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Recently, the BESIII Collaboration has measured the Dþ
s → π0KþK0

S decay and reported the
observation of scalar meson a0ð1710Þþ in the KþK0

S invariant mass spectrum. Based on the previous
study about such a state in the Dþ

s → πþK0
SK

0
S decay, we perform a theoretical study of a0ð1710Þþ in the

process Dþ
s → π0a0ð1710Þþ → π0KþK0

S. In addition to the a0ð1710Þ state, the contributions of K� and
a0ð980Þ are also taken into account. Firstly, we consider the contributions from the tree diagrams of
K�þ → Kþπ0 and K̄�0 → π0K̄0. Secondly, we describe the final state interaction of KK̄ in the chiral unitary
approach to study the contribution of a0ð980Þ, while the a0ð1710Þ state is dynamically generated from the
K�K̄� interaction, and then decays into KþK̄0. Since the final KþK0

S state is in pure isospin I ¼ 1, the
Dþ

s → π0KþK0
S decay is an ideal process to study the a0ð1710Þþ and a0ð980Þþ resonances. It is found that

the recent BESIII experimental measurements on the KþK0
S, π

0Kþ, and π0K0
S invariant mass distributions

can be well reproduced, which supports the molecular K�K̄� nature of the scalar a0ð1710Þ resonance.
DOI: 10.1103/PhysRevD.107.034001

I. INTRODUCTION

The a0ð1710Þ resonance, an isospin partner of the
scalar meson f0ð1710Þ, may have properties and structure
similar to those of f0ð1710Þ [1–7]. The f0ð1710Þ resonance,
with quantum numbers JPC ¼ 0þþ, has been investigated in
many previous theoretical works [8–18], where its structure
has been studied from various perspectives. For example, in
Ref. [19], it was shown that the f0ð1710Þ resonance has a
large component of ss̄ in its wave function. In Refs. [20–22],
it was considered as a scalar glueball. On the other hand, the
f0ð1710Þ can be viewed as a molecular state dynamically
generated in the vector-vector coupled channel interactions

[9–17]. Meanwhile, the a0ð1710Þ with negative G parity is
also dynamically generated in the isospin I ¼ 1 sector [3–5],
which couples mostly to the K�K̄� channel, as well as to the
ρω and ρϕ channels. In Ref. [7], after extending the coupled
channel vector meson-vector meson interactions to include
the pseudoscalar meson-pseudoscalar meson interactions, a
pole near theK�K̄� threshold identified as the a0ð1710Þ state
is also found.
In themolecular picture, thef0ð1710Þ and a0ð1710Þ states

couplemostly to theK�K̄� channel, and their dominant decay
channel is KK̄ [3,7]. The BESIII experiment reported the
first evidence for the interference between f0ð1710Þ and
a0ð1710Þ in the amplitude analyses of the Dþ

s →πþK0
SK

0
S

and Dþ
s → πþKþK− decays [23,24]. It is found that

there is a clear enhancement in the K0
SK

0
S invariant mass

distributions around 1.7 GeV, which is attributed to the
contribution from the a0ð1710Þ state. However, it is
not seen in the KþK− invariant spectrum [24]. In fact, the
a0ð1710Þþ state was previously reported by the BABAR
experiment [25] in the process of ηc → a0ð1710Þþπ−, with
the decay a0ð1710Þþ → πþη. Its measured Breit-Wigner
mass and width are Ma0ð1710Þ ¼ 1704� 5� 2 MeV and
Γa0ð1710Þ ¼ 110� 15� 11 MeV, respectively [25].
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In our previous work [1], for the decay Dþ
s → πþK0

SK
0
S,

we found that the contribution from the K� meson is crucial
to the a0ð1710Þ peak region. Furthermore, within the
proposed mechanisms in Refs. [1,2], it is expected that
the charged a0ð1710Þþ resonance will show up in the
KþK0

S invariant mass distribution of the Dþ
s → π0KþK0

S
decay. Recently, the BESIII Collaboration has performed
an amplitude analysis of the process Dþ

s → π0KþK0
S [26],

where the a0ð1710Þþ state was indeed observed in the
KþK0

S invariant mass distribution. The fitted Breit-Wigner
mass and width of a0ð1710Þþ state by the BESIII
Collaboration are as following [26]:

Ma0ð1710Þ ¼ 1817� 8� 20 MeV;

Γa0ð1710Þ ¼ 97� 22� 15 MeV: ð1Þ

Here, the fitted mass is close to the boundary region of the
KþK̄0 invariant mass spectrum.1 In the low energy region
of the KþK̄0 line shape, there is a clear enhancement due to
the scalar meson a0ð980Þ.
Based on the BESIII experimental measurements [26],

Ref. [27] has systematically studied these isovector scalar
mesons and suggested that the a0ð1710Þ [denoted as
a0ð1817Þ], a0ð1450Þ, and a0ð980Þ states are in the same
isovector scalar meson family since they form a Regge
trajectory. In addition, the a0ð1710Þ state could also be
regarded as a good isovector partner of the Xð1812Þ [27]. In
a word, the nature of a0ð1710Þ is still unclear, and further
theoretical and experimental studies are necessary.
In this work, in addition to the contributions of the

intermediate states K�þ and K̄�0 in the processes Dþ
s →

K̄0K�þ → π0KþK0
S and Dþ

s → KþK̄�0 → π0KþK0
S, we

investigate the roles of the scalar mesons a0ð980Þþ and
a0ð1710Þþ in the Dþ

s → π0KþK0
S decay, where their

contributions are included by taking into account the
KK̄ and K�K̄� final-state interactions within the chiral
unitary approach [1,2,28–32].
This article is organized as follows. In Sec. II, we present

the theoretical formalism for the Dþ
s → π0KþK0

S decay,
and in Sec. III, we show our numerical results and
discussions, followed by a short summary in the last
section.

II. FORMALISM

In this section, we present the theoretical formalism for
the decay Dþ

s → π0KþK0
S, where we study the roles of the

K�þ (K̄�0), a0ð980Þ, and a0ð1710Þ states. The contribution
of the a0ð980Þ state is encoded in the S-waveKK̄ final-state

interactions [28–32], while the one of the a0ð1710Þþ state
is in the S-wave K�K̄� final-state interactions [1,2].
The Cabibbo-favored process Dþ

s → π0KþK̄0 can hap-
pen via the weak decay of the c quark into aWþ boson and
an s quark, followed by the Wþ boson decaying into a u
quark and a d̄ quark. In order to generate the states
π0Kð�ÞþK̄ð�Þ0, the us̄ (sd̄) hadronize into Kð�Þþ [K̄ð�Þ0],
and the sd̄ (us̄), together with the qq̄ ð¼uūþ dd̄þ ss̄Þ pair
created from the vacuum, hadronize into π0K̄ð�Þ0 [π0Kð�Þþ].
Then the scalar meson a0ð980Þ ½a0ð1710Þ� could be
dynamically generated from the S-wave KþK̄0 [K�þK̄�0]
interaction.

A. The mechanism ofD +
s → K̄0K� + ðK + K̄�0Þ → π0K +K0

S
reaction

Firstly, we study the decay of Dþ
s → π0KþK0

S via the
intermediate resonance K�þ, with K�þ → π0Kþ in P wave.
The vertex Dþ

s K̄0K�þ is also in P wave to keep the angular
momentum conserved, and the effective interaction is taken
as used in Refs. [1,29,33]. The hadron level diagram for the
process Dþ

s → K̄0K�þ → π0KþK0
S is depicted in Fig. 1,

and the decay amplitude can be written as

MK�þ ¼ gDþ
s K̄0K�þgK�þKþπ0

q2K�þ −m2
K�þ þ imK�þΓK�þ

×

�
ðm2

Kþ −m2
π0
Þ
�
1 −

q2K�þ

m2
K�þ

�

þ 2p1 · p3

m2
π0
−m2

Kþ −m2
K�þ

m2
K�þ

þ 2p2 · p3

m2
π0
−m2

Kþ þm2
K�þ

m2
K�þ

�
; ð2Þ

where q2K�þ ¼ ðp1 þ p2Þ2 ¼ M2
π0Kþ is the four momenta

square of the virtual K�þ meson, andMπ0Kþ is the invariant
mass of the π0Kþ system.
As shown in Fig. 2, the decay of Dþ

s → π0KþK0
S can

also occur via the intermediate meson K̄�0. The corre-
sponding decay amplitude for the process of Dþ

s →
π0KþK0

S of Fig. 2 can be easily obtained just by applying
the substitution to MK�þ with p2 ↔ p3, K�þ → K̄�0, and
qK�þ → qK̄�0 .

