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Newly observed narrow Ω𝑐𝑐 excited states ~ ssc

2

LHCb, PRL118(2017)182001

in invariant mass distribution of Ξ𝑐𝑐 �𝐾𝐾 ~ 𝑠𝑠𝑠𝑠𝑠𝑠 5 narrow peaks
Belle, PRD97(2018)051102(R)

LHCb, PRL131(23)131902
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5 low-lying Ω𝑐𝑐 in the conventional quark model with HQSS

ℓ𝝀𝝀 = 𝟏𝟏

𝑪𝑪

ℓ𝜌𝜌 = 0

𝑱𝑱 = 𝒋𝒋 +

s s
ℓ𝝀𝝀 = 𝟏𝟏

3

𝑆𝑆𝑠𝑠𝑠𝑠 = 1 (bad diquark)

 lowest-lying P-wave states → 𝝀𝝀-mode excitation 

𝑆𝑆𝑠𝑠𝑠𝑠,𝜓𝜓1𝑝𝑝 𝜆𝜆 𝜓𝜓0𝑠𝑠 𝜌𝜌
𝒋𝒋,

𝐽𝐽 Heavy quark spin symmetry (HQSS) 

𝑺𝑺𝒔𝒔𝒔𝒔 = 𝟏𝟏

light quark “spin” 𝑗𝑗 = (𝑆𝑆𝑠𝑠𝑠𝑠 + ℓ𝜆𝜆) conservation

good quantum number
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low-lying Ω𝑐𝑐 in the conventional quark model

LHCb2017

𝑱𝑱 = 𝟏𝟏/𝟐𝟐 𝟏𝟏/𝟐𝟐 3/𝟐𝟐 3/𝟐𝟐 5/𝟐𝟐
① ② ③ ④ ⑤

③
3/2−

⑤

5/2−
①

𝐽𝐽𝑄𝑄𝑄𝑄𝑃𝑃 =1/2−
④

3/2−

②

1/2−

Ω𝑐𝑐
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Ω𝑐𝑐

Difficulties of the Quark Model
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5/2−?
𝑱𝑱𝐞𝐞𝐞𝐞𝐞𝐞𝑷𝑷 =1/2−

3/2−

?
LHCb, PRD104(21)L091102

𝑱𝑱 = 𝟑𝟑/𝟐𝟐

LHCb2017

Problem-1: 
spin assignment does not follow the data

3/2−

5/2−
𝐽𝐽𝑄𝑄𝑄𝑄𝑃𝑃 =1/2−

3/2−

3/2−

1/2−

Angular distribution



Difficulties of the Quark Model
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3/2−

5/2−?

Problem-1: 
spin assignment does not follow the data

𝑱𝑱𝐞𝐞𝐞𝐞𝐞𝐞𝑷𝑷 =1/2−

3/2−

?
LHCb2017

3/2−

5/2−
𝐽𝐽𝑄𝑄𝑄𝑄𝑃𝑃 =1/2−

3/2−

1/2−

Problem-2: 
QM states concentrate in a narrow range

~30-50 MeV in QM

120 MeV

Ω3𝑞𝑞∗Ω𝑐𝑐

[1] T. Yoshida, E. Hiyama, A. Hosaka, M. Oka, and K. Sadato, PRD92(15)114029
[2] Si-Qiang Luo, Xiang Liu, PRD107(23)074041
and many others



Difficulties of the Quark Model
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Problem-1: 
spin assignment does not follow the data

LHCb2017

Problem-2: 
QM states concentrate in a narrower range

Problem-3: 
threshold nearby → molecule ?

