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We investigate the process 77, — KKz~ by taking into account the S-wave K*K* and pw interactions
within the unitary coupled-channel approach, where the scalar meson a(1710) is dynamically generated.
In addition, the contributions from the intermediate resonances Kjj(1430)~ — K%z~ and K;(1430)° —
K"z~ are also considered. We find a significant dip structure around 1.8 GeV, associated to the a(1710),
in the K°K™ invariant mass distribution, and the clear peaks of the K;;(1430) in the Kz~ and Kz~
invariant mass distributions, consistent with the BABAR measurements. We further estimate the branching
fractions B(n, — K*°K**77) = 5.5 x 1073 and B(y, —» wp™n~) = 7.9 x 1073, Our predictions can be

tested by the BESIII and Belle II experiments in the future.

DOI: 10.1103/PhysRevD.108.114004

I. INTRODUCTION

In 2021, the BABAR Collaboration observed the scalar
resonance a,(1710) in the z*7 invariant mass spectrum of
the process 5. = natz~ [1]. In 2022, the BESIII
Collaboration also found the a,(1710) state in the K3K?
invariant mass spectrum of the process Dy — K%Kz " [2],
and in the K(S)KJr invariant mass spectrum of the process
Dy — KK "z [3]. The experimental measurements of the
mass and width of a,(1710) are tabulated in Table I. One
can see that there are some discrepancies between the
measured masses. Note that in Ref. [2], BESIII did not
distinguish between the a((1710) and f,(1710) in the
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process D] — K%Kz, and denoted the combined state as
S(1710), while in Ref. [3] the ay(1710) was renamed as
ay(1817) because of the different fitted mass of this state.

It should be stressed that there have been many theo-
retical studies about the structure of the a(1710) and its
isospin partner f((1710) from various perspectives [4—16].
For the f((1710), although it is a well-established state
according to the Review of Particle Physics (RPP) [17],
there are still different interpretations of its structure. In
Ref. [12], it was shown that the f,(1710) wave function
contains a large ss component, while in Refs. [13-16], it
was regarded as a scalar glueball. In addition, the f(1710)
and a((1710) states could be dynamically generated from
the vector-vector interactions [18,19], and this picture
remains essentially the same when the pseudoscalar-pseu-
doscalar coupled-channels were taken into account [20]. In
Ref. [21], one isovector scalar state a, with a mass of
1744 MeV is also predicted in the approach of Regge
trajectories, which is roughly consistent with the exper-
imental mass of the ay(1710).

As shown in Table I, the mass of the ay(1710) is not well
determined experimentally. This can complicate the under-
standing of the nature of the ay(1710). For instance,
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TABLE I. Experimental measurements on the mass and width
of the scalar state ay(1710). The first error is statistical and the
second one is systematic. All values are in units of MeV.

Experiment M 4 1710) Cay1710) Reference
BABAR 1704 £5+2 110 £ 15+ 11 [1]
BESIII 1723 £ 11 +2 140+ 14 +4 [2]
BESIIT 1817 =8 £20 97 +£22+ 15 [3]

ag(1710) [or ag(1817)] and X (1812) have been explained
as the 33 P, state by assuming a,(980) and £, (980) as 1° P,
states [22]. Indeed, X(1812) was observed in the process
J/w — y¢w by the BESIII Collaboration [23,24], and the
enhancement near the ¢pw threshold, associated to X (1812),
could be described by the reflection of f,(1710), as
discussed in Ref. [8]. By regarding the ay(1710) as a
K*K* molecular state, Refs. [25-29] have successfully
described the invariant mass distributions of the processes
D} — KKzt and D} — K9K*7z° measured by the
BESIII Collaboration.

