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In the present work, we study the production problem of the charmed baryon Λcð2860Þþ at P̄ANDA.
With the JP ¼ 3

2
þ assignment to Λcð2860Þþ, an effective Lagrangian approach is adopted to calculate the

cross section of pp̄ → Λ−
cΛcð2860Þþ. The Dalitz plot analysis and the D0p invariant mass spectrum

distribution are also given for the pp̄ → Λ−
cΛcð2860Þþ → Λ−

c pD0 process. The numerical results show that
the total cross section may reach up to about 10 μb. With the designed luminosity of P̄ANDA
(2 × 1032 cm−2 s−1), about 108 Λcð2860Þ events can be expected per day by reconstructing the final pD0.

DOI: 10.1103/PhysRevD.105.014035

I. INTRODUCTION

The charmed baryon family has a special place in whole
hadron spectroscopy. Focusing on the charmed baryon,
theorists and experimentalists have made a lot of effort to
reveal their nature, which has a close relation to construct-
ing the charmed baryon family and finding out the exotic
state (see review articles [1–5] for the progress). In the past
few years, the charmed baryon family has become more
and more abundant with the observation of more excited
states of charmed baryon, which can be reflected by the
present status of charmed baryons listed in the Particle Data
Group (PDG) [6].
Among these observed charmed baryons, Λcð2860Þþ

was reported by LHCb in the D0p channel [7]. The
measured mass and width are

M ¼ 2856.1þ2.0
−1.7ðstatÞ � 0.5ðsystÞþ1.1

−5.6ðmodelÞ MeV;

Γ ¼ 67.6þ10.1
−8.1 ðstatÞ � 1.4ðsystÞþ5.9

−20.0ðmodelÞ MeV;

respectively. It should be noted that the uncertainty related
to the amplitude model was considered in the analysis

presented in the LHCb paper [7]. Thus, when giving the
experimental data of mass and width of Λcð2860Þþ, this
uncertainty was listed. This model uncertainty is marked by
(model) in the resonant parameter. Meanwhile, the avail-
able experimental analysis indicates that the observed
Λcð2860Þþ state has the spin-parity JP ¼ 3

2
þ. Before the

discovery of Λcð2860Þþ, many studies were carried out on
the mass spectra of charmed baryons with different
scenarios and a D-wave charmed baryon with a mass
around 2.85 GeV was predicted [8–11], which is consistent
with the observation of Λcð2860Þþ from LHCb [7]. Since
then, the newly observed Λcð2860Þþ attracted more
and more attention from theorists to decode its inner
structure and decay property. The Lanzhou group further-
more studied the mass spectrum of the λ-mode excited
charmed and charmed-strange baryon states [12]. Their
results indicate that Λcð2860Þþ associated with former
Λcð2880Þþ can form aD-wave doublet ½3=2þ; 5=2þ�. More
discussions can be found in Refs. [13–17], where different
phenomenological methods/models were applied.
Besides the investigation of the mass spectrum, the

strong decay properties of the low-lying D-wave charmed
baryons were also studied within some methods. The D0p
decay channel is of great importance to provide information
on the inner structure of these highly excited Λc. The
authors carried out the two-body Okubo-Zweig-Iizuka-
allowed decays of Λcð2860Þþ within the 3P0 model and
gave the decay widths of different processes [12]. It is
obvious that the DN branching fraction reaches up to
95.6%. A smaller value of 75% was obtained with a similar
model in Ref. [18]. These results indicate that the DN
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channel should be the major decay channel. However, the
authors pointed that due to the limited phase space, the
partial widths decaying into the DN channel should be
small [19].
In addition, the Σcπ decay channel should be a channel

of concern. However, no signal has been measured for
Λcð2860Þ experimentally to date. We notice that the partial
decay width and the ratio R ¼ Γ½Σcð2520Þπ�

Γ½Σcð2455Þπ� have been

predicted theoretically. The ratio R ¼ 0.47 was predicted
in Ref. [12]. Similarly with the 3P0 model, the authors
obtained a value range from 2.8 to 3.0 [20]. By virtue of a
constituent quark model, Yao et al. got the partial widths to
be 4.57 MeV and 0.95 MeV for the decay modes
j2Dλλ

