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In our current study, we delve into the peak-like structure observed during the reaction process of K*tn —
K°p at approximately /s &~ 2.5 GeV. Our focus centers on exploring the potential S = +1 resonance P,™ =
Py as an excited state within the extended vector-meson and baryon (V B) antidecuplet. To achieve this aim,
we employ the effective Lagrangian method in conjunction with the (u, ¢)-channel Regge approach, operating
within the tree-level Born approximation. We thoroughly examine various spin-parity quantum numbers for
the resonance, resulting in a compelling description of the data, where Mp: ~ 2.5 GeV and I'ps &~ 100 MeV.
Furthermore, we propose an experimental technique to amplify the signal-to-noise ratio (S/N) for accurately
measuring the resonance. Notably, our findings reveal that background interference diminishes significantly
within the K* forward-scattering region in the center-of-mass frame when the K* is perpendicularly polarized
to the reaction plane. Additionally, we explore the recoil-proton spin asymmetry to definitively determine the
spin and parity of the resonance. This study stands to serve as a valuable reference for designing experimental
setups aimed at investigating and comprehending exotic phenomena in quantum chromodynamics. Specifically,

our insights will inform future J-PARC experiments, particularly those employing higher kaon beam energies.

DOI: 10.1103/PhysRevC.109.045207

I. INTRODUCTION

Quantum chromodynamics (QCD) stands as the foun-
dational principle governing the strong interactions among
standard-model particles, portraying various hadrons through
the nonperturbative interactions of quarks and gluons. It
showcases confinement and asymptotic freedom within the
framework of non-Abelian color-SU(3) gauge theory. While
the minimal composition for baryons is represented by ggq
and for mesons by gg, QCD does not forbid more intri-
cate compositions such as ggqqg (pentaquark) and ¢qgqg
(tetraquark), termed exotics. Experimental evidence support-
ing these exotics has accumulated over decades. The initial
observation of the tetraquark meson X (3872), which defies
the simple quark model, dates back to 2003, reported by the
Belle experiment [1]. Recently, its existence was reaffirmed
by the LHCb [2] and CMS [3] experiments, specifying J©5 =
17+, Additionally, the Belle experiments reported evidence
for Y (4660) and Z(4430) in 2007 [4]. Further tetraquark states
have been identified via experiments conducted by LHCb,
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Belle, BES III, Fermilab, and others [5]. Regarding baryons,
LHCb reported the P:r (4312, 4440, 4457), observed in decay
into J/¢ and p [6]. Recently, the same facility detected a
novel pentaquark state with the strange-quark s (udscc) in
the decay of B~ — J/¥ Ap [7]. While not yet definitively
confirmed, these pentaquarks can potentially be understood
as bound states of vector-meson and baryon (V B), denoted as
Pr ~D*3%..

Remarkably, all experimentally observed and confirmed
exotics exhibit heavy (charm) flavor. A theoretical ratio-
nale for this peculiarity concerning the stability of heavy
pentaquarks was elucidated through color-spin interactions
among quarks, contrasting with colorless hadronic interac-
tions [8]. While the S = +1 light-pentaquark ®* ~ uudds
was reported by the LEPS collaboration [9], supported by
the nontopological chiral-quark soliton model [10], its exis-
tence remains disputed and unresolved due to varied outcomes
across experimental facilities [11]. Furthermore, generating
the S = +1 resonance dynamically proves challenging within
the framework of Weinberg-Tomozawa (WT) type chiral
interactions, primarily due to their repulsive nature. Neverthe-
less, the suggestion of an S = 0 pentaquark-like bound state
P ~ uudss ~ K*X, akin to P." in heavy flavor, was put forth
by one of the present authors and collaborators [12,13], aim-
ing to elucidate the bump structure observed near /s ~ 2.1
GeV in yp — ¢p [14]. In Ref. [14], the existence of P;" was
found to be crucial for reproducing the nontrivial structure
observed in the spin-density matrix elements (SDMEs), in ad-
dition to successfully describing the angular-dependent cross
sections.
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FIG. 1. Feynman diagrams pertinent to the process K*n — K*°p within the tree-level Born approximation are presented.

