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Possible X* or A* resonance with J¥=3/2- in K~p — KE scattering
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We analyze the K~p — K+tZ~ and K~ p — KYZ° processes in the energy region 1.8 < /s < 2.8 GeV
within an effective Lagrangian approach. The A(1800) and X(2250) resonances, along with the ground
states T and A, are included. Additionally, a possible J¥ = 3/2~ T* or A* resonance with a mass around
1.9 GeV and a width of approximately 200 MeV is introduced to describe the structure at 2.0 GeV in the
total cross section and reproducing the threshold behavior. The two possible solutions corresponding to
¥*(3/27) and A*(3/27) cannot be distinguished by the existing data. Predictions for the polarization of the
final-state Z and the cross section of K~n — K°Z~ are compared with the experimental data, we find that
the results of solution-II with A*(3/27) are much better. We also discuss the possible interpretations of the
introduced 3/2~ hyperon as a pentaquark candidate, e.g., an S-wave KZ(1530) hadronic molecule.
However, since the polarization data suffer from rather large uncertainties, more data inputs are needed in
future experiments, for example, J-PARC, HIAF, and JLab.

DOI: 10.1103/phqd-wb86

I. INTRODUCTION

Hadron spectroscopy is a crucial avenue for under-
standing the nonperturbative nature of the strong interac-
tion. While the constituent quark model successfully
describes the ground-state baryons [1,2], many excited
states predicted in the mass region around 2 GeV remain
poorly established experimentally, especially in the
hyperon sector [3]. In addition to conventional three-quark
configurations, alternative pictures such as hadronic mol-
ecules have also been proposed [4]. The K™ p — KE
scattering process provides a golden platform for exploring
2* and A* resonances. Precise knowledge of these reso-
nances and their couplings to the K= channel is essential
for testing the predictions of the constituent quark model
for the strangeness S = —1 hyperon spectrum [5], probing
possible exotic configurations beyond the conventional ggs
picture [4].

The available experimental data for the K~ p — KE
reaction in the energy region 1.8 < /s < 2.8 GeV date
back to bubble chamber experiments performed in the
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1960s and 1970s. For the K™=~ channel, total cross section
data are reported in Refs. [6—18], while differential cross
section data are given in Refs. [10-15]. For the K°ZE°
channel, total cross section data are reported in
Refs. [8,9,13,15,17-19], and differential cross section data
in Refs. [9,13,15,19]. Notably, the K2~ channel contains
considerably more data points than the K°Z° channel. In
addition, differential cross sections are available at only a
few energy points, in contrast to the relatively more
abundant total cross section data. The existing measure-
ments suffer from limited statistics and sizable uncertain-
ties, which impose significant limitations on precise
theoretical analyses.

The K~ p — KE process has been studied in several
previous theoretical works employing various methodolo-
gies, including the effective Lagrangian approach [20-22],
the chiral unitary approach [23], a model-independent
analysis [24], coupled-channel models and partial-wave
analyses [25,26], the LASSO and BIC methods [27], and a
hybrid Regge-plus-resonance approach [28]. While these
studies have achieved significant progress in describing the
K~ p — KE reactions, some observed structures, particu-
larly the behavior near the threshold and the bump at /s ~
2.3 GeV in the K"E~ channel, are not yet fully understood
and call for further investigation. These features may
indicate the possible presence of intermediate S = —1
hyperon resonances that are not yet accounted for in
existing theoretical descriptions.

In this study, we employ an effective Lagrangian
approach to estimate the s- and u-channel contributions