Ξ
𝑐𝑐 �𝐾𝐾 threshold

Ξ
𝑐𝑐 ∗�𝐾𝐾 threshold

Ξ
𝑐𝑐 ′�𝐾𝐾 threshold

Ω𝑐𝑐Ω𝑐𝑐

Ξ𝑐𝑐 �𝐾𝐾
Ξ𝑐𝑐 �𝐾𝐾

Problem-2: 
QM states concentrate in a narrow range

[3] G. Montaña, A. Feijoo, A. Ramos, EPJA54(18)64
[4] V. Debastiani, J. Dias,W. Liang, E. Oset, PRD97(18)094035
and many others



Our strategy to obtain Ωc baryon
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�𝐾𝐾

Ξ𝑐𝑐

�𝐾𝐾

Ξ𝑐𝑐
𝑇𝑇�𝐾𝐾Ξ𝑐𝑐→�𝐾𝐾Ξ𝑐𝑐

�𝐾𝐾

Ξ𝑐𝑐

Necessary diagrams

We perform coupled-channel calculation for �𝐾𝐾Ξ𝑐𝑐 amplitude…

… and see the poles appearing in the amplitude

�𝐾𝐾

Ξ𝑐𝑐

�𝐾𝐾

Ξ𝑐𝑐

Weinberg-Tomozawa interaction
�𝐾𝐾

Ξ𝑐𝑐
Ωc(3𝑞𝑞)

bare Ωc[1𝑃𝑃𝜆𝜆]

Yukawa vertex

by the conventional quark model + quark-meson Lagrangian w/ 𝜒𝜒S

Ξ𝑐𝑐′  Ξ𝑐𝑐∗ 
Ξ𝑐𝑐(𝑗𝑗 = 0, 1/2−)
Ξ𝑐𝑐′ (𝑗𝑗 = 1, 1/2−)
Ξ𝑐𝑐∗(𝑗𝑗 = 1, 3/2−)

�𝐾𝐾

Ξ𝑐𝑐
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Ωc
3𝑞𝑞 , 𝐽𝐽 = 𝑁𝑁�

ℓ,𝑠𝑠

�
𝑑𝑑3𝑝𝑝𝜌𝜌
2𝜋𝜋 3 �

𝑑𝑑3𝑝𝑝𝜆𝜆
2𝜋𝜋 3 𝜓𝜓𝜌𝜌 𝑝⃗𝑝𝜌𝜌 𝜓𝜓𝜆𝜆 𝑝⃗𝑝𝜆𝜆 |𝑠𝑠1 𝑝𝑝1 𝑠𝑠2 𝑝𝑝2 𝑐𝑐 𝑝𝑝3 ⟩

summing up to make the total spin 𝐽𝐽 of Ωc
3qsame for Ξ𝑐𝑐

baryon state
quarks 𝑠𝑠𝑠𝑠𝑠𝑠

Ω𝑐𝑐
3𝑞𝑞 = 𝑠𝑠𝑠𝑠𝑐𝑐 ⊗ 𝑆𝑆𝑠𝑠𝑠𝑠,𝜓𝜓1𝑝𝑝 𝜆𝜆 𝜓𝜓0𝑠𝑠 𝜌𝜌

𝑗𝑗 ,𝜒𝜒𝑐𝑐
𝐽𝐽

Ξ𝑐𝑐 ~
1
2
𝑞𝑞𝑞𝑞 + 𝑠𝑠𝑠𝑠 𝑐𝑐 ⊗ 𝑆𝑆𝑞𝑞𝑞𝑞,𝜓𝜓0𝑠𝑠 𝜆𝜆 𝜓𝜓0𝑠𝑠 𝜌𝜌

𝑗𝑗 ,𝜒𝜒𝑐𝑐
𝐽𝐽

�𝐾𝐾

s
s

c c

s
q

Ξ𝑐𝑐Ω𝑐𝑐
3𝑞𝑞

flavor and spin combination

�𝐾𝐾

Ξ𝑐𝑐
Ω𝑐𝑐(3𝑞𝑞)

Bare Ωc[1P𝜆𝜆]

Yukawa vertex

Meson-quark coupling

ℒ(𝑥𝑥) =
𝑔𝑔𝐴𝐴
2𝑓𝑓𝐾𝐾

�𝑞𝑞(𝑥𝑥)𝛾𝛾𝜇𝜇𝛾𝛾5𝑞𝑞(𝑥𝑥)𝜕𝜕𝜇𝜇𝜙𝜙(𝑥𝑥)