Given the current circumstances outlined above, it be-
comes of paramount importance to explore the potential
for observing evidence of light-pentaquark states, either as
bound states or resonances within the VB framework, to
further enhance our understanding of QCD regarding exotic
particles. Additionally, even in the S = +1 channel, there
may exist a resonance or bound-state pentaquark, despite
the lack of support from chiral dynamics [15]. Hence, in
the present study, we undertake a theoretical examination
of relatively aged data pertaining to the S = +1 channel
reaction process, such as K*n — K*9p [16]. Intriguingly,
this reaction process exhibits a peak-like structure around
/s = 2.5 GeV, potentially indicative of an S = +1 reso-
nance state, which we provisionally designate as P, = Pj.
We aim to elucidate this hypothetical pentaquark resonance
Py in our current investigation. Drawing upon our previous
work [13], where we assigned the light-flavor V B pentaquark
as Py ~ qqqss, assuming it as a member of the extended
V B antidecuplet flavor structure akin to ©%, we can extend
this assignment to other possible states: Py ~ qqqqs, P
Py ~ qqqss, P, = P, ~ qqsss, and Ps = Py ~ gssss, where
q represents the flavor-SU(2) light quarks (x and d), be-
ing categorized by the numbers of the strange quarks they
include.

In our previous study [13], we set the mass of P to be
approximately 2.071 GeV, guided by the chiral-unitary ap-
proach [12]. Assuming P;(2071) as the S = 0 ground-state
pentaquark of the extended VB antidecuplet and consider-
ing the mass difference between antidecuplets due to the
inertia moment of the non-topological chiral soliton, ap-
proximately ~180 MeV [10], the ground-state Py mass is
estimated to be around 1.890 GeV. Consequently, we re-
gard the hypothetical resonance in the vicinity of the bump
structure at 2.5 GeV as a resonance state of Py, denoted as
P;(2500). Furthermore, we highlight several advantageous
features of the chosen process: First, since all hadrons in
the final state of K*n — K*%p — 7~ K*p can be measured
experimentally in principle, the Fermi-motion effects of the
deuteron-target experiment can be minimized. Second, in
the s channel, it is possible to measure the resonance si-
multaneously coupling to PB and VB channels, allowing
for the study of its production mechanism in two distinct
dynamics. Lastly, this process involves the vector meson
with polarizations, enabling the selection of specific quantum
numbers for the resonance and control over its production
mechanism.

To achieve this objective, we employ a straightforward
tree-level Born approximation calculation utilizing the effec-
tive Lagrangian method. We account for the Regge trajectories
in the t and u channels, incorporating phenomenological form

factors to characterize the spatial extension of the hadrons.
To replicate the observed peak-like structure in the total cross
section, potentially indicative of the S = 41 VB resonance
(= P0+ *), we introduce a relativistic Breit-Wigner type con-
tribution with Mz =2.5 GeV and I'r =100 MeV. Our
numerical calculations reveal that, alongside the resonance
contribution in the s channel, Reggeized m exchange in the
t channel and A(1116) one in the u channel dominate the
reaction process. We explore various spin-parity quantum
numbers theoretically (J© = 1/2%, 3/2%) since experimental
data to determine them precisely are lacking. Notably, all
tested spin-parity quantum numbers qualitatively reproduce
the data well. To mitigate the signal-to-noise (S/N) ratio, we
propose a specific combination of scattering angle and po-
larization (k- =~ 0 and kg - €x~ &~ 0) for future experiments,
surpassing current programs like the K1.8 beam line at J-
PARC, which require a kaon beam energy of approximately
3.0 GeV to access the Py region. Additionally, we recommend
utilizing the recoil-proton spin asymmetry to ascertain the
spin-parity of the resonance.

The current study is structured as follows. Section II
presents the theoretical framework. In Sec. III, we present the
numerical results along with detailed explanations and discus-
sions. Finally, the concluding section provides a summary and
outlines future directions.

