» K*x is 21 + 10)% [51].% For sim-
plicity, in I'(E; /) we only include the energy dependence of the partial
width of K| — K*x since this process contributes to the pion exchange
between K* and K, in the u-channel. Explicitly, we have

D(E:1) =Ty + T, (E:1), (38)

2 2 )2
My — My E;l
Tk, (E;D) :gi( s ") qe”(z )y rom. 39
8 Bwmy. !

where 1“;?]“5 =71 MeV is the decay width of K; apart from the K*x

channel,
12

mys, =E+mg —— (40)
2u

is the invariant mass of K*x from the K| decay, and g.(E;/) is the
momentum of the x in the rest frame of K;, determined by

Aot (E3 D) = qem (mK*,[(E;I),mK*,m,,). (41)
The function

1
oM,y my) = =2 MM?,m7, m3) (42)

yields the momentum of m, in the rest frame of M in the decay process
of M — mym, and A(x,y,z) = x2 4+ 2 + 22 — 2xy — 2yz — 2zx is the
Kéllén triangle function. The K*x loop in the K| propagator introduces
an additional cut, which is represented by a three-body cut extending

2 The central values are used in the following calculations.
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Table 1
The parameters from the best fits together with the pole positions, E,, relative to the K* K, threshold at 2145 MeV.
JPC A(GeV) P, (10%) P, (10%) P, (10%) a B Cc1/o 1% /d.o.f. Ep (MeV)
1= 1 (fixed) -1.6+09 0 (fixed) 37.0+29 1.44 +0.06 0.28 +0.02 —25+45 38.1/(60-5) —66 — 68i
1 (fixed) 0 (fixed) 23.6+54 29.1+11.2 1.39 +0.06 0.28 +0.02 —-0.7+4.6 35.1/(60-5) —60 — 68i
0~ 1 (fixed) —-14+1.1 0 (fixed) 334+25 1.48+£0.07 028+0.02 -22+6 37.6/(60 - 5) —54-61i
1 (fixed) 0 (fixed) 21.0+4.6 30.3+10.3 1.41 +0.06 0.28 +0.02 -20+4 32.1/(60-5) —48 —61i
n

from the K*K*x threshold to infinity. To ensure a smooth crossing of
this cut when searching for poles in the complex energy plane, the cut
of the square root function in Eq. (42) is defined along the negative
imaginary axis [44,57,58].

3. Fitting the J /y — ¢n'n data
3.1. J/y — ¢n'n amplitude with K* K, rescattering

The S-wave K*K; system can couple to both the ¢5’ and ¢n final
states. In the following analysis, we consider the interaction between
the ¢, ¢y’ and K*K, coupled channels, which are labeled as channel
1, 2 and 3, respectively. The scattering amplitudes are described by the
coupled-channel LSE,

3
Ty =Vij+ X ViGuTige (43)
k=1

where G, represents the loop function of the two-particle propagators
of channel k. The term V;; is the K*K; potential obtained in Sect. 2.1.
Since the J PC of the system is either 1=~ or 0~~, the ¢ must be in P-
wave. Therefore we neglect the interaction between ¢#") which is not
expected to alter the existence of the K* K, molecular states. Similarly,
we expect V3, and V3, to be small and treat them in perturbation theory.
Consequently, the potential matrix reads

0 0 U31z7,7
v=l 0 0 vy, (44)
031G, Undy Vi

where v3; and v;, are constants, g, represents the three-momentum
of #) in the ¢n’ c.m. frame. We thus have

Ty3 = Vis + VisGysTys + O (V2. VE), (45)

-1 3 3
T3y =Ty3Vis Var + O (V3. V) (46)

T3 =TyVi Vi + O (V)

3
V) 47)

Upon disregarding the @ (V321 s V322) terms, it becomes apparent that T35
corresponds to the single-channel K*K, scattering amplitude, which
has been derived in Eq. (37). The process of K*K; — ¢ inelastic
scattering can be approximated as T3 V33] V3 or Tss 1/351 V3,. Here, both
T35 and V33 are known, and the constants v3; and v;, can be absorbed
into the normalization constant of the experimental data during the
fitting process.