3
2
þi → Σcπ and j2Dλλ

3
2
þi → Σ�

cπ, respectively [21],
which leads to a value R ¼ 0.21. Considering the mea-
sured width, the relatively large branching fractions indi-
cate that Λcð2860Þþ might be observed in the Σcð2455Þπ
and Σcð2520Þπ channels as well. In addition, it was pointed
out that the ratio R for the nearby state Λcð2880Þ may be
strongly affected by Λcð2860Þ [21]. Thus, for the purpose
of deeply understandΛcð2860Þ and other charmed baryons,
it is very important to measure the branching ratio.
However, the current available information of Λcð2860Þþ
is the measured mass and width from the channel decaying
to D0p. Consequently, more experimental information is
strongly required to further understand the decay behavior

ofΛcð2860Þþ. The ratioR ¼ Γ½Σcð2520Þπ�
Γ½Σcð2455Þπ� for the nearby state

Λcð2880Þ may be strongly affected by Λcð2860Þ [21].
Just as reviewed above, the study of Λcð2860Þþ mainly

emphasize its mass and decay [8–21]. The discussion of the
production of Λcð2860Þþ is still absent. Until now,
Λcð2860Þþ was only observed in the Cabibbo-favoured
decay Λb → D0pπ−, where another two states Λcð2880Þþ
and Λcð2940Þþ previously observed by the BABAR experi-
ment [22] were also confirmed [7]. Thus, it is interesting in
exploring the Λcð2860Þþ production in other processes. As
indicted by the strong decay behavior of Λcð2860Þþ
[12,18], the DN decay channel is dominant, which inspires
our interesting in exploring the Λcð2860Þþ production via
the low energy antiproton-proton interaction. We notice
that the future facility P̄ANDA will exploit the annihilation
of antiprotons with protons and nuclei to study the
fundamental forces in nature [23]. Study of the charmed
baryon is one of the main physics goals of P̄ANDA. Some
parallel theoretical investigations were previously imple-
mented on the productions of charmed baryons in anti-
proton-proton collisions [24–27]. The above reason also
pushes us to study the discovery potential of Λcð2860Þþ at
P̄ANDA, which can provide valuable information to future
experimental exploration of Λcð2860Þþ at P̄ANDA.
This work is organized as follows. After the

Introduction, we present the theoretical model and the
corresponding calculation details in Sec. II. The numerical
results of the Λcð2860Þþ production at P̄ANDA will be

given in Sec. III, including the cross sections, the Dalitz
plot, and the pD0 invariant mass spectrum. Finally, this
paper ends with a discussion and conclusion (see Sec. IV).

II. Λcð2860Þ PRODUCTION IN p̄p ANNIHILATION

As discussed above, Λcð2860Þþ could be produced in
the antiproton and proton collision by exchanging a D0

meson, as shown in Fig. 1. It should be noted that the pp̄
annihilation (s channel) is an Okubo-Zweig-Iizuka (OZI)
suppressed process. Thus, the contribution from the anni-
hilation channel can be negligible compared with the
contribution from the t channel shown in Fig. 1. In our
calculation, only the t channel is considered.
Before evaluating the cross section of p̄p →

Λ−
cΛcð2860Þþ, we display the kinematically allowed region

of the square of the transfer momentum q2 in Fig. 2, which
is the function of the center-of-mass (c.m.) energy

ffiffiffi
s

p
. As

shown in Fig. 2, the maximum of q2 is negative and less
than the mass square of the exchanged D0 meson in the
energy range of our interest.

FIG. 1. The diagram describing the p̄p → Λ−
cΛcð2860Þþ

process.

q2
(G
eV

2 )

s (GeV)

FIG. 2. The kinematically allowed region for the momentum of
the transfer momentum in the processes pp̄ → Λcð2860ÞþΛ−

c .
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A. The formalism

The effective Lagrangian approach is utilized to study
the p̄p → Λ̄cΛcð2860Þþ process. As measured by LHCb
[7], we take the quantum number of Λcð2860Þþ to be
JP ¼ 3=2þ. To describe the interaction of the nucleon with
the charmed meson and the charmed baryon, we adopt the
following effective Lagrangians [24,28–32]