FIG. 1. The decay of Dþ
s → π0KþK0

S via the intermediate
vector K�þ.

1If we take MDþ
s
¼ 1968.34 MeV and mπ0 ¼ 134.98 MeV,

we get the maximum value of the KþK̄0 invariant mass
ðMKþK̄0Þmax ¼ 1833.36 MeV.
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The coupling constants gDþ
s K̄0K�þ , gK�þKþπ0 , gDþ

s K̄�0Kþ ,
and gK̄�0K̄0π0 are determined from the experimental
partial decay widths of Dþ

s → K̄0K�þ, K�þ → Kþπ0,
Dþ

s → KþK̄�0, and K̄�0 → K̄0π0, respectively. These cou-
pling constants are related to the corresponding partial
decay widths as

ΓDþ
s →K̄0K�þ ¼

g2Dþ
s K̄0K�þ

2π

jPj3
m2

K�þ
; ð3Þ

ΓK�þ→Kþπ0 ¼
g2K�þKþπ0

6π

jPj3
m2

K�þ
; ð4Þ

ΓDþ
s →KþK̄�0 ¼

g2Dþ
s KþK̄�0

2π

jPj3
m2

K̄�0
; ð5Þ

ΓK̄�0→K̄0π0 ¼
g2K̄�0K̄0π0

6π

jPj3
m2

K̄�0
; ð6Þ

where P is the three-momentum of one of the two final
particles in the rest frame of the decay particle, which is
given by

jPj ¼ λ1=2ðM2
0; m

2
1; m

2
2Þ

2M0

; ð7Þ

with the Källen function λðx; y; zÞ ¼ x2 þ y2 þ z2 −
2xy − 2yz − 2xz, and M0 is the mass of the initial decay
particle, while m1 and m2 are the masses of the two final
particles, respectively.
Note that from the partial decay width, one can only

get the module squared of the coupling constant. Here,
these coupling constants are taken as real and positive as
done in Refs. [1,29]. The partial decay width of K� → Kπ

is taken from the particle data group (PDG) [8]. While for
the Dþ

s → K�þK̄0 decay, we take BrðDþ
s → K̄0K�þÞ ¼

ð5.4� 1.2Þ% from Ref. [8], then one can easily obtain
BrðDþ

s →KþK̄�0Þ¼ð12.7�2.8Þ% with the recent BESIII

measurement of BrðDþ
s →K̄�0KþÞ

BrðDþ
s →K̄0K�þÞ¼2.35þ0.42

−0.23stat �0.10syst [26].

The obtained results for these coupling constants used in
this work are listed in Table I.

B. The mechanism of D+
s → π0a0ð980Þ+ → π0K +K0

S
reaction

For the production of the a0ð980Þ resonance, we need
to produce the π0KþK̄0 in the first step, and then the
KþK̄0 final-state interaction generates the a0ð980Þ state.
Following Ref. [31], for the hadronization of sd̄ and us̄ into
a pair of pseudoscalar mesons, we can write

X
i¼u;d;s

sq̄iqid̄ ¼ M3iMi2 ¼ ðM2Þ32; ð8Þ

X
i¼u;d;s

uq̄iqis̄ ¼ M1iMi3 ¼ ðM2Þ13; ð9Þ

where M is the SUð3Þ quark pair qiq̄j matrix, and it is
defined as [11,34]

M ¼

0
B@

uū ud̄ us̄

dū dd̄ ds̄

sū sd̄ ss̄

1
CA: ð10Þ

Accordingly, at the hadron level, if we consider the η and η0
mixing as in Ref. [35], we can write the matrix M in terms
of the pseudoscalar (P) mesons,

P¼

0
BB@

ηffiffi
3

p þ π0ffiffi
2

p þ η0ffiffi
6

p πþ Kþ

π− ηffiffi
3

p − π0ffiffi
2

p þ η0ffiffi
6

p K0

K− K̄0 − ηffiffi
3

p þ
ffiffi
6

p
η0

3

1
CCA: ð11Þ

Then, the hadronization processes at the quark level in
Eqs. (8) and (9) can be expressed at the hadron level as

ðM2Þ32 → ðP · PÞ32 ¼ πþK− −
1ffiffiffi
2

p π0K̄0; ð12Þ

FIG. 2. The decay of Dþ
s → π0KþK0

S via the intermediate
vector K̄�0.

