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We have investigated the Λþ
c → nπþπ0 decay process using the chiral unitary approach, by considering

that the nucleon resonance Nð1535Þ could be dynamically generated through S-wave pseudoscalar meson-
octet baryon interactions. In the invariant mass distributions of π0n and πþn, we observe a distinct peak
structure associated with the resonance states Nð1535Þ0 and Nð1535Þþ, respectively. Our results suggest
that the Λþ

c → nπþπ0 process can be utilized to probe the properties of the nucleonNð1535Þ. Therefore, we
encourage more precise experimental measurements of this process in the future.
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I. INTRODUCTION

The low-lying excited baryons have aroused much
attention since their being discovered, but the problem of
their internal structure still needs more theoretical and high-
statistic experimental studies to be determined. In particular,
understanding the nature of the low-excited baryons with
quantum number JP ¼ 1=2− is one of the most challenging
topics. For example, in the standard quark model [1],
Nð1535Þ as the first orbital excitation of the nucleon with
negative parity should have lower energy than the first radial
excitation Nð1440Þ with positive parity, but the experimen-
tal result is contrary [2], which is also known as the “mass
inversion puzzle”. This implies that Nð1535Þ may have a
complex internal structure, and there has been a lot of
studies [3–7] that have attempted to solve the problem with
the description of the nature ofNð1535Þ by some extensions
to the conventional quark model.
Much research [8–12] has shown that the coupling

strength of Nð1535Þ to ηN and KΛ is significant, and it
has also been shown that Nð1535Þ is coupled strongly to
η0N by studying the γp → pη0 [13] and pp → ppη0 [14]
reactions, and large coupling of Nð1535Þ to ϕN by
studying the π−p → nϕ, pp → ppϕ, and pn → dϕ

reactions [15–17], which indicate that there is a large ss̄
component in the Nð1535Þ resonance state.
Thus, Refs. [18–20] have suggested that Nð1535Þ can be

interpreted as a mixture of some pentaquark configuration
and three quark components of uud, which would be a
natural explanation for the heavier mass of Nð1535Þ than
Nð1440Þ and the large couplings to the strangeness channel.
Many studies also suggest that the structure of Nð1535Þ

can be interpreted as a molecular picture. In Refs. [21,22],
the chiral unitary approach was first employed to describe
Nð1535Þ as the bound state of KΛ and KΣ. Other studies
[23–25] have also supportedNð1535Þ as a molecular picture
in the coupled channels. Recently, it has also been studied to
explain the molecular nature of Nð1535Þ by measuring the
correlation functions [26] or the scattering length and
effective range of the KΣ, KΛ, and ηp channels [27]. In
Refs. [28–30], it was proposed, using Hamiltonian effective
field theory, that Nð1535Þ could be a three quark core
dressed by meson-baryon scattering contributions.
Moreover, Nð1535Þ could also be dynamically generated

via S-wave pseudoscalar meson-octet baryon interactions
within the chiral unitary approach and is predicted to be
strongly coupled to the πN, ηN, KΛ, and KΣ channels. In
the JP ¼ 1=2− sector, the physical picture stays unchanged
when considering pseudoscalar meson-baryon mixing with
vector meson-baryon states [31] and is in a good agreement
with most experimental values. In addition, there is much
research that has obtained the mass and width of Nð1535Þ
from the position of the pole on the second Riemann sheet
using the above method that are in agreement with the
experimental results [31–36].
Recently, numerous studies on the multibody nonleptonic

weak decays of charmed baryons have proven to be an
exceptional platform for investigating hadron resonances
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[10,37–43], as these processes exhibit a large phase space
and involve complex final state interactions. Until now, the
nature of the Nð1535Þ resonance remains undetermined, so
it is necessary to continue the exploration of it [44,45].
Thus, in this work, we study the charm baryon of the
Λþ
c → nπþπ0 decay process based on the chiral unitary

approach, which can dynamically generate the Nð1535Þ
resonance by considering the S-wave pseudoscalar meson-
octet baryon interactions. Then, we obtain the invariant
mass distributions of π0n and πþn, and the appearance of
peaks linked to Nð1535Þ is evident from the results.
This paper is organized as follows. First, in Sec. II,

we present the theoretical formalism of the process
Λþ
c → nπþπ0. Then, in Sec. III, we discuss numerical

results and discussions. Finally, we provide a brief sum-
mary in Sec. IV.