From the results obtained in Ref. [50], the contribution of the
f0(1500) in n7' can be considered negligible. Consequently, the am-
plitude of J /y — ¢n’n can be represented as follows,

Ty py—gnn = Palyly + PyG33T31ay + PG33T300y, (48)

where g,, denotes the three-momentum of the ' in the J /y rest frame
in Fig. 1 (b), whereas dy denotes the three-momentum of the # in the
J /w rest frame in Fig. 1 (c). P,, P, and P, are constants that represent
the production parameters of ¢n'n, K*K,n' and K*K,n in the decay
of J /w, respectively. Note that we introduce the additional momentum
4,0y due to the fact that the n’ in Fig. 1 (b) is in P-wave, so is the 5
in Fig. 1 (c¢). The P, term represents the production of the P-wave 5
and ¢n’, which is in fact a higher order term. The leading contribution

(a)

Py
J/Y ]

Fig. 1. Diagrams of the J /y — ¢n'n decay with intermediate K* K, rescatter-
ing.

from the S-wave ¢n'n production leads to a constant contact term and

is covered by the background to be introduced in Eq. (50). The loop

propagator of the K* K, channel reads
P PN

~ ) @n E-Pjeu+ilE; D)2

where the cutoff A, is fixed to 1 GeV. The A|-dependence of the physi-
cal results will be absorbed by the production parameters.
The differential decay width of J /y is now expressed as

ATy fy—gn'n _ /sz ZMyy
dM 1 25673m

Gs3 (49)

2
T pyiara| + @M. (50)
J /v

We have introduced a noninterfering background term « Sog(Mgy),
where fp,,(M,,) mimics the lineshape of the PHSP process determined
by the Monte Carlo simulation in Ref. [50]. The parameter a represents
the magnitude that needs to be fitted. It can come from a purely S-
wave production term, which does not interfere with the P-wave ones
in Eq. (48).

3.2. K*K, in only ¢y’ channel

Only the invariant mass distribution of ¢’ is published in Ref. [50]
where the enhancement near 2.1 GeV was described by a BW resonance.
Since the ¢ invariant mass distribution was not reported, we will first
try to fit the data in Ref. [50] by considering only the K* K, rescattering
in the ¢’ channel, i.e., P, is fixed to 0. The reconstruction of the #’ in
Ref. [50] involves two modes, where the #’ is reconstructed by yz*z~
and nzt ™, respectively. These two data sets are simultaneously fitted
using the same differential decay width, as shown in Eq. (50). However,
to take into account the efficiency difference between these two modes,
a normalization factor f is introduced. In total, there are 5 free param-
eters: P,, P., a, f and CD or CO, The parameters obtained from the
best fits are listed in Table 1 with P, = 0 fixed and the fitting results are
shown in Figs. 2 and 3. We can see that both assumptions, J7¢ = 1=~
and 0~~, provide a satisfactory description of the data. With C") and
CO from the best fits, the pole positions of the K*K; molecules are
determined to be (2079 — 68i) MeV for 17—, denoted by ¢(2100) and
(2091 — 61i) MeV for 0™, denoted by ¢(2100).

The quantum numbers of the introduced resonance were analyzed in
Ref. [50] by examining the # polar angular distribution. If the quantum
numbers J ¥ of the introduced resonance in the ¢’ channel are 1+, 17,
or 0~, the # polar angular distribution is proportional to 1, 1+ cos® 6, or
sin? 0, respectively. It is found in Ref. [50] that both the assumptions of
JP =1% and 1~ for the resonance in the ¢’ channel can describe the
data, with the former being more preferred. However, the assumption
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50
100 - (b) —— Best fit
-== ¢(2100)
404 e PHSP
80 1 ¢ data
= =
L (5]
= =
g 60 g
2 2
g g
g 401 Lz
20
0

Fig. 2. The best fit of the J /w — ¢n'n data [50] with 17~ K*K, rescattering only in the ¢#’ channel (P, = 0). The 5’ is reconstructed by yz*z~ and nz*z~ in
subplots (a) and (b), respectively. The line shape of the PHSP process is determined by a Monte Carlo simulation in Ref. [50].

