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Simple structure
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Classification (flavor) 
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Charmed baryon Bottom baryon
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Antisymmetric antitriplet

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

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



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

Only seen in D0p 
channel

M =2882 MeV,
Γ  =5.6 MeV

Decay modes:



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



Evidence of D-wave 
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PRL123,152001（2019）



Our explaination
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Looking for higher  states 

10QF, LY, ZY, XH, Eur. Phys. J. C (2018)78:599

Qi-Fang Lv and XH, PRD101 (2020) no.1, 014017



Looking for higher  states 
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Qi-Fang Lv and XH, PRD101 (2020) no.1, 014017
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How to establish the missing P and D-wave states?
YX Yao, KL Wang, XH, PRD98,076015(2018)



The 1P  state
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M =2792 MeV,
Γ  =8.9 MeV

Seen in the Ξc'π 
channel

M =2817 MeV,
Γ  =2.43 MeV



Our explaination with 1P states

14

Lei-Hua Liu, Li-Ye Xiao, XH, PRD86,034024(2012)
KL Wang, YX Yao, XH, QZ, PRD96,116016(2017)



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

M =3077 MeV,
Γ  =3.6 MeV



Our explaination with 1D states

16YX Yao, KL Wang, XH, PRD98,076015(2018)



Looking for the missing 1P  states 

17KL Wang, YX Yao, XH, QZ, PRD96,116016(2017)



Looking for the missing 1D  states 
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YX Yao, KL Wang, XH, PRD98,076015(2018)



19

Symmetric sextet

6F states



20LHCb 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

uΩc (3000,3050,3066,3090) may be P-wave 
states with very narrow width.

u Ωc(3119) may be the 2S state.

uA broad P wave state is waiting to be found!

uRadiative decay is worth observing.

23



Looking for D-wave Ωc states @ 3.3 GeV

24YX Yao, KL Wang, XH, PRD98,076015(2018)



Decay properties of the P-wave Ωb states 
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u Four  narrow P-wave states!

u One broad P-wave state.

u Mainly decay into ΞbK.

u Radiative decays are 
important. 

KL Wang, QF Lv, XH, PRD99,014011（2019）

KL Wang, YX Yao, XH, QZ, PRD96,116016（2017）



LHCb observed four excited Ωb states!
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Four states were confirmed by Belle

Phys.Rev.Lett. 124 (2020) no.8, 082002 



 Our explaination 
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Decays and masses are consistent with the predictions.

Good candidates of the P wave Ωb states!

Where is the broad P wave state?



Looking for D-wave Ωb states @ 6.5 GeV

28YX Yao, KL Wang, XH, PRD98,076015(2018)
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Only the ground states are established! 



Decay properties of the P-wave Σc/b states 

30KL Wang, YX Yao, XH, QZ, PRD96,116016(2017)
Relatively narrow states!



jj coupling scheme 

31
KL Wang, Qi-Fang Lv, XH, PRD99,014011（2019）

Configuration mixing within the states in LS scheme!



Evidence of the P-wave Σc states from Exp. 
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uA good candidate of P wave state with JP=3/2- or 5/2-!
uLooking for more P wave states in the Σc

(*)π final states. 



LHCb observed P wave candidate Σb(6097)  
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Mass, width, and decay 
mode are consistent with 
a P wave candidate with 
JP=3/2- or 5/2- .

KL Wang, Qi-Fang Lv, XH, PRD99,014011（2019）

Looking for the missing narrow 1P JP=1/2- state in the Λbπ.



CMS found broad structure @ 6070 MeV in the Λbπ+π-

              Confirmed by LHCb [JHEP 2006 (2020) 136] 
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M=6072 MeV,   Γ=72 MeV

Phys.Lett. B803 (2020) 135345 



Our explaination with P wave Σb state 
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u As the Λb(2S), our predicted width is too narrow. 

u Decay mode can be understand with cascade decay: 
Σb (6072)--- Σb

(*)π---Λbπ+π-

u Two overlapping states with JP=1/2- and 3/2-, 
which can explain the broad width. 

Li-Ye Xiao, XH, PRD102,014009（2020）

u More observations for the Σb
(*)π channels.



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)



Decay properties of the D-wave Σb 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)



38Only the ground states are established! 



Decay properties of the P-wave Ξ'c/b states 

39KL Wang, YX Yao, XH, QZ, PRD96,116016(2017)
Relatively narrow states!



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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u Ξc(2923) , Ξc(2939) may correspond to two 
JP=3/2- states. 

u Ξc(2965) may be the JP=5/2- state. 

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

u To confirm the nature, the other dominant decay 
      modes should be further observed. 



LHCb observed  P-wave candidate Ξb(6227) 
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Phys.Rev.Lett. 121 (2018), 072002 

Mass, width, and 
decay mode are 
consistent with a 
P wave candidate 
with JP=3/2- or 
5/2- .

KL Wang, Qi-Fang Lv, XH, PRD99,014011（2019）



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)



Decay properties of the D-wave Ξ'b states 
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 The JP=5/2+ and 7/2+ states are worth observing!

YX Yao, KL Wang, XH, PRD98,076015(2018)
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最新进展
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6F states



47Predicted masses are taken from Ebert et al., arXiv:1105.0583. 

 3F states



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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