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The simple picture
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Two light quarks: Permutation symmetry

No genuine diquark structure!!! A complex three 

body problem.

PRD92,114029 (2015)



Classification (flavor)
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味道反3重态（反对称）

味道6重态（对称）
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Part I

Antisymmetric antitriplet

3F states



Λc states
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How to establish the 

high-lying states?

YX Yao, KL Wang, XH, PRD98,076015(2018)



Evidence of D-wave Λc states
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M =2856 MeV,
Γ  =68 MeV

Only seen in D0p 

channel

M =2882 MeV,
Γ  =5.6 MeV

Decay modes:

PDG，PRD110, 030001(2004)



Our explaination
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◆Λc (2860) and Λc (2880) most likely  corresponds 

to the two D-wave Λc states.

◆M[Λc (2880)5/2+) ] > M[Λc (2860)3/2+ ]   

◆To confirm the Λc (2860), look for theΣcπmode.

YX Yao, KL Wang, XH, PRD98,076015(2018)



Higher Λc state, 2940
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Λc (2940) may 

be the 2P state 

with JP=3/2-. 

Li-Ye Xiao and XH Zhong, to be published
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If Λc (2910) assigned as a 2P

state, it should be a narrow

state.

More studies are needed!

Y. B. Li, C.P. Shen et al (Belle 

Collab.), PRL130,031901

M=2913.8(9.4) MeV,    Γ=51.8(38.8) MeV

Li-Ye Xiao and XH Zhong, to be published



Can we find rho mode 1P states @2.7-2.9 GeV?
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Two main decay channels

Wen-Jia Wang, Li-Ye Xiao, XH, PRD106,074020

（2022)



Ξc states   3F
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How to establish the missing D-wave states?

YX Yao, KL Wang, XH, PRD98,076015(2018)

PRD107,034031（2023)



Candidates of the D-wave  Ξc states
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M =3056 MeV,
Γ  =7.8 MeV

M =3077 MeV,
Γ  =3.6 MeV



Our explaination with 1D states
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◆The predicted decay widths and main decay 

modes are consistent with the observations. 

◆To be further confirmed, for some main decay 

modes are still missing.

YX Yao, KL Wang, XH, PRD98,076015(2018)

Lei-Hua Liu, Li-Ye Xiao, XH, PRD86,034024(2012)
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LHCb observation

From Guanyue Wan’s report

arXiv:2409.05440
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1D 3/2+:     Λc (2860)          Ξc (3055)               

1D 5/2+:     Λc (2880)          Ξc (3080)? 

2P 3/2-:     Λc (2940)            Ξc (3140)??               

2P 1/2-:     Λc (2910)?          Ξc (3110)?? 

Looking for higher 2P Ξc states @ 3.1GeV
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Looking for rho mode 1P Ξc states @ 3.0GeV

Several main decay

channels are suggested

to be observed in

future experiments.
PRD107,034031（2023)

Wen-Jia Wang, Li-Ye Xiao, XH, 

PRD106,074020（2022)
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Some predicted masses are taken from Ebert et al., arXiv:1105.0583. 

Summary for 3F states

Ξb(6100)
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Part II

Symmetric sextet

6F states



Ωc states
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LHCb and Belle provide good oppertunities. 



LHCb observed five excited Ωc states!

PRL118.182001(2017)
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Four states were confirmed by Belle



Our explaination
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PRD95,116010（2017）



Conslusion

◆Ωc (3000,3050,3066,3090) may be 1P-wave 

states with very narrow width.

◆ Ωc(3119) may be a 2S state or other 

assignment.

◆A broad 1P wave state is waiting to be 

found!

◆Radiative decay is worth observing.
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Looking for D-wave Ωc states @ 3.3 GeV
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Decay widths are relatively narrow (about 10-20 MeV).

Decay modes ΞcK, Ξ'cK, Ξ'c*K are worth observing!

YX Yao, KL Wang, XH, PRD98,076015(2018)
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New Ωc states observed at LHCb

PRL131,131902（2023)
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Our new explaination: Ωc (3120)

As the 2S states, the predicted width is too broad. 