TABLE I. Two-body decays and the corresponding coupling constants.

Decay process Partial decay width (MeV) Coupling constant Value

Dþ
s → K̄0K�þ ð0.71� 0.16Þ × 10−10 (Ref. [8]) gDþ

s K̄0K�þ ð1.05� 0.12Þ × 10−6

K�þ → Kþπ0 16.9� 0.3 (Ref. [8]) gK�þKþπ0 3.23� 0.03
Dþ

s → KþK̄�0 ð1.66� 0.37Þ × 10−10 (Refs. [8,26]) gDþ
s K̄�0Kþ ð1.62� 0.18Þ × 10−6

K̄�0 → K̄0π0 15.8� 0.2 (Ref. [8]) gK̄�0K̄0π0 3.13� 0.02
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ðM2Þ13 → ðP · PÞ13 ¼ πþK0 þ 1ffiffiffi
2

p π0Kþ: ð13Þ

Together with the other final state Kþ (hadronizatized
directly from us̄) or K̄0 (hadronizatized directly from sd̄),
we obtain the Dþ

s → π0KþK̄0 reaction at tree level [shown
in Fig. 3(a)] with the above mechanism as

Mtree
π0KþK̄0 ¼ Vπ0KþK̄0ffiffiffi

2
p ; ð14Þ

where we take Vπ0KþK̄0 as a constant, as done in most
previous theoretical works [36–41].
Next, the final-state interaction ofKþK̄0 will produce the

a0ð980Þ state. The corresponding diagram is shown in
Fig. 3(b), and the corresponding amplitude is defined as
MFSI

KþK̄0 . Then, the total decay amplitude for the Dþ
s →

π0KþK0
S reaction shown in Fig. 3, including the contribu-

tions from tree and final-state-interaction diagrams, can be
easily obtained as follows2:

Ma0ð980Þ ¼ Mtree
π0KþK̄0 þMFSI

KþK̄0

¼ Vπ0KþK̄0ffiffiffi
2

p ½1þGKK̄ðMKþK̄0Þ

× tKþK̄0→KþK̄0ðMKþK̄0Þ�; ð15Þ

with MKþK̄0 the invariant mass of the KþK̄0 system, and
Vπ0KþK̄0 is a free parameter, which will be determined by
the experimental data.
In Eq. (15), GKK̄ is the KK̄ loop function, which is

given by

Gi ¼ i
Z

d4q
ð2πÞ4

1

ðP − qÞ2 −m2
1 þ iϵ

1

q2 −m2
2 þ iϵ

; ð16Þ

where m1 and m2 are the masses of the two mesons in the
loop of the ith channel, and P and q are the four-momenta
of the two-meson system and the second meson, respec-
tively. The loop function of Eq. (16) is logarithmically
divergent. There are two methods to solve this singular
integral, either using the three-momentum cutoff method,
or the dimensional regularization method. In our work, we
adopt the cutoff method, and perform the integral for q in
Eq. (16) with a cutoff jq⃗maxj ¼ 903 MeV to regularize the
loops (see Ref. [42] for more details).
The transition amplitude tKþK̄0→KþK̄0 , which is depen-

dent on the invariant mass MKþK̄0 , can be obtained in the
chiral unitary approach by solving the Bethe-Salepter
equation [43–45],

T ¼ ½1 − VG�−1V; ð17Þ

where V is a 2 × 2 matrix with the transition potentials
between the isospin channels KK̄ and πη. The transition
amplitudes tKþK̄0→KþK̄0 in particle basis can be related to
the one in isospin basis,

tKþK̄0→KþK̄0 ¼ tKK̄→KK̄: ð18Þ

With the isospin multiplets K¼ðKþ;K0Þ;K̄¼ðK̄0;−K−Þ,
and π ¼ ð−πþ; π0; π−Þ, the 2 × 2 matrix V can be easily
obtained as follows [28–32,42]:

VKK̄→KK̄ ¼ −
1

4f2
s;

VKK̄→πη ¼
ffiffiffi
6

p

12f2

�
3s −

8

3
m2

K −
1

3
m2

π −m2
η

�
;

Vπη→KK̄ ¼ VKK̄→πη;

Vπη→πη ¼ −
1

3f2
m2

π; ð19Þ

where f ¼ 93 MeV is the pion decay constant, and s is the
invariant mass squared of the pseduoscalar-psedudoscalar
system.
In Fig. 4, we show the real and imaginary parts of the

transition amplitude tKþK̄0→KþK̄0 as a function of the
invariant mass of the KþK̄0 system. One can see that there
is a clear structure around 980 MeV, which is associated to
the a0ð980Þ resonance.