II. THEORETICAL FRAMEWORK

In this section, we will provide a concise overview of the
theoretical framework governing the present reaction process.
Relevant Feynman diagrams for the process are illustrated in
Fig. 1, where the four momenta of the particles involved are
also defined. The Yukawa interaction vertices are described as
follows:

Lppp = EPEL B"©,,(X)(3"K)I'sB + h.c.,
Mg
I8VBB 0 . .
Lypp = —M—K*Bm)/ (0,K; — 0,K;)TsysB +h.c.,
Lpps = igpssBTsysK'B + h.c.,
Lypp = gVBBBVMF5VJB +h.c.,
Lppy = igppyV*[P3,P" — P'8,P] +h.c.,
Lppp = <@)3y5 @P)B. (1
Mp

In this context, B’, B, P, and V denote the fields correspond-
ing to spin-3/2, spin-1/2 baryons, pseudoscalar, and vector
mesons, respectively. We utilize the notation I's = (Iyx4, ¥s)
to represent the parity (4, —) of B'. The term ©,, (X ) signifies
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the off-shell parameter X-dependent term within the Rarita-
Schwinger formalism [17]:

O,0(X) = guv + XVuVo- (2)

As illustrated in Fig. 1, our analysis encompasses the Fj
diagram in the s channel, hyperon (A®, £®)) exchange in
the u channel, and 7w exchange in the ¢ channel. Given the

J

4s + Mp;

absence of experimentally confirmed S = +1 baryon states to
date, we exclusively focus on the hypothetical V B pentaquark
Py Concerning the ¢ channel, while there could be additional
meson exchanges, such as the axial-vector meson b (1235),
we exclude them due to the scant information available re-
garding their decays [11].

Following straightforward calculations, the invariant am-
plitudes for the Feynman diagrams depicted in Fig. 1 are
presented as follows:

IMpe(=1/2) = —8k*Np; 8knp; H(p2)'sd

I8K*NP;

0 s _
lMP;;(s=3/2) = —MK* My

) i _
IMY = —=grny8k-ny#(p2)ls

[ §Kk*Ns* §KNE* _

iMuE*(lSSS) =

2 Mg Mg
, 2ifrnNN 8PPV _ q: (€ - ky)
r __—JANvortvy LA 7
IM, = M. u(p2)ys P u(pr).

Here, the notation (s, u, t) = (qf, qi, qtz) denotes the Mandel-
stam variables. In our calculations, we utilize the spin-1/2 hy-
perons ¥ = A(1116, 1/2%), (1192, 1/2%), A(1405,1/27),
and A(1670,1/27), along with the hyperon resonance
> *(1385, 3/2%). The polarization vector of K* is represented
by €,. The spin sum of the Rarita-Schwinger field yields the
following expression:

a“y" +q"y*

1 2
v Y 12y [ m v
g% () =g Yy’ — —q"q" + T

3 3M? @

Here, M and I" represent the mass and full decay width of the
particle corresponding to the field. All relevant couplings are
established based on experimental data and theoretical frame-
works [11,12,18], as summarized in Table I, except for those
for Pj. To streamline our analysis, we denote the combined
coupling as gp«o = 8K*NP; 8KNP; hereafter.

TABLEI. Strong couplings for the hyperon and pion vertices and
their combinations derived from theoretical models and experimental
data [11,12,18].

Hyperon (Y) gK*NY SKNY Combined
A(1116,1/2%) —4.26 —134 57.08
A*(1405,1/27) 0.2 —-2.7i 2.5+0.9i 2.93 — 6.57i
A*(1670,1/27) —0.2+0.8i 0.2 —0.6i —0.52 — 0.04i
(1192, 1/2%) —2.46 4.09 —10.06
¥*(1385,3/2%) —5.48 —6.94 38.03

T anN = 0.989 8xKK* = 3.76 3.72

s — Mp. — iMp:Tp;
8KNP; _
Cia(pr)ysDs(kopey, — kave)y”

@ + My)d
2 u— M} —iMyTy

vsDsu(p1),

@s + MPJ )gua (%) B
. o + X o k F u B
S_M%J_i_lMPJFPJ(g B Y yﬂ) 115 (Pl)

Csysu(pi),

#(q) o+ Ms)

i#(p2)ky (v +Xy,m)u M Mol
T* * *

vP (kaw€p — kapea) ysu(pr),

3

To account for the spatial extension of the hadrons, we
incorporate a phenomenological form factor, defined as

A4

&)
In this expression, x represents the Mandelstam variable, and
M, denotes the off-shell mass of the corresponding particle.
The cutoff parameter A will be adjusted to accurately repro-
duce the experimental data.

