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New hadronic states from LHC

More and more heavy baryons were reported
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Year

1975

Σc(2455)

PRL 34, 1125
BNL

1976

Λc(2286)

PRL 37, 882
Fermilab

1993

Σc(2520)

JETPL 58, 247
SKAT

Λc(2625)

PLB 317, 227
ARGUS

1995

Λc(2595)

PRL 74, 3331
CLEO

2000

Λc(2765)

Λc(2880)

PRL 86, 4479
CLEO

2004

Σc(2800)

PRL 94, 122002
Belle

2006

BaBar
PRL 98, 012001

Λc(2940)

PRL 98, 262001
Belle

2017

Λc(2860)

JHEP 05, 030
LHCb

2022

Λc(2910)

PRL 130, 031901
Belle

1983

Ξc(2470)

PLB 122, 455
CERN

1995

Ξc(2645)

PRL 75, 4364
CLEO

1998

Ξ′
c
(2570)

PRL 82, 492
CLEO

1999

Ξc(2815)

PRL 83, 3390
CLEO

2000

Ξc(2790)

PRL 86, 4243
CLEO

2006

Ξc(2970)

Ξc(3080)

PRL 97, 162001
Belle

2007

Ξc(2930)

PRD 77, 031101
BaBar

Ξc(3055)

Ξc(3123)

PRD 77, 012002
BaBar

2018

Ξc(2930)

EPJC 78, 252
Belle

EPJC 78, 928

2020

Ξc(2923)

Ξc(2939)

Ξc(2965)

PRL 124, 222001
LHCb

2022

Ξc(2880)
arXiv: 2211.00812

LHCb

1985

Ωc(2700)

ZPC 28, 175
WA62

2006

Ωc(2770)

PRL 97, 232001
BaBar

2017

Ωc(3000)

Ωc(3050)

Ωc(3065)

Ωc(3090)

Ωc(3119)

Ωc(3188)

PRL 118, 182001
LHCb

2023

Ωc(3327)

Ωc(3185)
arXiv: 2302.04733

LHCb

Λc/Σc

Ξ
(′)
c

Ωc

• More than 30 charm baryons 
have been discovered 
experimentally in the last 40 
years


• More than half of them have been 
discovered in this century


• This experimental data may 
provide crucial information to 
construct charmed baryon family

Charm baryon

Rep.Prog.Phys. 86 (2023) 026201 
Rep.Prog.Phys. 80 (2017) 076201 
Chin.J.Phys. 78 (2022) 324-362

See reviews:
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Bottom baryon

Rep.Prog.Phys. 86 (2023) 026201, Rep.Prog.Phys. 80 (2017) 076201, Chin.J.Phys. 78 (2022) 324-362

More than 20 states have been announced

Year

1981

Λb(5620)

LNC 31, 97
CERN R415

2007

Σb(5815)
Σb(5835)

PRL 99, 202001
CDF

2012

Λb(5912)
Λb(5920)

PRL 109, 172003
LHCb

2018

Σb(6097)

PRL 122, 012001
LHCb

2019

Λb(6146)
Λb(6152)

PRL 123, 152001
LHCb

2020

CMS
PLB 803, 135345

Λb(6072)

JHEP 06, 136
LHCb

1995

Ξb(5795)

ZPC 68, 541
DELPHI

2012

Ξb(5945)0

PRL 108, 252002
CMS

2014

Ξb(5935)−
Ξb(5955)−

PRL 114, 062004
LHCb

2018

Ξb(6227)

PRL 121, 072002
LHCb

2021

Ξb(6100)−
PRL 126, 252003

CMS

2022

Ξb(6327)
Ξb(6333)

PRL 128, 162001
LHCb

2023

Ξb(6087)0
Ξb(6095)0

PRL 131, 171901
LHCb

2008

Ωb(6046)

PRL 101, 232002
D0

2020

Ωb(6316)
Ωc(6330)

Ωb(6340)
Ωc(6350)

PRL 124, 082002
LHCb

Λb/Σb

Ξ
(′)

b

Ωb
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Doubly 
charmed 
baryon
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Jacobi coordinates for the 
three-body system

3f ⊗f = 3̄f ⊕ 6f

SU(3) symmetry

SU(3) flavor multiplets of charm baryons

Q

q1 q1ρ

λ

Rep.Prog.Phys. 80 (2017) 076201

Typical few-body system
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Theoretical approaches for studying the spectroscopy of singly heavy baryons 2

Mass spectrum Potential model Diquark

D. Ebert, K. G. Klimenko and V. L. Yudichev, Eur. Phys. J. C  53, 
65-76 (2008)

D. Ebert, R. N. Faustov and V. O. Galkin, Phys. Rev. D 84, 
014025 (2011)

B. Chen, K. W. Wei and A. Zhang, Eur. Phys. J. A 51, 82 (2015)

B. Chen, K. W. Wei, X. Liu and T. Matsuki, Eur. Phys. J. C 77, 
no.3, 154 (2017)

Q. F. Lu, K. L. Wang, L. Y. Xiao and X. H. Zhong, Phys. Rev. D  96, 
no.11, 114006 (2017)

⋯

!