FIG. 3. The mechanisms of the Dþ
s → π0KþK0

S decay. (a) tree
diagram and (b) the final-state interaction ofKþK̄0 to produce the
a0ð980Þþ state.

2It is worth mentioning that we have neglected the πK final-
state interactions, where the scalar meson κð700Þ appears. This is
because its contribution is very small compared with the
dominant contribution from the K� meson.
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C. The mechanism of D+
s → π0ðK�K̄�Þ+ → K0

SK
+π0

reaction

Following Ref. [1], the same mechanism that produced
ðK�K̄�Þ0 can also produce ðK�K̄�Þþ, and after the π0 and
K�þK̄�0 pair produced, the final-state interactions of K�þ

and K̄�0 will lead to the dynamical generation of the
a0ð1710Þþ state, which then decays into Kþ and K0

S in the
final state. The rescattering diagram for the Dþ

s →
π0ðK�K̄�Þþ → π0a0ð1710Þþ → π0KþK0

S decay is shown
in Fig. 5. The decay amplitude can be written as

Ma0ð1710Þ ¼
Vπ0K�þK̄�0

2
G̃K�K̄� ðMKþK0

S
Þ

×
gK�K̄�gKK̄

M2
KþK0

S
−M2

a0ð1710Þþ þ iMa0ð1710ÞþΓa0ð1710Þþ
:

ð20Þ

It is worth mentioning that, in the present work, all the
model parameters for the intermediate a0ð1710Þ are deter-
mined in Ref. [1], and we take Ma0ð1710Þþ ¼1777MeV
and Γa0ð1710Þþ ¼ 148 MeV.

D. Invariant mass distributions of the
D+

s → π0K +K0
S decay

With the above theoretical formalism, we can write the
total decay amplitude of Dþ

s → π0KþK0
S as follows:

M¼MK�þ þMK̄�0 þeiθ1Ma0ð980Þ þeiθ2Ma0ð1710Þ; ð21Þ

where θ1 is the relative phase between contribution fromK�

(sum of K�þ and K̄�0) and a0ð980Þ, while θ2 stands for the
relative phase between contribution K� and a0ð1710Þ. The
amplitude of Eq. (21) depends on two invariant masses
MKþK0

S
and Mπ0Kþ .

Then, the double differential decay width for Dþ
s →

π0KþK0
S is given by3

d2Γ
dMKþK0

S
dMπ0Kþ

¼
MKþK0

S
Mπ0Kþ

128π3m3
Dþ

s

jMj2: ð22Þ

Finally, one can easily obtain the invariant mass dis-
tributions dΓ=dMKþK0

S
and dΓ=dMπ0Kþ , by integrating

Eq. (22) over each of the invariant mass variables. For
example, for a given value of MKþK0

S
, the upper and lower

limits for Mπ0Kþ are fixed as [8]

ðM2
π0KþÞmax

¼ ðE�
π0
þ E�

KþÞ2

−
� ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

E�2
π0
−m2

π0

q
−

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
E�2
Kþ −m2

Kþ

q �
2
;

ðM2
π0KþÞmin ¼ ðE�

π0
þ E�

KþÞ2

−
� ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

E�2
π0
−m2

π0

q
þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
E�2
Kþ −m2

Kþ

q �
2
;

here E�
π0

and E�
Kþ are the energies of π0 and Kþ in the

KþK0
S rest frame, respectively,

E�
π0
¼

m2
Dþ

s
−M2

KþK0
S
−m2

π0

2MKþK0
S

;

