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In this work, the production of the hidden-strange pentaquarklike state, N*(2080), via the z~ p scattering
process is studied by the effective Lagrangian approach. Concretely, we consider the p 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*(2080) via the s-channel as a signal term. By global fitting of the total
and differential cross sections of the 7~ p — ¢n process, it is shown that the N*(2080) contributes an
obvious peak at the threshold energy point of the differential cross section at the forward angle (cos & = 1),
which provides clues to the detection of the N*(2080) by the 7z~ 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*(2080) by the 7~ p scattering process. Therefore, more accurate experimental measurements of the
7z~ p — ¢n 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.
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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 P.(4450) and P.(4380) were
reported in the Ag — J/wK™p decay [4]. With more
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precise experimental data collected by the LHCb, a
characteristic mass spectrum was found in the J/wp
invariant mass spectrum of the Ag — J/wK " p decay
[7], where the previous P.(4450) splits into two narrow
structures [renamed the P.(4440) and P.(4457), and
P.(4312)] was reported for the first time [7]. This obser-
vation provides strong evidence for the existence of hidden-
charm molecular 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 ZE*)D*; and 2" D* interactions. Later, the LCHb
indeed found the evidence of hidden-charm pentaquark
P.(4459) containing a strange quark in the J/wA invariant
mass spectrum measured by the E; — J/wK~A process
[9]. In addition, the LCHD discovered the P (4338) in the
J/wA invariant mass spectrum of the B~ — J/wAp 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/y photoproduction
experiment near the threshold [41], and one of the goals of
the recent J/y 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/w 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*(1535) is suggested to
have a hidden-strange pentaquark component, so there is a
strong coupling with the ¢N channel [52,53] and the
N*(2080) is considered the hidden-strange partner for
the hidden-charm molecular pentaquark P.(4457) because
its mass is just below the threshold of K*Z [54—57].1
Considering the N*(2080) to be as a hidden-strange
pentaquarklike state, in Ref. [59] the authors investigated
the contribution of the N*(2080) to the s-channel of the
photoproduction process yp — ¢p. This motivation is
similar to that for the search for hidden-charm pentaquarks
via the J/w photoproduction experiment.

Focusing on the production of the hidden-strange pen-
taquarklike state N*(2080) 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 7 meson beam. In
this work, we propose to study the production of the
hidden-strange pentaquarklike state N*(2080) by the 7~ p
scattering. In fact, the 7~ 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*(2080) by the 7z~ p — ¢n
reaction, where we introduce the 7-channel p 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*(2080) by the =~ p scattering process is discussed,
which is also a possible new task for future meson beam
experiments.

! As noted in the latest version of the PDG review [58], the two-
star state N*(2080) is split into a three-star state N(1875) and a
two-star state N(2120), and since the corresponding threshold of
the hidden-charm hadronic molecular state K*X is 2086 MeV, we
still use the name the N*(2080) in this paper, with a mass of
2080 MeV and a decay width of 99 MeV [56,59].

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. I'V.

II. THE PRODUCTION OF THE N*(2080)
VIA THE 7~ p — ¢pn REACTION

The involved tree-level Feynman diagrams of the z7p —
¢n reaction are shown in Fig. 1, which include #-channel
p(770)(=p) exchange, u-channel nucleon exchange, and
s-channel N*(2080)(=N*) exchange.

For the f-channel p exchange and u-channel nucleon
exchange, the corresponding Lagrangians are [59,64—69]

(1)

Eﬂ/)lﬁ = Meﬂ’/aﬂaﬂ¢uaapﬂ T,
My

_ = KpNN
‘CpNN = _g/)NNN <7/,4 - 2my

a,,,,d”) T-p*N, (2)

