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We present a theoretical study of the Z*(1690) resonance in the A7 — AK*K? decay, where the weak-

interaction part proceeds through the Cabibbo-favored process ¢ — s + ud. Next, the intermediate two
mesons and one-baryon state can be constructed with a pair of gg with the vacuum quantum numbers.
Finally, the Z*(1690) is mainly produced from the final-state interactions of KA in coupled channels, and
this is shown in the KA invariant mass distribution. The scalar meson a,(980) and nucleon excited state
N*(1535) are also taken into account in the decaying channels K+ K° and K+ A, respectively. Within model

parameters, the K +K9 KYA, and K* A invariant mass distributions are calculated, and it is found that our
theoretical results can well reproduce the experimental measurements, especially for the clear peak around
1690 MeV in the KA spectrum. The proposed weak decay process A7 — AK+K? and the interaction
mechanism can provide valuable information on the nature of the Z*(1690) resonance.

DOI: 10.1103/PhysRevD.108.114006

I. INTRODUCTION

The study of the properties of the = states has attracted
much attention in hadron physics [1-5]. However, our
knowledge about the E spectrum is quite scarce [6]. Except
for the ground Z(1321) state with spin parity J© = 1/2F
and E*(1530) with J* = 3/2% being well established with
four-star ratings, the situation for other =* excited states is
still rather uncertain with less than three-star ratings [6].
The existence of some of them has not been confirmed.
Hence, further studies of the Z* resonances on both the
experimental and theoretical sides are necessary [7-10].

For the study of Z* resonances, the KN scattering is
available [11]. Indeed, the E*(1690) resonance was first
observed in the KX invariant mass spectrum [12] in the
K~ p reactions at 4.2 GeV. In the measurements of
Ref. [12], the mass and total decay width of E*(1690)
are established as M =1694+6MeV and I'=264+6 MeV
in the charged channel and M = 1684 +£5 MeV and
I' =204+ 4 MeV in the neutral channel. In Ref. [13],
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the E%(1690) resonance was confirmed by the WAS89
Collaboration in the neutral z"E~ channel with measured
mass M = 1686 =4 MeV and width "' = 10 £ 6 MeV. In
Ref. [14], in addition to the investigations of the =*(1530)
properties in the A7 — KT2T2~ decay process, evidence
of the existence of the £*(1690) resonance with J* = 1/2~
was also found by the BABAR Collaboration. In Ref. [15],
the Belle Collaboration presented the first evidence for
the process A} — K+20(1690) - K*K~X*, and the
fitted mass and width of E*(1690) are M = 1688 +
2 MeV and I' = 11 =4 MeV. Furthermore, the contribu-
tion of the Z(1690) to the Al — KTE*(1690) —
KtKOA reaction was also found [15]. In Ref. [16],
the 2(1690) resonance was also observed in the K°A
channel in the decay A — K*K°A by the BABAR
Collaboration, where a coherent amplitude analysis of
the Aay(980) and K*+Z°(1690) productions was per-
formed; the obtained mass and width of the =*(1690)
resonance are M = 1684.7 & 1.3(stat) 7#2(syst) MeV, " =
8.173(stat) Ty 9 (syst) MeV, and its spin is consistent
with 1/2. Furthermore, the E*(1690) resonance has also
been found in the hyperon-nucleon interactions [17,18].
In most of these experimental analyses, the spin parity of
E*(1690) resonance favor J¥ =1/2.

In 2019, the 2*(1620) resonance was observed in the
a2 invariant spectrum via the Ef — E~z"z" decay.
Meanwhile, the evidence of the E*(1690) resonance was
also found with the same data sample, and its significance

Published by the American Physical Society
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is 40 [19]. However, so far the quantum numbers of
E*(1690) have not yet been determined. Therefore, to
fully understand the nature of the E*(1690) resonance,
further experiments are certainly required.