Since the peak positions of the ay(1710) in the KK
invariant mass distributions of the processes D} —
KK, KYK T 7" observed by the BESIII Collaboration
are very close to the boundary region of the KK invariant
mass, it is crucial to measure the properties of the a(1710)
precisely in other processes with larger phase space [30].
Taking into account that the dominant decay channel
of the a((1710) is KK in the molecular picture [18,20],
we propose to search for this state in the process
1. — K°K* . Indeed, there have been some experimental
studies of this process. In 2012, the BESIII Collaboration
has measured the branching fraction B(n. — K3K*zF) =
(2.60 +0.29 + 0.34 + 0.25)% via w(3686) — 7°h., h. —
yn. with a sample of 106 million y(3686) events [31]. In
2019, the BESIII Collaboration measured the branching
fraction of this process B(n, — KK*zT) = (2.60 +
0.21 £0.20)% via ete™ -» atx h., h. — yn. with the
data samples collected at \/E =4.23, 4.26, 4.36, and
4.42 GeV [32]. In addition, the BABAR Collaboration has
observed this process in the yy* —-n. — K%K 2T [33,34],
and the measured K3K* mass spectrum shows some
structure in the region of 1.7-1.8 GeV, which could hint
at the existence of the a,(1710), as we show in this work.

Based on the BABAR data [33,34], we will investigate the
process 17, — K°K*z~. In addition to the contribution from
the scalar resonance a((1710), we also take into account
the contribution from the intermediate resonance
K{(1430), which plays an important role in this process
according to Refs. [33,34].

The paper is organized as follows. In Sec. II, we present
the theoretical formalism of the , — K°K*z~ decay, and
in Sec. III, we show our numerical results and discussions,
followed by a short summary in the last section.

II. FORMALISM

First in Sec. Il A we present the theoretical formalism
for the process 7, — KKz~ via the K*K* and wp
final state interactions, which dynamically generate the
scalar resonance ay(1710). Next, we show the formalism
for the process 1, — K;j(1430)"K*[K;(1430)°K°] with
K;(1430)~ — K%z~ [K;(1430)° > K*z7] in Sec. IIB.
Finally, the formalism for the double differential widths
of the process 7, — KKz~ is given in Sec. II C.

A. Mechanism of

. = (K°K** Jop*)n~ — K°K* ™
With the assumption that the 7. is a singlet of SU(3), and
ap(1710) is a vector-vector molecular state [18,19], one
needs to first produce the vector-vector pairs in the 7,
decay. Considering that this process has a 7~ in the final
states, we introduce one combination mode of (VV P) in the
primary vertex [35,36], where V and P are the SU(3) vector

and pseudoscalar matrices respectively [35-39],

%—i—% ot K+
V=1 s K0 | (1)
K+ el b
P= e A )
K- L

where the  — ' mixing is assumed according to Ref. [40].
The symbol () stands for the trace of the SU(3) matrices.
One could obtain the relevant contributions by isolating the
terms containing z~, as follows,

(VVP)
= (Vv)lzpzl

= ”_Zvliviz
1)

o[ (B ) 4 (L 2 o]

=1 [V2ptw+ KK (3)

In the molecular picture, the ay(1710) is dynamically
generated from the S-wave K**K** and wp* final-state
interactions [18,19], and then decays into the final states
KK, as depicted in Fig. 1. The decay amplitude of Fig. 1
can be written as,
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FIG. 1. Diagram for the process 7. — (K*°K** /opT)n~ —

ap(1710) 7~ —» K°K* 7~

Ma - V[J X (G[‘(*OKH ti(*“[(**—)f@[(*
+ \/EGwp+twp+—>l_(0K+)v (4)
where Vp is the normalization factor, and ¢z g+ _, gog+ and
lypy+—gok+ are the transition amplitudes.