II. FORMALISM

In this section, we present the theoretical formalism for
the process Λþ

c → nπþπ0. We have considered Nð1535Þ
produced by the dynamics of the meson-baryon interaction,
as in [10,46–49]. In this work, for the Λþ

c → πþðMBÞ →
πþπ0n process, we consider the Wþ external emission as
shown in Fig. 1, and for the Λþ

c → π0ðMBÞ → π0πþn
process, we consider theWþ internal emission, as illustrated
in Fig. 2. For Fig. 1, the initial state Λþ

c of the c quark
first weakly decays into a d quark and a Wþ boson.
Subsequently, Wþ boson weakly decays to the ud̄ quark
pair. The ud̄ quark pair is then hadronized to πþ, while the
remaining quark cluster dud and the quark pair q̄q ¼ ūuþ
d̄dþ s̄s produced in the vacuum with quantum numbers
JPC ¼ 0þþ hadronize into meson-baryon(MB) pairs. For
Fig. 2, after the initial state Λþ

c of c quark weakly decays to
a d quark and a Wþ boson, the Wþ boson then weakly
decays to ud̄ quark pair. The dd̄ quark pair is then
hadronized to π0, while the remaining uud quark cluster
and a q̄q quark pair produced in the vacuum are then
hadronized to meson-baryon pairs. These two processes can
be expressed as follows:

Λþ
c ð1Þ ⇒

1ffiffiffi
2

p cðud − duÞ

⇒
1ffiffiffi
2

p Wþdðud − duÞ

⇒
1ffiffiffi
2

p ud̄dðuūþ dd̄þ ss̄Þðud − duÞ

⇒
1ffiffiffi
2

p πþdðuūþ dd̄þ ss̄Þðud − duÞ; ð1Þ

Λþ
c ð2Þ ⇒

1ffiffiffi
2

p cðud − duÞ

⇒
1ffiffiffi
2

p Wþdðud − duÞ

⇒
1ffiffiffi
2

p dd̄uðuūþ dd̄þ ss̄Þðud − duÞ

⇒
1ffiffiffi
2

p π0uðuūþ dd̄þ ss̄Þðud − duÞ; ð2Þ

where we use the baryon flavor wave function Λþ
c ¼

1ffiffi
2

p cðud − duÞ. Based on the SUð3Þ flavor symmetry, we

connect the two degrees of freedom of quarks and hadrons
using the meson matrix M and the baryon matrix B. The
specific forms of the M and B matrices [47,50,51] are as
follows:

M ¼

0
B@

uū ud̄ us̄

dū dd̄ ds̄

sū sd̄ ss̄

1
CA

¼

0
BBBB@

ηffiffi
3

p þ π0ffiffi
2

p þ η0ffiffi
6

p πþ Kþ

π− ηffiffi
3

p − π0ffiffi
2

p þ η0ffiffi
6

p K0

K− K̄0 − ηffiffi
3

p þ
ffiffi
6

p
η0

3

1
CCCCA; ð3Þ

FIG. 1. Quark level diagram for the process Λþ
c →

πþdðūuþ d̄dþ s̄sÞud via the Wþ external emission.

FIG. 2. Quark level diagram for the process Λþ
c →

π0uðūuþ d̄dþ s̄sÞud via the Wþ internal emission.
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B ¼ 1ffiffiffi
2

p

0
B@

uðds − sdÞ uðsu − usÞ uðud − duÞ
dðds − sdÞ dðsu − usÞ dðud − duÞ
sðds − sdÞ sðsu − usÞ sðud − duÞ

1
CA

¼

0
BBB@

Σ0ffiffi
2

p þ Λffiffi
6

p Σþ p

Σ− − Σ0ffiffi
2

p þ Λffiffi
6

p n

Ξ− Ξ0 − 2Λffiffi
6

p

1
CCCA; ð4Þ

where we have employed the η − η0 mixing as in
Refs. [52,53]. The hadronization processes can be expressed
using the meson matrix M and baryon matrix B,

Λþ
c ð1Þ ⇒

1ffiffiffi
2

p πþdðuūþ dd̄þ ss̄Þðud − duÞ

¼ πþ
X

M2iBi3

¼ πþ
�
jπ−pi þ 1ffiffiffi

3
p jηni − 1ffiffiffi

2
p jπ0ni − 2ffiffiffi

6
p jK0Λi

�
;

