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In this work, the production of the hidden-strange pentaquarklike state,N�ð2080Þ, via the π−p scattering
process is studied by the effective Lagrangian approach. Concretely, we consider the ρ meson exchange of
t-channel and the nucleon exchange of u-channel, which are treated as the background terms, and take into
account the contribution of the N�ð2080Þ via the s-channel as a signal term. By global fitting of the total
and differential cross sections of the π−p → ϕn process, it is shown that the N�ð2080Þ contributes an
obvious peak at the threshold energy point of the differential cross section at the forward angle (cos θ ¼ 1),
which provides clues to the detection of the N�ð2080Þ by the π−p scattering process. However, due to the
limited accuracy of the experimental data, it is an objective limitation for us to determine the properties of
the N�ð2080Þ by the π−p scattering process. Therefore, more accurate experimental measurements of the
π−p → ϕn reaction are highly desirable, and we have also proposed that correlation measurements can be
performed on J-PARC, AMBER, and future HIKE and HIAF meson beam experiments.

DOI: 10.1103/PhysRevD.110.014026

I. INTRODUCTION

Since the beginning of the 21st century, with the
accumulation of experimental data, more and more new
hadronic states have been experimentally observed [1–11].
These novel phenomena provide good opportunities to
improve our knowledge of hadron spectroscopy and to
deepen our understanding of nonperturbative behavior of
the strong interaction.
As an important advance in the study of hadron

specstroscopy, the discovery of hidden-charm pentaquarks
by the LHCb Collaboration in 2015 [4] opens a new
window to explore exotic hadronic states. Here, two
hidden-charm pentaquarks Pcð4450Þ and Pcð4380Þ were
reported in the Λ0

b → J=ψK−p decay [4]. With more

precise experimental data collected by the LHCb, a
characteristic mass spectrum was found in the J=ψp
invariant mass spectrum of the Λ0

b → J=ψK−p decay
[7], where the previous Pcð4450Þ splits into two narrow
structures [renamed the Pcð4440Þ and Pcð4457Þ, and
Pcð4312Þ� was reported for the first time [7]. This obser-
vation provides strong evidence for the existence of hidden-
charmmolecular pentaquarks as predicted in Refs. [12–26].
In recent years, the LHCb has contributed more to the
exploration of hidden-charm pentaquarks. As predicted in
Ref. [27], there exist possible hidden-charm pentaquarks

from Σð�Þ
c D̄�

s and Ξð0;�Þ
c D̄� interactions. Later, the LCHb

indeed found the evidence of hidden-charm pentaquark
Pcsð4459Þ containing a strange quark in the J=ψΛ invariant
mass spectrum measured by the Ξ−

b → J=ψK−Λ process
[9]. In addition, the LCHb discovered the Pcsð4338Þ in the
J=ψΛ invariant mass spectrum of the B− → J=ψΛp̄ weak
decay [10]. The discovery of two hidden-charm penta-
quarks with strangeness has induced theorists to conduct
extensive discussions on their properties [28–36].
Currently, heavy flavor pentaquark states are still the focus
for hadron spectroscopy studies [37–40]. In addition to the
experimental search for the hidden-charm pentaquark state
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via hadronic decay, as done by the LHCb, theorists and
experimentalists have long been eager to obtain informa-
tion about the hidden-charm pentaquark state from photo-
production experiments [41–44]. For example, JLab
recently performed a high-precision J=ψ photoproduction
experiment near the threshold [41], and one of the goals of
the recent J=ψ photoproduction measurements performed
by the GlueX Collaboration is also to search for hidden-
charm pentaquarks [42,43]. However, no evidence for the
existence of the hidden-charm pentaquark state has yet
been obtained in the J=ψ photoproduction experiments,
which should be clarified by more precise data in the future.
Due to the existence of hidden-charm pentaquarks as