May be a rho mode 1P 
state with JP=3/2, slightly 
mixed with the lambda 
mode.

arXiv:2502.13741
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Our explaination: Ωc (3185)

The observed mass, width, and decay mode are consistent with 
the assignment of 2S state with JP=3/2+. 

Predictions: Mass: 3177 MeV, Width: 58 MeV 
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Our explaination: Ωc (3327)

This state may favor the assignment of 1D state with
JP=5/2+ or 7/2+.

The DΞ channel is worth observing!



Σc states
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Only the ground states are established! 

The high-lying 1P,1D 

states highly overlap 

with each other .



Decay properties of the P-wave Σc states
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KL Wang, YX Yao, XH, QZ, PRD96,116016(2017)

Relatively narrow states!

KL Wang, XH, CPC46,023103(2022)



Evidence of the P-wave Σc states from Exp.
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◆A good candidate of P wave state with JP=3/2- or 5/2-!

◆Looking for more P wave states in the Σc
(*)π final states.



The roles of P-wave Σc states 

in the Λcπ invariant mass spectrum
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KL Wang, XH, CPC46,023103(2022)

Three states with JP=1/2-,3/2- and 5/2- may highly overlap!



Decay properties of the D-wave Σc states
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Broader than the P wave states. 

The JP=5/2+ and 7/2+ states are worth observing!
YX Yao, KL Wang, XH, PRD98,076015(2018)



jj coupling scheme, 3P0 model & ChQM

33YH Zhou, WJ Wang, LY Xiao, XH, PRD108,014019（2023）

The predicted main decay modes are often consistent in two models.

The DN channel is suggested to observe!



Ξ'
c states
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Only the ground states are well established! 

PRD107,034031（2023)



Decay properties of the λ mode P-wave Ξ'c states
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KL Wang, YX Yao, XH, QZ, PRD96,116016(2017)

Relatively narrow 

states!



Belle observed P-wave candidates Ξc(2930,2940)
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Mass, and decay mode are consistent with P wave  

candidates.

YB Li et al, EPJC 78 (2018), 252

Mass: about 2929 MeV

Width: about 20 MeV

YB Li et al, EPJC 78 (2018), 928

Mass: about 2942 MeV

Width: about 15 MeV



LHCb observed three P-wave candidates 
Ξc(2923) , Ξc(2939), Ξc(2965)
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Mass, and decay mode are consistent with P wave  

candidates.

Phys.Rev.Lett. 124 (2020), 222001



Our explaination with P wave Ξ'c states
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◆ Ξc(2923) , Ξc(2939) may correspond to two 
JP=3/2- states. 

◆ Ξc(2965) may be the JP=5/2- state.

Kai-Lei Wang, Li-Ye Xiao, XH, PRD102,034029（2020）

◆ To confirm the nature, the other dominant decay 

modes should be further observed. 



Evidence a new P-wave state Ξc(2880) at LHCb
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Mass, and decay mode are consistent with a 

narrow P wave  candidate with JP=1/2-.

Phys.Rev.D 108 (2023), 012020 

Narrow state

Broad state

KL Wang, LY Xiao, XH, PRD102,034029（2020）

New!



Can find ρ mode P-wave states?
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There two ρ mode 
states with JP=1/2-
and 3/2-,respectively. 
The mass is about 3.1 

GeV. The decay width is 

about 100 MeV.

Wen-Jia Wang, Li-Ye Xiao, XH, PRD106,074020（2022)
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Puzzle on Ξc(2970)

As a 2S or 1D state with JP=1/2+, 

The mass is hard to understand

The decay properties is hard to understand

Ξc(2965) observed at LHCb may be different from that 
observed at Belle and Babar. 



Decay properties of the D-wave Ξ'c states
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Broader than the P wave states.

The JP=5/2+ and 7/2+ states are worth observing!
YX Yao, KL Wang, XH, PRD98,076015(2018)
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Summary for 6F states

6F states



结束语

LHCb,Belle II为我们研究重味重子谱带
来机遇！

许多夸克模型预言的态值得实验寻找。
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