ð5Þ

Λþ
c ð2Þ⇒

1ffiffiffi
2

p π0uðuūþ dd̄þ ss̄Þðud− duÞ

¼ π0
X

M1iBi3

¼ π0
�

1ffiffiffi
3

p jηpi þ 1ffiffiffi
2

p jπ0pi þ jπþni− 2ffiffiffi
6

p jKþΛi
�
;

ð6Þ

and because of the large mass of η0, the η0n and η0p channels
are not taken into account. Considering the isospin multip-
letsN ¼ ðp; nÞ and π ¼ ð−πþ; π0; π−Þ, we can then express
the physical states in Eqs. (5) and (6) as isospin states,

jπ−pi¼
����1;12;−1;12

�
¼−

ffiffiffi
2

3

r
jπNiI¼1

2þ
ffiffiffi
1

3

r
jπNiI¼3

2;

jπ0ni¼
����1;12;0−1

2

�
¼

ffiffiffi
1

3

r
jπNiI¼1

2þ
ffiffiffi
2

3

r
jπNiI¼3

2
;

jπ0pi¼
����1;12;0;12

�
¼−

ffiffiffi
1

3

r
jπNiI¼1

2þ
ffiffiffi
2

3

r
jπNiI¼3

2;

jπþni¼−
����1;12;1;−1

2

�
¼−

ffiffiffi
2

3

r
jπNiI¼1

2−
ffiffiffi
1

3

r
jπNiI¼3

2: ð7Þ

With Nð1535Þ with the isospin quantum number of I ¼ 1
2
,

we only consider contributions from the I ¼ 1
2
region. In the

isospin basis, Eqs. (5) and (6) are written as

Λþ
c ð1Þ ¼ πþ

�
−

ffiffiffi
3

2

r
jπNi þ 1ffiffiffi

3
p jηNi − 2ffiffiffi

6
p jKΛi

�
;

Λþ
c ð2Þ ¼ π0

�
−

ffiffiffi
3

2

r
jπNi þ 1ffiffiffi

3
p jηNi − 2ffiffiffi

6
p jKΛi

�
: ð8Þ

FIG. 3. Diagrams for the process Λþ
c → πþπ0n. (a) Tree level

diagram and (b) final π0n rescattering.

FIG. 4. Diagrams for the process Λþ
c → πþπ0n. (a) Tree level

diagram and (b) πþn rescattering.
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The meson-baryon final state interactions dynamically generate the Nð1535Þ resonance, and the amplitude of the process
Λþ
c → πþπ0n for the contributions of Figs. 3 and 4 is

T MBð1Þ ¼ CVp

�
−

ffiffiffi
3

2

r
−

ffiffiffi
3

2

r
GπNðMπ0nÞtπN→πNðMπ0nÞþ

1ffiffiffi
3

p GηNðMπ0nÞtηN→πNðMπ0nÞ

−
2ffiffiffi
6

p GKΛðMπ0nÞtKΛ→πNðMπ0nÞ
�
;

T MBð2Þ ¼ Vp

�
−

ffiffiffi
3

2

r
−

ffiffiffi
3

2

r
GπNðMπþnÞtπN→πNðMπþnÞþ

1ffiffiffi
3

p GηNðMπþnÞtηN→πNðMπþnÞ

−
2ffiffiffi
6

p GKΛðMπþnÞtKΛ→πNðMπþnÞ
�
; ð9Þ

where the color factor C represents the relative weight of
the externalWþ emission mechanism in Fig. 1 compared to
internal Wþ emission in Fig. 2, and the parameter Vp

represents the strength of the weak interaction vertex in
Figs. 3 and 4, which we treat as a constant in the present
study.
In Eq. (9), Gl stands for the meson-baryon loop

function [32]

GlðsÞ ¼ i
Z

d4q
ð2πÞ4

2Ml

ðP− qÞ2 −M2
l þ iϵ

1

q2 −m2
l þ iϵ

; ð10Þ

where Ml and ml denote the masses of the baryon and
meson in the lth channel, respectively, and P and q are the
four-momentum of this meson-baryon system and the
meson in the center of mass system, respectively. As for
the loop function Gl in Eq. (10), the integral exhibits
logarithmic divergence. Typically, we may adopt either the
three-momentum cutoff method or dimensional regulariza-
tion scheme [32,54]. In this work, we employ the three-
momentum cutoff method to obtain the following analytic
expression for loop function Gl:

GðsÞ ¼ 2Ml

16π2s

	
σ

�
arctan

sþ Δ
σλ1

þ arctan
s − Δ
σλ2

�

−
�
ðsþ ΔÞ ln ð1þ λ1Þqmax

Ml

þðs − ΔÞ ln ð1þ λ2Þqmax

ml

�

; ð11Þ

with

σ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
½−ðs − ðMl þmlÞ2Þðs − ðMl −mlÞ2Þ�

q
; ð12Þ

Δ ¼ M2
l −m2

l ; ð13Þ

λ1 ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ M2

l

q2max

s
; λ2 ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ m2

l

q2max

s
: ð14Þ

To dynamically generate Nð1535Þ resonance, we take
the cutoff parameter qmax ¼ 1150 MeV, consistent with
Refs. [46,49]. For

ffiffiffi
s

p
> m1 þm2, the pole of the possible

bound state is searched in the second Riemann sheet, where
we employ GII [46]

GIIð ffiffiffi
s

p Þ ¼ Gð ffiffiffi
s

p Þ þ i
jq⃗j

4π
ffiffiffi
s

p ; Imðjq⃗jÞ > 0; ð15Þ

where q⃗ is the momentum of the meson in the center of mass
frame. Since the πN-channel threshold is far away from the
considered energy region of Nð1535Þ that we are mainly
focused on, in this case, as done in Refs. [55,56], we take
only the imaginary part of the loop function, which has a
simple analytic form within the second part in Eq. (15).
The two-body scattering amplitude tMB−πN of the

coupled channel in Eq. (9) is calculated by solving the
Bethe-Salpeter equation through the method of chiral
unitary approach,

T ¼ ½1 − VG�−1V: ð16Þ

We have included four coupled channels in our calculation:
πN, ηN, KΛ, and KΣ. The V is transition potential, which
is expressed as in Refs. [57,58],

Vij ¼ −Cij
1

4fifj
ð2 ffiffiffi

s
p

−Mi −MjÞ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Ei þMi

2Mi

s ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Ej þMj

2Mj

s
;

ð17Þ

where MiðjÞ and EiðjÞ represent the mass and energy
of the baryon in the iðjÞth channel, respectively, and
Ei ¼ ðsþM2

i −m2
i Þ=2

ffiffiffi
s

p
. The coefficient Cij, which

reflects SUð3Þ flavor symmetry, is listed in Table I. The
decay constant fiðjÞ for the meson in the iðjÞth channel is

fπ ¼ 93 MeV; fK ¼ 1.22fπ; fη ¼ 1.3fπ: ð18Þ
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Furthermore, in order to differentiate between the
molecular and genuine baryon scenarios, we have also
investigated the Breit-Wigner amplitude of the Nð1535Þ0
resonance contribution using the effective Lagrangian
approach. The Breit-Wigner decay amplitude is shown
in Fig. 5. The decay amplitude of Λþ

c → πþNð1535Þ0
consists of two kinds of structures [10],

M ¼ iūðqÞðAþ Bγ5ÞuðpÞ; ð19Þ

where p, p1, q, p2, and p3 denote the momentum of
Λþ
c ; πþ; Nð1535Þ0; π0, and n, respectively. Due to the lack

of understanding of the properties of the Nð1535Þ reso-
nance, we are currently unable to determine the coefficients
A and B for the charmed baryons into meson and baryon
states, and therefore, we adopt A ¼ B in this study. We use
the effective Lagrangian commonly used in Refs. [60,61]
for the πNNð1535Þ vertex,

LNð1535Þ
πN ¼ igπNN�N̄ τ⃗ · π⃗N� þ H:c: ð20Þ

where N, N� represent the fileds of n and Nð1535Þ
resonance, respectively.
The invariant decay amplitude of the Λþ

c →
πþNð1535Þ0 → πþπ0n decay is

T̃ ¼ igπNN� ūðp3Þ
=qþMNð1535Þ

q2 −M2
Nð1535Þ þ iMNð1535ÞΓNð1535Þðq2Þ

× ðAþ Bγ5ÞuðpÞ; ð21Þ

where MNð1535Þ and ΓNð1535Þðq2Þ are the mass and total
decay width of Nð1535Þ, respectively. For the Nð1535Þ
resonance, we implement the momentum dependent width
ΓNð1535Þ. Since πN and ηN are the main decay channels of