The loop functions Ggox-+ and G,,,,+ are for the K*OK**
and wp™ channels, respectively, and read [18,41],

MK“K* / / * dmzdmz

Xa)(ml) (7 )G(MKOK+»m1»m2) (5)
where
1 1
72) = —1 . 6
w(ml) N |:I’712 - m%/ + lr‘(”hlz)ﬁll:| ( )
N = " dictm 1 (7)
i w2 —md +iC(m?)im;]’
7(3
L) =Ty, 5. (8)
i i O S G T SIS

2mVI_

with the Killen function A(x,y,z) = x> + y> + 7% — 2xy —
2xz — 2yz. Here, we consider the decay channels zz and
Kz for the vector mesons p and K*, respectively,
and neglect the contribution from the small width
(Fa, = 8.68 MeV) of w. Taking the vector K* for example,
mi, = (mg —|—2FK )? and m?_ = (my- —2Tk-)?. Similarly,
one can obtain m? ., and m3_ for the p. The masses, widths,
and spin-parities of the involved particles are taken from the
RPP [17], and listed in Table II.

The loop function G of Eq. (5) is for stable particles, and
in the dimensional regularization scheme it can be written
as [18],

TABLE 1II. Masses, widths, and spin-parities of the involved
particles in this work. All values are in units of MeV.

Particle Mass Width Spin-parity (J©)
e 2983.9 32.0 0-
at 139.5704 - 0~
K° 497.611 e 0~
K* 493.677 e 0~
K 893.6 49.1 1~
0} 782.65 8.68 1~
p 775.26 149.1 1-
K;5(1430) 1425 270 0+
L P St ek WL
1622 u? 2s m3
7 [ —mi) +2py/s)
+In(s+ mi) + 2py/s)
In (s ( = mi) +2pv/s)
(s = (3 =) + 2p5)] . (10)
with
p - 2\/5 ’
where a,, is the subtraction constant, u is the dimensional

regularization scale, and s = M2 KK We take a, = —1.726
and p = 1000 MeV as used in Ref. [18]. It is worth
mentioning that any change in y could be reabsorbed by
a change in a, through a, —a, =In(u*/u*), which
implies that the loop function G is scale independent [42].

In order to show the influence of the widths of vector
mesons on the loop functions, we calculate the loop
function G, and G,l,,, as functions of the KK~ invariant
mass, and show them in Fig. 2. The blue long-dashed and
red dot-dashed curves correspond to the real and imaginary
parts of the loop function G considering the width of p,
respectively. While, the green solid and purple dotted
curves correspond to the real and imaginary parts of the
loop function G without the contribution from the p width,
respectively. One can see that the loop function G, con-
sidering the width of the vector meson, becomes smoother
around the threshold.

On the other hand, the transition amplitudes
TR0k jopt—kok+ 1N Eq. (4) could be obtained from the
coupled-channel approach in Ref. [10], where one state aj
with mass around 1760 MeV could be dynamically
generated from the nz, KK, wp, ¢p, and K*K* interactions
within SU(6) spin-flavor symmetry. However, the width of
ag is about 24 MeV, much smaller than the one for the
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FIG. 2. Real and imaginary parts of the loop functions G, and

G, , as a function of the KK+ invariant mass.

wp

ao(1710) resonance as quoted in the PDG [17]. On the
other hand, it is customary to obtain the coupling constants
and the pole position of the dynamically generated state by
fitting the Breit-Wigner form to the amplitude of the
coupled-channel approach around the pole position,

125 ’
S = Spole

where g;;) is the couplings to channel i (j). It implies that
the amplitude of the Breit-Wigner form with the same
position and couplings should give similar behavior around
the pole position. Thus, we take the transition amplitude as,

9K K" Jwp X gkKk (13)
-M:i +iM, T,

tl_('*OK*#»/wp‘F_)I_(OK‘F = "2
Kk

where M, and T', are the mass and width of the a,(1710),
respectively, and we take their values from Refs. [18,43],
which are tabulated in Table III. gg-g-+, g,,, and ggg are the
coupling constants of the vertices K*K* /wp — a0(1710)1
and a((1710) — KK, respectively, whose values are deter-
mined in Ref. [18]. We determine the coupling gxz from
the partial decay width of a¢(1710) - KK,

2 -

Ixk | Pk
[p = KK IEK 14
K 8 M2, (14)

where pg is the three momentum of the K or K meson in
the ay(1710) rest frame,

"The couplings of a,(1710) to the channels K*K* and wp are
obtained at the pole position [18]. In this work, we take the
coupling to be complex, and do not consider the extra phase
interference between the coupled-channels K*K* and wp.