"
#! #"

%!

diquark



Spectroscopy of heavy baryonsXiang Liu@ Lanzhou Univ. January 15, 2024

Theoretical approaches for studying the spectroscopy of singly heavy baryons 2

Mass spectrum Potential model Three-body potential

S. Capstick and N. Isgur, Phys. Rev. D 34, 2809-2835 (1986)

W. Roberts and M. Pervin, Int. J. Mod. Phys. A 23, 2817-2860 (2008)

T. Yoshida, E. Hiyama, A. Hosaka, M. Oka and K. Sadato, Phys. Rev. D 92, 
114029 (2015)

G. Yang, J. Ping and J. Segovia, Few Body Syst. 59, 113 (2018)

S. Q. Luo, B. Chen, Z. W. Liu and X. Liu, Eur. Phys. J. C 80, no.4, 301 (2020)

G. L. Yu, Z. Y. Li, Z. G. Wang, J. Lu and M. Yan, Nucl. Phys. B 990, 116183 
(2023)

Q. F. Song, Q. F. Lu and A. Hosaka, arXiv:2308.03261 [hep-ph].

⋯
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Theoretical approaches for studying the spectroscopy of singly heavy baryons 2

Mass spectrum Potential model Gaussian expansion method

"⃗

#⃗

$% $&

'(

Jacobi coordinate

"⃗ = *⃗& − *⃗%

#⃗ = *⃗( −
,%*⃗% + ,&*⃗&
,% +,&

./01 2 = ./0 * 301(52)
Gaussian base

7/0 =
209& 2:/ 09(&

; 2< + 1 ‼

./0 * = 7/0*0?@ABCD

:/ =
1
*/& */ = *%E/@% F = 1 − FGHI

Rayleigh-Ritz variational method

ΨKLKHM = .NLMLO×.QMHRLO×.STUV×.LOWUK

E. Hiyama, Y. Kino and M. Kamimura, Prog. Part. Nucl. Phys. 51, 223-307 (2003)



QCD sum rules Regge trajectories Lattice QCD

⋯

X. Liu, H. X. Chen, Y. R. Liu, A. Hosaka
and S. L. Zhu, Phys. Rev. D 77, 014031 
(2008) 

H. X. Chen, Q. Mao, A. Hosaka, X. Liu 
and S. L. Zhu, Phys. Rev. D 94, 114016 
(2016) 

H. X. Chen, Q. Mao, W. Chen, A. Hosaka, 
X. Liu and S. L. Zhu, Phys. Rev. D 95, 
094008 (2017) 

Z. G. Wang, F. Lu and Y. Liu, Eur. Phys. J. 
C 83, 689 (2023) 

⋯

D. Ebert, R. N. Faustov and V. O. Galkin, 
Phys. Rev. D 84, 014025 (2011) 

K. Chen, Y. Dong, X. Liu, Q. F. Lu and T. 
Matsuki, Eur. Phys. J. C 78, 20 (2018) 

H. Y. Cheng and C. W. Chiang, Phys. Rev. D 
95, 094018 (2017) 

Z. Shah, K. Thakkar, A. K. Rai and P. C. 
Vinodkumar, Chin. Phys. C 40, 123102 
(2016)

⋯

M. Padmanath and N. Mathur, 
Phys. Rev. Lett. 119, 042001 
(2017) 

M. Padmanath, R. G. Edwards, N. 
Mathur and M. Peardon, Phys. 
Rev. D 91, 094502 (2015) 

N. Mathur, R. Lewis and R. M. 
Woloshyn, Phys. Rev. D 66, 
014502 (2002) 

⋯
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Theoretical approaches for studying the spectroscopy of singly heavy baryons 2

Mass spectrum QCD sum rules Regge trajectoryLattice QCD
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Theoretical approaches for studying the spectroscopy of singly heavy baryons 2

Decay Strong decay Quark pair creation model

Decay modes

Amplitude:

Partial width:

L. Micu, Nucl. Phys. B10, 521 (1969)

0"": match the quantum number of amplitude
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Theoretical approaches for studying the spectroscopy of singly heavy baryons 2

Decay Radiative decay

1
2
3

1
2
3
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2
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2
3

1
2
3

! "
#

+ +

Radiative decay at quark level

(E-transition)

(M-transition)

L. Y. Xiao, K. L. Wang, Q. f. Lu, X. H. Zhong and 
S. L. Zhu, Phys. Rev. D 96, 094005 (2017)

Q. F. Lu, K. L. Wang, L. Y. Xiao and X. H. Zhong, 
Phys. Rev. D 96, 114006 (2017)

K. L. Wang, L. Y. Xiao, X. H. Zhong and Q. Zhao, 
Phys. Rev. D 95, 116010 (2017)

K. L. Wang, Y. X. Yao, X. H. Zhong and Q. Zhao, 
Phys. Rev. D 96, 116016 (2017)

Y. X. Yao, K. L. Wang and X. H. Zhong, Phys. 
Rev. D 98, 076015 (2018)

⋯
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Ωc(3327)

Recent progresses on single heavy baryons 3
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Decoding the properties of : Mass+Strong decay  Ωc(3327)

 is a good candidate for 1D 
state of charm baryon family

Ωc(3327)

S.Q. Luo and X. Liu, Phys. Rev. D 107, 074041 (2023)

Recent progresses on single heavy baryons 3
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Why are we interested in the 1F state of the singly heavy baryon?