Nð1535Þ, we also use the following form as used in
Refs. [10,62,63]:

ΓNð1535Þðq2Þ ¼ ΓN�→πNðq2Þ þ ΓN�→ηNðq2Þ þ Γ0; ð22Þ

where we label Nð1535Þ as N�, and ΓN�→πNðq2Þ and
ΓN�→ηNðq2Þ are the following forms, respectively:

ΓN�→πNðq2Þ ¼
3g2N�Nπ

4π

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
jp⃗Nπj þm2

n

p
þmnffiffiffiffiffi

q2
p jp⃗Nπj;

ΓN�→ηNðq2Þ ¼
g2N�Nη

4π

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
jp⃗Nηj þm2

n

q
þmnffiffiffiffiffi

q2
p jp⃗Nηj: ð23Þ

In this work, we take g2N�Nπ=4π ¼ 0.037, g2N�Nη=4π ¼ 0.28,
and Γ0 ¼ 19.5 MeV as used in Ref. [10].
With the theoretical formalism presented above, the total

decay amplitude for the process of Λþ
c → nπþπ0 can be

expressed as

jT j2 ¼ jT MBð1Þ þ T MBð2Þj2: ð24Þ

We can calculate the double differential width according to
the following equation [12]:

d2Γ
dM2

πþndM
2
π0n

¼ 4MΛþ
c
Mn

ð2πÞ332MΛþ
c

3
jT j2: ð25Þ

For a given value ofM12, the range ofM23 is constrained by
the following condition:

Mmax
23 ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðE�

2þE�
3Þ2−

� ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
E�2
2 −m2

2

q
−

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
E�2
3 −m2

3

q �2
r

;

Mmin
23 ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðE�

2þE�
3Þ2−

� ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
E�2
2 −m2

2

q
þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
E�2
3 −m2

3

q �2
r

; ð26Þ

where E�
2 and E

�
3 are the energies of particles 2 and 3 in the

M12 rest frame, which are written as

E�
2 ¼

M2
12 −m2

1 þm2
2

2M12

;

E�
3 ¼

M2
Ξþ
c
−M2

12 −m2
3

2M12

; ð27Þ

where m1, m2, and m3 are the masses of involved particles
1,2, and 3, respectively.
Here, we need to note that the effective range of the chiral

unitary approach is limited for calculating the differential
mass distributions. In order to make our predictions more
reliable, following Refs. [64,65], we similarly multiply the
Gt term of scattering amplitude in the high energy region by
a smooth factor that decreases as the invariant mass Minv
increases,

TABLE I. The S-wave meson-baryon scattering coefficients
[46,59].

πN ηN KΛ KΣ

πN 2 0 3=2 −1=2
ηN 0 −3=2 −3=2
KΛ 0 0
KΣ 2

FIG. 5. Diagram representing the process Λþ
c →

πþNð1535Þ0 → πþπ0n.
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GtðMinvÞ¼GtðMcutÞe−αðMinv−McutÞ; forMinv>Mcut: ð28Þ

In this work, we adopt Mcut ¼ 1650 MeV, and the value of
α we discuss in Sec. III.

III. RESULTS AND DISCUSSIONS

In this section, we present our numerical results based on
the theoretical framework established in Sec. II. Our model
contains three free parameters: C, Vp, and α. We use the
global normalization factor Vp ¼ 1 to present the results of
arbitrary normalization since it does not affect the shape of
the final state invariant mass distribution. The color factorC,
which represents the relative weight of the external Wþ
emission mechanism compared to internal Wþ emission, is
taken to be C ¼ 2, and we discuss its dependence for the
results later. The α in the smooth factor added in the high
energy region in Eq. (28) is set to α ¼ 0.0037 MeV−1, and
the dependence of the results on it is also discussed below.
First, as shown in Figs. 6 and 7, we show the results