1001 (a)

80 1

60 -

40 1

Events/(20MeV)

20 1

50
(b) —— Best fit
—--- ¢0(2100)
404 0 e PHSP
¢ data
>
L
=
g
2
=]
13
>
=]
0 T T T 1

20 21 22 23 24 25 26
Mgy (GeV)

Fig. 3. The best fit of the J /w — ¢n'y data [50] with 0~ K* K, rescattering only in the ¢’ channel (P, =0). See the caption of Fig. 2.

of J¥ =0~ was excluded as it seemed to deviate significantly from the
data in the analysis of Ref. [50].

It is important to note that the contribution of the PHSP process, in
both Ref. [50] and our fit result, are much larger than that of the in-
troduced resonance. However, the # polar angular distribution from the
PHSP process is not settled based on the published data in Ref. [50],
and it is not necessarily the same as that of the resonance. The authors
in Ref. [50] did not consider the contribution of the PHSP process to
the # polar angular distribution. Here we assume that the # polar an-
gular distribution from the PHSP process is flat as a consequence of the
S-wave nature of the background term in Eq. (50), the total # polar
angular distribution can be predicted as follows:

dr 1 (&1+ (1—&1)(1+c0826’)) for 17
* (6{0+‘ (1—&0)(1—cos26’)) for 0~

51
dcos® 4 (51)

Bl AW

where & = 0.815 and &, = 0.835 represent the fraction of the PHSP
process obtained in our 17~ and 0~ fits, respectively. The comparison
between the predictions in Eq. (51) and the data are shown in Fig. 4.
From Fig. 4 it is evident that both 17~ and 0™~ assumptions provide a
satisfactory description of the data. Consequently, we cannot definitely
conclude whether the resonance signal is from the ¢(2100), ¢,(2100),
or that both manifest in the J/yw — ¢’y decay. To address this, we
propose to conduct an analysis of this process using the complete set
of J/w events recorded by the BESIII detector [59], which is one or-
der of magnitude larger than the sample size utilized in the previous
study [50]. The difference of the two curves in Fig. 4 may be disen-

0.5
—-= $(2100)

044 ¢0(2]00)
]
5 ¢ data
>0.31 + *
[ ] LR -_
=] D SR T T
g e ——mmmemmTl
£ 0.2 1 +
@
—
[

0.1 A

0.0 T T T T

0.0 0.2 0.4 0.6 0.8 1.0

| cos 6]

Fig. 4. The n polar angular distribution in J /y — ¢n'n. The data are taken from
Ref. [50] and the lines are the predictions from the best fits shown in Figs. 2
and 3.

tangled with the full dataset. Furthermore, performing a partial wave
analysis on the polar angular distribution of the #, as well as the helicity
angular distribution of ¢#’, one may be able to ascertain the presence
of the 17~ and 0~ K*K, bound states. The information obtained from
the ¢ channel is also of great value, as the K*K; molecules can also
decay into ¢n.

