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Discovery of excited bottom baryons
State Mass(MeV) Width(MeV)

𝜮𝜮𝒃𝒃(𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟔)+ 6095.8±1.7±0.4 31±5.5±0.7

𝜮𝜮𝒃𝒃(𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟔)− 6098.0±1.7±0.5 28.9±4.2±0.9

𝜩𝜩𝒃𝒃(𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟔)− 6226.9±2.0±0.3±0.2 18.1±5.4±1.8

𝜴𝜴𝒃𝒃(𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟔)− 6315.64±0.31±0.07±0.50 <2.8

𝜴𝜴𝒃𝒃(𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟔)− 6330.03±0.28±0.07±0.50 <3.1

𝜴𝜴𝒃𝒃(𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟔)− 6339.71±0.26±0.05±0.50 <1.5

𝜴𝜴𝒃𝒃(𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟔)− 6349.88±0.35±0.05±0.50 𝟔𝟔.𝟔𝟔−𝟔𝟔.𝟖𝟖
+𝟔𝟔.𝟔𝟔 ±0.1

M(𝛬𝛬𝑏𝑏0𝜋𝜋+)-M(𝛬𝛬𝑏𝑏0) [MeV/c2]

𝜮𝜮𝒃𝒃(𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟔)+
𝜩𝜩𝒃𝒃(𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟔)−

𝜮𝜮𝒃𝒃(𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟔)−

𝜴𝜴𝒃𝒃(𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟔)−
𝜴𝜴𝒃𝒃(𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟔)−
𝜴𝜴𝒃𝒃(𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟔)−
𝜴𝜴𝒃𝒃(𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟔)−
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Based on heavy quark symmetry, the internal structure 
of a bottom baryon(b-q1 –q2 ) is :

λ-excitation

𝑱𝑱 = 𝑠𝑠𝑄𝑄 + 𝑠𝑠𝑞𝑞1 + 𝑠𝑠𝑞𝑞2 + 𝑙𝑙𝜌𝜌 + 𝑙𝑙𝜆𝜆
= 𝑠𝑠𝑄𝑄 + 𝑠𝑠𝑞𝑞1 + 𝑠𝑠𝑞𝑞2 + 𝑙𝑙𝜌𝜌 + 𝑙𝑙𝜆𝜆 𝒋𝒋𝒍𝒍
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Internal structure of bottom baryons

ρ-excitation

= 𝑠𝑠𝑄𝑄 + 𝑠𝑠𝑙𝑙 + 𝑙𝑙𝜌𝜌 + 𝑙𝑙𝜆𝜆 𝒋𝒋𝒍𝒍

𝑗𝑗𝑙𝑙 = 𝑠𝑠𝑙𝑙 ⊗ 𝑙𝑙𝜌𝜌 ⊗ 𝑙𝑙𝜆𝜆
𝑠𝑠𝑙𝑙 = 𝑠𝑠𝑞𝑞1 ⊗ 𝑠𝑠𝑞𝑞2



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

 color �𝟔𝟔𝑪𝑪 antisymmetric

 orbital 𝒍𝒍𝝆𝝆 �
0 symmetric
𝟔𝟔 antisymmetric

 spin 𝒔𝒔𝒒𝒒𝒒𝒒 = �
𝟔𝟔 symmetric
0 antisymmetric

 SU(3) flavor �
𝟔𝟔𝑭𝑭 symmetric
�𝟔𝟔𝑭𝑭 antisymmetric

Thus the wave function for baryons can be written as :
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𝟔𝟔𝒇𝒇 ⊗ �𝟔𝟔𝒇𝒇=𝟔𝟔𝑭𝑭⊕�𝟔𝟔𝑭𝑭

Categorization of p-wave bottom baryons



We defined the notation of the bottom baryon’s multiplet :
[F,𝒋𝒋𝒍𝒍,𝒔𝒔𝒍𝒍,ρ/λ]

P-wave bottom baryons : 𝒍𝒍ρ+𝒍𝒍λ=1
 color �𝟔𝟔𝑪𝑪 antisymmetric

 orbital 𝒍𝒍𝝆𝝆 �
𝟔𝟔 symmetric
𝟔𝟔 antisymmetric

 spin 𝒔𝒔𝒒𝒒𝒒𝒒 = �
𝟔𝟔 symmetric
0 antisymmetric

 SU(3) flavor �
𝟔𝟔𝑭𝑭 symmetric
�𝟔𝟔𝑭𝑭 antisymmetric

Λ𝑏𝑏1(1
2

−
, 3
2

−
)Ξ𝑏𝑏1(

1
2

−
, 3
2

−
) 