TABLE III. Mass, width, and coupling constants of the scalar
ao(1710) [18]. gx-k*» Guwp» and ggg stand for the coupling
constants of a,(1710) to the K*K*, wp, and KK channels,
respectively, while I'xz denotes the partial decay width of the
ao(1710) — KK. All values are in units of MeV.

Parameters Value
M, 1777
Ty, 148.0
Ik ke (7525, —il1529)
Guop (—4042, i1393)
Ik 1966
| 36
M2(M2  m2, m2
il = Mo i ) (15

2M,,
With the partial decay width I'xz = 36 MeV [18], one can
only obtain the absolute value of the coupling constant, but
not the phase, thus we assume that g« is real and positive
in this work, as done in Refs. [25,26].

B. Mechanism of
. — (K+K(’;(1430)‘/I_(OK;;(1430)0) — K'K*n~
First, we show the diagram for the process 7, —
K*K;(1430)7, followed by the decay K;(1430)” —
K%z~ in S-wave, in Fig. 3.
The decay amplitude for 7. — K*K((1430)" —
K°K*z~ of Fig. 3 can be written as

ng*K(*]’gK(’;‘I_(On'
2 . b
- MKS + iM KSFKS

M, (16)

Y?
where M go,- is the invariant mass of the Kz~ system, and
9n.x+k;- and 9K KOz denote the coupling constants of
n. = KTKy~ and K~ — K%z, respectively. The mass and
width of the K{(1430) are given in Table II.

Similarly, as shown in Fig. 4, the amplitude of the process
n.— K°K;(1430)° - K°K* 7~ can be expressed as,

In KOKNOIKOK 2~
./\/lc:M2 MOZ 0 AT (17)
k+a- — My, + 1MLk,

K+ KO
Te -
K& a

FIG. 3. Diagram for 5, — K°K*z~ via the intermediate
K;(1430)~, followed by the decay K;(1430)~ — K°z~.
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K Kt

Ne T
KSO

FIG. 4. Diagram for 5, - K°K*z~ via the intermediate
K;(1430)°, followed by the decay K;5(1430)° - K*z~.

where M-~ is the K"z~ invariant mass, and g, o ky and
gkt~ are the coupling constants of the vertices 7, —
K°K;(1430)° and K;5(1430)° — K* 7™, respectively.

The coupling constants appearing in Eqgs. (16) and (17)
could be determined from the experimental partial decay
widths of . - KK{(1430) and Kj(1430) — K, respec-
tively. The effective Lagrangians accounting for the vertices
of n. — KK{(1430) and K{(1430) — K are given by [44],

L= ngK;’IcKK?) (18)
L= Ix; kKo K. (19)

With the above effective Lagrangians, we can express the
corresponding partial decay widths as,

2
gy][K*K ‘P|
n.—~KyK = 87; m%, s (20)
Ix:kx |P|
F * SKr — . 5 21
Kok 87 m%((*) (21)

where P is the three-momentum of the two final-
state particles in the rest frame of the parent particle,
which reads,

Pl=——0—" (22)

and M and m , are the masses of the initial parent particle
and the two final-state mesons, respectively. The masses
and widths of these particles are given in Table II.

According to the RPP [17], the branching fraction of
K§ — Knis B(K; — Kr) = (93 £ 10)%, and we take it to
be 100% in this work. One can then easily obtain the
coupling constant IK:Kn = 4721 MeV.

