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1. Introduction

The LHCb detector [1] is a single-arm forward spectrometer dedicated to precision study of
beauty and charm hadrons. It has excellent vertexing, tracking and particle-identification perfor-
mance, which makes it an ideal experiment to study charm spectroscopy. This paper presents the
recent LHCb results in charm spectroscopy, including the observation of five new excited Ω 0

c states,
the study of excited Λ+

c states using the Λ 0
b → D0 pπ− decay, and the observation of the doubly

charmed baryon Ξ++
cc in its decays to Λ+

c K−π+π+ and Ξ+
c π+.

2. Spectroscopy of charmed baryon

The Ξ+
c (→ pK−π+)K− mass spectrum is studied with LHCb data, and five new and narrow

excited Ω 0
c states are observed [2], as shown in Fig. 1, in which there is also a broad structure

around 3188MeV/c2 that is fitted as a single resonance now. The results of the fit to m(Ξ+
c K−) for

the mass, width, yield and significance of each resonance are summarized in Table 1.
An amplitude analysis of the decay Λ 0

b → D0 pπ− is performed in the part of the phase space
containing resonances in the D0 p channel, which enable studying the spectrum of excited Λ+

c states
that decay into D0 p. The projection of m(D0 p) of the fit to the Λ 0

b → D0 pπ− data in the D0 p mass
range of 2.8-3GeV/c2 is shown in Fig. 2. A near-threshold enhancement in the D0 p amplitude
is found to be consistent with a new resonance, denoted the Λc(2860)+. The masses, widths and
favored quantum numbers of the Λc(2860)+, Λc(2880)+ and Λc(2940)+ are measured, and the
results are summarized in Table 2.

3. Doubly charmed baryon

The doubly charmed baryons are composed of two charm quarks and one light quark, and are
providing a unique system to test quantum chromodynamics (QCD).

Table 1: Results of the fit to m(Ξ+
c K−) for the mass, width, yield and significance for each resonance [2].

For each fitted parameter, the first uncertainty is statistical and the second systematic. The asymmetric
uncertainty on the Ωc(X)0 arising from the Ξ+

c mass is given separately. Upper limits are also given for the
resonances Ωc(3050)0 and Ωc(3119)0 for which the width is not significant.

Resonance Mass (MeV/c2) Γ (MeV/c2) Yield Nσ

Ωc(3000)0 3000.4±0.2±0.1+0.3
−0.5 4.5±0.6±0.3 1300±100± 80 20.4

Ωc(3050)0 3050.2±0.1±0.1+0.3
−0.5 0.8±0.2±0.1 970± 60± 20 20.4

< 1.2MeV/c2,95% CL

Ωc(3066)0 3065.6±0.1±0.3+0.3
−0.5 3.5±0.4±0.2 1740±100± 50 23.9

Ωc(3090)0 3090.2±0.3±0.5+0.3
−0.5 8.7±1.0±0.8 2000±140±130 21.1

Ωc(3119)0 3119.1±0.3±0.9+0.3
−0.5 1.1±0.8±0.4 480± 70± 30 10.4

< 2.6MeV/c2,95% CL

Ωc(3188)0 3188± 5 ±13 60± 15±11 1670±450±360
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Figure 1: Invariant mass distribution of Ξ+
c K− can-

didates with fit projections overlaid [2]. The shaded
(red) histogram shows the corresponding mass spec-
trum from the Ξ+

c sidebands and the shaded (light
gray) distributions indicate the feed-down from par-
tially reconstructed Ωc(X)0 resonances.
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Figure 2: Projection of m(D0 p) of the fit to the
Λ 0

b → D0 pπ− data in the D0 p mass range includ-
ing the Λc(2880)+ and Λc(2940)+ resonances [3].
An exponential model is used for the nonresonant
partial waves, and the JP = 3/2− hypothesis is used
for the Λc(2940)+ state.

Table 2: Results of the mass, width and favored quantum number for each excited Λ+
c state [3]. For each

fitted parameter, the first uncertainty is statistical, the second systematic, and the third due to the amplitude
model.

Resonance Mass (MeV/c2) Γ (MeV/c2) JPC

Λc(2860)+ 2856.1+2.0
−1.7±0.5+1.1

−5.6 67.6+10.1
−8.1 ±1.4+5.9

−20.0 3/2+

Λc(2880)+ 2881.75±0.29±0.07+0.14
−0.20 5.43+0.77

−0.71±0.29+0.75
−0.00 5/2+

Λc(2940)+ 2944.8+3.5
−2.5±0.4+0.1

−4.6 27.7+8.2
−6.0±0.9+5.2

−10.4 3/2−

The doubly charmed baryon Ξ++
cc is searched [4] using its decay to Λ+

c K−π+π+, which,
as pointed out in Ref. [5], has a branching fraction of O(10%). A highly significant structure
is observed in the Λ+

c K−π+π+ invariant mass distribution shown in Fig. 3. The Ξ++
cc mass is

measured to be 3621.40± 0.72(stat)± 0.27(syst)± 0.14(Λ+
c ) MeV/c2, and is consistent with

theoretical predictions (e.g. Ref. [6]). Such peak still remains highly significant (> 12σ ) in a
subsample of candidates for which the reconstructed decay time exceeds five times its uncertainty.
The Ξ++

cc lifetime is measured to be 0.256+0.024
−0.022 (stat) ±0.014(syst)ps [7], and the weakly decay

nature of the doubly charmed baryon Ξ++
cc is established.

The Ξ++
cc baryon is also searched [8] with its decay to Ξ+

c π+, which has sizable branching
fraction [5]. A signal is observed with a local significance of 5.9σ in the vicinity of the previous
LHCb observation [4], as shown in Fig. 4. The Ξ++

cc mass is measured to be 3620.6±1.5(stat)±
0.4(syst)± 0.3(Ξ+

c ) MeV/c2. Averaging over the two measurements [4, 8], the Ξ++
cc mass is

determined to be 3621.24± 0.65(stat)± 0.31(syst) MeV/c2. The ratio of the total branching
fraction between the Ξ++

cc → Ξ+
c π+ and Ξ++

cc →Λ+
c K−π+π+ decays is measured to be,

B(Ξ++
cc → Ξ+

c π+)

B(Ξ++
cc →Λ+

c K−π+π+)
× B(Ξ

+
c → pK−π+)

B(Λ+
c → pK−π+)

= 0.035±0.009(stat)±0.003(syst).
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Figure 3: Invariant mass distribution of Λ+
c K−π+π+

candidates with fit projections overlaid [4].
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Figure 4: Invariant mass distribution of Ξ+
c π+ with

fit projections overlaid [8].

This is consistent with the prediction of Ref. [5], which, however, has big uncertainties. This
measurement provides important information to improve our understanding of the doubly charmed
baryon decays.

4. Summary

LHCb has done world-leading works on singly and doubly charmed baryons spectroscopy.
Five new excited Ω 0

c states and one broad structure are observed in the Ξ+
c π+ mass spectrum,

and their masses and widths are measured. In an amplitude analysis of the Λ 0
b → D0 pπ− decay, a

new resonance denoted Λc(2860)+ is observed, whose mass, width, favored quantum numbers are
measured together with those of the Λc(2880)+ and Λc(2940)+ states. The doubly charmed baron
Ξ++

cc is observed in its decays to Λ+
c K−π+π+ and Ξ+

c π+, the Ξ++
cc mass and lifetime, and the ratio

of the total branching fraction between these two decays are measured.
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