�3𝐹𝐹 𝐴𝐴
𝒔𝒔𝒒𝒒𝒒𝒒=0

𝑨𝑨𝒍𝒍ρ=0
𝑺𝑺

�3𝐶𝐶 𝐴𝐴

[�𝟔𝟔𝑭𝑭,1,0,λ]：

A S

𝑗𝑗𝑙𝑙 = 1, 𝑆𝑆𝑄𝑄 =
1
2： 𝐽𝐽𝑃𝑃 =

1
2

−
,

3
2

−
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Categorization of p-wave bottom baryons



P-wave bottom baryons : 𝒍𝒍ρ+𝒍𝒍λ=1
 color �𝟔𝟔𝑪𝑪 antisymmetric

 orbital 𝒍𝒍𝝆𝝆 �
𝟔𝟔 symmetric
𝟔𝟔 antisymmetric

 spin 𝒔𝒔𝒒𝒒𝒒𝒒 = �
𝟔𝟔 symmetric
0 antisymmetric

 SU(3) flavor �
𝟔𝟔𝑭𝑭 symmetric
�𝟔𝟔𝑭𝑭 antisymmetric

We defined the notation of the bottom 
baryons multiplet : [F,𝒋𝒋𝒍𝒍,𝒔𝒔𝒍𝒍,ρ/λ]
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Categorization of p-wave bottom baryons



P-wave bottom baryons : 𝒍𝒍ρ+𝒍𝒍λ=1
 color �𝟔𝟔𝑪𝑪 antisymmetric

 orbital 𝒍𝒍𝝆𝝆 �
𝟔𝟔 symmetric
𝟔𝟔 antisymmetric

 spin 𝒔𝒔𝒒𝒒𝒒𝒒 = �
𝟔𝟔 symmetric
0 antisymmetric

 SU(3) flavor �
𝟔𝟔𝑭𝑭 symmetric
�𝟔𝟔𝑭𝑭 antisymmetric

𝒍𝒍𝝆𝝆=0
𝒍𝒍𝝀𝝀=1
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2

−
, 3
2

−
)Ξ𝑏𝑏1(

1
2

−
, 3
2

−
)[�𝟔𝟔𝑭𝑭,1,0,λ]

𝑗𝑗𝑙𝑙=0:Σ𝑏𝑏0(1
2

−
)Ξ𝑐𝑐0′ (1

2

−
)Ω𝑏𝑏0(1

2

−
) [𝟔𝟔𝑭𝑭,0,1,λ]

𝑗𝑗𝑙𝑙=1:Σ𝑏𝑏1(1
2

−
, 3
2

−
)Ξ𝑏𝑏1′ (1

2

−
, 3
2

−
)Ω𝑏𝑏1(1

2

−
, 3
2

−
)[𝟔𝟔𝑭𝑭,1,1,λ]

𝑗𝑗𝑙𝑙=2: Σ𝑏𝑏2(3
2

−
, 5
2

−
)Ξ𝑏𝑏2′ (3

2

−
, 5
2

−
)Ω𝑏𝑏2(3

2

−
, 5
2

−
)[𝟔𝟔𝑭𝑭,2,1,λ]

𝒔𝒔𝒒𝒒𝒒𝒒=1, 𝟔𝟔𝑭𝑭

We defined the notation of the bottom 
baryons multiplet : [F,𝒋𝒋𝒍𝒍,𝒔𝒔𝒍𝒍,ρ/λ]
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Multiplet Baryon(𝑱𝑱𝑷𝑷)
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P-wave bottom baryons 
of SU(3) flavor 𝟔𝟔𝑭𝑭
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QCD sum rules and light-cone sum rules

 In QCD sum rules analysis, we considered two-point correlation function: 
𝜫𝜫 𝒒𝒒 = 𝐢𝐢 ∫ 𝐝𝐝𝟔𝟔𝐱𝐱𝐞𝐞𝐢𝐢𝐪𝐪𝐱𝐱 𝟔𝟔|𝐓𝐓𝛈𝛈 𝐱𝐱 �𝛈𝛈 𝟔𝟔 |𝟔𝟔 (1)

