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Figure 1: Mass predictions of the excited Ω0
c states [1–7]. The boxes cover the range of predictions

for the masses of each state, and the red dots indicate the measured values. The x-axis reports
the quantum numbers of the excited Ω0

c states: the orbital angular momentum (L), the total
angular momentum of the light diquark (jqq′), and the spin-parity of the excited Ω0

c state (JP ).
The horizontal lines correspond to (top) the hadronic thresholds of the possible final states,
and (bottom) the measured masses of the new Ω0

c states. Note that the boxes and red dots are
identical in the top and bottom figures.
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Figure 2: Normalized probability distribution functions for signal (solid red) and background
events (hatched black) used in a likelihood-ratio test for the event selection of Ξ+

c → pK−π+

(2012 data): (a) vertex fit χ2, (b) logarithm of the flight distance significance in units of χ2

with respect to the primary vertex (c) proton identification probability returned by a neural-net
algorithm, (d) kaon identification probability returned by a neural-net algorithm, (e) transverse
momentum of the Ξ+

c candidate, (f) pseudorapidity of the Ξ+
c candidate, (g) logarithm of the

cosine of the angle between the Ξ+
c momentum and the direction vector from the primary vertex

to Ξ+
c decay vertex, (h) logarithm of χ2

IP of the Ξ+
c candidate, (i) logarithm of χ2

IP of each track,
The χ2

IP is defined as the difference between the χ2 of the primary vertex reconstructed with
and without the candidate in question. Figure (i) is obtained by summing the distributions of
the protons, pions and kaons; the same PDF is used for each of these candidates.
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Figure 3: Two-dimensional distribution of Ξ+
c candidates, as a function of the pK−π+ mass

(horizontal) and the output of the likelihood ratio test (vertical) (2012 data). The horizontal
line corresponds to the criterion applied for the selection of the Ξ+

c → pK−π+ candidates.

Table 1: Systematic uncertainties on the masses and widths of the new Ω0
c states in units of

MeV.

Source Ωc(3000)0 Ωc(3050)0 Ωc(3066)0 Ωc(3090)0 Ωc(3119)0 Ωc(3188)0

(m, Γ) (m, Γ) (m, Γ) (m, Γ) (m, Γ) (m, Γ)
Fit bias (0.00, 0.10) (0.03, 0.00) (0.01, 0.00) (0.04, 0.00) (0.00, 0.00) (0.55, 0.00)
Background model (0.03, 0.25) (0.00, 0.05) (0.00, 0.10) (0.00, 0.49) (0.01, 0.21) (1.81, 4.92)
Interference (0.05, 0.09) (0.09, 0.08) (0.27, 0.15) (0.48, 0.49) (0.89, 0.17) (8.19, 6.56)
Feed-down shift (0.13, 0.09) (0.00, 0.02) (0.00, 0.03) (0.00, 0.09) (0.00, 0.03) (0.21, 0.82)
Mass scale at 7–8 TeV (0.01, 0.00) (0.03, 0.00) (0.03, 0.00) (0.04, 0.00) (0.05, 0.00) (0.07, 0.00)
Mass scale at 13 TeV (0.00, 0.00) (0.01, 0.00) (0.01, 0.00) (0.01, 0.00) (0.02, 0.00) (0.02, 0.00)
Data-MC discrepancy (0.00, 0.08) (0.00, 0.01) (0.00, 0.06) (0.00, 0.15) (0.00, 0.02) (0.00, 0.00)
High-mass description (0.00, 0.11) (0.00, 0.00) (0.00, 0.03) (0.10, 0.37) (0.00, 0.30) (9.50, 7.20)
Total (0.14, 0.31) (0.10, 0.10) (0.27, 0.19) (0.48, 0.80) (0.89, 0.40) (12.7, 10.9)
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Figure 4: Distribution of the reconstructed invariant mass m(Ξ+
c K

−) for all candidates passing
the likelihood ratio selection; the solid (red) curve shows the result of the fit, and the dashed
(blue) line indicates the fitted background. The shaded (red) histogram shows the corresponding
mass spectrum from the Ξ+

c sidebands and the shaded (light gray) distributions indicate the
feed-down from partially reconstructed Ωc(X)0 resonances.
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Figure 5: Background-subtracted m(Ξ+
c K

−) mass spectrum; the solid (red) curve is the re-
sult from the fit, and the (gray) shaded distributions indicate the feed-down from partially
reconstructed Ωc(X)0 resonances.
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