Published by the American Physical Society
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to K~ p — KE at tree level. Our model incorporates the u-
channel X and A exchanges, s-channel X, A, A(1800), and
%(2250) resonances, and we introduce a hypothetical § =
—1 hyperon with J* = 3/2~ in the s channel. The latter two
resonances significantly improve the description of the
observed structures in the total cross sections, especially the
enhancement near threshold and the bump near /s~
2.3 GeV observed exclusively in the K2~ channel. The
angular distribution strongly motivates the existence of an
additional J¥ = 3/2 state, requiring a dominant D-wave
component. This is further supported by the rapid threshold
rise of the total cross section, which also points to a sizeable
D-wave contribution. Furthermore, the 2024 Particle Data
Group (PDG) compilation [3] lacks any J* =3/27 A*
resonance in the 1700-2000 MeV mass range, while the
%(1910) exhibits only a weak coupling to the K= channel.
This naturally leads to the question: where is the hyperon
resonance that couples strongly to s5ggs configurations?
Confirming the presence of such a J¥ = 3/2~ hyperon in
existing experimental data would significantly inform
future dedicated searches in this energy window. Several
predictions for the polarization of the final-state = and for
the cross section of the K~n — K%Z~ reaction are also
provided, which can be tested in future experiments at J-
PARC [29], HIAF [30] and JLab [31].

The article is organized as follows. Section II introduces
our theoretical framework, Sec. III presents our results and
discussion, and we conclude in Sec. IV with a summary and
an outlook.

II. FORMALISM

In this Section, we outline the effective Lagrangian
approach employed to investigate the K~p — KTE~ and
K~ p — K°Z° reactions. The Feynman diagrams for the s-
and u-channel processes are shown in Fig. 1, with the
corresponding four-momenta labeled. The u-channel con-
tributions from X* and A* resonances are negligible
compared to those from the ground states, since their
larger masses strongly suppress the propagators. The

~ 4

(a) (b)

FIG. 1. Tree-level Feynman diagrams for the reaction KN —
KE with four-momenta labeled: (a) s-channel exchange of %, A,
and their resonances; (b) u-channel exchange of X and A.

t-channel contributions are absent due to the lack of
S = 2 mesons.

A. Effective Lagrangians and form factors

The effective Lagrangians for ground-state X and A
exchanges are given as follows:

Lsyg = 9snvkNT(DyzK) - T+ Hee., (1)
Lszx = gs=xEt(DzxK,) - E+H.c., (2)
Livg = Iavk N(DyaK)A +Hee., (3)
Lrzx = gazx2(DzaK)A +Hee., (4)

where the operator Dy is defined as

ia). (5)

- 5
DB/B Y <lﬂ.+mB+mB/
The notations of isospin multiplets are defined in
Appendix A, and the values of coupling constants and
the parameter A are listed in Tables I and II.

For the S = —1 resonances considered in this work, the
effective Lagrangians are constructed as follows:

La+(1)2- Wk = _igA*(l/Z*)NI_(NKA* +H.c., (6)

Lp(1)2-)zx = _igA*(l/Z*)EKEKcA* + H.c., (7)

Lavsyrmg = g/\*(i’i—?mﬁﬁ(dﬂK)A*” +He, (8)
L+(3/27)2k = %E}’S(aﬂ(c)m” +Hec., (9)
Lyirwk = gz*(i’/lizwﬁy%(aﬂm % 4 He., (10)
Ly 32k = gz*ii%éy%(aﬂkc) B4 He, (1)
Lyo(s/2wk = igz*(;%zmm(aﬂaym T L He., (12)
Ly (sjyzk = WET(@@U&) LT 4 He., (13)

The J* labels in parentheses denote the quantum numbers
of the corresponding resonances. The values of the related
coupling constants are listed in Tables I and II.

To account for the finite size of hadrons, we introduce a
hadronic form factor at each vertex,
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TABLE 1.  Particles and parameters involved in Solution I. The * with J? = %‘ denotes the hypothetical hyperon introduced in this
fitting. The masses and widths of established states are taken from the Particle Data Group [3], while the coupling constants gsyk» 9s=x»
ganks> and gazg are determined using SU(3) flavor symmetry relations [32]. The cutoff parameters Ay are fixed in the fitting procedure.
All remaining parameters, indicated by a dagger, are treated as free parameters and determined by fitting to the data. If the baryon

doesn’t have such a parameter, we denote the cell by - - -.