• Well established 1S states


• More and more candidates for 1P states


• Some candidates for 1D, 2S, 2P states


• 1F states are still missing 

• Test phenomenological mode applied to depict low-lying states

-mode excitationλ

S.Q. Luo and X. Liu, Phys. Rev. D 108, 034002 (2023)

Recent progresses on single heavy baryons 3



Spectroscopy of heavy baryonsXiang Liu@ Lanzhou Univ. January 15, 2024

S.Q. Luo and X. Liu, Phys. Rev. D 108, 034002 (2023)

Recent progresses on single heavy baryons 3
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BR[Λc(1F,5/2−) → ND*] = 49.9 %
BR[Λc(1F,7/2−) → ND*] = 63.5.9 %

BR[Ξc(1F,5/2−) → ΣD*] = 54.7 %

BR[Ξc(1F,7/2−) → ΣD*] = 60.2 %

Some typical OZI-allowed 
strong decays of  states3̄f

Searching for these states 
can be accessible at 

experiment

Width is not so broad

S.Q. Luo and X. Liu, Phys. Rev. D 108, 034002 (2023)

Recent progresses on single heavy baryons 3
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Some typical OZI-allowed strong decays of  states6f

More decay channels are open, making decay more complicated

S.Q. Luo and X. Liu, Phys. Rev. D 108, 034002 (2023)

Recent progresses on single heavy baryons 3

We suggest 
search for 
them via 

these decay 
modes
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Λb(6146)

Λb(6152)

Recent progresses on single heavy baryons 3
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B. Chen, S.Q. Luo, X. Liu, T. Matsuki, Phys. Rev. D.100, 094032 (2019)

Confirmed by LHCb

Recent progresses on single heavy baryons 3
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Introducing unquenched effect 
to solve the mass puzzle

Recent progresses on single heavy baryons 3
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The mass of the  
is predicted to be 2945 MeV, 

which is below the  
threshold due to the nontrivial 

coupled-channel effect.

Ωd
c0(1P1/2−)

ΞcK̄

S.Q. Luo, B. Chen, X. Liu, T. Matsuki, Phys. Rev. D.103, 074027 (2021)

Recent progresses on single heavy baryons 3
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Recent progresses on single heavy baryons 3

Universal behavior of mass gaps existing in the single heavy baryon family

B. Chen, S.Q. Luo, X. Liu, 
Eur. Phys. J. C 81 (2021) 474

System     Number of strange quark


                       0


                       1


                             2

Λc, Σc

Ξc, Ξ′ c

Ωc
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Recent progresses on singly heavy baryons 3

For the 𝑛𝐿 excited states of  and , the two states with  
and  are generated

ΛQ ΞQ J = L − 1
J = L + 1

B. Chen, S.Q. Luo, X. Liu, Eur. Phys. J. C 81 (2021) 474



Spectroscopy of heavy baryonsXiang Liu@ Lanzhou Univ. January 15, 2024

Recent progresses on singly heavy baryons 3

We may predict the mass of  excitationΞb

• CMS [1] and LHCb [2] confirmed our prediction for the mass of  

• LHCb [3] confirmed our result for the mass of   state
Ξb(1P)

Ξb(1D)

Application

B. Chen, S.Q. Luo, X. Liu, Eur. Phys. J. C 81 (2021) 474
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• So far, there are about 56 single heavy baryon states 
discovered by experiments.

Λ+
c (8), Ξ0,+

c (7), Σc(4), Ξ′ c(6), Ωc(9) Λ0
b(6), Ξ0,−

b (5), Σb(3), Ξ′ b(3), Ωb(5)

Charm baryon family



Spectroscopy of heavy baryonsXiang Liu@ Lanzhou Univ. January 15, 2024

The 1S, 2S, 1P, and 1D  states may have been established by experiments.

: Two 1P candidates with  and  were observed 

by LHCb

Λ0
b

Ξb(6087)0/Ξb(6095)0 JP = 1/2− 3/2−

Bottom baryon family

Summary 4
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• The potential at Super Tau Charm Facilities for exploring 
charm baryons

BESIII arXiv:2312.08414

Super Tau Charm Facilities: A good platform for investigating 
higher states of charm baryon family!

Summary 4

e
−

e
+

γ

Λ
∗+
c

Λ̄−
c

e
−

e
+

Λ∗+
c

Λ̄−
c



Thank you 
for your 
attention!


