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1. Charmed baryons



Baryons

Proton: 1919, E. Rutherford. 

Hydrogen nucleus was proved 

to be present in other nuclei

M. Gell -Mann, Phys. Lett . 8, 214 (1964)

Quark Model

https://zh.wikipedia.org/wiki/File:Quark_structure_proton.svg
https://zh.wikipedia.org/wiki/File:Quark_structure_proton.svg


Åc

Baryon

Jacobi coordinates 

Baryon is a resonance with three bodies

ί=ί+ί=0,1

ὒ=ὒ+ὒ=0,1,2é

ὐ=ὒ+ί=0,1,2é

ὐ= ὐ+ί=1/2,3/2é



Internal quantum numbers of Baryon



Baryon

Diquark

Baryon is a resonance with two bodies

q q q



Charmed baryons ̔There are now 36 established singly -

charmed baryons ( 2020PDG). There were 17 known charmed 

baryons, and 4 other candidates not well enough established 

in 2010PDG.



ǫc : two u, d quarks and one c quark; I = 0

Only the J P of ǫc (2880) + has been measured!



ǫc (2910): I(J P) = ?(? ?),Belle, PRL.130,031901(2023)

A candidate heavy quark symmetry doublet partner 

to the ǫc (2940). Further study is needed to confirm 

whether this state is anexcited ǫc or ǲc



ǲc : two u, d quarks and one c quark; I = 1

Neither J nor P has been measured!



Ǹc : two s quarks and one c quark

Neither J nor P has been measured!



Ǹc (3185): I(J P) = ?(? ?) , PRL.131,131902(2023)

Ǹc (3327): I(J P) = ?(? ?)    PRL.131,131902(2023)



Ǯc : one u or d quark, one c quark and one strange quark

J and P have not been measured!



Ǯc (2882): I(J P) = ?(? ?) , PRD.108,012020(2023)

Ǯc (2923): I(J P) = ?(? ?)    PRL.124,222001(2020);

PRD.108,012020(2023 )

Ǯc (2930) state observed at the BABAR and Belle 

experiments is resolved into two narrower states, 

Ǯc (2923) and Ǯc (2939) .





Charmed Baryons

Our attempts: flux Tube model

1, Bing Chen, Deng -Xia Wang and Ailin Zhang, J P assignments of ǫ+
c baryons , 

Chin. Phys. C 33, 1327 (2009).

2 , Deng -Xia Wang, Xue -Feng Li and Ailin Zhang, Spectrum of baryons with one 

charm quark , AIP Conf . Proc . 1388, 318(2011 ) .

3, Bing Chen, Ke -Wei Wei and Ailin Zhang, Assignments of ǫQ and ǮQ baryons in 

the heavy quark -light diquark picture , Eur. Phys. J . A51, 82(2015 ) . 

Relativistic flux tube model



Relativistic flux tube model

The following energy ä and the angular momentum L of a hadron 
system were derived rigorously from the Wilson area law in QCD

The spin - dependent terms



For heavy light hadrons with radial and orbital 

excitation, 

Reproduce the Reggetrajectories behavior of 
different hadrons!



Our predictions are cited by LHCb collaboration for the first observation of 

ǫc (2860) +.  In order to compare the observed data with theoretical prediction, 

the LHCb collaboration took use of our results as the theoretical input in JHEP 

1705 (2017) 030 .



Bottom baryons ( 2015 ) LHCb Collaboration (2019)

1P Ǯb in the channel of Ǯõb(5945) ȏ?



References:
Tetsuya Yoshida, et al., Spectrum of heavy baryons in the 
quark model , Phys. Rev. D 92, 114029 (2015).
Standard constituent quark model with the color -

Coulomb term depends on quark masses and an 

antisymmetric LS (spin -orbit) force is introduced

[9]. D. Ebert, R.N. Faustov, V.O. Galkin , Spectroscopy and 
Reggetrajectories of heavy baryons in the relativistic quark -
diquark picture , Phys . Rev. D 84,014025 (2011).
Relativistic quark -diquark model, light diquark

[50]. W. Roberts, M. Pervin , Heavy baryons in a quark model , 
Int . J. Mod. Phys. A23, 2817 (2008 ).
Nonrelativistic quark model Hamiltonian, 

similar to that used by Isgur and Karl

[51]. S. Capstick , N. Isgur , Baryons in a relativized quark 
model with chromodynamics, Phys. Rev. D 34, 2809 (1986 ).
Relativized quark model
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Our attempts: hadronic decays
1, Bing Chen, Ke -Wei Wei and Ailin Zhang , Assignments of ǫQ and ǮQ baryons in 

the heavy quark -light diquark picture , Eur. Phys. J. A51, 82(2015) .

2, Ze Zhao, Dan -Dan Ye and Ailin Zhang, Nature of charmed strange baryons 

Ǯc (3055) and Ǯc (3080) , Phys. Rev. D 94, 114020(2016).

3, Bing Chen, Xiang Liu and Ailin Zhang, Newly  observed ǫc (2860 )+ at LHCb

and its D-wave partners ǫc (2880 )+, Ǯc (3055 )+ and Ǯc (3080 )+, Phys . Rev. D 95, 

074022(2017). 

4, Ze Zhao, Dan -Dan Ye and Ailin Zhang, Hadronic decay properties of newly 

observed Ǹc baryons , Phys. Rev. D 95, 114024(2017 ).

5, Dan -Dan Ye, Ze Zhao and Ailin Zhang, Study of 2S and 1D - excitations of 

observed charmed strange baryons , Phys . Rev. D 96, 114003(2017 ).