𝜌⃗𝜌

𝜆𝜆

𝑀𝑀

𝑚𝑚
𝑚𝑚



Quark-meson interactions : 
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Chiral Lagrangian

ℒ = �𝑞𝑞 𝑖𝑖𝜕𝜕𝜇𝜇𝛾𝛾𝜇𝜇 − 𝑔𝑔𝑓𝑓𝜋𝜋𝑈𝑈5 𝑞𝑞
𝑈𝑈5 = 𝑒𝑒𝑖𝑖𝑖𝑖𝛾𝛾5/𝑓𝑓𝜋𝜋 = 𝜉𝜉52

𝜙𝜙 =

𝜋𝜋0 +
𝜂𝜂
3

2 𝜋𝜋+ 2𝐾𝐾+

2 𝜋𝜋− −𝜋𝜋0 +
𝜂𝜂
3

2𝐾𝐾0

2𝐾𝐾− 2�𝐾𝐾0 −
2
3
𝜂𝜂

Constituent quark field 𝜓𝜓 = 𝜉𝜉5𝑞𝑞

ℒ = �𝜓𝜓𝜉𝜉5
† 𝑖𝑖𝜕𝜕𝜇𝜇𝛾𝛾𝜇𝜇 − 𝑔𝑔𝑓𝑓𝜋𝜋𝜉𝜉52 𝜉𝜉5

†𝜓𝜓 = �𝜓𝜓 𝑖𝑖𝜕𝜕𝜇𝜇𝛾𝛾𝜇𝜇 + (𝜉𝜉5
†𝑖𝑖𝜕𝜕𝜇𝜇𝛾𝛾𝜇𝜇𝜉𝜉5

†) − 𝑔𝑔𝑓𝑓𝜋𝜋 𝜓𝜓

𝜉𝜉5
†𝜕𝜕𝜇𝜇𝛾𝛾𝜇𝜇𝜉𝜉5

† = −
𝑖𝑖
2
𝜕𝜕𝜇𝜇𝛾𝛾𝜇𝜇𝜙𝜙𝛾𝛾5 −

1
8
𝜕𝜕𝜇𝜇𝛾𝛾𝜇𝜇𝜙𝜙 ⋅ 𝜙𝜙 − 𝜙𝜙 ⋅ 𝜕𝜕𝜇𝜇𝛾𝛾𝜇𝜇𝜙𝜙 + 𝒪𝒪(𝜙𝜙3)

∴ ℒint =
1
2
�𝜓𝜓𝜕𝜕𝜕𝜕𝛾𝛾5𝜓𝜓 −

𝑖𝑖
8
�𝜓𝜓 𝜕𝜕𝜕𝜕 ⋅ 𝜙𝜙 − 𝜙𝜙 ⋅ 𝜕𝜕𝜕𝜕 𝜓𝜓

SU(3) meson matrix

meson meson

q Weinberg-Tomozawaq

Yukawa

A model that accommodates both three-quark and molecular Ω



Systematic calculation for Ω(2012) in a coupled-channel approach
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Model containing the both of Ωc(3q) and Ω𝑐𝑐(�𝐾𝐾Ξ𝑐𝑐) molecule