mentioned above, we naturally conjecture the possible
hidden-strange pentaquarks, since two systems are similar
to each other. There have been some discussions on this
subject [45–51]. For example, the N�ð1535Þ is suggested to
have a hidden-strange pentaquark component, so there is a
strong coupling with the ϕN channel [52,53] and the
N�ð2080Þ is considered the hidden-strange partner for
the hidden-charm molecular pentaquark Pcð4457Þ because
its mass is just below the threshold of K�Σ [54–57].1
Considering the N�ð2080Þ to be as a hidden-strange
pentaquarklike state, in Ref. [59] the authors investigated
the contribution of the N�ð2080Þ to the s-channel of the
photoproduction process γp → ϕp. This motivation is
similar to that for the search for hidden-charm pentaquarks
via the J=ψ photoproduction experiment.
Focusing on the production of the hidden-strange pen-

taquarklike state N�ð2080Þ we can borrow some research
experiences from the production of light flavor hadrons. By
checking the Particle Data Group (PDG) [58], we may find
that most of the light flavor hadrons can be produced by
reaction processes induced by the K or π meson beam. In
this work, we propose to study the production of the
hidden-strange pentaquarklike state N�ð2080Þ by the π−p
scattering. In fact, the π−p scattering processes are an ideal
platform to search for new hadronic states as indicated in
Refs. [60–63]. We use the effective Lagrangian approach to
calculate and analyze the production rate of the hidden-
strange pentaquarklike state N�ð2080Þ by the π−p → ϕn
reaction, where we introduce the t-channel ρ exchange and
the u-channel nucleon exchange as background contribu-
tions in the study. Through this analysis, the feasibility of
searching for the hidden-strange pentaquarklike state
N�ð2080Þ by the π−p scattering process is discussed,
which is also a possible new task for future meson beam
experiments.

This paper is organized as follows. After the introduc-
tion, the Lagrangians and amplitudes used in this work are
given in Sec. II. The numerical results of the total section
and differential sections are shown in Sec. III, and a brief
summary of this work is given in Sec. IV.

II. THE PRODUCTION OF THE N�ð2080Þ
VIA THE π − p → ϕn REACTION

The involved tree-level Feynman diagrams of the π−p →
ϕn reaction are shown in Fig. 1, which include t-channel
ρð770Þð≡ρ) exchange, u-channel nucleon exchange, and
s-channel N�ð2080Þð≡N�Þ exchange.
For the t-channel ρ exchange and u-channel nucleon

exchange, the corresponding Lagrangians are [59,64–69]

Lπρϕ ¼ gπρϕ
mϕ

ϵμναβ∂μϕν∂αρβ · π; ð1Þ

LρNN ¼ −gρNNN̄

�
γμ −

κρNN

2mN
σμν∂

ν

�
τ · ρμN; ð2Þ

LπNN ¼ −igπNNN̄γ5τ · πN; ð3Þ

LϕNN ¼ gϕNNN̄

�
γμ −

κϕNN

2mN
σμν∂

ν

�
Nϕμ; ð4Þ

where π, ρ, and ϕ are the π, ρ, and ϕ meson fields,
respectively. The values of gπρϕ ¼ −1.258, g2ρNN=4π ¼ 0.9,
and κρNN ¼ 6.1 are taken from Ref. [59]. τ is the Pauli
matrix. Additionally, we take g2πNN=4π ¼ 12.96 [62] and
gϕNN ¼ −1.47 [70]. Since the value of κϕNN was obtained
by fitting the CLAS data in our previous work, κϕNN ¼
−1.65 is adopted in this work [71].
To gauge the contributions of these diagrams shown in

Fig. 1, one needs the following Lagrangians for the
s-channel N� exchange [64,72]. In general, analogous to
the Pc pentaquark state, the JP quantum number of the

FIG. 1. Feynman diagrams for the π−p → ϕn reaction. The top
figure is the t-channel tree diagram, while the bottom left and
bottom right are the tree diagrams of u-channel and s-channel,
respectively.