On the theoretical side, within the constituent quark
models, the first excited state of the E baryon is around
1800 MeV [20-22], and thus it is difficult to treat 2*(1690)
as a three-quark state. In Ref. [3], the E*(1690) was treated
as a three-quark state and its spin-parity quantum numbers
are J¥ =1/27. Note that the obtained mass with the
constituent quark model [3] is 1725 MeV, which is still
35 MeV higher than its nominal mass. This implies that
E*(1690) might have some nontrivial structure other
than the usual three-quark state. In fact, using the chiral
unitary approach, the £*(1690) can be interpreted as an
s-wave meson-baryon molecular state [1,2,23]. It couples
strongly to the KX channel [23], and its coupling to the 7=
channel is small. Thus, its narrow width can be naturally
explained [23]. Furthermore, its spin parity is 1/27 in the
chiral unitary approach. In Ref. [24], the 2*(1690) was
investigated by means of the two-point QCD sum rules,
where it was also concluded that the E*(1690) state most
probably has spin-parity quantum numbers J© = 1/2".
However, the obtained width for the E*(1690) state is
about 100 MeV [24], which is much larger than the
experimental measurements [6].

The main property of the Z*(1690) resonance is that its
decay width is too narrow compared with other baryon
resonances that have similar masses [6]. In spite of the fact
that the £*(1690) state has a large phase space to decay to
open channels, such as 7= and KA, its width is just on the
order of 10 MeV. In Ref. [25], using the chiral unitary
approach, the 2*(1690) state was dynamically generated
in the pseudoscalar-baryon and vector-baryon coupled
channels." It was found that most of the properties of
E*(1690), especially its narrow width, can be well
explained [25]. In that work, the E*(1690) had strong
couplings to KX and #ZE channels, while its couplings to the
KA and 7= channels were small. Recently, the meson-
baryon interaction in the neutral strangeness S = —2 sector
was studied using an extended unitarized chiral perturba-
tion theory, where the leading Weinberg-Tomozawa term,
Born term, and the next-to-leading-order contributions
were considered [26]. It was found that both the
E*(1620) and =*(1690) states can be dynamically gen-
erated, and their obtained properties are in reasonable
agreement with the known experimental data.

It has been shown that the weak decay of charmed
baryons governed by the ¢ — s quark transition is benefi-
cial to probe the strange baryons, some of which are

'Note that the transitions between pseudoscalar-baryon and
vector-baryon channels are crucial to obtain the pole for the
E*(1690) state. If these transitions were zero, the pole of
E*(1690) would disappear.

subjects of intense debate about their nature [27-29]. For
instance, the hyperon production from the A} - K~ pz*
and Al — K%pn® decays were investigated within the
effective Lagrangian approach in Ref. [30]. The E*(1620)
and E*(1690) states were studied in the E. - zt*MB
process in Ref. [31], where M and B stand for mesons
and baryons, respectively. It was shown that these weak
decays might be an ideal tool to study the E*(1620) and
E*(1690) resonances, which are dynamically produced in
the rescattering of M and B in the final states.

Therefore, in this work we take advantage of these ideas
and revisit the A7 — AK+K° decay, which requires the
creation of an s5 quark pair. Following Refs. [23,25,31],
in addition to the contributions of the 2*(1690) resonance
that is dynamically generated from the final-state inter-
actions of K°A in the S wave, we also consider the
contributions of the a,(980) and N*(1535) states, where
they are dynamically produced by the final-state inter-
actions of K*K° [32,33] and AK™ [34-39] in coupled
channels, respectively. One can see that the treatment of
the 2(1690) and a((980) resonances is different than that
used in Ref. [16], where the Breit-Wigner form of their
propagators was used.

This article is organized as follows. In the next section,
we present the theoretical formalism for studying the
A} — AKTK° decay. In Sec. III, theoretical numerical
results and discussions are presented, followed by a short
summary in Sec. IV.

II. FORMALISM

For the production of E*(1690) in the weak decay
process AF — KTKOA, we first take it as a dynamically
generated state in the final-state interaction of KA in
coupled channels. Second, we take 2*(1690) as a Breit-
Wigner resonance. The roles of a((980) and N*(1535) are
also investigated, where the contribution of the a((980)
state is encoded in the s-wave KK final-state interaction, as
done in Refs. [40-45], and that of the N*(1535) resonance
is in the s-wave KA final-state interaction [34-39].

The schematic diagram for the Cabibbo-favored process
A = AK*KY is presented in Fig. 1, where the decay
process proceeds in three parts:

(1) In the first step, the ¢ quark in A turns into an s

quark via the weak decay.