Baryons JP mg(MeV) [z(MeV) 9IaNEIBEK A b5 Ag(GeV) Rating

A %* 1116 0 —13.98 x 4.66 038" 1.23 HkAE

z %* 1193 0 2.69 x —13.45 ' 0.80 o

A(1800) %— 1800 200 —0.2f —-80° 1.30 o

= %‘ 18907 2407 307 —83° 1.30

%(2250) %‘ 2270 120 0.06" s 57°f 1.30 wk
Folq?) = A} (14) is used to describe the propagation of the ¥*(3/27), the

(q® =mp)* + Ay~

where ¢ and mp are the four-momentum and mass of the
exchanged baryon B, respectively. The cutoff parameter Ap
characterizes the typical hadronic scale, and its specific
value for each exchanged baryon is listed in Tables I and II.

B. Propagators

Higher-spin fields suffer from Johnson-Sudarshan [33]
and Velo-Zwanziger [34,35] problems, which originate
from the violation of constraints in the presence of
interactions [36-38]. These issues cause unphysical
lower-spin components to mix into the propagation of
higher-spin particles off shell, thereby violating unitarity.
For instance, in the s-channel process KN — KZ with a
¥*(3/27) exchanged, both £*(3/27)NK and £*(3/27)EK
vertices are in pure D wave, for which the differential cross
section is expected to exhibit forward-backward symmetry.
If the standard Rarita-Schwinger propagator [39],

+m
Sstd — q(
i (4) q* —m?* 4+ imI’

Yudy = Vv, 2‘1;:‘11/
15
3 3 ) (15)

1
S (_g;w =+ gyy}/p +

unphysical spin—% component will be activated when this
intermediate particle is off shell, since y*S5¢(¢) and
¢"S3%(q) do not vanish. This leads to a mixing of
P- and D-waves at each vertex, breaking the forward-
backward symmetry of the differential cross section.
Consequently, the standard Rarita-Schwinger propagator
violates both the unitarity and the purity of the partial-wave
decomposition.

One way to resolve this issue is to employ
gauge-invariant Lagrangians [38] to protect unitarity.
Alternatively, for phenomenological calculations with the
conventional couplings adopted here, a consistent descrip-
tion can be achieved by replacing the higher-spin propa-
gators with off-shell projection operators [38,40,41].

The explicit forms of the propagators employed in this
work are listed below. Propagators for spin—% baryons have
the standard form,

S(q) = 2+

= 16
qz—m2+imF (16)

q, m, and I" are the four-momentum, mass, and width of the
exchanged particle, respectively. Propagators for spin—%
baryons take the form of the off-shell projection operators,

TABLE II.  Particles and parameters involved in Solution II. The A* with J* = %‘ denotes the hypothetical hyperon introduced in this
fitting. The fixed parameters are the same as Table I, and the free parameters which are indicated by a dagger, are determined by fitting to

the data.

Baryons Jr mg(MeV) I'z(MeV) IBNRIBEK A ¢p Ap(GeV) Rating
A %* 1116 0 —13.98 x 4.66 038" e 1.23 H Ak
z %*’ 1193 0 2.69 x —13.45 e 0.80 HA Ak
A(1800) %‘ 1800 200 —0.27 —77° 1.30 wkE
A* %_ 18907 2207 307 s —77°" 1.30

(2250) 5 2270 120 0.06" - 40°f 1.30 o
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2
__A+VE

S = , 17
) =TV A. ()
with
. 1_
A;w = —Guw +§yuyw (18)

where §,, = g,, — q"q"/ g* and Yu = Guy”- One can verify
that ¢*S,,(¢q) and y*S,,(¢) vanish, indicating that S,,(q)
propagates purely spin—% components. Analogously, propa-
gators for spin—% baryons take the form,

2
_ 4tVe

S = , 19
;41/,0/)’(‘]) qz _ m2 + imD ;w.aﬂ(Q) ( )

with

. S 1.
A (gﬂagy/;’ + gﬂﬂglﬂl) - ggﬁwgaﬂ

[NSH

uv.af —
o
~10 (Gua?¥p + Gup?u¥a + Guaup + GupPula)s
(20)

in which uv and aff correspond to the final and initial
indices.