Given that the available data from Ref. [16] extends up to
/s ~ 5 GeV, which approaches the asymptotic limit s — oo,
it becomes imperative to account for the higher-spin states of
the exchange particles. To address this, we incorporate the
t- and u-channel Regge trajectories. Following the method-
ology outlined in Ref. [19], the u-channel amplitudes for
the A(1116), 2(1192), and ¥*(1385) are adjusted using the
Regge approach, wherein each trajectory o (x) is characterized
by the intercept o’

. s ans—1
MY 5 (s,u) = Ca s MY 5 (—)
SAX
1 !
x I E—ozA,z(u) oy,

¢\ =3
Lo (s,u) = Cx- (W) M5, <s_>

b
X F[% - az*(u):|o/):*. (6)

Note that the amplitude M’ represents the expression in
Eq. (3) after removing the denominator part of the prop-
agator. The trajectories are specified as ap(u) = —0.65 +
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TABLE II. Parameters for the Regge approach and cutoffs in the
present work [19].

Hyperon (Y) Ny sy [GeV?] Ay [GeV]
A(1116,1/2%) 2.60 1.10 0.45
(1192, 1/2%) 0.66 1.10 0.45
¥*(1385,3/2%) 0.66 1.10 0.45
T a, =0.53 s = 1.00 A, =1.00

0.94u, s (u) = —0.79 + 0.87u, and ax: (u) = —0.27 + 0.9u.
Additionally, the phenomenological momentum-dependent
hadronic coefficient is defined as

2
Cy () = [ g[i] . ™
Finally, the z-channel Reggeized amplitude for the 7 reads
M (s, 1) = Cx ()M (iym e
A "\ sx Clax (1) + 1 sin[za, (1)]

®)

Here, C,(t) = a, /(1 — t/Af, )>. The Regge parameters and
cutoffs for the form factors are provided in Table II. It is
important to mention that we adopt X = 0 for simplicity in
our analysis.

III. NUMERICAL RESULTS AND DISCUSSIONS

In this section, we present the numerical results for the
reaction process along with detailed discussions. The cutoffs
for the form factors in Eq. (5) are chosen to be 1.0 GeV and
0.45 GeV for the (s, ) and u channels, respectively, by fitting

5
| (a) — ;lt"otal BKG
P T A(1116)
_ ——= A(1405)
----- A(1670)
—-—2(1192)
st ——- X*(1385)
,_D L] K* —)K+TC_
£
oHE
1 _ ......
N I e

the data as shown in Table II. First, in panel (a) of Fig. 2, we
depict the total cross sections as functions of the center-of-
mass energy (c.m.) (E. ), showcasing the nonresonant u- and
t-channel contributions separately. The lines represent contri-
butions from the total (solid line), & (dotted line), A(1116)
(dashed line), A(1670) (long-dashed line), A(1670) (dot-
dashed line), ¥(1192) (long-short-dashed line), and £*(1385)
(long-dot-dashed line). Experimental data are obtained from
both charged (circle) and neutral (square) channels [16]. We
observe that the A(1116) exchange in the u-channel is crucial
for reproducing the strength of the cross section near the
threshold, while the contributions from other hyperons are
almost negligible, as inferred from their coupling strengths
with the Regge coefficients, as depicted in Tables I and II.
Conversely, the m-exchange contribution in the ¢ channel is
significant for describing the relatively higher-energy region.
However, these nonresonant contributions fail to explain the
peak-like structure at E.p,, =~ 2.5 GeV. In the figure, data
points beyond the description provided by the background
(BKG) are denoted with a hollow circle. Several explanations
can potentially account for the observed peak-like structure in
the cross sections: 1) single or combinations of resonances,
which are the focus of our current investigation; 2) opening
of meson-baryon scattering channels [20]; 3) interferences
of scattering amplitudes [21]; and 4) nontrivial kinematic
singularities [22].