1As noted in the latest version of the PDG review [58], the two-
star state N�ð2080Þ is split into a three-star state Nð1875Þ and a
two-star state Nð2120Þ, and since the corresponding threshold of
the hidden-charm hadronic molecular state K�Σ is 2086 MeV, we
still use the name the N�ð2080Þ in this paper, with a mass of
2080 MeV and a decay width of 99 MeV [56,59].
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N�ð2080Þ state can be 3
2
− or 1

2
−. Therefore, we should

consider the N� states with two quantum numbers in our
calculations,

L3=2−

πNN� ¼ g3=2
−

πNN�

mπ
N̄γ5τ · ∂μπN�μ þ H:c:; ð5Þ

L3=2−

N�ϕN ¼ −ig3=2
−

N�ϕN

2mN
N̄γνϕ

μνN�
μ −

g2
ð2mNÞ2

× ∂νN̄ϕμνN�
μ þ

g3
ð2mNÞ2

N̄∂νϕ
μνN�

μ þ H:c:; ð6Þ

L1=2−

πNN� ¼ g1=2
−

πNN�N̄τ · πN� þ H:c:; ð7Þ

L1=2−

N�ϕN ¼ g1=2
−

πNN�N̄γ5γμN�ϕμ þ H:c: ð8Þ

For the t-channel ρ meson exchange [73], the general
form factor FtðqρÞ is given by

FtðqρÞ ¼
Λ2
t −m2

ρ

Λ2
t − q2ρ

: ð9Þ

For the s-channel and u-channel with intermediate nucleon
exchanges, we use the general form factor to describe the
structure effect of the interaction vertex [61,74,75], i.e.,

Fs=uðqNÞ ¼
Λ4
s=u

Λ4
s=u þ ðq2N −m2

NÞ2
: ð10Þ

The values of gN�πN and gN�ϕN can be determined from the
partial decay widths [76], where the involved expressions
of these decay widths are

Γ3=2−

N�→πN ¼ g2πNN� ðEN −mNÞ
4πm2

πmN�
jp⃗c:m:

N j3; ð11Þ

and

Γ3=2−

N�→ϕN ¼ g2N�ϕN
jp⃗c:m:

N j
192πm4

N�m2
N
½ð3m6

N� −m4
N� ðm2

ϕþ5m2
NÞ

þ12m3
N�m2

ϕmN þm2
N� ðm4

N −m4
ϕÞ− ðm2

ϕ−m2
NÞ3�;
ð12Þ

Γ1=2−

N�→πN ¼ 3g2πNN� ðEN þmNÞ
4πmN�

jp⃗c:m:
N j; ð13Þ

Γ1=2−

N�→ϕN ¼ g2N�ϕN
jp⃗c:m:

N j
8πm4

N�m2
ϕ

½ðmN þmN� Þ2 −m2
ϕ�

× ½ðmN −mN� Þ2 þ 2m2
ϕ�; ð14Þ

with

jp⃗c:m:
N j ¼ λðm2

N� ; m2
1; m

2
NÞ

2mN�
; ð15Þ

and

EN ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
jp⃗c:m:

N j2 þm2
N

q
: ð16Þ

Here, λ denotes the Källen function with λðx; y; zÞ≡ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðx − y − zÞ2 − 4yz

p
. Furthermore, for N�ð2080Þ decays

to πN or ϕN, the corresponding m1 in Eq. (15) takes the
mass of π or ϕ mesons, respectively. At present, there are
no experimental measurements of the partial widths of the
N�ð2080Þ decays to πN and ϕN, so we shall determine the
coupling constants by fitting them as free parameters in
later calculations.
With the above preparation, the amplitude of the π−p →