of the invariant mass distribution for π0n and πþn with
Mcut ¼ 1650 MeV, respectively. The green dashed line
labeled Nð1535Þ0 and the blue dotted line Nð1535Þþ
correspond to the final state interactions for π0n in Fig. 3
and πþn in Fig. 4, respectively. The curve labeled “Total”
shows the total contribution result of Eq. 24. It is clear from
Figs. 6 and 7 that there is a significant peak around
1500 MeV in both the π0n and πþn invariant mass
distributions, which is associated with the Nð1535Þ0 and
Nþð1535Þ resonance states, respectively. The peak around
1500MeV is close to the position of theNð1535Þ pole in the
PDG [2](1510 MeV).
Then, we tested the dependence of our results on the

parameter α in smooth factor of Eq. (28). As in Ref. [64], we
have calculated the invariant mass distributions by taking
α ¼ 0.0037 MeV−1; 0.0054 MeV−1, and 0.0077 MeV−1,

�

FIG. 6. The π0n invariant mass distribution of the process
Λþ
c → πþπ0n decay.

�

FIG. 7. The πþn invariant mass distribution of the process
Λþ
c → πþπ0n decay.

�

�

FIG. 8. TheMπ0n andMπþn distributions with different α values
in the smooth factor. The red line and brown dashed and blue
dashed curves are obtained with α ¼ 0.0037, 0.0054, and
0.0077 MeV−1, respectively.
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and the results are shown in Fig. 8. From the invariant mass
distributions ofMπ0n andMπþn in Fig. 8, we can see that the
value of α has only minor effect on the results and does not
change the position of the peaks.
Furthermore, in Fig. 9, we compare the invariant mass

distributions of Mπ0n and Mπþn under different color factor
values of C ¼ 1.5, 2, 2.5, 3. The result indicates that
although variations in the C value affect the strength of the
Nð1535Þ0 and Nð1535Þþ signals, the shape of signals are
still evident.
In Fig. 10, we show the π0n invariant mass distribution,

where the green dashed and purple dash-dotted curves
represent the results obtained in Models I and II, respec-
tively. Model I is the Nð1535Þ is dynamically generated via
the meson baryon interaction as shown in Fig. 3. Model II is
the Breit-Wigner amplitude of Nð1535Þ resonance, and the
coefficients A and B are normalized to the peak of Model I.
From the results of Model I and Model II shown in Fig. 10,
we see that these two different descriptions of Nð1535Þ0
resonance give different line shapes for the invariant π0n

mass distributions. For the Nð1535Þ, the amplitude square
obtained with the chiral unitary approach does not behave
like an usual Breit-Wigner resonance, where the resonant
shape of Model II is broader than the result of Model I.
Future experimental measurements are expected to test our
predictions and clarify this issue.

IV. SUMMARY

The nonleptonic weak decays of charmed baryons
serve as a important platform for investigating low-lying
excited baryons and also contributes to our understanding
of the properties of light baryons with quantum numbers
JP ¼ 1=2−. In this work, we examine the Λþ

c → nπþπ0
process within the chiral unitary approach, where the
intermediate Nð1535Þ resonance is dynamically generated
through S-wave interactions between pseudoscalar mesons
and baryons by taking into account the πN, ηN, KΛ, and
KΣ channels in the I ¼ 1=2 sector.
Based on our calculations, a clear peak can be seen

around 1500 MeV in the invariant mass distributions of π0n
and πþn, which could be related to the Nð1535Þ0 and
Nð1535Þþ resonances, respectively. Additionally, due to
the limitations of the energy range used in the chiral unitary
approach, we progressively suppress the loop functions and
amplitudes for Mcut above 1650 MeV. We also discussed
the uncertainties in the results by varying the parameter α in
the smooth factors. We observe that different α values have
a minor effect on the invariant mass distribution, and the
peaks associated with the Nð1535Þ resonance are still
visible. Finally, we also discussed the impact of different
color factor C values, which implies that the signal of
Nð1535Þ is clearly observable in the invariant mass dis-
tribution. Further experimental measurements are needed to
verify the properties of theNð1535Þ resonance predicted by
our model.

�

�

FIG. 9. The Mπ0n and Mπþn distributions for the process Λþ
c →

πþπ0n for different values of color factor C.

�

FIG. 10. The Mπ0n distributions for the process Λþ
c → πþπ0n.

The green dashed and purple dash-dotted curves represent the
results obtained in Models I and II, respectively.
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