Considering the scattering of ground-state vector-meson
and baryon multiplets (8, 10, 10) in the S = +1 channel, the
possibility of channel opening appears less likely due to their
masses, which are approximately Mp,x = Mg + Ma =~ 2.12
GeV. Although scatterings involving higher multiplets may
contribute, this possibility is beyond the scope of our cur-
rent investigation. We also explore the interferences between

5 -
i (b)
at - KK
- o K*° 5 KO0
Po*(1/2")
Y S {111 I Po*(1/27)
o - Po*(3/2")
k=) ——= P*4(3/2))
©oL
I
I j\l\
0 s L 1 M R

L L M I n
2 2.5 3 3.5 4 4.5
Ecm. [GeV]

FIG. 2. (a) Total cross sections for the nonresonant contributions as functions of E, , , serving as the background (BKG), including the
total (solid line), 7 (dotted line), A(1116) (dashed line), A(1670) (long-dashed line), A(1670) (dot-dashed line), X£(1192) (long-short-dashed
line), and X*(1385) (long-dot-dashed line) components. (b) Total cross sections with four different spin-parity quantum numbers of the F;:
JP = 1/2% (solid line), J* = 1/2~ (dotted line), J* = 3/2* (dashed line), and J* = 3/2~ (long-dashed line). Experimental data are obtained
from various sources, including Refs. [16]. Data points that deviate from the background description are marked with hollow circles.
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FIG. 3. The differential cross sections for the angular dependence do /d cos6 [mb] at E.,,, = (2.0, 2.5,3.0) GeV are depicted in (a),
(b), and (c) as functions of cos#, illustrating each contribution. Here, 6 represents the scattering angle of the final state K* in the c.m.
frame. (d) displays do/d cos6 as a function of E.,, and cosf. In this panel, we exclusively showcase the results for P;(3/27), as other

quantum-number states exhibit negligible differences.

the u- and ¢-channel amplitudes with various phase factors,
yielding no significant structures. Another potential source
of interference could arise from crossing the invariant-mass
bands on the Dalitz plot for K*n — 7 +K ™ p, as a function of
My +g- and Mg-p, for instance. It is worth noting that similar
considerations regarding interference possibilities have been
explored theoretically and experimentally for y p — 7K p,
with a focus on ¢ production [21]. It was found that inter-
ference effects were negligible. Nontrivial effects, such as the
triangle singularity [22], could also be introduced. For exam-
ple, one might consider a triangle diagram consisting of the
P-V-B internal lines in the present work, where higher-mass
meson-baryon cuts can lead to singularities. However, achiev-
ing a peak at E.,, & 2.5 GeV would require very high-mass
hadrons. Nonetheless, this remains an intriguing subject for
future exploration, and we leave it for subsequent studies.
Therefore, our focus lies in identifying the presence of a
resonance within the observed structure. It is important to

note that we explore four different spin-parity scenarios for
P;, namely, J* = 1/2%, 3/2%, as there is currently no exper-
imental data available for reference. It has been verified that
all these scenarios can qualitatively reproduce the peak-like
structure effectively by adjusting the combined couplings as
follows:

gy’ =065, gt =015, gl> =0.70,
gy’ =023, ©9)

It is worth noting that the full decay width of Pj remains
consistent across all spin-parity quantum numbers, set at
I'p: = 100 MeV. In panel (b) of Fig. 2, we present the to-
tal cross sections for each case separately: J = 1/2% (solid
line), J* = 1/2~ (dotted line), J* = 3/2* (dashed line), and
JP =3/2 (long-dashed line).
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FIG. 4. (a) Differential cross sections do /d cos 6 for kg - €x+ = 0 for & = 0 (solid line), 7 /4 (dotted line), and 7 /2 (dashed line) in the
c.m. frame. Here, we only present the results for the Pj(3/27), as other quantum-number states do not significantly differ. (b) The same as (a),

plotted as a function of cos 6 and E. ,, forkg - €x+ = 0atd = 0.

In Fig. 3, the numerical results for the differential cross-
sections for the angular dependence do /d cos 6 are presented
for E.,, = (2.0,2.5,3.0) GeV in panels (a), (b), and (c),
respectively, illustrating each contribution. Here, 6 denotes
the scattering angle of the final state K* in the cm frame.
Notably, strong forward and backward scatterings are ob-
served from the hyperons in the # channel and from 7 in the
t channel, respectively. Conversely, the s-channel contribu-
tion yields almost flat curves, as anticipated. Around E. ., =
2.5 GeV, corresponding to the resonance region (where we use
3/27), a slight yet discernible angular dependence emerges.
As the energy surpasses the resonance region, the angular
dependence markedly separates into forward- and backward-
scattering regions. Panel (d) presents the angular dependence
as a function of E., and cos6. Notably, the resonance sig-
nal becomes more pronounced around cosd = 0, where the
contributions from the ¢ and u channels are diminished or
negligible. These observations suggest a potential method for
experimentally isolating the resonance P contribution, which
we will discuss below.