LDpΛc
¼ gD0pΛc

Λ̄ciγ5D0pþ H:c:; ð1Þ

LD�pΛc
¼ gD�pΛc

Λ̄cγ
μD�0

μ pþ H:c:; ð2Þ

LDNΣc
¼ −gD0NΣc

N̄iγ5τ · ΣcD̄þ H:c:; ð3Þ

LD�NΣc
¼ gD�NΣc

N̄γμτ · ΣcD̄�
μ þ H:c:; ð4Þ

LDpR ¼ gD0pRR̄
μ∂μD0pþ H:c:; ð5Þ

where p=N, Λc, Σc, R, D0, and D�0 denote the
proton/nucleon, Λcð2286Þþ, Σcð2455Þþ, Λcð2860Þþ, D0,
and D�0 fields, respectively. In the following formulas, the
abbreviations gΛc

≡ gDpΛc
, g0Λc

≡ gD�pΛc
, gΣc

≡ gDNΣc
,

g0Σc
≡ gD�NΣc

, and gR ≡ gDpR are implemented. The cou-
pling constants gΛc

¼ −13.98, g0Λc
¼ −5.20, gΣc

¼ −2.69,
g0Σc

¼ 3.0 are determined from the SU(4) invariant
Lagrangians in terms of gπNN ¼ 13.45 and gρNN ¼ 6.0
[28–30]. The coupling constant gR will be discussed later.
The propagators for the fermion with J ¼ 1=2, and 3=2

are expressed as [32–35]

Gnþð1=2Þ
F ðpÞ ¼ Pðnþð1=2ÞÞðpÞ i2mF

p2 −m2
F þ imFΓF

ð6Þ

with

P1=2ðpÞ ¼ =pþmF

2mF
; ð7Þ

P3=2ðpÞ ¼ =pþmF

2mF
QμνðpÞ; ð8Þ

QμνðpÞ ¼ −gμν þ
1

3
γμγν þ

1

3mF
ðγμpν − γνpμÞ

þ 2

3m2
F
pμpν; ð9Þ

where p and mF are momentum and mass of the fermion,
respectively. The propagators for the exchanged D0 and
D�0 are written as

GDðq2Þ ¼
i

q2 −m2
D

ð10Þ

GD�0ðq2Þ ¼
ið−gμν þ qμqν

q2 Þ
q2 −m2

D�0
: ð11Þ

In the effective Lagrangian approach, the cross section of
pp̄ → Λ̄cΛcð2860Þþ is proportional to g2R and the line
shape depends on the c.m. energy. Here, a concrete gR value
is adopted to execute the calculations. Generally, the
coupling constant gR can be obtained by fitting themeasured
partial width of the Λcð2860ÞþðkÞ → D0ðqÞpðpÞ decay,
where the partial decay width is

dΓi ¼
mRmN

8π2
jMj2 jq⃗j

m2
R
dΩ ð12Þ

with

Eq ¼
m2

R −m2
N þm2

D

2mR
; ð13Þ

jq⃗j ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
½m2

R − ðmD þmNÞ2�½m2
R − ðmD −mNÞ2�

p
2mR

: ð14Þ

Here, Eq and q⃗ denote the energy and the three-momentum
of the daughter D0 meson, respectively. mN and mD are the
masses of proton andD0 meson, respectively. Furthermore,
the concrete expression of the corresponding decay width is

Γi ¼
g2RmN jq⃗j

8π

X
Tr½uðpÞūðpÞqμuμRðkÞūνRðkÞqν�

¼ g2Rjq⃗j
16πmR

Tr½ð=pþmNÞP̃3=2ðkÞqμqν�; ð15Þ

where P3=2ðkÞ is the projection operator for a fermion with
J ¼ 3=2 as defined in Eq. (8). Until now, the branching ratio
of Λcð2880Þþ → D0p is still not measured experimentally.
We notice that the branching ratio of Λcð2860Þþ → D0p
has been theoretically predicted in several previous work.
Thus it is feasible to determine the coupling constant gR by
the theoretical result, where the branching fraction
BRðΛcð2860Þþ → D0pÞ ¼ 48% estimated in Ref. [12] is
adopted. Considering the above situation, in this work we
extract gR ¼ 10.25 GeV−1 by taking a typical value
ΓðΛcð2860Þþ → D0pÞ ¼ 32.4 MeV. In addition, the dis-
cussion for the contribution of the width uncertainty is
necessary. By considering the experimental systematic and
model uncertainties, one may obtain the uncertainty to be
þ7.3
−18.6 MeV on the total width. Here, we find that the positive
one þ7.3 MeV is about ten percent of the total width
67.6 MeV. To estimate the effect of the uncertainties
of the coupling constant on the cross section, we suppose
the total width has a margin of error of plus or minus
10 percentage points. The value of gR is in the range of