6, Dan -Dan Ye, Ze Zhao and Ailin Zhang, Study of P-wave excitations of 

observed charmed strange baryons , Phys . Rev. D 96, 114009(2017).

7, Pei Yang, Jing -Jing Guo and Ailin Zhang, Identification of the newly 

observed ǲb(6097) baryons from their strong decays , Phys. Rev. D 99 , 

034018(2019).

8, Jing -Jing Guo , Pei Yang and Ailin Zhang, Strong decays of 

observed ǫc baryons in the 3P0 model , Phys . Rev. D 100 , 014001(2019).

9, Kui Gong, Hao -Yang Jing and Ailin Zhang, Possible assignments of highly 

excited ǫc(2860), ǫc (2880) and ǫc (2940) , Eur. Phys. C 81, 467 (2021). 

Ȑ Excitation in ǫQ baryons

Ȋ Excitation?

Model dependent!



Two kinds of classification schemes of 

Ds, nonrelativistic n 2S+1LJ or the heavy 

quark symmetric njP eigenstates in 

quark model

n: radial excited numbers 

P: parity

C: charge conjugate

(only neutral mesons have definite C)

Heavy -light systems:
Heavy quark symmetry ,

Chiral symmetry

2. Charmed mesons

Åc



Nonrelativistic:

Heavy quark symmetric:

n 2S+1 L J

nj P



27

J

S L12 +

Total Angular 
Momentum

Orbital Angular 
Momentum

Spin Angular 
Momentum

natural parity

unnatural parity



S-wave and P -wave D mesons are believed established

Higher excited D have been observed

D mesons 

Spin -orbit interaction



Higher excited D mesons 

Quantum numbers for D(2550)̆D*
J(2600)̆D(2740)̆

and D(2750) are determined by LHCb Collaboration in 

2020. 

In PDG 2022, they are denoted with D0(2550)̆
D*

1(2600)̆D2(2740)̆and D*3(2750)



D*(2640) ¤

Mass :  2637 ¤2¤6 MeV

Decay width : <15 MeV



D*
1(2760)  

Observed also in exclusive B decay by LHCb collaboration

; MeV 72032177  :hDecay widt

; MeV 611187812:Mass

°°°

°°°

natural parity



D*
3 (2760) 

Observed also in exclusive B decay by LHCb collaboration

; MeV 32618105  :hDecay widt

; MeV 7177982:Mass

°°°

°°°



D(3000) 0

2P, 3S, and 1F ?

Mass :  3214 ¤29¤49 MeV

Decay width : 186 ¤38¤72 MeV



D*(2760)( Babar 2010 )- >
Inclusive production:

e+e-ŸcӶὧŸD(*) X́, where X is any additional system.

m(D+ -́)

modeled with relativistic BW functions

(BaBar, PRD82,111101(R)(2010))

D*(2760 ) ̔



D*
J (2760)( LHCb 2013 )

inclusive reactions:

m(D+ -́)= parameterized with a relativistic Breit-Wigner̆

lineshape

The DᶻJ(2760)0 is observed in the D +z ī́and D+ ī́decay modes 

with consistent parameters. We also observe the DᶻJ(2760)+ in the 

D0 +́ final state which can be identified as a JP = 1īstate

(LHCb, JHEP09,145(2013)).

measure their angular distributions̆ - > natural parity states.

D*
J (2760 )(LHCb 2013 )

2̔



D*
J (2760)

The spin of the D*J(2760) state has not been determined 

previously. From the pp collision data, B-Ÿ D+K- -́,

D*
J(2760) state is determined to have spin 1(LHCb, 

PRD91,092002(2015)). An amplitude analysis of the 

resonant structure+Dalitzplot

D*
1(2760)( LHCb 2015 )- >

3̔



D*
3(2760), ( LHCb 2015 )- >

From the pp collision data, B0Ÿ Ὀ0ˊ + -́, A resonant 

structure at m(Ὀ0 -́ ) å2.8 GeV/c2 is confirmed and its 

spin-parity is determined for the first time as JP=3ī

(LHCb, PRD92,032002(2015)). Dalitz plot.



D(2750) PDG2012 J P=??)- >

D(2750) (PDG2016 J P=3 - )- >

D*
3(2750 )(PDG2018)





PDG2020



Charm mesons mass spectrum in the relativistic quark 

model (S. Godfrey and N. Isgur , PRD32, 189 (1985))



Charm mesons mass spectrum in the relativized quark 

model (S. Godfrey and K. Moats, PRD93, 034035 (2016))



Charm mesons mass spectrum in the relativized quark 

model (S. Godfrey and K. Moats, PRD93, 034035 (2016))



Possible assignments of D mesons



GI : S. Godfrey and N.Isgur , Phys. Rev. D32, 189 (1985)

GM : S. Godfrey and K. Moats, Phys. Rev. D93, 034035 (2016 )

PE: M.Di Pierro and E. Eichten , Phys. Rev. D64, 114004 (2001 )

SZ : Hong -Yun Shan and Ailin Zhang , Chin. Phys. C 34, 16 

(2010).



Ds mesons 

S-wave and P -wave D s mesons are also believed established

Higher excited D s mesons have been observed



D*
s1 (2700)

Mass :  2708.3 +4.0
-3.4 MeV

Decay width : 120 ¤11 MeV

Higher excited Ds mesons 



D*
s1 (2860)

Mass :  2859 ¤12¤24 MeV

Decay width : 120 ¤23¤77 MeV

Higher excited D mesons 



D*
s3 (2860)

Mass :  2860.5 ¤2.6¤6.5 MeV

Decay width : 53¤7¤7 MeV