Now, we are in a position to discuss how to enhance
the S/N for the Pj resonance. As previously illustrated,
the dominant contributions in the present reaction process
originate from the u- and ¢-channel interactions. Therefore,
by focusing solely on the forward-scattering region, where
the hyperon-induced backward scattering is negligible, we
can effectively eliminate this background. The subsequent
step involves reducing the contribution from the ¢-channel
m exchange. Remarkably, due to its vector-meson nature,
the invariant amplitude for the 7 exchange in Eq. (3) is
directly proportional to kg - €x:, where kg represents the
three-momentum of the initial K+ meson. Consequently,
when the polarization of K* is fixed perpendicular to the
reaction plane, where all particle momenta are defined, the
m-exchange contribution diminishes. In panel (a) of Fig. 4,
we display the differential cross sections do /d cosf as a

function of E.,, for kg - €x« =0 at 6 = 0 (solid line), 7 /4
(dotted line), and 7 /2 (dashed line) in the c.m. frame. Here,
we specifically focus on the result for the Fj(3/27), as other
quantum-number states exhibit minimal variation. At 6 = 0,
where K* is scattered forwardly, the Pj signal is isolated with
minimal background contamination. As the angle increases,
the S/N value worsens, particularly at 6 = 7 /4. Further in-
creasing it to & = /2 enhances the peak due to interference
between the resonance and the u-channel contribution, al-
though the background contamination also increases. In panel
(b) of Fig. 4, we plot the differential cross-section as a
function of cosf and E.., . Across a wide range of angles
(—=0.5 < cosf < 1), clear resonance signals are observed, fa-
cilitating their measurement in experiments. Additionally, we
confirm that the unpolarized cross sections exhibit minimal
dependence on the spin-parity quantum numbers. There-
fore, the discussions provided for Figs. 3 and 4 remain
applicable to other quantum-number cases without loss of
generality.

Finally, we would like to propose a physical observable
for determining the spin-parity quantum number of the Fj
resonance. The polarizations of the involved particles, such
as the target and recoil nucleons, and K*, are invaluable
for this determination. However, achieving a definite neutron
polarization inside the deuteron target poses challenges in ex-
perimental setups. As discussed earlier, to maximize the S/N,
it is advantageous to set the K* polarization as kg - €xg= = 0
(perpendicular configuration). Consequently, we rely on con-
trolling the recoil-proton polarization for quantum-number
determination. Hence, we introduce the recoil-proton spin
asymmetry (RSA) defined as follows with e+ perpendicular
to the reaction plane:

__doy/dcost —doy/dcosO

=
* doy/dcost +doy/dcost |, . _o

; (10)
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FIG. 5. (a) Recoil-proton spin asymmetry (RSA) in Eq. (10) as functions of E. ,,, for different spin-parity quantum numbers of P*0, with
€K* perpendicular to the reaction plane. (b) X, as functions of cos9 at E..,,, = 2.5 GeV following the same approach.

where the notation (4, |) denotes the (up, down)-spin po-
larization of the recoil proton, respectively. In panel (a) of
Fig. 5, we illustrate the RSAs as functions of cos 0 at E. ,, =
2.5 GeV. Note that the curves mainly comprise contributions
from the s channel and u channel, as the ¢-channel contribution
is eliminated by fixing the polarization as kg - €x+ = 0. The
spin-1/2 cases exhibit much smaller asymmetry compared to
the spin-3/2 ones. The P;(1/2%) amplitudes show weak an-
gular dependence and are relatively small due to their Lorentz
structures in the vicinity of E. ;. = 2.5 GeV as follows:

u (P02 (Eem. Yo & Mp:)ysu(p)
~ A(Ec.m. + MPJ) + B(Ec.m. + MPO*)

X (cos@,sinf), (A,B)€R. (11

On the contrary, the P;(3/2%) amplitudes exhibit highly non-
trivial angular dependencies arising from the spin-sum of the
Rarita-Schwinger field and the kinematic factor kg - kg+ o t,
as shown in Eq. (3). Consequently, the spin-parity quantum
numbers can be determined from X (cos 6) for the spin-3/2
cases, whereas fixing the parity for the spin-1/2 cases proves
to be more challenging. In panel (b) of Fig. 5, the numeri-
cal results for the RSA as functions of E., are presented.
Each spin-parity case exhibits a distinctive curve shape above
E.m. ~ 2.2 GeV. Once more, the spin-3/2 cases demonstrate
different energy dependence, whereas the spin-1/2 ones re-
main small and flat due to the same reasons as discussed

above.

