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Production of charmed baryon at PANDA



Λ& 2940

3

2450 MeV/c2 < M < 2458 MeV/c2. Whereas 35% of sig-
nal events pass this cut, only 12% of background events
do so. From MC simulation we find that the mass res-
olution for the Λc(2880)+ → Σc(2455)0,++π+,− decays
depends strongly on the decay angle θ, defined as the an-
gle between the pion momentum in the Λc(2880)+ rest
frame and the boost direction of the Λc(2880)+. To as-
sure good resolution for the Λc(2880)+ mass and width
measurement we require cos θ > 0. This requirement also
helps to suppress combinatorial background. The result-
ing M(Λ+

c π+π−) distribution is shown in Fig. 1. One
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FIG. 1: The invariant mass of the Λ+
c π+π− combinations for

the Σc(2455) signal region (histogram) and scaled sidebands
(dots with error bars). The fit result (solid curve) and its
combinatorial component (dashed curve) are also presented.

can see clear peaks from the Λc(2765)+ and Λc(2880)+.
A peak in the region M = 2940 MeV/c2 is associated
with the Λc(2940)+ baryon recently observed in the D0p
final state by BaBar [10]. Scaled Σc(2455) sidebands,
which are also shown in Fig. 1, are featureless in the
region of the Λc(2940)+. The Σc(2455) sidebands are
defined as 2438 MeV/c2 < M(Λ+

c π) < 2446 MeV/c2 and
2462 MeV/c2 < M(Λ+

c π) < 2470 MeV/c2.
We perform a binned likelihood fit to the Λ+

c π+π−

mass spectrum of Fig. 1 to extract the parameters and
yields of the Λc(2880)+ and Λc(2940)+. The fitting func-
tion is a sum of three components: Λc(2880)+ signal,
Λc(2940)+ signal and combinatorial background func-
tions. As shown below, the favored spin-parity assign-
ment for the Λc(2880)+ is 5

2

+
, therefore the Λc(2880)+

signal is parameterized by an F-wave Breit-Wigner func-
tion convolved with the detector resolution function, de-
termined from MC (σ = 2.2 MeV/c2). The Λc(2940)+

signal is an S-wave Breit-Wigner function convolved with
the detector resolution function (σ = 2.4 MeV/c2). The
background is parameterized by a third-order polyno-
mial. The fit is shown in Fig. 1, and the results are sum-
marized in Table I. The signal yield is defined as the in-
tegral of the Breit-Wigner function over a ±2.5Γ interval.

TABLE I: Signal yield, mass and width for the Λc(2880)
+ and

Λc(2940)
+. The first uncertainty is statistical, the second one

systematic.

State Yield M, MeV/c2 Γ, MeV

Λc(2880)+ 690 ± 50 2881.2 ± 0.2 ± 0.4 5.8 ± 0.7 ± 1.1

Λc(2940)
+ 220+80

−60 2938.0 ± 1.3+2.0
−4.0 13+8

−5
+27
− 7

The normalized χ2 of the fit is χ2/d.o.f. = 132.2/134. If
the Λc(2940)+ signal is removed from the fit, the double
log likelihood changes by 59.8, which corresponds (for 3
degrees of freedom) to a signal significance of 7.2 stan-
dard deviations.

To estimate the systematic uncertainty on the re-
sults of the fit we vary the background parameteriza-
tion, using a fourth-order polynomial and the inverse
of a third-order polynomial. We include the Λc(2765)+

signal region into the fit interval, parameterizing the
Λc(2765)+ signal by an S-wave Breit-Wigner function.
The Λc(2765)+ mass and width determined from the fit
are M = (2761 ± 1)MeV/c2 and Γ = (73 ± 5)MeV. We
vary the selection requirements; we take into account the
uncertainty in the Λ+

c mass of ±0.14 MeV/c2 [14], the
mass scale uncertainty of +0.19

−0.21 MeV/c2 [15] and the un-
certainty in the detector resolution of ±10% as estimated
by comparison of the inclusive Λ+

c → pK−π+ signal in
data and MC. In the region between the Λc(2880)+ and
Λc(2940)+ signals the fit is systematically below the data
points, which might be due to a presence of an additional
resonance or due to interference. We take into account
these possibilities as a systematic uncertainty. In each
case we consider the largest positive and negative varia-
tion in the Λc(2880)+ and Λc(2940)+ parameters to be
the systematic uncertainty from this source; each term
is then added in quadrature to give the total system-
atic uncertainty, quoted in Table I. The main sources
of the systematic uncertainty are a possible contribution
of the Λc(2765)+ tail into the fit region (the shape of
the tail is not well constrained) and the excess of events
between the Λc(2880)+ and Λc(2940)+ signals. None of
the variations in the analysis alters the Λc(2940)+ signal
significance to less than 6.2 standard deviations.