3.3. K*K, inboth ¢n' and ¢n channels

In this subsection we try to include the contribution of K*K, from
the ¢n channel by letting P, free. As discussed before and confirmed
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Fig. 5. The best fit of the J /y — ¢’y data [50] with 17~ K*K, rescattering in both ¢’ and ¢n channels. The green dot-dashed line represents the full contribution
of ¢(2100) while the blue dotted and magenta dashed lines represent the individual contributions of ¢(2100) in J/y — ¢(2100)y, $(2100) - ¢’ and J /y —

$(2100)7’, (2100) — ¢pn, respectively. See the caption of Fig. 2.
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Fig. 6. The best fit of the J /y — ¢n'n data [50] with 0~ K*K, rescattering in both ¢’ and ¢y channels. The green dot-dashed line represents the full contribution
of ¢,(2100) while the blue dotted and magenta dashed lines represent the individual contributions of ¢,(2100) in J /y — ¢,(2100)n, ¢,(2100) — ¢n' and J /y —

¢ (2100)n’, py(2100) — ¢, respectively. See the caption of Fig. 2.

by the fits in the previous subsection, the P, term is of higher order.
To reduce the number of parameters, we fix P, =0 in the following
calculation. We still have 5 free parameters in total, P,, P,, @, f and
CD or CO, The parameters from the best fit are listed in Table 1 with
P, =0 fixed. The fitting results are shown in Figs. 5 and 6. The resulting
pole positions of the ¢(2100) and the ¢,(2100) hardly change.

The ¢ invariant mass distributions of J /w — ¢’y decay are also
predicted by the following expression,

drf/w—>¢n’n :/ M2 2M,, ’

(52)
o’ 3m3
dM,, 25673 Iy

2
Ty py—gn r1| g
where only the contribution of the ¢(2100) or the ¢,(2100) is included
since the lineshape of the PHSP contribution in the ¢# invariant mass
distribution is not available from the published data in Ref. [50]. The
predicted ¢ invariant mass distribution is shown in Fig. 7, and one
sees a peak near 2.1 GeV. In fact, from the Dalitz plot reported by
the BESIII Collaboration [50], there seems a accumulation of events
at mg,, =~ 2.1 GeV.

4. Summary

The interaction between K* and K, has been investigated in the
OBE model, where t-channel vector meson and pseudoscalar meson
exchanges are taken into account. There are two parameters in the po-
tential to absorb the cutoff dependence of physical observables and they

can be determined by experimental data. Additionally, the u-channel =
exchange, which plays a crucial role in the decay width of the K*K;
molecule, is also considered, where the three body effects of K*K*z
are carefully examined.

In order to investigate the cause of the observed enhancement near
2.1 GeV in the ¢#’ final states in the J/y — ¢n'n process [50], we
conduct a fit analysis of the invariant mass distribution of ¢#’. The in-
clusion of the K*K, channel in the analysis yields satisfactory results,
as both the ¢(2100) and the ¢,(2100) are able to adequately describe
the data. However, it is difficult to determine whether one or both
of these states contribute to the J/w — ¢n'n decay, even when con-
sidering the # polar angular distribution. It is worth noting that the
K*K, bound states are also capable of decaying into ¢#. Therefore,
valuable insights into the K*K, bound states can be obtained by ana-
lyzing the invariant mass distribution of ¢, which is predicted in Fig. 7.
The Dalitz plots in Ref. [50] reveal an accumulation of data within the
range of [4,4.5] GeV? in the ¢ final states. Consequently, we propose
conducting a study on the J /yw — ¢n'n decay using the entire dataset
of J/y events collected by BESIII [59], which is approximately eight
times larger than the dataset used in Ref. [50]. By performing a par-
tial wave analysis of the polar and helicity angular distributions, one
may be able to disentangle the contribution of ¢(2100) and ¢,(2100) to
the J /w — ¢n'n decay. Furthermore, other decays of J /y into KK,
nK*K*, nKK* and ¢nyn can also be explored to study the resonance(s)
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Fig. 7. Predicted ¢ invariant mass distribution in the J /y — ¢’y decay contributed from the ¢(2100) (left) or ¢,(2100) (right) with K* K, rescattering in both

¢n' and ¢n channels. See the caption of Fig. 5 for the meaning of each line.

around 2.1 GeV. While the ¢(2100) should contribute to all these pro-
cesses, the ¢(2100) can only couple to the last two.
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