𝑡𝑡Yukawa = 𝑐𝑐0
𝑔𝑔𝐴𝐴
𝑓𝑓𝐾𝐾
𝜔𝜔𝐾𝐾𝛼𝛼𝜆𝜆
𝑚𝑚𝑠𝑠

Yukawa

Meson-quark coupling : axial-vector type

ℒ =
𝑔𝑔𝐴𝐴
2𝑓𝑓𝐾𝐾

�𝑞𝑞𝛾𝛾𝜇𝜇𝛾𝛾5𝑞𝑞𝜕𝜕𝜇𝜇𝜙𝜙
�𝐾𝐾

s
s

c

q

Ωc(3q) → �𝐾𝐾Ξ𝑐𝑐

Ξ𝑐𝑐Ω𝑐𝑐
3𝑞𝑞

𝑡𝑡𝑊𝑊𝑊𝑊 =
𝐷𝐷𝑖𝑖𝑖𝑖
4𝑓𝑓𝐾𝐾2

2 𝑠𝑠 − 𝑀𝑀Ω𝑔𝑔𝑔𝑔 − 𝑀𝑀Ξ∗

ℒ = −
𝑖𝑖

8𝑓𝑓𝐾𝐾2
�𝑞𝑞𝛾𝛾𝜇𝜇 𝜕𝜕𝜇𝜇𝜙𝜙𝜙𝜙 − 𝜙𝜙𝜕𝜕𝜇𝜇𝜙𝜙 𝑞𝑞

Weinberg-Tomozawa interaction
�𝐾𝐾Ξ𝑐𝑐 → 𝜂𝜂Ω𝑐𝑐(𝑔𝑔𝑔𝑔)

c

s
q

�𝐾𝐾

Ξ𝑐𝑐

�𝐾𝐾

Ξ𝑐𝑐
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Dynamically generated resonances : molecular 𝛀𝛀𝐜𝐜 �𝑲𝑲𝚵𝚵𝒄𝒄 baryon

Ω𝑐𝑐 as �𝐾𝐾Ξ𝑐𝑐 molecule

Ξ𝑐𝑐Κ−

q

�𝐾𝐾

vWT

�𝐾𝐾

Ξ𝑐𝑐

Weinberg-Tomozawa interaction

Ξ𝑐𝑐

�𝐾𝐾

Ξ𝑐𝑐

c

s

�𝐾𝐾

Ξ𝑐𝑐
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Dynamically generated resonances : molecular 𝛀𝛀𝐜𝐜 �𝑲𝑲𝚵𝚵𝒄𝒄 baryon

Summing up infinite number of diagrams

=+ + + …= =

vWT

�𝐾𝐾

Ξ𝑐𝑐

𝑡𝑡�𝐾𝐾Ξ𝑐𝑐→�𝐾𝐾Ξ𝑐𝑐 =
𝑣𝑣𝑊𝑊𝑊𝑊

1 − 𝑣𝑣𝑊𝑊𝑊𝑊𝐺𝐺

dynamically generates
the molecular Ω𝑐𝑐

Ξ𝑐𝑐Κ−

Ω𝑐𝑐 as �𝐾𝐾Ξ𝑐𝑐 molecule

�𝐾𝐾

Ξ𝑐𝑐

http://maru.bonyari.jp/texclip/texclip.php?s=%24%24%0D%0A%5Ctextcolor%5Brgb%5D%7B0%2C0.6%2C0%7D%7Bg_R(s)%7D%0D%0A%5Cfrac%7B1%7D%7Bs-s_p%7D%20%0D%0A%5Ctextcolor%5Brgb%5D%7B0%2C0.6%2C0%7D%7Bg_R(s)%7D%0D%0A%24%24%0D%0A
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Formalism : bare Ω𝑐𝑐
3𝑞𝑞 contribution through additional interaction

+

Ω𝑐𝑐
3𝑞𝑞+

=  mixed physical Ω𝑐𝑐

+ + + + …+

mixed states of Ω𝑐𝑐 �𝐾𝐾Ξ𝑐𝑐 and bare Ωc(3𝑞𝑞)

vbare

full scattering amplitude of �𝐾𝐾Ξ𝑐𝑐 → �𝐾𝐾Ξ𝑐𝑐 Ωc(3𝑞𝑞) pole term

Bare Ωc(3q) contributes as
an additional interaction vbare

𝑡𝑡�𝐾𝐾Ξ𝑐𝑐→�𝐾𝐾Ξ𝑐𝑐 =
𝑣𝑣𝑊𝑊𝑊𝑊 + 𝑣𝑣bare

1 − (𝑣𝑣𝑊𝑊𝑊𝑊+𝑣𝑣bare) 𝐺𝐺

Ξ∗Κ−Ξ𝑐𝑐Κ−



Parameters : 
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Quark Model parameters for wave function

light quark mass   𝑚𝑚 = 450 MeV
charm quark mass   𝑀𝑀 = 1500 MeV
Gaussian range parameter   𝛼𝛼𝜆𝜆 = 387 MeV (H.O. wave function)

