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Outline

I. Background and motivation: exotic states; new 𝛀𝒄

states and different explanations to them;

II. Framework: from mass spectrum to decay properties;

III. Numerical results: molecular candidates and decay 

widths;

IV. Summary
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I. Background: exotic states
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◼ Different with traditional mesons and baryons but allowed by QCD.

◼ First proposed by Gell-man and Zweig in 1964;

◼ Since 2003, a lot of candidates were reported.

◼ Different theoretical explanations to them, like compact multiquarks, hybrids,

glueballs, and hadronic molecules.
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Baryon Hybrid Glueball Tetraquark Pentaquark Molecule

Phys. Lett. 8, 214-215 (1964).

Phys. Rept. 639, 1-121(2016). Rev. Mod. Phys. 90, 015004(2018). Prog. Part. Nucl. Phys. 107, 237-320 (2019). 
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I. Background: new 𝛀𝒄 states and different explanations
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◼ LHCb@2017, reported five  Ω𝑐 states

◼ Belle@2017, confirmed lower four 

states

◼ LHCb@2023, confirmed five states 

and observed another two Ω𝑐(3185)

and Ω𝑐(3327)

Observations
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Phys. Rev. Lett. 118, no.18, 182001 (2017).

Phys. Rev. D 97, no.5, 051102 (2018).

Phys. Rev. Lett. 131, no.13, 131902  (2023).



5

I. Background: new 𝛀𝒄 states and different explanations
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0

➢ Baryons: excited Ω𝑐 baryons.

➢ Compact pentaquarks: Ω𝑐(3066), Ω𝑐 3090 , and Ω𝑐(3119)

➢ Meson-baryon molecules: Ω𝑐 3050 , Ω𝑐(3090), Ω𝑐(3119)

v.s. v.s.

Phys. Rev. D110, 056052 (2024). Phys. Rev. D 109, no.3, 036032 (2024). Phys. Rev. D 95, 094008 (2017). Phys. 

Rev. D 95, 114012 (2017). Phys. Rev. D 95, 116010 (2017).Phys. Rev. D 96, 014024 (2017). Phys. Rev. Lett.119, 

042001 (2017). Eur. Phys. J. C77, 325 (2017). Phys. Rev. D 95, 114024 (2017). Phys. Rev. D 107, 074041(2023)... 

Phys. Rev. D 96 no.3, 034012 (2017). Phys. Rev. D 97 no.3, 034023 (2018). Phys. Rev. D 108 no.9,094045 

(2023). Eur. Phys. J. A54, 64 (2018)…

Eur. Phys. J. A 54, 64 (2018). Phys. Rev. D 97, 

094035 (2018). Eur. Phys. J. C 78, 407 (2018).

Phys. Rev. D 97, 036016 (2018). Phys. Rev. D 

97, 094013 (2018). Phys. Rev. D 105, 094036 

(2022)…



6

I. Motivation: why decays?
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Limitations of the mass spectrum

⚫ The mass of the molecular state is consistent with that of the charmed

baryon.

⚫ Difficult to distinguish them based solely on the mass spectrum.

Advantages of decay properties

⚫ Decay width and decay branching ratios are highly sensitive to the wave

functions.

⚫ Different internal structures exhibit significant differences in decay

behaviors.

Phys. Rev. D 97, 094013 (2018). Phys. Rev. D 97, 036016 (2018). Phys. Rev. D 97, 034027 

(2018). Phys. Rev. D 96, 094021 (2017).  Phys. Rev. D 105, 094006 (2022)
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II. Framework: from mass spectrum to decay properties

Study the interaction between charmed baryons and strange mesons using

the one-boson-exchange model to search for possible candidates for

hadronic molecular states.