IV. SUMMARY AND FUTURE PERSPECTIVES

In our current study, we delve into the peak-like struc-
ture observed around /s &~ 2.5 GeV in the reaction K*n —
K*%p. We consider the potential S = +1 resonance Pi* =P
as an excited state within the extended vector-meson and
baryon (V B) antidecuplet, particularly in the s channel. To
explore this, we employ the effective Lagrangian method in

conjunction with the Regge approach at the tree-level Born
approximation. We examine various hyperon (Y) exchanges
in the u channel and pion (;7) ones in the ¢ channel. Below, we
list important findings of the present studies:

(i) We find that the currently available experimental
data around E.; = 2.5 GeV cannot be adequately
explained solely by the tree-level Born diagrams in-
corporating Regge contributions as the background
(BKG). However, they are well accounted for by a
resonance state characterized by Mp: = 2.5 GeV and
['p: = 100 MeV, alongside its spin-parity quantum
numbers J¥ = 1/2% and 3/2%. To further elucidate
this, we estimate the combined coupling constants
for the resonance, denoted as 8P; = 8KNP; 8K*NP;» by
fitting the data, paving the way for future theoretical
studies.

(i) The angular dependence of the reaction process, rep-
resented by do /d cos6, is primarily influenced by
the contributions from the 7-channel = and u-channel
A(1116). These contributions result in significant en-
hancements of both forward and backward scattering
in the center-of-mass (c.m.) frame, which gradually
diminish as E. ;, increases. However, in contrast, for
all spin-parity states of P, it becomes evident that the
resonance contribution is comparatively smaller than
the background (BKG) and only becomes notable
around E.;, = 2.5 GeV, particularly in the vicinity
of cosf = 0.

(iii) To accurately study the resonance contribution, we
have devised an experimental approach aimed at en-
hancing the signal-to-noise ratio (S/N) by taking into
account the structure of the predominant background
signals (BKGs). By concentrating on the forward-
scattering region and orienting the polarization of the
K* perpendicular to the reaction plane, it becomes

feasible to effectively circumvent the effects origi-
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nating from the u channel and deactivate those from
the ¢ channel, respectively. This strategy yields a S/N
value close to unity. As the scattering angle increases
towards cos 6 & 0, the contamination stemming from
the u-channel becomes more pronounced, yet the S/N
value remains reasonably high.

(iv) Considering the ongoing reaction process, we delve
into exploring a polarized observable known as the
recoil-proton spin asymmetry (RSA) with kg - €x+ =
0 to discern the spin-parity quantum numbers of the
Py. We discern distinctive angular dependencies of
the RSAs for the J¥ = 3/2% states. However, deter-
mining the parity for the spin-1/2 states proves to
be challenging due to their weak and minimal an-
gular dependencies at E. ,, = 2.5 GeV. Furthermore,
we analyze the energy dependencies of the RSA for
prospective experiments.

We wish to underscore that the potential S = +1 resonance
state P, proposed to account for the currently available data
on K*n — K*p, holds promise for illuminating our under-
standing of exotic phenomena in QCD, surpassing traditional
chiral interaction theories. The conjecture that Pj pertains

to the resonance of the extended VB antidecuplet, akin to
the PB antidecuplet for ®*, remains inadequately elucidated
within existing theories. Nevertheless, ongoing discourse
contemplates plausible explanations for these antidecuplet
resonances [23]. Furthermore, more realistic theoretical stud-
ies will be conducive to future experimental analyses, i.e.,
Ktn — K*p — 7%~ K%*p for instance. Such endeavors
will yield valuable insights into P, particularly in the K°p
invariant-mass domain. Relevant investigations are underway
and will be detailed elsewhere.
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