¢/ 7\ 7\

N Weak W+ dd + 55 | Final state
AC u decay interaction

AK*K®
N e R
49 creation
FIG. 1. Schematic diagram for the Cabibbo-favored process

A} = AKTKO.
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FIG. 2. Decay mechanisms for (a) A}

(2) A gg pair with the quantum numbers of the vacuum
is introduced to form a pseudoscalar-baryon (PB) or
pseudoscalar-pseudoscalar (PP) pair.

(3) The final-state interactions are taken into account in
coupled channels within the chiral unitary approach,
which will lead to the dynamical productions of the
a0 (980), N*(1535), and E*(1690) resonances.

A. Contributions of the a,(980), N*(1535), and
E*(1690) resonances from final-state interactions

Following Refs. [31,46-50], we assume two primary
decay mechanisms for the process A7 — AKTK", which
are presented in Fig. 2. In the weak decay of charmed
hadrons the diagrams are classified into six different
topologies [51-54]: W external emission, W internal
emission, W exchange, W annihilation, horizontal W loop,
and vertical W loop. Here, we consider the dominant W
external emission and internal emission diagrams as shown
in Figs. 2(a) and 2(b), respectively. The ¢ quark in A turns
into an s quark and a W boson, followed by the W* boson
decaying into a ud pair. To get the final states AKTK",
the sud (sd) cluster forms the A (K°), and the ud (uud),
together with the ¢g (= uit + dd + s5) pair created from
the vacuum, hadronize into K*K° (K*A). In the former
processes, the ud diquark in the Al is always kept.
Therefore, the Al weak decay processes shown in
Fig. 2 can be formulated as follows [46-50]:

+—Lcu —du
A —\@| (ud — du))
- _?V1|A>|u(uﬁ + dd + s5)d) (1)

- \/l§v2|k0>|u(uu b dd+ s5)(ud — du)),  (2)

where V| and V, are the strength of the production
vertices,” which contain all of the dynamical factors.

*We assume that these production vertices proceed through
S-wave interaction.

¢ — = e
e
> u
A —
‘ ( wu+dd+ss

>

u > u

d »

— A+ (PP)* and (b) Af — K° + (PB)*.

According to these results of Ref. [31], we then connect
two degrees of freedom: the quarks and the hadrons. Then,
we can rewrite the intermediate states as

Af > V1|A>‘ _2\—fn+n_?1(+1‘<0> (3)
- V2|K0>‘<\/_ \/(i>p+ﬂ+n—?K+A> (4)

where we have omitted the #' terms as in Refs. [23,25,31]
because its mass threshold is located much high and its
contribution should be small. After the production of the
PP or PB pair, the final-state interactions between inter-
mediate mesons and baryons arise, as shown in Fig. 3. We
can also obtain the explicit expressions of the decay
amplitude M, (i = a, b, c, and d according to the diagrams
shown in Fig. 3) using Eqgs. (3) and (4):

6
M, = MTree = —g(vl +V), (5)
_ AAESI
My, = MESL,
= hK+K0GK+K°T 1<—>1<1< h”+11G75+'7T;17r;—1>KK’ (6)
1=1/2
Mc = MI[:‘(%IA hKOAGKOATKA_/,KA’ (7)
_ S
My = M,
= G aTinen
2 1=1/2
- (\/;hn:*nGﬂ*n \/—hﬂopGnﬂp> N—/>KA
1=1/2
+ hyp G Tynkn (8)

where G pp and G pp are the loop functions of the PP or PB
propagator, respectively. The coefficients hpp and hpp for
the terms of final-state interactions are

V6 2V2
hgigo = _T(Vl + Vo), hpry=—=—7=Vi. (9)
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FIG. 3.
(c) KOA rescattering. (d) KA rescattering.