In addition, with the branching fraction B(. —
K°K*7~) = (2.4 4 0.2)% [45] and the ratio of B(n, —
K°K° /Ky~ KT)/B(n. — K°K*n~) = (40.8£2.2)% [33],
we could estimate the branching fraction B(n, — K;°K®) =
B(n.— K;"K*)=(0.5+0.1)%. Then, we can determine
the coupling constants g, x+ Ky = 9y KK = 180 MeV. It

TABLE IV. Coupling constants of the Kj(1430).

Decay width Coupling Value
Decay process  Fraction (MeV) constant  (MeV)
. —> KTK{™ (05+0.1)% 32.0+0.7 Gn. K Ky 180
Ky — Krn (93 +£10)% 270 + 80 IK:Kn 4721
ne = I_(OK(*;O (0.5+0.1)% 32.0+0.7 9y KK 180

is worth mentioning that the coupling constants appearing
in Egs. (16) and (17) are assumed to be real and positive,
and the values of those coupling constants are listed in
Table IV.

C. Invariant mass distributions

With the amplitudes obtained above, we can write down
the total decay amplitude of 5, — K°K* 7~ as follows,

M= M, + M, + M, (23)

and the double differential widths of the process 7, —
K°K*7~ are

d’r Mgog+ Mg+ -
= TRKCET M, (24)
dM gog+dM g+ - 1287 m;,
d’r Myog+ Mgo,-
= KT IMP. (25)
dMKOK+de(O;f 1287 ny,

Furthermore, one can easily obtain dI'/dMgog-,
dU'/dMgo,-, and dI'/dM g+ - by integrating over each of
the invariant mass variables with the limits of the Dalitz plot
given in the RPP [17]. For example, the upper and lower
limits for M gog+ are

(M%°K+)max = (Ej(+ + E;(O)z
2
— (\/E;g+ - mﬁﬁ - \/E;-(% - m?—@)
(M%(OK+)min = (E;(Jr + E;(O)z

2
- (VR =i+ R

where Ej, and E%, are the energies of K* and K° in the
K%z~ rest frame, respectively,

2 2 2
e, — Miog ~ M M
K 2Mzo,- ’
2 2 2
E* . — my, — MI_(On" — Mg+ (26)
K 2M jo,- '

III. RESULTS AND DISCUSSION

It should be pointed out that the K3K ™ invariant mass
distribution of the process 7. — K‘;K Tz~ has been
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12 5a0(1710) = = = .

d]._‘/dMKquL(X].OAB)

M}?O[(+ (GBV)

FIG. 5. K°K* invariant mass distribution of the process
. = K°K* 7. The red-solid curve stands for the total contribu-
tions, while the blue-dashed curve, the green-dot-dashed curve,
and purple-dotted curve correspond to the contribution from the
ao(1710) state, the intermediate Kjj(1430)~, and K;(1430)°,
respectively. The BABAR data are taken from Fig. 7(a) of Ref. [33].

measured by the BABAR Collaboration [33]. In this work,
we take V, =0.8 in order to match with the BABAR
measurements of the K$K* invariant mass distribution
around 1.6-2.1 GeV. In Fig. 5, we show our results of the
KOK™* invariant mass distribution, where the red-solid
curve stands for the total contribution from the ay(1710)
state and the vector K; meson, while the blue-dashed curve
corresponds to the contribution from the ay(1710) state.
Moreover, the green-dot-dashed and purple-dotted curves
stand for the contributions from the intermediate
K;(1430)~ and K;j(1430)°, respectively. We also show
the BABAR data points in the region of 1.6-2.1 GeV,’
which has been multiplied by an overall normalization
factor 4 x 1077 [33]. As one can see from Fig. 5, the
contributions from the K{(1430) are smooth in the region
of 1.4-2.4 GeV. In particular, we note that the dip structure
around 1800 MeV is in agreement with the BABAR
measurement [33]. This dip structure is mainly due to
the interference between the contributions from the
ay(1710) and the K;(1430), and should be associated to
the scalar ay(1710).