ϕn reaction can be written as

−iM ¼ ϵμðk2Þūðp2ÞðAρ
t þAN

u þAN�
s Þuðρ1Þ; ð17Þ

where ϵμ is the polarization vector of the ϕ meson. ū or u
denotes the Dirac spinor of the nucleon. The reduced
amplitudes Aρ

t , AN�
s and AN

u for the t-channel, s-channel,
and u-channel contributions read as

Aρ
t ¼ −

ffiffiffi
2

p gπρϕ
mϕ

gρNNFtðq2t Þ
Pνξ

t −m2
ρ
ϵμναβkα2

× ðk2 − k1Þβ
�
γξ þ

κρNN

4mN
ðγξ=qt − =qtγξÞ

�
; ð18Þ

AN
u ¼ −i

ffiffiffi
2

p
gπNNgϕNNFuðqNÞ

�
γμ þ

κϕNN

4mN
ðγμk2 − k2γμÞ

�

×
ð=qN þmNÞ
u −m2

N
γ5; ð19Þ

AN�ð3=2−Þ
s ¼

ffiffiffi
2

p g3=2
−

πNN�

mπ

−ig3=2
−

N�ϕN

2mN
Fsðq2sÞγσðk2βgμσ

− k2σgμβÞ
ð=qs þmN� Þ

s −m2
N� þ imN�ΓN�

Δβαk1αγ5; ð20Þ

AN�ð1=2−Þ
s ¼

ffiffiffi
2

p
g1=2

−

πNN�g1=2
−

N�ϕNFsðq2sÞγ5γμ
ð=qsþmN�Þ

s−m2
N� þ imN�ΓN�

;

ð21Þ

with

Pνξ ¼ iðgνξ þ qνρq
ξ
ρ=m2

ρÞ; ð22Þ
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Δβα ¼ −gβα þ 1

3
γβγα

þ 1

3mN�
ðγβqα − γαqβÞ þ 2

3m2
N�

qβqα; ð23Þ

where s ¼ ðk1 þ p1Þ2, t ¼ ðk1 − k2Þ2, and u ¼ ðp2 þ k1Þ2
are the Mandelstam variables.

III. NUMERICAL RESULTS

For the π−p → ϕn reaction, the differential cross section
in the c.m. frame is written as

dσ
d cos θ

¼ 1

32πs
jk⃗c:m:

2 j
jk⃗c:m:

1 j

�
1

2

X
λ

jMj2
�
; ð24Þ

where θ denotes the angle of the outgoing ϕ meson relative
to π beam direction in the c.m. frame. k⃗c:m:

1 and k⃗c:m:
2 are the

three-momenta of the initial π beam and the final ϕ,
respectively.

A. Production of the N�ð2080Þ with JP = 3
2
−

We can analyze the π−p → ϕn experimental data based
on the theoretical model constructed above. To reduce the
number of free parameters, we set Λs ¼ Λu and define
g3=2

−

N� ≡ g3=2
−

πNN�g3=2
−

N�ϕN , which is the product of two coupling
constants involved in the amplitude for the N� with
JP ¼ 3

2
−. The experimental data for the total cross section

and the differential cross section when cos θ ¼ 1 lead us to
use the χ2 fitting algorithm to determine the values of the
free parameters. The fitting parameters involved are shown
in Table I, with a reduced value of χ2=d:o:f: ¼ 1.05,
indicating that the experimental data of π−p → ϕn can
be well explained by our model.
In Fig. 2, we present the differential cross section of the

π−p → ϕn reaction as a function of c.m. energies when
cos θ ¼ 1 for the case of N� with JP ¼ 3

2
−. As shown in

Fig. 2, the results from the full contribution of the t-
channel, u-channel, and s-channel agree well with the
experimental data as a whole. Moreover, since these are
differential cross sections measured at the forward angle,
the curve shapes from the contributions of the three
channels are different, which on the one hand can effec-
tively limit the contribution of the t-channel and u-channel,
and on the other hand provides a good measurement object

for determining the contribution of the s-channel
N�ð2080Þ. We have also studied the case of the backward
differential cross section (cos θ ¼ −1). The results show
that it is difficult to distinguish the contribution of N� from
the backward differential cross section because the con-
tribution of the u-channel is at least an order of magnitude
larger than that of the t-channel and s-channel. According
to the present results, it seems an ideal way to examine the
contribution of N� through the differential cross section at
the forward angle.
Figure 3 shows the total cross section of the π−p → ϕn

reaction. It suggests that the u-channel with nucleon
exchange plays a dominant role in this process and the
contribution of the t-channel is relatively small in the total
cross section. This situation reminds us that the contribution

TABLE I. Fitted values of the free parameters by fitting the
experimental data in Refs. [77,78] for the case of N� with
JP ¼ 3

2
−.