Loy = —ignNNNJ’ST -, (3)
_ KopNN
Lyny = gpnnN (}’,4 - 2(/;1—1\]0,41/3”) Ng*, (4)

where &, p, and ¢ are the z, p, and ¢ meson fields,
respectively. The values of g,,, = —1.258, g,z)NN /4r = 0.9,
and x,yy = 6.1 are taken from Ref. [59]. 7 is the Pauli
matrix. Additionally, we take ¢2yy/47 = 12.96 [62] and
ggnn = —1.47 [70]. Since the value of kyyy was obtained
by fitting the CLAS data in our previous work, kyy =
—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 P, pentaquark state, the J quantum number of the

k 1 kQ

FIG. 1. Feynman diagrams for the 7~ p — ¢n 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.
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N*(2080) state can be 3~ or i~. Therefore, we should
consider the N* states with two quantum numbers in our
calculations,

3/2-
3/27 _ GiNNt & X
Lo = 2= Nyst- 9,aN™ + Hee., (5)
F/
3/2-
£3/*2— _ —igy- ¢N 45141/ N 9
N 2my (2my)?
N 93
X O,NP*“N), + Hec., 6
NG ! (2mN)2 it ( )
LU = gioy-NT-ZN* + Hee., (7)
1/2= 1/2= 1 %
£N/¢N = gﬂ{VN*NJ/S]//;N ¢* + H.c. (8)

For the t-channel p meson exchange [73], the general
form factor F,(q,) is given by

AZ

2

Fig) = Jo— s ©)
p

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.,

A4/
/u . (10)
A?/u (QN _m%/)z

Fs/u(QN)

The values of gy+,y and gy-4y can be determined from the
partial decay widths [76], where the involved expressions
of these decay widths are

- 2 v (Exy —my)
32 :gnNN( N N) | zem. 3. 11
N*—>zN 471'm,2[mN* |pN ( )
and
iz % Nﬁ[Bméx —my. (m3+5m3,)
~IN T IOV i TN ¢
+12m3,. m?/,)mN +m3. (m$, — mj})) - (m[zl,) -m3)?],
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Do = =G D= A (13)
1/2- |PN™ |
Iy LN = G N ot 2 [(my + my+)* = mj]
my,
X [(my —my-)* + 2m(2/)], (14)

with

|"’Cm|_M’ (15)

2m -

and

=\ [P + my. (16)

Here, A denotes the Killen function with A(x,y,z)=
V/(x =y — z)* = 4yz. Furthermore, for N*(2080) decays
to zN or ¢N, the corresponding m; in Eq. (15) takes the
mass of 7 or ¢» mesons, respectively. At present, there are
no experimental measurements of the partial widths of the
N*(2080) decays to zN and ¢N, so we shall determine the
coupling constants by fitting them as free parameters in
later calculations.

With the above preparation, the amplitude of the 77 p —
¢n reaction can be written as

—iM = ¢ (ky)u(p2) (A7 + AV + AV Julpr),  (17)
where ¢, is the polarization vector of the ¢ meson. & or u
denotes the Dirac spinor of the nucleon. The reduced
amplitudes A7, AY" and AY for the t-channel, s-channel,
and u-channel contributions read as

vé
2 Cuvap’s k

g 0@
\/— il pNNF (61,)

my

X (ky = ky)P {75 + 4/) (ved: — %t7§>:|’ (18)

K
Al = _i\/ignNNgtleNFu(QN) [?’u +- 2 (ruka = k2yﬂ)}

4mN
« M%, (19)
u—my
N (3/27) 93 i gN/¢N
- NN*
\/_ x m, sz Fs(qg)y6<k2ﬂg/w
(ds + my-)
-k g AP , (20
259/4ﬁ) . — m]zw + imN*FN* 1a?5 ( )
N*(1/2" 127 1/2 (45 +my-)
AV =g N s (qf)ysns_m[zv‘* Ty
(21)
with
PE = i(g* + q5q5/m}). (22)
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1
A[)’(z — _gﬂa + g},[)’yar
1

3mN*

+ (Pq* - r*qP) + 3 q’q%, (23)
mN*
where s = (ky + p)?, t = (k; — k)%, and u = (p, + k;)?

are the Mandelstam variables.