In order to show the dependence of our results on the
parameter V,,, we present the K°K™ invariant mass dis-
tribution of the process 5, — KKz~ with the parameter
V, =006, 0.8, 1.0 in Fig. 6. One can see that the dip
structure around 1.8 GeV persists, which is in agreement

?As pointed out in Ref. [33], for the 5, - K°K* 7~ decay,
some other resonances also contribute, such as the ay(980),
ag(1450), ay(1950), and a,(1320). Since in this work we focus
on the possible signal of the ay(1710), only the BABAR data in
the region of 1.6-2.1 GeV are presented in Figs. 5 and 6.

10 b= Total Vp=0.6 E
—-—-- Total Vp=0.8
.......... Total szlo
—e— BABAR 2016 ﬂ{ S
7 8 fa BABAR 2014 {i hﬁ |
‘E 6 L /ﬁz4 }ﬁ i }{t; |
A /&
SR L

1.4 1.5 1.6 1.7 1.8 1.9 2 2.1 2.2
]WK[((GGV)

FIG. 6. K°K* invariant mass distribution of the process 7, —
K°K* 7~ with the parameter V,, = 0.6, 0.8, 1.0, respectively. In
addition to the BABAR measurements of the 57, — K°K*z~ [33]
(labeled as BABAR 2016), we also show the BABAR measure-
ments of the K™K~ invariant mass distribution of the process
n. — KT K~ 7" [46] (labeled as BABAR 2014).

with the BABAR measurements [33], labeled as BABAR
2016. It should be stressed that the BABAR Collaboration
has also measured the K™K~ invariant mass distribution of
the process . — K+ K~x°, as shown by the data of BABAR
2014 in Fig. 6, where one dip structure also appears around
1.8 GeV [46].

However, it should be pointed out that the dip structure
appearing in the K°K* invariant mass distribution of Fig. 5
could also manifest itself as a peak structure if the
interference between M,, M, and M, are different from
our naive assignments explained above. For instance, if we
multiply the term M, of Eq. (23) by a phase factor e with

121§ ]
p=F == H
— d= . |:“‘
’L 9 r 3 ,.' \"._f . iy q
I RS
< '
\‘,}o< 6 - 7
= [
S
~
S
3| 4
0 1 1 1
0.9 1.4 1.9 2.4 2.9
MKUK+ (GeV)
FIG. 7. K°K* invariant mass distribution of the process 7, —

K%K+ 7~ obtained with a phase angle ¢ = 0, z/3, 2z/3, and =,
respectively. See the text for details.
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20
ap(1710) = = = (a)
6| KT o—e— |
KSO .......
Total ==

12 +

dU/dM+ - (x107%)

dl/dM go,— (x1075)

M[‘(oﬂ.— (GeV)

FIG. 8. K*z~ (a) and K°z~ (b) invariant mass distribution of
the process 57, — K°K*z~. The notations of the curves are the
same as those of Fig. 5.

¢ =0, n/3, 2x/3, and 7#, we would obtain the K°K~
invariant mass distributions shown in Fig. 7, where one can
see a peak structure around 1.8 GeV for ¢p = 27/3 and x.

Next, with the parameter V,, = 0.8, we predict the Kz~
and K%z~ invariant mass distributions for the 7, —
K°K*z~ in Figs. 8(a) and 8(b), respectively. One can
see the clear peaks of the K}(1430)° and K};(1430)~, which
is consistent with the BABAR measurements [see Figs. 5(a)
and 5(b) of Ref. [33]].