C. Amplitudes and cross section

The total amplitudes for the KN — KZE reactions are
constructed from the Feynman diagrams shown in Fig. 1,

= -Ms5 — Mg + M} + M}
- Zeiqﬁz*/\/@* + Zeitﬁm 5., (21)
Py A*

My pogoz = My = 2M% + M5+ et M,
=

+ ) et M. (22)
S

MK‘p—»K*E_

MK‘n—>K°E‘ = MK’p—»K*E’ - MK“[)—»KOEO‘ (23)

Here, M;”) denotes the amplitude of the s-channel
(u-channel) exchange of particle X, and the numerical
coefficients in front of each term are the corresponding
isospin factors. The explicit expressions of all amplitudes
are provided in Appendix B. The phase factors ex* and
er account for possible loop effects at the vertices
involving X* and A* exchange,1 respectively, and are
treated as free parameters in our fitting procedure. The

'Under SU(3) flavor symmetry, the phase factors associated
with the ground-states £ and A exchanges are identical, thus can
be absorbed into an overall phase of the total amplitude and
therefore do not affect the physical observables. For this reason,
they are omitted in Egs. (21) and (22).

summations in Egs. (21) and (22) run over all resonances
included in our model. The resonance parameters, along
with the fitted values of their associated phases, are listed in
Tables I and II.

The differential cross section for the K= p — KT2~
reaction in the c.m. frame is given by

dogprs _ 1 _Ji| 1
dQ 6475 |py| 2

ZlMK’p—J(*E’(FZv s2)[%.

7.8

(24)

where p; and k; denote the 3-momenta of the initial K~ and
the final K™ in the c.m. frame, respectively, and
s = (p; + p»)*. The s, and r, denote the spin indices
of the initial proton and the final 27, respectively, and the
factor 1/2 accounts for the spin average over the initial
proton. The differential cross sections for K~ p — KZ°
and K~n — K°Z~ can be written similarly.

We also calculate the polarization of the final-state = in
the reaction K~ p — KE for an unpolarized initial state.
Taking the reaction plane as the xz plane, the polarization of
the =~ along the y axis is given by

-2 Zsz ImMK“p—ﬂ(*E_(T’ SZ)M;(*p_,KJrE* (\Lv SZ)

Pe =
Erz,sz |MK‘p—>K+E‘(r27 52) ’2

(25)

Here, 1 and | denote the spin of the Z~ along the z axis.
The polarization of the Z° in the reaction K~ p — K°Z0 can
be written analogously.

III. RESULTS AND DISCUSSION

We first discuss the physical motivation for the set of
particles included in our model. The experimental differ-
ential cross sections exhibit a pronounced backward
enhancement, indicating that u-channel exchanges of the
ground states X and A play an important role. The total cross
sections for both K*Z~ and K°E° channels rise rapidly
above threshold and form a prominent structure around
2.0 GeV, and such behavior may indicate the presence of an
intermediate resonance that couples to the initial and final
states in higher partial waves. In particular, this feature is
consistent with the contributions from a J* = 3/2~ hyperon,
which could correspond to either a A*(3/27) ora X*(3/27)
state. The bump around 2.3 GeV in the total cross section
can be associated with the X(2250) resonance. According to
the partial-wave analysis in Ref. [42], the £(2250) has been
assigned J© =5/2= or 9/27. To avoid introducing an
excessively high partial wave that would tend to shift the
bump to higher energies, we adopt the J¥ = 5/27 assign-
ment. Finally, the A(1800) resonance is included to provide
additional interference near threshold, which improves the
description of the total cross sections in this region.
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FIG. 2. Total cross sections of K~p — K™=~ in Solution I (left) and Solution II (right). The experimental data are taken from
Refs. [6-18]. The curve of X is invisible because of its small contribution.

We perform a fit of our model to the available total and
differential cross section data for both K*Z~ and K°Z°
channels, including 386 data points and nine parameters.
Polarization data of E and the cross section data of K™n —
K°Z~ are not included in the fitting procedure. Given the
large uncertainties in the current data, as well as total and
differential cross sections, the polarization and K~ n —
K=~ data are served as independent validation to distin-
guish our two models.