PRODUCTION OF CHARMED BARYON λcð2860Þ … PHYS. REV. D 105, 014035 (2022)

014035-3



9.73–10.76 GeV−1. These results are applied to the follow-
ing calculations.
Additionally, since the hadrons are not pointlike par-

ticles, the monopole form factor [24,30]

FMðq2; m2Þ ¼ Λ2 −m2

Λ2 − q2
ð16Þ

is introduced to phenomenologically describe the inner
structure effect of the interaction vertices and compensates
the off-shell effect for the t channel with the D0 or D�0
meson exchange. Meanwhile, a form factor [36]

FBðq2; m2Þ ¼ Λ4

Λ4 þ ðq2 −m2Þ2 ð17Þ

is also employed for the intermediate baryons. Here, the q
and m denote the four-momentum and mass of the
exchanged hadron, respectively. The cutoff Λ will be
discussed below.

B. The cross section of pp̄ → Λ −
c Λcð2860Þ+

The transition amplitude for the process pp̄ →
Λ−
cΛcð2860Þþ as shown in Fig. 1 can be expressed as

M ¼ ūRðp4ÞVRðqÞupðp2Þv̄p̄ðp1ÞVðqÞvΛ̄c
ðp3Þ

×GDðq2ÞF 2
Mðq2; m2

DÞ; ð18Þ

where p1, p2, p3, p4, and q are the momenta of p̄, p, Λc,
Λcð2860Þþ, and the exchanged D0 meson, respectively. VR

or V describes the Lorentz structure of the Λcð2860ÞþpD0

or Λ̄cp̄D0 interaction vertex including coupling constant.
They can be derived by virtue of the Lagrangians in Eqs. (1)
and (5).
The unpolarized cross section is [6]

dσ
dt

¼ mNmNmΛc
mR

16πs
1

jp⃗1j2
X

jMj2; ð19Þ

where

X
jMj2 ¼ jGDðq2Þj2F 4

Mðq2; m2
DÞ

× Tr

�
P3=2ðp4ÞVRðqÞ

=p2 þmN

2mN
γ0VRðqÞ†γ0

�

× Tr

�
=p1 −mN

2mN
V
=p3 −mΛc

2mΛc

γ0V†γ0
�
: ð20Þ

Before studying the cross section for the Λcð2860Þþ, it is
necessary to calculate the total cross section for the reaction
pp̄ → Λ−

cΛþ
c . It is of great importance for the background

analyses. The transition amplitude of pp̄ → Λ−
cΛþ

c can be
obtained by replacing VRðqÞ with VðqÞ in Eq. (18). In
Fig. 3, the total cross section of pp̄ → Λ−

cΛþ
c with different

cutoff values is presented. The cutoff Λ in the form factor is
a phenomenological parameter and we restrict the Λ value
within a reasonable range from 2.00 GeV to 3.25 GeV.
With the similar consideration, the cross sections for the

production of Λcð2860Þþ with different cutoffs are pre-
sented in Fig. 4. Our results indicate that the cross section
strongly depends on the values of Λ. The cross section with
Λ ¼ 2.00 is much smaller than that with Λ ¼ 3.25 by a
fraction of ∼104. In addition, the cross section of pp̄ →
Λ−
cΛþ

c is smaller than that of pp̄ → Λ−
cΛþ

c ð2860Þ if taking a
same cutoff. This is mainly due to the reason that the
exchanged Λþ

c is off-shell while the Λþ
c ð2860Þ can be

on-shell.

FIG. 3. The obtained total cross section for pp̄ → Λ−
cΛþ

c with
different cutoff values.

FIG. 4. The obtained total cross section for pp̄ →
Λ−
cΛcð2860Þþ with different cutoffs.
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In Ref. [24], the production of Λcð2940Þþ via the p̄p
collision was studied, where the cutoff was set to be 3 GeV.
Considering the obvious similarity between these reactions,
we adopt the same value to estimate the production
rate of Λcð2860Þþ in the p̄p reaction. In addition, we
use other cutoff parameters ΛD� ¼ ΛΛc

¼ ΛΛ�
c
¼ ΛΣc

¼
Λ ¼ 3.0 GeV for minimizing the free parameters.