Λt (GeV) Λs=u (GeV) g3=2
−

N� χ2=d:o:f:

Values 1.27� 0.03 0.49� 0.02 0.02� 0.01 1.05

FIG. 2. The differential cross section of the π−p → ϕn reaction
varies with different c.m. energies when cos θ ¼ 1. The exper-
imental data are taken from Ref. [77]. The band stands for the
error bar of the three fitting parameters in Table I. The solid (red),
short-dashed (green), dashed (blue), and dashed-dotted (dark
yellow) lines are for the full model, the u-channel, the t-channel
and the s-channel, respectively. Here, the spin-parity quantum
number of the N�ð2080Þ is 3

2
−.

FIG. 3. The total cross section for the reaction of π−p → ϕn.
The experimental data are taken from Refs. [77,78]. The band
stands for the error bar of the three fitting parameters in Table I.
Here, the notation is the same as that in Fig. 2.
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of u-channel is not negligible, although its contribution at the
forward angle is relatively small. Obviously, the total and
differential cross section experimental data provide a good
constraint and clarification on the t-channel and u-channel
contribution.However, it should be noted that due to the large
error of the experimental data and the fact that our theoretical
results are generally smaller than the present experimental
data, it is not easy to identify the contribution of the s-channel
N� exchange from the total cross section data.
In Fig. 4 the differential cross section of the full angle of

the π−p → ϕn reaction at different center of mass energies
is calculated. It can be seen from Fig. 4 that with the
increase of energy, the contributions of t-channel and u-
channel become more significant at the forward angle and
backward angle respectively, while the overall distribution
of s-channel contribution is relatively flat. Figure 5 shows
that the t-distributions for the π−p → ϕn reaction at
different energies. It can be seen from the calculation
results that the shape of the curve distribution tends to

flatten out from the slope as the energy increases. These
results may help us distinguish the production mechanism
of the π−p → ϕn reaction.

B. Production of the N�ð2080Þ with JP = 1
2
−

By analogy with the calculation of N� with JP ¼ 3
2
−, we

also calculate the cross section of π−p → ϕn for the case of
N� with JP ¼ 1

2
− as shown in Figs. 6–9. Since the absence

of experimental measurements of the partial widths of
N�ðJp ¼ 1

2
−Þ decays to πN and ϕN, we set the coupling

constant g1=2
−

N� ðg1=2−N� ≡ g1=2
−

πNN�g1=2
−

N�ϕNÞ as a free parameter
determined by fitting. Moreover, we use the same fitting
scheme as in Table I, and set the value of cutoff as free
parameters for fitting. The fitted parameter values are
shown in Table II with a reduced value of χ2=d:o:f:, one
find that the fitting values of the cutoff parameters are
basically consistent with those in Table I. Figures 6 and 7
show the differential cross section at forward angle and
total cross section of the π−p → ϕn reaction, respectively.
One find that these results are very close to those in Figs. 2
and 3, and the reason for this result is that the coupling
constant g is set to a free parameter, which will play a role
in adjusting the size of cross section.

FIG. 4. The differential cross section dσ=d cos θ of the π−p →
ϕn process as a function of cos θ at different c.m. energies. Here,
the notation is the same as that in Fig. 2.

FIG. 5. The t-distribution for the π−p → ϕn reaction at differ-
ent c.m. energies W ¼ 2.0 GeV, 2.1, 2.2, and 2.3 GeV. Here, the
notation is the same as in Fig. 2.

FIG. 6. The differential cross section of the π−p → ϕn reaction
varies with different c.m. energies when cos θ ¼ 1. The exper-
imental data are taken from Ref. [77]. The band stands for the
error bar of the three fitting parameters in Table II. The short-
dashed dotted (purple), short-dashed (green), dashed (blue), and
short-dotted (orange) lines are for the full model, the u-channel,
the t-channel, and the s-channel, respectively. Here, the spin-
parity quantum number of the N�ð2080Þ is 1

2
−.