For further analysis, we remove the cos θ > 0 re-
quirement. To study the resonant structure of the
Λc(2880)+ → Λ+

c π+π− decays we fit the Λ+
c π+π− mass

spectrum in M(Λ+
c π±) bins. By isospin symmetry, we ex-

pect equally many decays to proceed via a doubly charged
Σc(2455) (Σc(2520)) as via a neutral one. Since the
corresponding doubly charged and neutral channels are
kinematically separated in phase space, we combine the
M(Λ+

c π+π−) distributions for M(Λ+
c π−) and M(Λ+

c π+)
bins. To fit the Λ+

c π+π− mass spectra we use the same
fit function as described above. The Λc(2880)+ and
Λc(2940)+ parameters are fixed to the values in Table I.

Not find in 𝐷"𝑝 invariant mass spectrum: isoscalar



Conventional charmed baryon?

l 𝐽! = 5/2±, 3/2#:
𝑀!/#!2900 MeV; 𝑀!/#" or 𝑀$/#" 2910 MeV 

The potential model 
[Capstick, PRD34(1986)2809] 

l Σ$(2𝑆) 𝑤𝑖𝑡ℎ 𝐽! = 3/2#: 2912MeV 

Relativistic quark-diquark model 
[Ebert, PLB659(2008)612] 
l Λ% (𝐿 = 3) 𝑤𝑖𝑡ℎ 𝐽! = 5/2&: 2935MeV 

Mass load flux tube model
[Zhang, CPC33(2009)1327] 
l Σ$(2𝑆) 𝑤𝑖𝑡ℎ 𝐽! = 3/2#: 2944MeV

Faddeev method
[Valcarce, EPJA37(2008)217] 

l 𝐽! = 5/2&, 3/2#:
The ratio of Σ%∗𝜋/Σ%𝜋 in heavy hadron is useful to 
distinguish the 𝐽' quantum number of Λ% 2940 (.
Chiral perturbation theory
[Cheng, PRD75(2007)014006]

l D-wave 5Λ$'( (1/2#) or 5Λ$'( (3/2#):
The first radial excitation of Λ% 2286 ( is fully
excluded since Λ% 2940 ( → 𝐷) 𝑝 was observed 
by BaBar

3𝑃0 model 
[Chen, PRD75(2007)094017]

l Λ$,)𝐷_(𝜆𝜆)3/2#:
Chiral quark model 
[Zhong,PRD77(2007)074008]

mass Decay



Exotic explanation?

𝐽! = 1/2"or1/2#(S-wave) 
The masses of 𝐷∗𝑁 molecular states were 

calculated in the potential model.

[He, EPJC51(2007)883] 

𝐽# = 1/2$(P-wave) 
Strong decay; radiative decay 

[Dong, PRD82(2009)034035,PRD83(2011)094005]



The dynamical study of 𝐷∗𝑁 system

Jun He, Xiang Liu, Phys. Rev. D 82, 114029
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The dynamical study of 𝐷∗𝑁 system

Jun He, Xiang Liu, Phys. Rev. D 82, 114029



The possible 𝐽# assignments to the Λ! 2940 $ in the literature 

The upper and lower values in the bracket:
the decay widths for its 𝐷(𝑝 and Σ)**𝜋+channels.
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Production of Λ& 2940

The cross section is suppressed by an additional ISI factor 1/10.
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Cross section of production of Λ0(2940)
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Designed luminosity of PANDA:
2×10+) 𝑐𝑚&)/𝑠, 

Integrated luminosity in one day run
About 10,𝑛𝑏&',

50% overall efficiency, 

10, ∼ 10- events of Λ$ 2940 # per day 
produced at PANDA.



Daltiz Plot and background analysis
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Cross section
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Daltiz Plot and invariant mass spectrum
1/2! 1/2"
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Cross section and invariant mass spectrum 



Other baryon productions:

Production of Λ! 2940 at PANDA

Qing-Yong Lin, Xiang Liu, Hu-Shan Xu， Phys. Rev. D 90, 014014 (2014)



When 10# events are generated in the Monte Carlo simulation, 
the signal event can reach up to about 10$ events/0.005 GeV . 



Other baryon productions:

Λ∗ resonances in the 𝑝�̅� → Λ)Λ𝜂 reaction





Other baryon productions:

Pentaquark in the 𝑝�̅� → 𝑝�̅�𝜂! reaction

Jia-Jun Wu, R.Molina, E.Oset, B.S.Zou, Phys.Rev.Lett.105:232001,2010



Summary

• PANDA is a good platform to study the heavy and strange baryon.

• Take the Λ! 2940 " as example, about 10# ∼ 10$ events of
Λ! 2940 " per day produced at PANDA.

• If the two channel, 𝑝�̅� → 𝐷%𝑝/Λ!& and 𝑝�̅� → 𝜋&Σ""/Λ!& are considered,
the signals of Λ! 2940 " should be seen with any spin-parity
assignment.