III. THE BACKGROUND ANALYSIS

The background analysis and invariant mass
spectrum are also important for the study of Λcð2860Þþ
production in p̄p reaction. They may give more informa-
tion for the corresponding reaction. In this section, we
present Dalitz plot and pD0 invariant mass spectrum for the
reaction pp̄ → Λ−

cΛcð2860Þþ as shown in Fig. 5, where the
intermediate states Λcð2860Þþ, Λcð2286Þþ, and Σcð2455Þþ
are involved. The processes pp̄ → Λ−

cΛþ
c → Λ−

c pD0 and
pp̄ → Λ−

cΣþ
c → Λ−

c pD0 with both D0 and D�0 exchanges
are as the main background contributions.
The transition amplitude of pp̄ → Λ−

cΛcð2860Þþ →
Λ−
c pD0 is written as

Ma ¼ ūpðp4ÞVRðp5ÞG3=2
R ðkÞVRðqÞupðp2ÞGDðq2Þ

× v̄Λ̄c
ðp3ÞVΛc

ðqÞvp̄ðp1ÞF 2
Mðq2;M2

DÞ
× FBðk2;M2

RÞ; ð21Þ

The involved momenta are defined in Fig. 5. One can easily
obtain the amplitudes of the other four processes, as shown
in Fig. 5(b), by replacing the relevant masses, form factors,
propagators, and vertices which can be derived from
Eqs. (1)–(5). Here, the sum of the four amplitudes is
expressed as Mb.
With the above amplitudes, the square of the total

invariant transition amplitude reads as

jMj2 ¼
X

jMa þMbj2: ð22Þ

The corresponding total cross section of the process pp̄ →
Λ−
c pD0 is

dσ ¼ m2
N

jp1 · p2j
jMj2
4

ð2πÞ4dΦ3ðp1 þ p2;p3; p4; p5Þ ð23Þ

with the definition of n-body phase space [6]

dΦnðP; k1;…; knÞ ¼ δ4
�
P −

Xn
i¼1

ki

�Y3
i¼1

d3ki
ð2πÞ32Ei

: ð24Þ

In Fig. 6, the total cross section is given, which is
dependent on

ffiffiffi
s

p
. Here, σR and σT correspond to the signal

and total cross section, respectively. σb1 and σb2 correspond
to that of pp̄ → Λ−

cΛþ
c → Λ−

c pD0 with D0 and D�0
exchanges, respectively. σb3 and σb4 correspond to that
of pp̄ → Λ−

cΣþ
c → Λ−

c pD0 with D0 and D�0 exchanges,
respectively. As shown in Fig. 6, σb1 þ σb2 is much larger
than σb3 þ σb4, which indicates that the reaction pp̄ →
Λ−
c pD0 via the intermediate Λþ

c should be the main

(a) (b)

FIG. 5. The diagrams for pp̄ → D0pΛ̄c with different inter-
mediate particles. (a) The signal channel with exchanged D0

meson and intermediate Λcð2860Þþ contributions. (b) The back-
ground with exchanged D0=D�0 mesons and intermediate Λc=Σc
contributions. FIG. 6. The obtained total cross section for pp̄ → Λ−

c pD0 with
gR ¼ 10.25 GeV−1.

FIG. 7. The obtained total cross section for pp̄ → Λ−
c pD0 with

different gR. The left and right figures correspond to σR and σT ,
respectively.
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background. One can also find that σb1 reaches up to about
100 nb at

ffiffiffi
s

p ¼ 5.4 GeV, which is about one order of
magnitude larger than σb2. Thus the main contribution to
the background comes from the reaction pp̄ → Λ−

cΛþ
c →

Λ−
c pD0 with the D0 exchange. The cross section for the

production of Λcð2860Þþ increases rapidly near the thresh-
old and then reaches up to about 13 μb at

ffiffiffi
s

p ¼ 5.4 GeV.
The results indicate that the signal can be easily distin-
guished from the background. In addition, if the total width
of Λcð2860Þ has an uncertainty of 10%, the coupling
constant gR is the range of 9.73–10.76 GeV−1. The
corresponding cross sections with these different gR values
are shown in Fig. 7.
With the help of Mathematica and FOWL codes, we

present the Dalitz plot for the pp̄ → Λ−
c pD0 process and

the pD0 invariant mass spectrum at
ffiffiffi
s

p ¼ 5.32 GeV
in Fig. 8.