III. NUMERICAL RESULTS

For the = p — ¢n reaction, the differential cross section
in the c.m. frame is written as

do 1 |KS™| (1 )
dcose_32ns|zg-m-|(2;|M ’

where 0 denotes the angle of the outgoing ¢ meson relative

(24)

to 7 beam direction in the c.m. frame. k"™ and k3™ are the
three-momenta of the initial # beam and the final ¢,
respectively.

A. Production of the N*(2080) with J*=3-

We can analyze the 7~ p — ¢n experimental data based
on the theoretical model constructed above. To reduce the
number of free parameters, we set A, = A, and define
gi]/}- = g%/z]\-] 913\//*2(;;1\/’ which is the product of two coupling
constants involved in the amplitude for the N* with
JP = %‘. The experimental data for the total cross section
and the differential cross section when cos@ = 1 lead us to
use the y? fitting algorithm to determine the values of the
free parameters. The fitting parameters involved are shown
in Table I, with a reduced value of y?/d.o.f. = 1.05,
indicating that the experimental data of 7~ p — ¢n can
be well explained by our model.

In Fig. 2, we present the differential cross section of the
n~p — ¢n reaction as a function of c.m. energies when
cos@ = 1 for the case of N* with J¥ = %‘. As shown in
Fig. 2, the results from the full contribution of the #-
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 7-channel and u#-channel,
and on the other hand provides a good measurement object

TABLE 1. Fitted values of the free parameters by fitting the

experimental data in Refs. [77,78] for the case of N* with
JP =3
2

A, (GeV) Ay, (GeV) alr 22/d.of.
Values 1.27+0.03 049+0.02 0.02+0.01 1.05

4.5 . T .
a0l cosf =1 »  Experiment data] |
N* JP:3/2— Full model

357 ( ) F--- u-channel
230 - — t-channel
= - — s-channel
@25
8
g 20}
=
T 15}
o

1.0}

0.5

0.0

1.9

W (GeV)

FIG. 2. The differential cross section of the 7~ p — ¢n reaction
varies with different c.m. energies when cos @ = 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 z-channel
and the s-channel, respectively. Here, the spin-parity quantum
number of the N*(2080) is 3.

for determining the contribution of the s-channel
N*(2080). We have also studied the case of the backward
differential cross section (cos@ = —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 7-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 77 p — ¢n
reaction. It suggests that the wu-channel with nucleon
exchange plays a dominant role in this process and the
contribution of the z-channel is relatively small in the total
cross section. This situation reminds us that the contribution

60 T . . :
* YP_q /- = Experiment datal
50 F N (J 3/2 ) Full model i
t--- wu-channel
~ 40 - — t-channel i
'?S. - — s-channel
o 30F i
20+ i
10+ Ao e
0 o Pty TS SR SR
1.9 2.2 2.3 2.4 2.5
W(GeV)

FIG. 3. The total cross section for the reaction of 7z~ p — ¢n.
The experimental data are taken from Refs. [77,78]. The band
stands for the error bar of the three fitting parameters in Table 1.
Here, the notation is the same as that in Fig. 2.
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do/dcos(6) (ib)
S

0% ..

10° W=2.2 GeV] N'(°=3/2)
. T e

1005 00 05 10-10 05 00 05 10

FIG. 4. The differential cross section do/d cos 6 of the 7~ p —
¢n process as a function of cos 0 at different c.m. energies. Here,
the notation is the same as that in Fig. 2.

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 #-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, itis 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 7~ p — ¢n 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 7-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 r-distributions for the z~p — ¢n reaction at
different energies. It can be seen from the calculation
results that the shape of the curve distribution tends to

10° — r r T :
r 1T 1
10'f 1r b
— r 1r L
Qo10ty 1r 1
2 e} B CEATERY]
I e
=re]
= 10— T T T T :
k=] r r 1
B 1
£ 10 f\_/: "
r 1T L
100 f 1T 1
W=2.2 GeV]| N (J'=3/2") |[W=2.3 GeV|
r 1 Ne=se) [Eame]
10-3 1 1 1 1 1 1
0.5 1.0 1.5 20 05 1.0 15 2.0
-t (GeV2) -t (GeV2)
FIG. 5. The #-distribution for the z~ p — ¢n reaction at differ-

ent c.m. energies W = 2.0 GeV, 2.1, 2.2, and 2.3 GeV. Here, the
notation is the same as in Fig. 2.