The y? function is defined as

O?XP _ O}h 2
)(2 = Z%, (26)

where 07" and O\ denote the experimental and theoretical
values of the ith data point, respectively, and o; is the
corresponding uncertainty.” In practice, some data points
are reported with very small statistical uncertainties, which
can overly constrain the fit and lead to distortions in the
overall behavior of the theoretical curves. To mitigate this
issue, a moderate weighting scheme is adopted to balance
the contributions from different data points. We have
verified that the main features of the fit remain stable
under reasonable variations of the weighting procedure.
The available data can be described by two distinct fitting
solutions. In Solution I, the observed structures around
2 GeV are attributed to a X*(3/27) resonance, while in
Solution II, they are instead described by a A*(3/27)
resonance. Both scenarios provide comparable descriptions
ofthe existing data, and cannot be distinguished at the present
level of experimental precision. In the following, we present
and compare the results of the two solutions for each
observable, highlighting their similarities and differences.

2 . .

For experimental measurements without reported errors, the
statistical uncertainty is estimated as v/ N, where N is the number
of events.

A. Fitted parameters and overall
fit quality

The fitted parameters for both solutions are summarized
in Tables I and II. Solution I yields y?/d.o.f. = 3.05 (d.o.f.
means the degree of freedom), while Solution II gives
y*/d.of. = 3.20, indicating that both scenarios provide
comparable and satisfactory descriptions of the avail-
able data.

In both solutions, the mass of the introduced J* = 3/2~
state is fitted to be around 1890 MeV, suggesting that the
structure around 2.0 GeV in the total cross sections is
robustly associated with a J¥ = 3/2~ hyperon, regardless
of its isospin assignment. The slightly different widths
[240 MeV for X*(3/27) vs 220 MeV for A*(3/27)] reflect
the distinct interference patterns arising from the isospin
structures of the two scenarios.

The most notable difference between the two solutions
lies in the distinct relative phases between £*(3/27) and
A*(3/27) in Egs. (21) and (22). While the total cross
sections and K™Z~ channel differential cross section
remain similar in the two solutions, the differing relative
phases lead to visible different interferences in K°Z°
channel differential cross section, especially at /s =
2.28 GeV due to different phases of X(2250) in the two
solutions. Let us discuss the total and differential cross
section in detail in the next two Subsections.

At last, it should be noted that the ¥*(3/27) resonance
introduced in Solution I is not to be identified with the
%(1910)3/2~ listed in the PDG. We have explicitly
checked that the X(1910) has very small couplings to
the K~ p and KE channels and therefore cannot provide a
significant contribution to the structure around 2.0 GeV in
the present reaction.

B. Total cross sections

The total cross sections for the KTZ~ and K°Z=°
channels are shown in Figs. 2 and 3, respectively. Both
solutions provide a satisfactory overall description of the
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g
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Total cross sections of K~ p — K°Z% in Solution I (left) and Solution II (right). The experimental data are taken from

Refs. [8,9,13,15,17-19]. The curves of £ and A are invisible because of their small contribution.

experimental data across the entire energy
1.8 < /s <2.8 GeV.

The most prominent feature in both channels is the rapid
rise of the cross section near threshold, followed by a broad
structure peaking around /s = 2.0 GeV. In both solutions,
this behavior is dominantly driven by the s-channel
exchange of the J© = 3/2~ state. The D-wave nature of
the couplings—specifically, the derivative vertices in the
effective Lagrangians for the spin-3/2 resonances exchange
(see Sec. II) makes the amplitude proportional to the initial
and final kaon momenta near threshold, naturally producing
the observed rapid rise. This kinematic behavior is thus well
described by the D-wave 3/2~ resonance and provides
strong motivation for its introduction.

In the KTE~ channel, both solutions reproduce the

bump around +/s ~ 2.3 GeV, which is generated by the

range

Differential cross section of K p— K E

s = 2.07 GeV

2
B
T

V5 =195 GeV /5= 1.97 GeV

do/dS) [pb/sr]

constructive interference between the X(2250) resonance
and other mechanisms. This bump is not obvious in the data
of the K°Z° channel, while on theoretical side, we still can
find a slight bump. This phenomenon originates in that the
u-channel exchange of A is absent in the neutral channel
final states, and the interference between X(2250) and other
mechanisms such as the 3/27 state is not strong.

At last, for the higher energy region (E., > 2.5 GeV),
the u-channel exchange dominates the K™=~ channel,
while it almost drops to zero in the K’Z° channel due to
the absence of u-channel A exchange.