TABLE II. Fitted values of the free parameters by fitting the
experimental data in Refs. [77,78] for the case of N� with
JP ¼ 1

2
−.

Λt (GeV) Λs=u (GeV) g1=2
−

N� χ2=d:o:f:

Values 1.27� 0.04 0.49� 0.03 0.012� 0.005 0.88

PROSPECTS FOR DETECTING THE HIDDEN-STRANGE … PHYS. REV. D 110, 014026 (2024)

014026-5



Figures 8 and 9 show the full angular differential cross
sections and the t-distribution of the π−p → ϕn reaction
with different c.m. energies. For the cross section of the t
distribution, there is a slight difference in the shape of the
cross section curves corresponding to N� with different
quantum numbers. However, since the contributions of the t
and u channels are generally larger than the contribution of
the s channel with N� exchange, this difference will be
covered and it is difficult to distinguish by experiment. The
same is true for the distribution of differential cross sections
at full angles.
In short, due to the lack of experimental data and

research on the nature of N�ð2080Þ, it is difficult for us
to accurately give the difference in the influence of N� with
different quantum numbers on cross sections. Therefore,
our future work will also plan to analyze and calculate the
internal properties and decay width of N�, which will help
to better determine the internal structure and production
mechanism of N�.

C. Dalitz process

For π−p → ϕn processes, the ϕ meson produced cannot
be measured directly experimentally, but needs to be
determined by reconstructing the final particles produced
by its decay. Considering that the branching ratio of ϕ
decay to KþK− can reach 49.1% [58], it is necessary to
analyze the Dalitz process for π−p → ϕn → KþK−n,
which will provide useful information for experimental
measurements. According to the above calculation, the total
cross section of π−p → ϕn is very similar in size for the
two cases where the quantum number of the N�ð2080Þ is 3

2
−

or 1
2
−. Therefore, we calculate the Dalitz process only for

the case of N� with JP ¼ 3
2
−. In general, the invariant mass

spectrum of the Dalitz process is defined based on the two-
body process [79],

dσπ−p→ϕn→KþK−n

dMKþK−
≈
2MϕMKþK−

π

σπ−p→ϕnΓϕ→KþK−

ðM2
KþK− −M2

ϕÞ2 þM2
ϕΓ2

ϕ

;

ð25Þ

FIG. 7. The total cross section for the reaction of π−p → ϕn.
The experimental data are taken from Ref. [77,78]. The band
stands for the error bar of the three fitting parameters in Table II.
The notation is the same as in Fig. 6.

FIG. 8. The differential cross section dσ=d cos θ of the π−p →
ϕn process as a function of cos θ at different c.m. energies. Here,
the notation is the same as that in Fig. 6.

FIG. 9. The t-distribution for the π−p → ϕn reaction at differ-
ent c.m. energies W ¼ 2.0–2.3 GeV. Here, the notation is the
same as in Fig. 6.

FIG. 10. The invariant mass distribution dσπ−p→ϕn→KþK−n=
dMKþK− at different c.m. energies W ¼ 2.0–2.3 GeV.
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where Γϕ ¼ 4.249 MeV and Γϕ→KþK− ¼ 2.086 MeV re-
present the total width and decay component width of ϕ,
respectively. The results of the calculation are exhibited in
Fig. 10. It is found that the peak values appear atMKþK− ¼
1.02 GeV and the peaks are not less than 577 μb=GeV
when the center of mass energy is 2.0–2.3 GeV, which
means that it is feasible to reconstruct the π−p → ϕn
process by the π−p → KþK−n process in experiments.
The calculated total cross sections for π−p → ϕn →