Bare masses of Ω𝑐𝑐
3𝑞𝑞 1𝑃𝑃𝜆𝜆

Ω𝑐𝑐
3𝑞𝑞(0; 1/2−)

Ω𝑐𝑐
3𝑞𝑞(1; 1/2−)

Ω𝑐𝑐
3𝑞𝑞(1; 3/2−)

 in the range 3020–3060
3020 MeV

3040 MeV

3060 MeV

free parameters with conditions

 Mass-ordering for 𝐽𝐽𝑃𝑃

Interaction and cut-off

Decay constant 𝑓𝑓𝐾𝐾 = 111 MeV
Axial coupling constant 𝒈𝒈𝑨𝑨

𝒒𝒒 = 0.75

Reproduces the decay width of
Λ𝑐𝑐 2595/2625 → Σ𝑐𝑐𝜋𝜋
Σ𝑐𝑐(2455/2420) → Λc𝜋𝜋

pretty well. [1] 

[1] H. Nagahiro, S. Yasui, A. Hosaka, 
M. Oka, H. Noumi, PRD95(17)014023Cut-off of the loop function 𝚲𝚲 = 500 MeV

natural as hadronic scale



Coupled channels : Assume Heavy-Quark Spin Symmetry

(𝑗𝑗, 𝐽𝐽𝑃𝑃) Meson-Baryon channel Three-quark state

(0, 1/2−) Ω𝑐𝑐
3𝑞𝑞(0; 1/2−)

(1; 1/2−) Ω𝑐𝑐
3𝑞𝑞(1; 1/2−)

(1; 3/2−) Ω𝑐𝑐
3𝑞𝑞(1; 3/2−)

(2; 3/2−) Ω𝑐𝑐
3𝑞𝑞(2; 3/2−)

(2; 5/2−) Ω𝑐𝑐
3𝑞𝑞(2; 5/2−)

Ω𝑐𝑐
3𝑞𝑞 Ξ𝑐𝑐 �𝐾𝐾

15



Coupled channels : Assume Heavy-Quark Spin Symmetry

(𝑗𝑗, 𝐽𝐽𝑃𝑃) Meson-Baryon channel Three-quark state
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Conclusion

» We performed a systematic analysis of low-lying 𝛀𝛀𝒄𝒄 structures in a coupled-
channel approach, with the number of free parameters kept to a minimum
› by employing a unified framework that accommodates both three-quark and 

molecular 𝛀𝛀𝒄𝒄 states.

» We can solve the spin-assignment problem, demonstrating that the quark-
model states can be compatible with the experimental data.

» We found that the lowest-lying 𝛀𝛀𝒄𝒄(𝟏𝟏𝑷𝑷𝝀𝝀) state is a bound state of �𝐾𝐾Ξ𝑐𝑐, 
which can make the threshold enhancement in the amplitude. 
› Can be found Ω𝑐𝑐∗𝛾𝛾 ??

23

future work

» the origin or nature of Ω𝑐𝑐(3119) ??
» Components of the physical Ω𝑐𝑐’s → important d.o.f ?
» Decay properties etc.

→ to support our interpretations.
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Angular distribution LHCb, PRD104(21)L091102
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A few slides for Ω𝑐𝑐 …
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Collaboration with Qi-Fang Lü, his students and Hosaka-san



LHCb 2017 

R. Aaij et al., (LHCb Collaboration),
Phys. Rev. Lett.118, 182001 (2017).
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Belle 2018

J. Yelton et al., (Belle Collaboration),
Phys. Rev. D.97, 051102 (2018).
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LHCb 2021
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R. Aaij et al., (LHCb Collaboration), Phys. Rev. D 104, 091102 (2021).
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