C. Differential cross sections

The differential cross sections for both channels are
presented in Figs. 4 and 5. The K*E~ channel exhibits a

Differential cross sectionof K p— K E

60
V5 =195 GeV /5 =197 GeV ﬂ s = 2.07 GeV

/s =224 GeV

dor/dS2 [b/sr]
-

V5 = 2.28 GeV /s = 2.33 GeV V5 = 2.42 GeV

L] \K\iiiliu

-1.0 -05 0.0 05 1.0

[5-279GeV  —n
==X+ A

—-N(3/2)
-~ A(1800) 1
(2250)5/2°
s

FIG. 4. Differential cross sections of K~ p — K*E" in Solution I (left) and Solution II (right) at various c.m. energies. The scattering
angle 0 is defined as the angle between the direction of the incoming K~ and the outgoing K™ in the c.m. frame. The experimental data

are taken from Refs. [10-15].
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Differential cross section of K p— K 0=0

5= 1.97 GeV V5 = 2.02 GeV

Vs = 2.07 GeV

[ e S

s =211 GeV /s~ 214 GeV 5 = 2.28 GeV

do/dS2 [blsr]

cosf

FIG. 5.

00

Differential cross section of K p— K

5 = 1.97 GeV Vs =202 GeV

} 75— 2.07 GeV

Mf =

/5~ 214 GeV

5 = 2.28 GeV

do/d€2 [ub/sr]

cosf

Differential cross sections of K~p — K°Z° in Solution I (left) and Solution II (right) at various c.m. energies. The scattering

angle @ is defined as the angle between the direction of the incoming K~ and the outgoing K in the c.m. frame. The experimental data

are taken from Refs. [9,13,15].

pronounced backward enhancement (cos@ — —1), and in
our model, this backward peak is produced by the u-
channel exchanges of the ground-state £ and A hyperons.
Both solutions describe this feature equally well, as the
contributions of ground-state £ and A are identical in the
two scenarios, the only differences appear in the s-channel
resonance sector.

In contrast, the K°Z° differential cross sections are
considerably flatter and nearly forward-backward sym-
metric. This difference arises from that the u-channel
A exchange is absent in the K’Z° channel [see Eq. (22)],
which reduces the backward enhancement. The remaining
s-channel contributions, dominated by the D-wave
3/2~ resonance, produce a more symmetric angular
distribution.

The differential cross sections at low energies
(/s S 2.1 GeV) are particularly sensitive to the 3/2~ state.
The D-wave nature of the 3/2~ coupling, with its asso-
ciated Legendre polynomials P9(cos @) and P1(cos®) for
the non-spin-flip and spin-flip amplitudes, respectively,
yields an angular distribution of the form a + b cos® @ +
ccos* @ for the pure resonance contribution. Combined
with other mechanisms, it produces the shapes observed in
the data. Some interesting differences between the two
solutions appears in the K°Z° channel. As shown in Fig. 5,
at most energy points, the curve shape of Solution II is
smoother than that of Solution I, because of distinct
interference patterns between the 3/2~ hyperon and other
particles. However, at /s = 2.28 GeV the two solutions
predict noticeably different angular distributions: Solution I
exhibits a flatter shape, whereas Solution II exhibits a more
structured angular dependence. This difference reflects the
distinct relative phases between the 3 /2~ state and X(2250)
in the two solutions (see Tables I and II), which alter the
interference pattern among the s-channel resonances. The
existing experimental data at this energy are too sparse to

distinguish between the two predictions, but future high-
statistics measurements could exploit this difference.

In summary, both the total and differential cross sections
are consistent with the J = 3/2~ assignment of the newly
introduced state. However, comparing the two solutions
shows that they predict nearly identical cross sections for
most observables, with the KYZ° differential cross section
at 2.28 GeV being a notable exception. The slight differ-
ence in y?/d.o.f. between Solution I (3.05) and Solution II
(3.20) is not statistically significant given the uncertainties
in the data. This degeneracy arises because the cross
sections are not sufficiently sensitive to the detailed isospin
structure of the 3/2~ state. To break this degeneracy, one
must examine observables that are more responsive to the
isospin-dependent interference patterns, such as = polari-
zation and the K~ n channel, as discussed in the following
Subsections.