KþK−n and experimental data for the π−p → KþK−n
process are given in Table III. Furthermore, the percentage
of π−p → ϕn → KþK−n reaction cross sections in the
π−p → KþK−n cross sections is calculated. It is found that
the smallest percentage reaches 2.6% in the c.m. energies
from 2.15 to 2.46 GeV, which further indicates that the total
cross section and the number of events of the π−p → ϕn
process reconstructed and studied by the π−p → KþK−n
process meets the requirements of the experimental meas-
urement. It is also noted that the ratio of σðπ−p → ϕn →
KþK−nÞ to σðπ−p → KþK−nÞ can reach up to 16.7% at a
c.m. energy of 2.15 GeV, of which the contribution of the
s-channel N�ð2080Þ exchange accounts for 0.13%, close to
50nb. Moreover, the cross section of σðπ−p → ϕn →
KþK−nÞ corresponding to the s-channel N�ð2080Þ
exchange can reach 500 nb at a c.m. energy of
2.08 GeV. These results suggest that the number of the
N�ð2080Þ produced by the π−p → ϕn → KþK−n process
will be considerable, which will be a very important
support for future experiments.

IV. SUMMARY

Since the LHCb Collaboration confirmed the existence
of the pentaquark states [4], theorists have shown great
interest in predicting the existence of other pentaquark
states. Some theoretical groups predict that the Nð1875Þ
and N�ð2080Þ are strange partner candidates for Pc
molecular states [54,59]. In this work, we have studied
the π−p → ϕn scattering process by using the effective
Lagrangian approach and discussed the possibility of
searching for the hidden-strange pentaquarklike state
N�ð2080Þ by π−p reactions. The calculation results show
that the experimental data of the total cross section and
differential cross sections can provide a good constraint on

the t-channel and u-channel contributions in the π−p → ϕn
scattering process. The contribution from the s-channel
N�ð2080Þ exchange is sensitive to the differential cross
section at the forward angle (cos θ ¼ 1), and a distinct peak
appears. However, due to the lack of experimental data and
limited accuracy, it is difficult to give a very precise
contribution from theN�ð2080Þ. Due to the large branching
ratio of the ϕ decay to KþK−, we calculate the Dalitz
process of the π−p → ϕn → KþK−n reaction and compare
it with the experimental data of π−p → KþK−n. The
results show that it is feasible to find the N�ð2080Þ by
the π−p → ϕn process in experiments. It should be
mentioned that in our calculation, we consider two cases
where the JP quantum number of the N�ð2080Þ is 1

2
− or 3

2
−,

and the results show that the differences of cross sections
corresponding to the N�ð2080Þ with different quantum
numbers are very small. One of the main reasons is that due
to the limited measurement and study of the decay width of
N�, we can only set the coupling constant related to N� as a
free parameter. Therefore, subsequent experimental mea-
surements and theoretical calculations of the internal
properties of N� states are highly desirable.
Currently, the J-PARC [83], AMBER [84], and future

HIKE [85] and HIAF [86] meson beam experiments can
measure the meson-nucleus scattering process with high
precision. We propose that these experiments make accu-
rate measurements of the π−p → ϕn process (especially the
differential cross section at cos θ ¼ 1), which is important
for clarifying the mechanism of the π−p → ϕn process and
determining the contribution of the N� state. At present, the
hidden-strange pentaquarklike state has not been exper-
imentally confirmed, which urgently needs to be clarified
through the joint efforts of experiment and theory. It is an
effective way to analyze the existence and contribution of
hidden-strange pentaquarklike states through the π−p →
ϕn reaction [86]. This work is the first step of this research
direction, and in the future we will systematically study the
contribution of baryon excited states through different π−p
or K−p scattering, providing the necessary theoretical
support for future experiments.
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TABLE III. The total cross section of π−p → KþK−n and
π−p → ϕn → KþK−n. Here, the σ1 represents experimental
cross section data of π−p → KþK−n [78,80–82], while σ2 is
the calculated cross section of π−p → ϕn → KþK−n.

W (GeV) σ1 (μb) σ2 (μb) (σ2=σ1) [%]

2.15 39 13.23 16.7
2.2 139 13.65 4.8
2.44 84 13.70 8
2.46 250 13.62 2.6
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