In Fig. 9, we present the Dalitz plots for the process 7, —
K°K*z~ with the parameter V,=0.8. From Figs. 9(a)
and 9(b), we can clearly see that there is a vertical blue band
around Mgog+ = 1.8 GeV, which should be associated
with the signal of the scalar ay(1710), and we also find
a yellow band around Mgo,-/x+,- = 1.43 GeV, corre-
sponding to the signal of the K{;(1430) state. From
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FIG. 9. Dalitz plots for the decay 7. — K°K* 7. (a) Mgog+ vs
Mgo~; (b) Mgog+ Vs My~ (€) Mgo— vs My ,-.
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Fig. 9(c), can see that most events of the process 7, —
K°K*z= will appear in the region around Mgo,- =
1.43 GeV and Mg+,- = 1.43 GeV, which is in agreement
with the BABAR measurements (see Fig. 4 of Ref. [33]).
Finally, we predict the branching fractions of the
processes 7, — K*°K**z~ and 5, — wp™*x~, which have
not yet been measured. Without the contributions from
intermediate resonances, based on Eq. (3) the amplitudes
for the processes 1, = K**K**7~ and ., - wp* 7~ are,

M=K G - Egen, (27)

M”qu{frﬂi = \/EV,,EW : g/)*v (28)

where €; is the polarization of the vector meson, and
> pol €i(R)€;(R) = 6;; [47]. With the parameter V, = 0.8,

we could estimate the branching fractions of these two
processes,

i} 1 dr
Bln, — ROK*7) = / <7) AM o
( ) T, ) \dMgog) 5K
=55x%x1073 (29)
1 dr
) = — M, -
B(n, —» wptn™) 1“,70/<de,,+)€1 op
=7.9x 1073, (30)

where the formalism of the differential width of the three-
body decay could be found in the RPP [17]. We note that
our prediction for B(1. - K**K**z7) = 5.5 x 1073 is less
than B(n. - K* K-zt 2~ 2°) = (3.4 +0.5)% and B(y, —
K°K=ntn~n")=(57+1.6)%, while the prediction
for B(n, - wp™n~) =7.9x 1073 is less than B(y. —
2(ztr %) = (16.2 4 2.1)% [17], which seem reasonable.

The BESIII Collaboration has collected 10 billion J/y
events and 3 billion y(3686) events, and the available 7.
events via the decays of J/y — yn,. and w(3686) — yn.
are recently proposed to precisely measure the 7, decay
modes [45], which could be helpful to search for the
possible signal of the ay(1710), and test our theoretical
predictions. The 7, — K°K* 7z~ reaction could be a good
platform to investigate the ay(1710), especially its mass.

It should be stressed that one can not exclude the other
interpretations based the present experimental information.
In Ref. [48], the authors have studied the coupled-channels
influence on the ay(1710) line shape by assuming it as

four-quark state in the MIT bag model, and found that the
strong couplings of aq to VV channel can narrow the a
peak in the PP mass spectra, and the a, width could be
150-300 MeV in the absence of KK and 75 channels. It is
suggested to detect the a¢(1710) - V'V decay directly to
test their results in Ref. [48].

IV. SUMMARY

Assuming the a(1710) as a K*K* molecular state, we
have investigated the process 7, — KKz~ taking into
account the contribution from the S-wave wp™* and K*OK**
interactions, as well as the contribution from the inter-
mediate resonance Kj(1430). We predicted one dip struc-
ture around 1.8 GeV in the K°K* invariant mass
distribution, which is in agreement with the BABAR
measurements [33]. It should be pointed out that a similar
dip structure also appears around 1.8 GeV in the KTK~
invariant mass distribution of the process 7, — K~ K~ 7° of
the BABAR measurements [46]. Furthermore, we predicted
the K*z~ and K%z~ invariant mass distributions of the
process 5, — K°K*z~, and found clear peaks of the
resonance Kj(1430)%~, consistent with the BABAR mea-
surements [33]. In addition, we have also plotted the Dalitz
plots of the process 7. — K°K "z, and shown the possible
signals of the a((1710) and K(1430).

Finally, we have estimated the branching fractions
B(n, - K°K**77) =5.5x 107 and B(y, —» wp™n~) =
7.9 x 1073, which are reasonable by comparing with the
experimental data. Our theoretical predictions could be
tested by the BESIII and Belle II experiments in the future,
and the precise measurements of the process 7, — K°K+z~
could shed light on the nature of the scalar aq(1710).
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