 In light-cone sum rules analysis, we considered three-point correlation function:
𝚷𝚷 𝒑𝒑,𝒌𝒌 = ∫𝐝𝐝𝟔𝟔𝒙𝒙𝐞𝐞𝐢𝐢𝒑𝒑𝒙𝒙 ∫𝐝𝐝𝟔𝟔𝒚𝒚𝐞𝐞𝐢𝐢𝒌𝒌𝒚𝒚 𝟔𝟔|𝐓𝐓𝛈𝛈𝟔𝟔 𝒙𝒙 𝛈𝛈𝟔𝟔 𝒚𝒚 �𝛈𝛈𝟔𝟔 𝟔𝟔 |𝟔𝟔 (2)

Further, the three-point correlation function can be rewrite as two-point correlation 
function：

𝚷𝚷 𝒑𝒑 = ∫𝒅𝒅𝟔𝟔𝒙𝒙𝒆𝒆−𝒊𝒊𝒑𝒑𝒙𝒙 𝟔𝟔|𝑻𝑻𝛈𝛈𝟔𝟔 𝒙𝒙 �𝛈𝛈𝟔𝟔 𝟔𝟔 |𝝆𝝆\𝑲𝑲∗ (3)
where η are the currents which can couple to hadronic states.
 In  sum rules, we can calculate two-point correlation function at quark gluon level 

and hadron level and perform quark-hadron duality

Quark gluon level(Operator Product Expansion)
Operator: quark-gluon condensates(QCD sum rules)

light-cone distribution amplitudes(Light-
cone sum rules)

Hadron level
Observables: mass, 
coupling constant

quark-hadron 
duality
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Mass spectra of p-wave bottom baryons

Experiment:



14

 For example, we studied the D-wave decay of the 𝜴𝜴𝒃𝒃
−(3/𝟔𝟔−) 

belonging to [𝟔𝟔𝑭𝑭,2,1,λ] into 𝜩𝜩𝒃𝒃𝟔𝟔 and 𝑲𝑲−.

Feynman diagram of decay of Ω𝑏𝑏−(3/2−) 

 At the hadron level, we wrote correlation function as

• The two-point correlation function can 
be wrote as

Phys. Rev. D 101 (2020) 11, 114013

Light-cone sum rules studies on the decay widths

(4)

(5)
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 At the quark-gluon level, we calculated Πα by the method of  operator product 
expansion(OPE) 

Light-cone sum rules studies on the decay widths

(6)
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We performed double Borel transformation for these two functions 

𝑔𝑔
Ω𝑏𝑏
− 3
2
−
→Ξ𝑏𝑏

0π−
𝐷𝐷 =

Light-cone sum rules studies on the decay widths

(7)



fun

 Lagrangian:
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Partial decay width

 The coupling constant 𝐠𝐠
𝛀𝛀𝐛𝐛
− 𝟔𝟔

𝟔𝟔

−
→𝚵𝚵𝐛𝐛

𝟔𝟔𝛑𝛑−
𝐃𝐃

as function of the Borel mass T 

Light-cone sum rules studies on the decay widths

(8)
0.20  0.26               0.31             0.37              0.42

Borel Mass [GeV]



We studied the S-wave and D-wave decays of P-wave 𝛀𝛀𝐛𝐛
− baryons

into ground-state bottom baryons with a pseudoscalar meson Kaon.

 S-wave( ->ground-state +pseudoscalar )  D-wave(-> ground-state +pseudoscalar )

Probable decay channels  
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 S-wave( ->ground-state+ vector  ->  ground-state + double pseudoscalar )

Probable decay channels  

We also investigated their S-wave decaying into ground-states with a
vector meson K*. Then, K* decays into double pseudouscalar mesons
pion and kaon.



20Total: 128 decay channels

Probable decay channels  

S-wave
D-wave

Ξ𝒃𝒃′ (𝟔𝟔/𝟔𝟔+)
Ξ𝒃𝒃∗ (𝟔𝟔/𝟔𝟔+) 6𝐹𝐹

Ξ𝒃𝒃(𝟔𝟔/𝟔𝟔+) �3𝐹𝐹

S-wave 

P-wave baryons ground-state

𝛀𝛀𝐛𝐛
−(𝟔𝟔/𝟔𝟔−)