E�
Kþ ¼

M2
KþK0

S
−m2

K0
S
þm2

Kþ

2MKþK0
S

: ð23Þ

III. RESULTS AND DISCUSSION

With these above formalism, we calculate the invariant
mass distributions of the Dþ

s → π0KþK0
S decay. In the

numerical analysis, we have five free parameters: (1) the
factor Vπ0K�þK̄�0 for the weak and hadronization strength
related to the production of intermediate π0ðK�K̄�Þþ at tree
level; (2) Vπ0KþK̄0 for the weight of the contribution from
the intermediate a0ð980Þþ state; (3) relative phase θ1;

FIG. 4. Real (solid curve) and imaginary (red-dashed curve)
parts of the transition amplitude tKþK̄0→KþK̄0 as a function of the
invariant mass of the KþK̄0 system.

FIG. 5. Feynman diagram for the Dþ
s → π0ðK�K̄�Þþ →

π0a0ð1710Þþ → π0KþK0
S decay, where a0ð1710Þ is dynamically

generated by the K�K̄� final-state interaction.

3We take jK0i¼ 1ffiffi
2

p ðjK0
SiþjK0

LiÞ and jK̄0i¼ 1ffiffi
2

p ðjK0
Si− jK0

LiÞ,
where we have neglected the effect of CP violation.

ROLE OF SCALAR MESONS a0ð980Þ AND a0ð1710Þ … PHYS. REV. D 107, 034001 (2023)

034001-5



(4) relative phase θ2; and (5) a global normalization factor
C, which is needed to normalize the theoretical invariant
mass distributions to the events obtained by the BESIII
Collaboration.
We perform χ2 fit to the BESIII measurements of

the π0Kþ, π0K0
S, and KþK0

S invariant mass distributions.
There are 129 data points in total. The obtained χ2 is
χ2=ð129 − 5Þ ¼ 0.33, and the fitted parameters are
C ¼ ð2.3� 0.1Þ × 1014, Vπ0K�þK̄�0 ¼ ð2.2� 0.4Þ × 10−4,
Vπ0KþK̄0 ¼ ð1.3� 0.1Þ × 10−4, θ1 ¼ ð184.7� 13.2Þ°, and
θ2 ¼ ð293.9� 18.1Þ°. It should be stressed that the fitted
parameter Vπ0K�þK̄�0 is close to the value 1.69 × 10−4 that is
determined from the contribution of a0ð1710Þ0 to the
Dþ

s → πþK0
SK

0
S decay [1]. In fact, if we fix Vπ0K�þK̄�0 as

1.69 × 10−4, we can also obtain a very good fit with
χ2=ð129 − 4Þ ¼ 0.34, and the fitted parameters are similar
to these values obtained above within uncertainties.
With the fitted central values of the model parameters, we

firstly show the theoretical results in Fig. 6 for the π0Kþ
invariant mass distributions, where the red-solid curve stands
for the total contribution. While the blue-dashed, green-
dotted, pink-dot dashed, and purple-dot dashed curves
correspond to the contributions from the intermediate states
a0ð1710Þþ,K�þ, K̄�0, anda0ð980Þþ, respectively. It is shown
that our theoretical calculations cannot describe well these
structures around Mπ0Kþ ∼ 0.7 and 1.4 GeV, which implies
that there should be other contributions around those ener-
gies. While the higher tail of the π0Kþ line shape is mostly
from the reflections of the a0ð980Þ and the K̄�0, and the
contribution from K̄�0 is dominant aboveMπ0Kþ ∼ 1.4 GeV.
Next, in Fig. 7, the theoretical results for the π0K0

S
invariant mass distributions are shown. It is easily seen that
the experimental data can be well reproduced within our
reaction mechanisms, particularly the shoulder structure
from the threshold to Mπ0K0

S
∼ 0.8 GeV. Again, the higher

tail of the π0K0
S line shape is from the a0ð980Þ resonance

and K�þ, which may indicate that the contribution from the
vector meson K�þð1410Þ is small and negligible. Yet, its
contribution was included in the analysis by the BESIII
Collaboration [26].
Finally, in Fig. 8, we show the theoretical results on the

KþK0
S invariant mass distributions. From Fig. 8, one can

see that our numerical results can reproduce the a0ð980Þþ
and a0ð1710Þþ peaks. The bump structure in the energy
region from 1.2 to 1.4 GeV is mainly from the reflection of
the K�þ meson. Furthermore, as for the Dþ

s → πþK0
SK

0
S

reaction [1], the K�þ and K̄�0 mesons contribute signifi-
cantly to the peak region of the a0ð1710Þþ resonance,
though the contribution of a0ð1710Þþ is the largest one,
compared to the K� contributions. To better investigate
the role of a0ð1710Þ resonance, future measurements could
do some cuts and remove these contributions from the
K�ð892Þ mesons.