NG
hgon = hg+n = _T(Vl +Va), (10)
V2 V3
hﬂ+n = V27 hﬂ'O[) = 7‘/2, h,“, = TVQ (11)

The analytic form of the loop function G, with dimen-
sional regularization, is given by

2 2 M2as w2
G(s):%{alﬂ—ln% ;Z : an
+%[ln(s—(m2—M2)+2p\/E)
+1n(s + (m* = M?) +2py/s)
~ln (=5 + (m” = M?) +2p5)
~ln (s = (0 = %) + 29V . (12)

where p is a scale of dimensional regularization and a,, is
the subtraction constant. Any change of x4 can be reab-
sorbed by a change in a,. In this work, we choose y =
630 MeV while a, will be determined from the exper-
imental data, both of which we discuss in the following. m
and M are the masses of the meson and baryon in the loop,
respectively. p represents the magnitude of the three-
momentum of one particle in the meson-meson or
meson-baryon rest frame,

/11/2(& mz’ M2)

p=" (13)

M2 (x,y,2) = \/x2 +y>+ 22 —2xy —2yz—2xz. (14)

(b)
+

A
KT
-,
- /,/
—-—C‘.__,__,o\\ B
‘~K0

EO

/”K+
Lo P /,’
Y
-
A

(d)
+

~,

Schematic diagram for the final-state interaction for the A7 — AKTK° decay. (a) tree-level diagram. (b) K*K° rescattering.

The two-body scattering amplitudes Tpp_pp and
T pp_.pp are obtained by solving the Bethe-Salpeter equa-
tion within the chiral unitary approach [33,55,56],

T=[1-VG]'V, (15)

where V is the transition potential between the involved
channels, which were given explicitly in Refs. [25,33,39,57].
The scattering amplitude element 7" in Eq. (15) in the particle
basis can be related to the one in the isospin basis, and we get

TK+1‘<0—»K+1‘<0 = Tﬁgzi(l_)[(kv (16)
Tpoporio = =T k. (17)
I1=1/2
Tronoion = Teyxns (18)
=1/2
TK*A—)K*A = Tﬁ(A—»KA’ (19)
2 =12
Tripnskin = _\/;szNl—{KA7 (20)
1 =12
Tﬂop—>K+A = ngN—d(A’ (21)
1=1/2
Tnp—»l(*/\ - TnN—{KA' (22)

Although the forms of these KK, KA, and KA inter-
actions have been detailed elsewhere [25,33,36,39,57,58],
here we briefly revisit the KA case. This will allow us to
review the general procedure of calculating the two-body
amplitudes entering the total decay amplitude of the
A — AK°K™ reaction.

In order to describe the Z*(1690) state we perform
a coupled channel analysis. In the isospin-1/2 sector,
there are four coupled channels: zZ, KA, KX, and 5ZE.
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TABLE 1. Coefficients C,; for zE2, KA, KX, and nE coupled
channels in the isospin I = 1/2 basis.

=) KA K> n=
E 2 -3)2 ~1/2 0
RA 0 0 _3)2
&> 2 3/2
ne 0

These channels are labeled by the indices j = 1, ...,4. The
transition potential V;; is expressed as [25,58]
Vi = =0 (25— M, M;)
ij = s =
v f j
M, +E)M;:+E;
X ( )( J j)’ (23)
AM;M ;

where f; is the meson decay constant of the ith channel,
fr=92.1 MeV, fr=12f,, andfn—13f,, E; and E;
are the initial and final baryon energles respectively, and

= M2 (s.m? M?)
Ei:\/Miz+|pi|2s |P|—L (Vs =M; —m;),

where s is the invariant mass squared of the meson-baryon
system and m; and M; are the meson and baryon masses in
the ith channel, respectively. The factor C;; is symmetric
and its value is listed in Table I.

Then, one can solve the Bethe-Salpeter equation as
shown in Eq. (15) with the on-shell factorized potential
and, thus, the S-wave scattering 7';; matrix can be easily
obtained. Then, one can also look for poles of the scattering
amplitude 7';; on the complex plane of \/s. The pole Z on
the second Riemann sheet could be associated with the
E*(1690) resonance. The real part of Zy, is associated with
the mass Mz-(1690) Of the E*(1690) resonance, and the
imaginary part of Zy is associated with one half of its
width F— (1690)-

B. Contribution of the Z*(1690) resonance
as a Breit-Wigner resonance

On the other hand, the decay process Al —
E*(1690)K™ — AK°K* can also proceed through
E*(1690) as a Breit-Wigner resonance and decay into
KA, which is shown in Fig. 4. In this case, the Z*(1690)
state is formed with uddss, as shown in Fig. 4(a), and it
decays into K°A in the final state. The hadron-level
diagram for the decay of A} — E*(1690)K+ — AKTK?
is also shown in Fig. 4(b), where the propagator of the
E*(1690) resonance is parametrized as the Breit-Wigner
form.