D. E polarization

The polarization of the final-state Z provides a more
sensitive probe of the reaction mechanism, as it arises from
the interference between different spin amplitudes and is
therefore particularly responsive to the relative phases and
isospin structures of the contributing resonances. We
evaluate the polarization of =~ and Z° as an independent
test of the two solutions, as shown in Fig. 6.

In the KTE~ channel, both solutions predict rather
similar polarization patterns and reproduce the overall
trend of experimental data. The distinction between the
two solutions becomes more apparent in the K’Z° polari-
zation at /s = 2.28 GeV, where Solution II predicts a
polarization that is closer to the data points in angular
dependence, while Solution I shows larger deviations.
Overall, Solution IT with the A*(3/27) assignment provides
a somewhat better description of the available polariza-
tion data.
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The difference in the polarization of two solutions stems
from the distinct isospin structures of the two scenarios and
the associated phase factors. Since the polarization is
proportional to the imaginary part of the interference
between different spin-flip and non-spin-flip amplitudes,
it is sensitive to relative phases among the contributing
resonances, which differ between the two solutions.

Given that the polarization data, despite their rather large
uncertainties, show a modest preference for Solution II, this
observable provides a useful constraint for distinguishing
between the two scenarios. However, the limited precision
and sparse energy coverage of the existing polarization
measurements preclude a definitive conclusion. High-sta-
tistics polarization measurements at future facilities such as
J-PARC [29] and HIAF [30] would be highly valuable for
confirming or refuting this indication.

E. Predictions for K~ n — K2~

As another independent test of the two scenarios, we
present predictions for the K~n — K°Z~ reaction in Fig. 7.
This channel has a different isospin decomposition than the
K™ p initiated reactions, making it particularly sensitive to
the isospin of the intermediate resonances. The amplitudes
can be obtained from the isospin relation M-, gog- =
M- pokrz- — Mg, xoz0, Which leads to distinct inter-
ference patterns for the two solutions.

The total cross section predictions from the two solutions
show noticeable differences, especially in the peak magni-
tude around /s ~ 2.0 GeV. In Solution I, where the 3/2~
state is a £* with isospin / = 1, the resonance contributes to
the neutron channel with an isospin factor (—2) that differs
from that in the proton channels (—1 or 1). However, in
Solution II, the state A*(3/27) with 7 =0 does not
contribute to the neutron channel. Consequently, the
predicted cross section in Solution I is generally larger

than that in Solution II, with the difference being most
pronounced near the resonance peak.

The differential cross sections also exhibit distinct
angular dependence in the two scenarios. Solution II
predicts a shape that is in better agreement with the
angular distribution of the experimental data, although
its overall magnitude is slightly lower than the data. At
\/E = 2.02 GeV, Solution I, while closer to the data at
intermediate angles, exhibits a more pronounced forward
and backward enhancement that deviates from the mea-
sured angular trend. This occurs near the resonance peak,
where the s-channel contribution is dominant, making it a
useful discriminant between the two scenarios.

We emphasize that the K~n — K°Z~ channel provides
an excellent discriminator between the two solutions. As
can be seen from the isospin decomposition, A-type s-
channel resonances cancel out in this channel, while only
2Z-type s-channel exchanges contribute. Therefore, if the
JP =3/2" state is a X, it produces a significant signal in
this channel, whereas if it is a A*, it does not contribute to
the s channel. This makes the K~n — K’Z~ reaction a
particularly clean probe of the isospin of the 3/2 state.
Future measurements of this reaction with improved
statistics, as planned at J-PARC [29] and HIAF [30], will
therefore provide a crucial test to distinguish between the
>*(3/27) and A*(3/27) hypotheses. Combined with pre-
cision polarization measurements in the K~ p channels,
such data should be able to conclusively determine the
isospin of the J* = 3/2" state.

