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l  All the ground bottom baryons are well established in experiments  except the ��
∗−.
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Theoretical works:

Hadronic molecular models:  
l W.H.Liang and E.Oset,Phys. Rev. D 101 (2020) no.5, 054033; 

l Y.Huang, C.j.Xiao, L.S.Geng and J.He,Phys. Rev. D 99 (2019) no.1, 014008 etc

The quark pair creation model::
l B.Chen, K.W.Wei, X.Liu and A.Zhang,Phys. Rev. D 98 (2018) no.3, 031502;

l B.Chen and X.Liu,Phys. Rev. D 98 (2018) no.7, 074032 etc.

 The chiral perturbation theory:
l J.X.Lu, Y.Zhou, H.X.Chen, J.J.Xie and L.S.Geng,Phys. Rev. D 92 (2015) no.1, 014036;  

l H.Y.Cheng and C.K.Chua,Phys. Rev. D 75 (2007), 014006  etc.

QCD sum rules:
l Q.Mao, H.X.Chen, W.Chen, A.Hosaka, X.Liu and S.L.Zhu,Phys. Rev. D 92 (2015) no.11, 114007; 

l H.X.Chen, Q.Mao, W.Chen, A.Hosaka, X.Liu and S.L.Zhu,Phys. Rev. D 95 (2017) no.9, 094008 etc.
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Internal structure of bottom baryons

 Heavy baryon (� − �� − ��):

λ-excitation and ρ-excitation
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 Heavy baryon (� − �� − ��):

� = �� ⊗ ��1 ⊗ ��2 ⊗ �� ⊗ �� = ��  ⊗  ��1 ⊗ ��2 ⊗ �� ⊗ �� ��

λ-excitation and ρ-excitation
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Ø  color
          

�� antisymmetric

Ø  orbital
          

��   symmetric      
antisymmetric

Ø  spin
          

��� =  � symmetric      
0 antisymmetric

Ø  SU(3) flavor
          

 
�� symmetric      
�� antisymmetric λ-excitation and ρ-excitation
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Ø  color
          

�� antisymmetric

Ø  orbital
          

��   symmetric      
antisymmetric

Ø  spin
          

��� =  � symmetric      
0 antisymmetric

Ø  SU(3) flavor
          

 
�� symmetric      
�� antisymmetric

Totally Antisymmetric

The Pauli principle can be directly applied to the two light quarks:

We denote these multiplets as [������,��,��, (�/�)]
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Ø  color
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S-wave bottom baryons 

Totally Antisymmetric
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λ-excitation and ρ-excitation
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P-wave bottom baryons 
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8 multiplets, 35 baryons, , e.g., 7 �� baryons P-wave bottom baryons 
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λ-excitation and ρ-excitation ( )
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Currents for P-wave bottom baryons of the flavor ��

Singly heavy baryon spectrum and their decay 
patterns

[��,  �,  �, �]

[��,  �,  �, �]

[��,  �,  �, �]

[��,  �,  �, �]
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Singly heavy baryon spectrum and their decay 
patterns
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• 1903.10369 Decays of P-wave bottom baryons (6�, partly)

• 1909.13575 Decays of P-wave bottom baryons (3� and 6�, partly)

• 2003.07488 Masses/Decays of P-wave bottom baryons (6�, fully)

• 2205.07224 Masses/Decays of P-wave charmed/bottom baryons (3�, partly)

• 2311.18380 Masses/Decays of P-wave bottom baryons (3�, fully)

Our QCD sum rule studies
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SVZ sum rule                                 
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Light-cone sum rule                                 
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Ø Correlation function

Ø Operator product expansion(OPE)

Ø Hadronic Expression

Ø Quark-Hadron duality

Basic calculation procedure: 

• SVZ sum rule

  

• Light-cone sum rule (LCSR)                                   



1.Correlation function

Where

At the hadronic level, the function  ���
0[12

−
]→��

∗0�has the following pole term from the double 

dispersion relation:

�b
0[1/2−, 3F, 1,1, �] → �b

∗0�
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Operator product expansion(OPE)
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Sum rule for ���
�[�/�−,��,�,�,�]→��

∗��
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The radiative decay width can be  calculated by

The relevant transition amplitudes[2]:

2.M. A. Ivanov, etal., Phys. Rev. D 60, 094002(1999).

�(Ξb
0(1/2−) → Ξb

∗0γ) = 1.2−1.2
+8.1 keV

g(�b
0(1/2−) → �b

∗0�) = 0.052−0.021
+0.020 GeV−1 
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Λb
0 → Λb

0(Σb
0)γ
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Total: 15 decay channels



�b → �b(Ξb
’ , Ξb

∗ )γ

Total: 30 decay channels
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Σb
0 → Λb

0(Σb
0 , Σb

∗0)γ

Total: 39 decay channels
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�b
’− → �b

−(�b
’−, �b

∗−)�

Total: 26 decay channels
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�b
− → �b

−(�b
∗−)�

Total: 13 decay channels
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Decay properties
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l The  radiative decays  of flavor �� P-wave baryons  into ground-state 
bottom baryons together with a photon 

l The  radiative decays  of flavor �� P-wave baryons  into ground-state 
bottom baryons together with a photon 

lWe propose to measure these electromagnetic transitions in the 
future Belle-II, BESIII, and LHCb experiments.

Summary
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