4.5 T T T T T
40l cosB=1 »  Experiment data] |
’ N*(JP:1/2-) t--=-- Full model

357 |--- u-channel ]
230} - = t-channel ]
~ —channel
325} s-channe
8
820r
=
B 15}
=

1.0

0.5F

0.0

1.9

FIG. 6. The differential cross section of the 7~ p — ¢n reaction
varies with different c.m. energies when cos @ = 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 #-channel, and the s-channel, respectively. Here, the spin-
parity quantum number of the N*(2080) is 5.

flatten out from the slope as the energy increases. These
results may help us distinguish the production mechanism
of the 7~ p — ¢n reaction.

B. Production of the N*(2080) with J" =1~

. . * . _ 3_
By analogy with the calculation of N* with J* =3~, we

also calculate the cross section of 7~ p — ¢n for the case of
N* with J¥ = %‘ as shown in Figs. 6-9. Since the absence
of experimental measurements of the partial widths of
N*(JP =17) decays to zN and ¢N, we set the coupling

constant g,lv/*z_ (g]lv/*z_ = g}m g%iN) 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 y?/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 7z~ p — ¢n 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.

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

P _ 1-
JP =1

A, (GeV) Ay, (GeV) N 22/d.of.
1274004 049+0.03 001240005  0.88

Values

014026-5
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60 T T T T T
* 1P_1 /- = Experiment datal
50 N (=172 t--=-- Full model E
+--- u-channel
—~ 40} - — ¢-channel i
'g_ s-channel
o 301 T
20+ 1
10k .1_:_:-_’_'_':'_'.'-'-'-_:-----------------------'-_::
".," _________________
O b LT T 1 [l 1 ]
1.9 2.0 2.1 2.2 23 24 2.5

W(GeV)

FIG. 7. The total cross section for the reaction of 7z~ p — ¢n.
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.

Figures 8 and 9 show the full angular differential cross
sections and the z-distribution of the 7~ p — ¢n reaction
with different c.m. energies. For the cross section of the ¢
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 ¢
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*(2080), 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*.

10" = = -
10° R .
I e ]
0 WGV
< 2
= 10
N—
—
Sw
8 10 S Ses, P
B R, S T
2 100 e N
5 - _
10 - L --7
102 o
e NO-)
-4
10-1.0 -0.5 0.0 0.5 1.0 -1.0  -0.5 0.0 0.5 1.0
cos(0) cos(6)
FIG. 8. The differential cross section do/d cos 0 of the z7p —

¢n process as a function of cos 0 at different c.m. energies. Here,
the notation is the same as that in Fig. 6.

10° p— T ¥ T T —
r P 17r PP
I S I 1
F-. 1r 1
10"k w=2.0Gev] ] F W=2.1Gev] }
r 1r L
0—3 1 1 1 1 1 1
10% — T T T T T

do/dt (ub/GeV2)

A

N )

o=

i B B

,_
Q
e e B B
I
N
5]
Q
o
<

-3 L L 1
107 0s 1.0 15 20 05 1.0 15 2.0
-t (GeV2) -t (GeV2)
FIG. 9. The t-distribution for the z~ p — ¢n reaction at differ-

ent c.m. energies W = 2.0-2.3 GeV. Here, the notation is the
same as in Fig. 6.