F. On the nature of the J*=3/2" state

Having shown that both the X*(3/27) and A*(3/27)
assignments can describe the existing data, with a slight
preference for the A*(3/27) one from polarization observ-
ables and K n — K2~ data, we briefly discuss the
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possible nature of these two states. In the relativistic quark
model predictions of Ref. [5], neither a £*(3/27) nor a
A*(3/27) state with a mass near 1900 MeV is present in the
spectrum. The closest 3/2~ states in the quark model lie at
significantly higher or lower masses. Since such a 3/2~
state could not be explained as a conventional three-quark
state, it might serves as a candidate for a s5g¢s pentaquark
hyperon. Whether such pentaquark components are com-
pact or molecular in nature requires further investigation.

Considering the substantial uncertainties from our fitting
procedure (the mass is 1890 £ 220 MeV for Solution I,
1890 4+ 180 MeV for Solution II), the mass of this state
could be close to the threshold of KE(1530), where
E(1530) is the well-established Z* with J© = 3/2F. This
proximity suggests the possibility of an S-wave KZ(1530)
hadronic molecule interpretation. In the molecular picture,
the X*(3/27) and A*(3/27) would correspond to the / = 1
and I = 0 combinations of the KZ(1530) system, respec-
tively, and both could in principle exist as quasibound states
or virtual states near threshold. Note that compared with the
case of the DE} system [45,46] as its cCgqs pentaquark
partner, the K=(1530) system has stronger attractive force
due to the additional ¢ meson exchange. If this interpre-
tation is correct, the partner state [e.g., the 2*(3/27), if the
A*(3/27) is confirmed, or vice versa] should also exist and
could be searched for in dedicated experiments.

In this energy region, the KZ(1530) channel can couple
with £(1385)n and A¢ to form coupled-channel systems
with / =0 and I =1, JP = 3/2 hyperon states. Such

two-body coupled-channel systems may dynamically gen-
erate resonance poles, analogous to the A(1405) and its
two-pole structure arising from Xz and KN coupling.
Further theoretical and experimental studies based on the
present work will deepen our understanding of the ssggs
components in hyperon excitations.

IV. SUMMARY

We have analyzed the K~ p — KE reaction within an
effective Lagrangian approach by simultaneously analyz-
ing the K*Z~ and K°Z° channels. Our model includes the
ground-state ¥ and A hyperons, A(1800) and X(2250)
resonances, and a possible J” =3/2= hyperon with
strangeness S = —1 with mass around 1.9 GeV and width
about 200 MeV. This state can be either a X*(3/27)
(Solution I) or a A*(3/27) (Solution II). Both scenarios
describe the data comparably well. The newly introduced
3/2~ state significantly improves the description of the
experimental data compared to previous analyses.

Future experiments at J-PARC [29], HIAF [30] and JLab
[31] will provide excellent opportunities to test and dis-
tinguish the two solutions. Specifically, the £*(3/27) can
be probed via the K~n — K2~ and K, p — K+E° reac-
tion, while the A*(3/27) can be examined through the
K~ p — 7Z° channels. Together with the predictions for &
polarization presented in this work, such measurements
will provide a stringent test of the nature of the J© = 3/2~

014062-9



ZHENG-LI LUO, JIA-JUN WU, and BING-SONG ZOU

PHYS. REV. D 114, 014062 (2026)

hyperon and deepen our understanding of the baryon
excitation spectrum in the 2 GeV region.

The interpretation of this J© = 3/2~ hyperon with § =
—1 has been discussed in Sec. I1I. The absence of such a state
in the relativistic quark model predictions [5] suggests that it
could be an s5ggs pentaquark hyperon, while its proximity
to the KE(1530) threshold hints that it might be interpreted
as an S-wave KE(1530) hadronic molecule. If confirmed,
this would enrich our understanding of the baryon spectrum
beyond the conventional three-quark picture.
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APPENDIX A: CONVENTIONS ON ISOSPIN
MULTIPLETS

The notations of isospin doublets are

=0 K* K°
=GB ) e le) me () )
n —=7 —K
and the inner product of Pauli matrix 7 and isospin triplet X is
0 25+
ez vzt (42)
V2E- 20
APPENDIX B: AMPLITUDES
The amplitudes involved in this work are listed as follows:
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95(3/27)2K95(3/27)NK

(71 + P + V) ALK Py
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where s = (p; + p2)?, u = (p, — k)%, and s,, r, are the spin indices of the initial N and final Z, respectively.
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