FIG. 6. Invariant mass distributions of π0Kþ for the Dþ
s →

π0KþK0
S decay, compared with the experimental data taken from

Fig. 2(c) of Ref. [26].

FIG. 7. Invariant mass distributions of π0K0
S for the Dþ

s →
π0KþK0

S decay, compared with the experimental data taken from
Fig. 2(b) of Ref. [26].

FIG. 8. Invariant mass distributions of KþK0
S for the Dþ

s →
π0KþK0

S decay, compared with the experimental data taken from
Fig. 2(a) of Ref. [26].
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It is worth mentioning that in Ref. [29], the a0ð980Þ state
was studied in the Dþ

s → π0KþK̄0 decay by including the
contributions from the triangle diagrams involving the
intermediate K� and ρ resonances, and then the KK̄ and
πη pairs fuse to generate the a0ð980Þ state. It is found that
the signal of the a0ð980Þ state is also clearly seen [29]. In
this work, for the production of a0ð980Þ, we rely on the
production of the π0KþK̄0, where all particles are produced
in S wave. Yet, it is easy to see that the mechanism
proposed in Ref. [29] should be suppressed due to the
highly off shell effect of the K� propagator when the KþK̄0

invariant mass is close to the a0ð980Þþ mass. Furthermore,
to include such contributions more free parameters are
needed. In addition, we have checked the S-wave final-state
interactions of π0 and Kþ (K̄0), and found that these two
contributions are much smaller compared with the con-
tributions of the K�þ and K̄�0. Nevertheless, the model
proposed in the present work can give a reasonable
description of the experimental data for the Dþ

s →
π0KþK0

S decay and constitutes a further theoretical effort
in studying the roles of the a0ð980Þ and a0ð1710Þ states in
the relevant reaction.

IV. SUMMARY

In the present work, we investigated the Cabibbo-
favored process Dþ

s → π0KþK0
S. In addition to the con-

tributions from the tree diagrams of K�þ → π0Kþ and
K̄�0 → π0K0

S, the S-wave ðK�K̄�Þþ final-state interaction
within the chiral unitary approach, where the a0ð1710Þþ
state is dynamically generated was also considered. While
for the KK̄ final-state interaction, we took into account the
a0ð980Þþ state, which is a dynamically generated reso-
nance from the coupled-channel pseudoscalar-pseudoscalar
interaction. Considering all these contributions, we calcu-
lated the three invariant mass distributions of KþK0

S, π
0Kþ,

and π0K0
S, to which a0ð1710Þþ, a0ð980Þþ, K�þ, and K̄�0

contribute, respectively.

We showed that the new experimental data on the
invariant mass distributions of dΓ=dMπ0Kþ , dΓ=dMKþK0

S
,

and dΓ=dMπ0K0
S
measured by the BESIII Collaboration [26]

can be reproduced. We found that the vector meson
K�ð892Þ plays a crucial role in the a0ð1710Þþ peak region,
and the contribution from K�ð1410Þ was not needed. The
higher tail of the πK line shapes are mainly due to the
reflection effects of the a0ð980Þ resonance and K�ð892Þ
mesons.
We would like to stress that the decay ofDþ

s → π0KþK0
S

is a good platform to study the isospin one scalar mesons,
since the final KþK0

S system is in pure isospin I ¼ 1. The
experimental measurements on the Dþ

s → π0KþK0
S reac-

tion by the BESIII Collaboration support the K�K̄� nature
of the a0ð1710Þ state, and the a0ð980Þ state is a dynami-
cally generated state from the coupled-channel interactions
of pseudoscalar meson and pseudoscalar meson.
Furthermore, thanks to the important role played by the
scalar mesons a0ð980Þ and a0ð1710Þ in theDþ

s → π0KþK0
S

reaction, the accurate data on this reaction can be used to
improve our knowledge about these scalar mesons.
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