C. Dalitz process

For z~p — ¢n processes, the ¢p 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 ¢
decay to K"K~ can reach 49.1% [58], it is necessary to
analyze the Dalitz process for 7~ p — ¢n — K"K n,
which will provide useful information for experimental
measurements. According to the above calculation, the total
cross section of 7z~ p — ¢n is very similar in size for the
two cases where the quantum number of the N*(2080) is 3~
or %‘. Therefore, we calculate the Dalitz process only for
the case of N* with J¥ = %‘. In general, the invariant mass
spectrum of the Dalitz process is defined based on the two-
body process [79],

Oz~ p->¢nr¢->1<+l<-

df’zr-p—></;n—>1<+1(-n - 2M¢MK+K-

2 22 272 °
dMK+K_ T (MKJrK, —M¢) +M¢F¢
(25)
1200 r r T T
—~ 600} 1t -
2
G 300 1 1 i
2 .
T 1200 . . . :
X -_W:2.2 GeV| W=2.3 GeV|
ZM 900 | 1L [W=23Gev] ]
S 600t 1 -
300 | 1t -
0
0.95 1 1.05 1.1 0.95 1 1.05 1.1
Mgk~ (GeV) Mgk~ (GeV)

FIG. 10. The invariant mass distribution do,-,_gnx+k-n/
dM g+ k- at different c.m. energies W = 2.0-2.3 GeV.
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TABLE III. The total cross section of #7p — K*K~n and
7 p — ¢n - K"K~ n. Here, the o, represents experimental
cross section data of 7z~ p — KT™K~n [78,80-82], while o, is
the calculated cross section of 77 p — ¢n — K"K~ n.

W (GeV) o1 (pb) o, (pb) (02/01) %]
2.15 39 13.23 16.7
22 139 13.65 4.8
2.44 84 13.70 8

2.46 250 13.62 2.6

where I'y = 4.249 MeV and T'y_k+gx- = 2.086 MeV re-
present the total width and decay component width of ¢,
respectively. The results of the calculation are exhibited in
Fig. 10. It is found that the peak values appear at M g+x- =
1.02 GeV and the peaks are not less than 577 ub/GeV
when the center of mass energy is 2.0-2.3 GeV, which
means that it is feasible to reconstruct the z~p — ¢n
process by the 7~ p — KT K™n process in experiments.

The calculated total cross sections for 7z~ p — ¢n —
K™K~ n and experimental data for the z=p — KTK™n
process are given in Table III. Furthermore, the percentage
of 77p - ¢n - KTK™n reaction cross sections in the
7~ p — KT K™ 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 z7p — ¢n
process reconstructed and studied by the z7p - K"K n
process meets the requirements of the experimental meas-
urement. It is also noted that the ratio of (7~ p — ¢n —
K"K n)too(n~p - K*K™n) can reach up to 16.7% at a
c.m. energy of 2.15 GeV, of which the contribution of the
s-channel N*(2080) exchange accounts for 0.13%, close to
50nb. Moreover, the cross section of o(z™p — ¢n —
KTK™n) corresponding to the s-channel N*(2080)
exchange can reach 500nb at a c.m. energy of
2.08 GeV. These results suggest that the number of the
N*(2080) produced by the 7~ p — ¢pn — K™K~ 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 N(1875)
and N*(2080) are strange partner candidates for P,
molecular states [54,59]. In this work, we have studied
the 7~ p — ¢n scattering process by using the effective
Lagrangian approach and discussed the possibility of
searching for the hidden-strange pentaquarklike state
N*(2080) by 7~ 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 #-channel and u-channel contributions in the z~p — ¢n
scattering process. The contribution from the s-channel
N*(2080) exchange is sensitive to the differential cross
section at the forward angle (cos @ = 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 the N*(2080). Due to the large branching
ratio of the ¢ decay to KTK~, we calculate the Dalitz
process of the 77 p — ¢pn — K™K~ n reaction and compare
it with the experimental data of z~p — KTK™n. The
results show that it is feasible to find the N*(2080) by
the 77p — ¢n process in experiments. It should be
mentioned that in our calculation, we consider two cases
where the J* quantum number of the N*(2080) is 3~ or 37,
and the results show that the differences of cross sections
corresponding to the N*(2080) 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 z~p — ¢n process (especially the
differential cross section at cos @ = 1), which is important
for clarifying the mechanism of the z~ p — ¢n 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 77 p —
¢n 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 7~ p
or K™ p scattering, providing the necessary theoretical
support for future experiments.
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