Then, the general decay amplitude for the process Af —
E*(1690)°K* — K°AK™ can be expressed as

(a) u .
e

N S
w 7
C > > S

A u ‘ E"(1690)
d > d
b _
( ) K+ KO

AJ; ‘ ="(1690) f A

FIG. 4. (a) Quark-level diagram for the A — KTE*(1690)
decay and (b) hadron-level diagram for the A —
K+E*(1690) —» KT KOA decay.
M = I’z (1600) £ (24)
e

2 Myop - Mz (1600) + l@
where Mo, is the invariant mass of the K°A system and
we take Mz:(1690) = 1690 MeV and I'z:(1690) = 20 MeV
for the Breit-Wigner mass and width for the E*(1690)
resonance, respectively, which are quoted in the PDG [6].
The model free parameter V5 will be determined by the
experimental data.

Before going further, we emphasize that the uddss
component of the E*(1690) resonance cannot be guaran-
teed from the decay process shown in Fig. 4. Indeed,
the E*(1690) resonance can also be produced from the
W-exchange diagram [15,59—-61], where cd transitions first
into su with the weak interaction, and then with a s5 pair
from the vacuum, the u5 forms the K*, while the Z*(1690)°
is constructed from the uss cluster and then it decays into
K°A. Nevertheless, this kind of contributions can be
absorbed into the model parameter V3.

C. Invariant mass di_stributions
of the A} — AK*K° decay

With the ingredients obtained in the previous sections,
we can write the double invariant mass distributions for the
A} — KTK°A decay as

d’r _ MMygoMgoy o
dMK+f<ode(oA 1671'3M3ﬁ

|M

. (25)

where M is the total decay amplitude. We take two models
for M:

M= M, + M, + Mg+ M,, (26)
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MY = M, + My, + My + e M,, (27)

where a relative phase 0 is added for Model II, and it is a
free parameter. In addition, another relative phase, ¢,
between V| and V, is also taken into account. We replace
V, with ¢/?V, in the following fitting process. Furthermore,
it is worth mentioning that V{, V,, and V5 have dimen-
sion MeV~!.

Then, the invariant K°A and KTK° mass distributions
can be obtained by integrating over the other invariant mass
in Eq. (25). For a given value of Mo,, the invariant mass
M g+ go satisfies the following relation:

(M) = (i + Ego)

2
- (\/Ei+_m3(++\/E%<o_m%<o) s

(M5 = (Ex- + Ego)?
2
= (VB =i = \JE—mi ) (28)

where E+ and Ego are the particle energies in the K°A rest
frame, which can be expressed explicitly as

2 2 2
Eo. _MAj_MI?OA_Mﬁ
KT — s
M2, + M%, — M3
Ego = —KA 2M7'<° A (29)
KOA

Note that the invariant KA mass distribution can be
obtained by substituting M g+go with Mg+ 4.

III. RESULTS AND DISCUSSION

With the above formalism, we perform the y? fits to the
experimental data on the invariant mass distributions of
the process Af — AK*K?. There are a total of 79 data
points. For Model I, there are five free parameters: V, V,,
ags, a,z, and ¢. For Model 11, there are also five free
parameters: V', V,, V3, ¢, and 6. Note that we have fixed
A,z = agp = —2 as their natural value, and agy and a,z are
free parameters in this work. It is found that the pole
position of the E*(1690) state is not sensitive to the values
of a,z and ag,, as found in Refs. [23,58].

