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Outline

1 Introduction to the Belle experiment

2 Studies of excited Ξc states
� Ξ′c , Ξc(2645), Ξc(2790), Ξc(2815), Ξc(2980)→ (π)γ/πΞc

� Ξc(3055), Ξc(3080)→ ΛD

3 Studies of the Λ+
c state

� Λ+
c → pK+π−

� Λ+
c → φpπ0 and Λ+

c → K−π+pπ0

4 Studies of the Ω0
c state and its excited states

� Ω0
c → Ω−π+π0, Ω−π+π+π−, Ξ−K−π+π+, Ξ0K−π+,

Ξ−K̄ 0π+, Ξ0K̄ 0, ΛK̄ 0K̄ 0, Σ+K−K−π+

� Ω0
c(3000), Ω0

c(3050), Ω0
c(3066), Ω0

c(3090), Ω0
c(3119)

→ Ξ+
c K
−

5 Summary
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Introduction to the Belle experiment
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Study of excited Ξc States

decaying into Ξ0
c and Ξ+

c Baryons

PRD 94, 052011 (2016)

• Ξc(2980)→ Ξc(2645)π

• Ξc(2815)→ Ξc(2645)π

• Ξc(2645)→ Ξcπ

• Ξc(2980)→ Ξ′cπ

• Ξc(2815)→ Ξ′cπ

• Ξc(2790)→ Ξ′cπ

• Ξ′c → Ξcγ



Introduction

• Like the ground Ξc , each of the excited Ξc has an
isodoublet.

• Mass and width measurements of the first five isodoublets
of excited Ξc states are performed using 980/fb of Belle
data.

• Previous measurements (CLEO,BaBar, Belle) were with
low statistics. For widths, only upper limits were given for
many states.

• The ground Ξ+
c and Ξ0

c are reconstructed from 10 and 7
decay modes, respectively.
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Mass and width of Ξc(2645)/Ξc(2815) extracted from

M(Ξcπ)/M(Ξcππ) spectra
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Mass and width of Ξc(2980) extracted from M(Ξcππ) spectra

(PDG 2016)
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The results support the new
name of the isodoublet, namely
Ξc(2970) instead of Ξc(2980).



Mass and width of Ξ′c/Ξc(2790) extracted from

M(Ξcγ)/M(Ξ′cπ) spectra

No width of Ξ′c is given, because it decays electromagnetically and
its intrinsic widths are experimentally negligible.
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First observation of Ξc(2980) in the Ξ′cπ final state

signal yeildµ845± 77 signal yeildµ276± 59

• Signal shape: Breit-Wigner function convoluted with a
double-Gaussian resolution function

• Background shape: Polynomial function
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Results
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• Masses: ∼ 1 order
improvement of precision

• widths: 5 first measurements

• Measurement of the isospin
splitting consistent with
nonrelativistic quark model
(J. phys. G 29, 2685 (2003))

⇓
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Study of excited Ξc States

in the ΛD final state

PRD 94, 032002 (2016)

• Ξc(3055)→ ΛD

• Ξc(3080)→ ΛD



Introduction
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Observation of Ξc(3055) and Ξc(3080) in the ΛD final state
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Widths of Ξc(3055) and Ξc(3080) extracted from Simultaneous

fit of ΛD, ΣcK and Σ∗cK modes

14 / 33

In the simultaneous fit, the
masses are not constrained
to be the same, because we
find inconsistency for the mass
of the Ξc(3080)+ among the
three decay modes.



BR(ΛD+)/BR(Ξ++
c K−) and BR(Ξ∗++

c K−)/BR(Ξ++
c K−)
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First observation of the doubly Cabibbo

suppressed decay of a charmed baryon

Λ+
c → pK+π−

PRL 117, 011801 (2016)

16 / 33

External W-emission Internal W-emission



Introduction
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Study of Λ+
c → pK+π−
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Study of Λ+
c → φpπ0 with a

search for the pentaquark state P+
s

and measurement of Λ+
c → K−π+pπ0

PRD 96, 051102(R) (2017)
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Λ+
c → φpπ0 Λ+

c → P+
s π

0



Introduction
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Study of Λ+
c → φpπ0
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with 2.4σ statistical significance
with 1.0σ statistical significance



Search for P+
s and measurement of Λ+

c → K−π+pπ0
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MP+
s

= (2.025±0.005)GeV/c2

ΓP+
s

= (0.022± 0.012)GeV
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Measurement of branching fractions of

hadronic decays of the Ω0
c state

Preliminary results to be submitted to PRD

Signal modes:

• Ω0
c → Ω−π+π0

• Ω0
c → Ω−π+π+π−

• Ω0
c → Ξ−K−π+π+

• Ω0
c → Ξ0K−π+

• Ω0
c → Ξ−K̄ 0π+

• Ω0
c → Ξ0K̄ 0

• Ω0
c → ΛK̄ 0K̄ 0

• Ω0
c → Σ+K−K−π+

Normalizing mode:

• Ω0
c → Ω−π+



Invariant mass distributions for signal modes
(Preliminary)
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Invariant mass distributions for resonant
substructures in parts of signal modes (Preliminary)
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ρ from
Ω−π+π0

Ξ∗0(1530) from
Ξ−K−π+π+

K∗0(892) from
Ξ−K−π+π+ K ∗0(892) from

Ξ0K−π+



Results (Preliminary)

• Most precise measurements of 4 branching fractions

• First measurements of 3 branching fractions

• Upper limit of 1 branching fraction

• Clear observations of 4 resonant substructures
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Observation of excited Ω0
c charmed

baryons in e+e− collisions

Preliminary results to be submitted to PRD (RC)

This year, five excited Ω0
c states were discovered by LHCb in

Ξ+
c K
−:

• Ω0
c(3000)

• Ω0
c(3050)

• Ω0
c(3066)

• Ω0
c(3090)

• Ω0
c(3119)

We tried to confirm these states in e+e− collisions with Belle data.

27 / 33



M(Ξ+
c K) (Preliminary)

28 / 33

M(Ξ+
c K
−)

Wrong -sign M(Ξ+
c K

+)

Sideband M(Ξ+
c K
−)



Results (Preliminary)

• The masses and intrinsic widths of all six are fixed to the values
given by LHCb

• Strong confirmation of Ω0
c(3066) and Ω0

c(3090)

• confirmation of Ω0
c(3000) and Ω0

c(3050)

• No confirmation of Ω0
c(3119) (but no disagreement due to the small

statistics)

• confirmation of wide excess at higher mass.

• Alternatively, the masses of the five signals are measured by fitting
the same distribution without constraining the masses.

• In all cases, the results are consistent with the LHCb values.
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Summary

• Studies of the Ω0
c state and its excited states

• Four of the Ω0
c decay branching fractions are measured

most precise to date, and three are measured first time.
• Four of the five Ω0

c excited states discovered by LHCb are
confirmed. 30 / 33



Thanks for your attention !
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Backup
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Study of Λ+
c → pK+π− — Dalitz Plot
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