Mass spectrum for possible 𝒀𝒄ഥ𝑲
(∗) (𝒀𝒄 = 𝚲𝒄, 𝚺𝒄, Ξ𝑐

(′))

𝜋, 𝜎, 𝜌, 𝜔, 𝜙

𝒀𝒄

ഥ𝑲(∗)

𝒀𝒄

ഥ𝑲(∗)

3185
*

cK

cK

*

cK

𝟎(𝟏/𝟐−) 𝟎(𝟑/𝟐−) 𝟏(𝟑/𝟐−)

Phys. Rev. D 108,054011 (2023)
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II. Framework: from mass spectrum to decay properties
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Study their two-body strong decay

properties using the effective

Lagrangian method.

Phys. Rev.D109 no.9, 094049(2024).



陈锐@湖南师范大学 9

Eur. Phys. J. C 82 no.5, 497 (2022).
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III. Numerical results
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Total width Γ: less than 1 MeV.

Dominant decay channel: Ξ'c π (78%), 

larger phase space; Λc K̄ (20%).
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Total width Γ: from 30 to 76 MeV.

Dominant decay channel: ΣcK̄ component (about 85%), due to the 

strong pion-exchange mechanism; Λc K̄ (14%), coupled channel 

effects and π exchange interactions.



13

ΣcK̄* molecules
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Total width Γ: 11 - 40 

MeV.

Dominant decay channel: Λc

K̄* (42%), ΣcK̄ (38%), ΛcK̄

(15%).

Characteristic: π exchange 

drives a significant width
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I(JP) = 1/2(1/2-)

Total width Γ: 2 - 10 

MeV.

Dominant decay channel: 

Λc K̄* (53%), Σc*K̄ (32%).

Characteristic: π 

exchange drives a 

significant width

I(JP) = 1/2(3/2-)

Total width Γ: 1 – 3.2 

MeV.

Dominant decay channel: 

Σc*K̄ (90%).

Characteristic: π 

exchange drives a 

significant width.

I(JP) = 3/2(3/2-)
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Ξ'c K̄/Ξc K̄*/Ξ'c K̄* I(JP) = 0(1/2-)
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Total width Γ: 0.97 - 3.9 MeV .

The width is relatively narrow, and the main 
decay channel is single.
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Total width Γ: 0.6-2.5 MeV.

Dominant decay channel: Ξc

K̄ (90%), Ξ'c K̄ (10%).

Characteristic: π exchange 

drives a significant width.

I(JP) = 0(1/2-)

Total width Γ: 15-5.4 MeV.

Dominant decay channel: 

Ξ*cK (98%).

Characteristic: π exchange 

drives a significant width.

I(JP) = 0(1/2-)



17

Total width Γ: 4.5-25 MeV.

Dominant decay channel: 

Ξc ̄K* (44%) > Ξ'cK̄ (35%) > ΞcK̄

(20%).
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I(JP) = 0(1/2-)

Total width Γ: 0.7-6.2 MeV.

Dominant decay channel: 

Ξc K̄* (66%) > Ξ*c K̄ (33%).

I(JP) = 1/2(3/2-)

Total width Γ: <1 MeV.

Dominant decay channel: 

Ξ*c K̄ (75%) > Ξc K̄* (23%).

I(JP) = 3/2(3/2-)

Γ(I = 1)< Γ (I = 0) with same binding energy
Interference effect: In the I = 1 system, significant destructive interference between the ρ and ω 
exchange amplitudes.

𝜩𝒄
′ ഥ𝑲∗
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◼ Large variation in width: range from less than 1 MeV to several tens of MeV;

◼ Main reason: phase space and light meson exchange, especially pion;

◼ Stable branching ratios: predicted decay branching ratios are insensitive to variations 

in binding energy.
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✓ Predict the total decay widths and dominant branching ratios.

✓ The total decay widths vary significantly for different molecules.

✓ The branching ratios exhibit high stability.

✓ The decay dynamics are dominated by light meson (especially pion) exchange, 

leading to a strong preference for "charmed baryon + strange meson" final 

states.
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Investigate the two-body strong decay properties of Yc K̄(*) molecules using the 

effective Lagrangian method combined with hadronic molecular wavefunctions 

derived from the one-boson-exchange (OBE) model.

IV. Summary

Thank you!
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