The fitted parameters and the corresponding y?/d.o.f.
are listed in Table II. One can find that both fits in Table II
show reasonably small y?/d.o.f. With the fitted parameters
ags and a,gz, the pole position of the Z*(1690) state is
Mp = 1685.83 4+ i2.76 MeV, and the corresponding mass
and width are Mz-(1690) = 1685.83 MeV, and I'z:(1690) =
5.52 MeV. The obtained mass of the Z*(1690) state is
sightly below the mass threshold (1689 MeV) of the KX
channel, and close to the averaged value quoted in
the PDG. However, the obtained width is rather narrow,

TABLE II. Values of some of the parameters used or deter-
mined in this work. The values of a,=z and ag, in Model I are
fixed as the natural value —2. The values of the mass and width
for the E*(1690) state are obtained from the fitted parameters of
Model I. The mass and width of the E*(1690) resonance for
Model II are taken as Mz = 1690 MeV and I's- = 20 MeV, as
quoted in the PDG [6].

Model 1 Model 11

vV, (MeV~h) 3.60 £+ 0.55 0.45+0.83
V, (MeV™) -0.89 £ 0.67 —-4.61 £1.16
Vi (MeV™h) 1.81 £0.18
ags —1.99 £ 0.09

ayz -3.53+0.29 e

¢ 0.60 +0.45 320+ 1.16
0 e 0.67 +£1.02
y%/dof 1.51 1.56

Mz (1600) (MeV) 1685.83 (output) 1690 (input)

Tz (1690) (MeV) 5.52 (output) 20 (input)

which is a common conclusion of the chiral unitary
approach [23,25].

The fitted invariant mass distributions’® of the A —
AK*K? reaction are shown in Fig. 5 for Models I and II. It
is found that both Models I and II can describe these
experimental measurements fairly well. In Fig. 5(a), the
peak of the Z*(1690) resonance in the AKY invariant mass
distributions is well reproduced,4 and it is clearly seen
that the line shapes of the E*(1690) resonance are quite
different for Models I and II. The peak produced from
Model I is higher but narrower, and there is a sharp decrease
around the mass threshold of the KX channel. As studied in
Ref. [62], this sharp-decrease behavior is common in the
coupled channel amplitudes if a higher and strong coupled
channel was opened. For Model I, it is the KX channel [58],
and around the mass threshold region of the KX channel
there must be a dramatic change. In fact, this kind of
behavior can also be described by the so-called Flatté
parametrization for the Breit-Wigner distribution [63—65].
However, one needs a very strong coupling of the £*(1690)
resonance to the KX channel, which is unknown in
Model II. Hence, we hope that more precise data, around
the energy of Mzo, = 1.69 GeV, could be used to clarify
this issue. Furthermore, one can see that without the

To compare with the experimental measurements, we take
k%) =5 (IKS) +1K7)) and [K?) =5 (|K§) = |K])). where
we have ignored the small effect of CP violation.

It is worth pointing out that we have added an extra factor of
5/8 to the theoretical results for the KCA invariant mass
distributions, since the experimental events were accumulated
for a bin width of 5 MeV, while the events for the invariant K™ K (s)
and K+ A mass distributions are obtained in a bin width of 8 MeV.
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FIG. 5. Invariant mass distributions for the Aj — AKTKY
reaction: (a) AK(S) invariant mass distributions, (b) the K*Kg
invariant mass distribution, and (c) the AK™ invariant mass
distribution.

contributions of Z*(1690) (M, for Model I, M, for
Model II), the experimental data cannot be described.
On the other hand, near the K°A mass threshold, there is
no enhancement that could be from the Z*(1620) reso-
nance, which also couples strongly to the K°A channel.
This might be because of the suppression of the small phase

space. Yet, further experimental data around the threshold
are needed to clarify this issue.

For Model 1, if the mass and width of the E*(1690)
resonance are not fixed, we can also get a good
(y*/d.o.f. =1.45) and very similar fit as before.
Moreover, the fitted line shape of E*(1690) in this case
is still very different than that of Model I. The fitted results
for the mass and width of the E*(1690) resonance are

Mz (1600 = 1684.99 + 1.34 MeV, (30)
FE*(1690) = 12.81 £2.53 MCV, (31)

which are consistent with the results obtained by the Belle
Collaboration [15] and BABAR Collaboration [16].

In Figs. 5(b) and 5(c) we show the K9K" and AK™"
invariant mass distributions, respectively. It is found that
the theoretical results of Models I and II are very similar.
This may indicate that the contributions of the 2*(1690)
resonance, from Models I and II, to the I(gK+ and AK*
invariant mass distributions are also similar, though they
give very different line shapes for the 2*(1690) state. Once
again, one can see that the contributions from the KK
or KA final-state interactions in the S-wave channel, as
shown in Fig. 3, are crucial to reproduce the experimental
measurements.