IV. SUMMARY

In this work, we investigate the production of the
charmed baryon Λcð2860Þ via antiproton-proton reaction,
which is different from the Λcð2860Þ production observed
in the Λ0

b decay [7]. The present study can supply valuable
information for the experimental search for Λcð2860Þ in the
future experiments at P̄ANDA [23].
It should be noted that the initial state interaction (ISI)

and final state interaction (FSI) may play an important role
on the nucleon-nucleon entrance channel [37–40].
However, the ISI and FSI effects are thought to be
described by the nonperturbative QCD and should be
rather complicated. We notice that the authors in
Refs. [37,39] studied the ISI effects on nucleon collisions.
Their results indicate that the ISI leads to a suppression on
the cross section, which may change the cross section by a
factor no more than 10%–15%. Furthermore, with the
frame of the Jülich meson-baryon model [40], the FSI
effect on the cross section was implemented. However, the
aim of the present work is to carry out the discovery
potential of Λcð2860Þ produced at P̄ANDA. The ISI and
FSI effects are rather complicated and go beyond the scope

of this work. Therefore, as suggested by previous research
[24,38], an reasonable factor is introduced to reflect the ISI
effect, which makes the cross section of pp̄ →
Λ−
cΛcð2860Þþ suppressed by 1 order of magnitude (this

factor is considered for the above calculations). With the
above consideration, one can roughly estimate the events of
Λcð2860Þ produced at P̄ANDA. Considering the designed
luminosity of P̄ANDA (2 × 1032 cm−2 s−1), one may
expect that there are about 108 Λcð2860Þ events accumu-
lated per day by reconstructing the final pD0. The Dalitz
plot and pD0 invariant mass spectrum analyses are also
performed. We find that the signal can be easily distin-
guished from the background.
Inspired by the theoretical predictions [12,20,21], we

also study the Λcð2860Þ production in pp̄ → Λ−
cΣþþ

c π−.
Here, pp̄ → Λ−

cΛcð2860Þþ → Λ−
cΣþþ

c π− and pp̄ →
Λ−
cΛþ

c → Λ−
cΣþþ

c π− correspond to the signal and back-
ground channel, respectively. For the background channel,
the contributions are both from D0 and D�0 exchanges,
which are labeled as σb1 and σb2 in Fig. 9. The cross section
with BRðΛcð2860Þþ → Σþþ

c π−Þ ∼ 3.0% is presented in
Fig. 9, where the coupling constant gΛcΣcπ ¼ 9.32 is
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FIG. 8. The Dalitz plot (left) and pD0 invariant mass spectrum
distribution (right) for pp̄ → Λ−

c pD0 at
ffiffiffi
s

p ¼ 5.32 GeV.

FIG. 9. The obtained total cross section for pp̄ → Λ−
cΣþþ

c π−

with ðgR; g0RÞ ¼ ð10.25; 1.01Þ.

FIG. 10. The obtained total cross section for pp̄ → Λ−
cΣþþ

c π−

with different gR and g0R. The left and right figures correspond to
σR and σT , respectively.
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adopted [30]. As discussed above, the uncertainties of the
coupling constants gR and g0R ≡ gRΣcπ are also considered,
with g0R varying from 0.96 to 1.06 GeV−1. The correspond-
ing results are shown in Fig. 10. The invariant mass
spectrum of Σþþ

c π− is also simulated and presented in
Fig. 11. As shown in Figs. 9 and Fig. 11, the signal is

several times larger than the background and can be
distinguished clearly. Thus, the channel pp̄ → Λ−

cΣþþ
c π−

is also a suitable channel to study Λcð2860Þ. Due to the
small branching fraction, we do not consider the contri-
bution from Σcð2520Þπ channel.
In addition, as discussed in Ref. [21], the ratio

R ¼ Γ½Σcð2520Þπ�
Γ½Σcð2455Þπ� for the nearby state Λcð2880Þ may be

strongly affected by Λcð2860Þ. Thus, it is an interesting
topic to study the pp̄ → Λ−

cΣcð2455Þþþπ− and pp̄ →
Λ−
cΣcð2520Þþþπ− reactions within the contributions from

both Λcð2860Þ and Λcð2880Þ, which can be accessible at
future experiment like P̄ANDA.
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