From Fig. 5(c), one can see that the interference
cancellation between the M, term from the contributions
of the N*(1535) resonance and the other terms is signifi-
cant, especially for Model I. This may indicate that,
regarding the current experimental data, the contributions
of the N*(1535) resonance are unnecessary.” Indeed,
from the invariant AKX+ mass distributions, one cannot
find evidence of the N*(1535) resonance near threshold.
However, as shown in Fig. 3, after the production of KA,
their final-state interactions should be there. Hence, further
studies on the final-state interactions of z/N, nN, KA, and
K% in coupled channels are needed, which is not the main
purpose of this work.

Next, we study the Dalitz plot for the invariant masses of
K9A and K" KY. The numerical results for Models I and II
are shown in Figs. 6(a) and 6(b), respectively. From these
figures, one can clearly see the signals for the E*(1690)
resonance in K9A, and the a((980) resonance in K*K$
close to its threshold. However, the signal for the N*(1535)
resonance cannot be seen clearly, which might be because
the mass of N*(1535) is far from the mass threshold of
K*A. However, as discussed previously, the interference
between Z*(1690) and N*(1535) in Model I is more
destructive compared to that in Model II. Consequently,
as the M. go increases, the signal of the E*(1690)

>We have checked that the contributions of the N*(1535)
resonance to the KgA and K*K(S) invariant mass distributions
are tiny.
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FIG. 6. Dalitz plot representation for the invariant masses of
K9A and KTK9.

resonance in Model I decreases much more rapidly than in
Model II, with the contribution of the N*(1535) resonance
being a factor in this behavior.

Finally, we study the branching fractions of the A} —
K*E*(1690) —» K*KOA decay to see the effect of the
E*(1690) resonance in the process Al — AK+K". With
the full amplitude of Eqgs. (26) and (27) and the fitted
parameters shown in Table II, the numerical result for the
branching fraction of the production of the E*(1690)
resonance can be calculated as

B(Af - KTE*(1690) —» KTK°A) [ 0.28, (32)
B(A; — AKTK?) 0.07

for Models I and II, respectively. The above result for

Model I is in good agreement with the experimental data of

the Belle Collaboration, 0.26 + 0.08 £ 0.03 [15], while the

result for Model II is much smaller. This can be easily

understood from the numerical results shown in Fig. 5(a).
For Model I, although the line shape of the =*(1690)
resonance is narrower, it is much higher than the results
obtained from Model II. In addition, if the fitted parameters
that the mass and width of 2*(1690) are free in Model II,
the above ratio in Eq. (32) is 0.06. We hope that the
calculations here can be checked by future precise experi-
ments, which will be useful to understand the nature of the
E*(1690) resonance.

IV. SUMMARY

In this work, we have performed an analysis of the A7 —
AKTK? decay via two Cabibbo-favored mechanisms. By
considering the hadronization process and the final-state
interaction in the pseudoscalar-baryon and pseudoscalar-
pseudoscalar channels with the chiral unitary approach, the
role of the Z*(1690), a(980), and N*(1535) resonances
were investigated. Taking into account the contributions of
these three resonances, we calculated the KTK9, AK$
and AK™ invariant mass distributions. Up to five free
parameters, we performed a y? fit to the experimental
measurements. We found that the reaction proposed here
can describe the experimental data of the BABAR
Collaboration [16]. In particular, the clear signal for the
E*(1690) state can be well reproduced in the AK invariant
mass spectrum.

Within the fitted model parameters, we further calcu-
lated the ratio of the branching fractions B(Al —
K*E*(1690) - K*KOA)/B(Af - AKTK®) to see the
contribution of the E*(1690) resonance in the A/ —
AK*K? decay. The obtained value 0.28 for Model I, where
the 2*(1690) is dynamically generated from the meson-
baryon final-state interactions, is consistent with the exper-
imental value from the Belle Collaboration [15]. It is
expected that the Z*(1690) state can be analyzed from
the precise measurements of the A7 — KT KA decay by
the BESIII, Bellell, and LHCb collaborations in the
future [66].
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