𝛀𝛀𝐛𝐛
−(𝟔𝟔/𝟔𝟔−)
𝛀𝛀𝐛𝐛
−(𝟔𝟔/𝟔𝟔−) K

𝑲𝑲∗

𝛀𝛀𝐛𝐛
−

[𝛀𝛀𝐛𝐛
−,𝟔𝟔,𝟔𝟔,𝝆𝝆]

[𝛀𝛀𝐛𝐛
−,𝟔𝟔,𝟔𝟔,𝝀𝝀]

[𝛀𝛀𝐛𝐛
−,𝟔𝟔,𝟔𝟔,𝝀𝝀]

[𝛀𝛀𝐛𝐛
−,𝟔𝟔,𝟔𝟔,𝝀𝝀]

multiplets

𝚺𝚺𝐛𝐛(𝟔𝟔/𝟔𝟔+)
𝚺𝚺𝐛𝐛∗(𝟔𝟔/𝟔𝟔+)

6𝐹𝐹

𝚲𝚲𝐛𝐛(𝟔𝟔/𝟔𝟔+) �3𝐹𝐹

𝚺𝚺𝐛𝐛−(𝟔𝟔/𝟔𝟔−)
𝚺𝚺𝐛𝐛−(𝟔𝟔/𝟔𝟔−)
𝚺𝚺𝐛𝐛−(𝟔𝟔/𝟔𝟔−) π

ρ

𝚺𝚺𝐛𝐛−
[𝚺𝚺𝐛𝐛−,𝟔𝟔,𝟔𝟔,𝝆𝝆]
[𝚺𝚺𝐛𝐛−,𝟔𝟔,𝟔𝟔,𝝀𝝀]
[𝚺𝚺𝐛𝐛−,𝟔𝟔,𝟔𝟔,𝝀𝝀]
[𝚺𝚺𝐛𝐛−,𝟔𝟔,𝟔𝟔,𝝀𝝀]

𝚺𝚺𝐛𝐛(𝟔𝟔/𝟔𝟔+)
𝚵𝚵𝐛𝐛
′ (𝟔𝟔/𝟔𝟔+)

𝚺𝚺𝐛𝐛
∗ (𝟔𝟔/𝟔𝟔+)

𝚵𝚵𝐛𝐛∗(𝟔𝟔/𝟔𝟔+) 6𝐹𝐹

𝚲𝚲𝐛𝐛(𝟔𝟔/𝟔𝟔+)
𝚵𝚵𝐛𝐛(𝟔𝟔/𝟔𝟔+) �3𝐹𝐹

𝚵𝚵𝐛𝐛′ (𝟔𝟔/𝟔𝟔−)
𝚵𝚵𝐛𝐛′ (𝟔𝟔/𝟔𝟔−)
𝚵𝚵𝐛𝐛′ (𝟔𝟔/𝟔𝟔−) π/K

ρ/𝑲𝑲∗

𝜩𝜩𝒃𝒃′−
[𝜩𝜩𝒃𝒃′−,𝟔𝟔,𝟔𝟔,𝝆𝝆]
[𝜩𝜩𝒃𝒃′−,𝟔𝟔,𝟔𝟔,𝝀𝝀]
[𝜩𝜩𝒃𝒃′−,𝟔𝟔,𝟔𝟔,𝝀𝝀]
[𝜩𝜩𝒃𝒃′−,𝟔𝟔,𝟔𝟔,𝝀𝝀]

32 decay channels

32 decay channels

64 decay channels

S-wave
D-wave

S-wave 

S-wave
D-wave

S-wave 
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 P-wave bottom baryons belonging to the [𝟔𝟔𝑭𝑭,2,1,λ] doublet decay into 
ground-state baryons accompanied by a pseudoscalar or vector mesons

[𝟔𝟔𝑭𝑭,2,1,𝝀𝝀]



22

 Partial and total decay widths of P-wave bottom baryons belong to the 
[𝟔𝟔𝑭𝑭,1,0,ρ]、[𝟔𝟔𝑭𝑭,0,1,λ] respectively

[𝟔𝟔𝑭𝑭,1,0,ρ]

[𝟔𝟔𝑭𝑭,0,1,λ]

Results
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 P-wave bottom baryons belonging to the [𝟔𝟔𝑭𝑭,1,1,λ] doublet decay into 
ground-state baryons accompanied by a pseudoscalar or vector mesons

[𝟔𝟔𝑭𝑭,1,1,λ]
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Summary

We categorized the P-wave bottom baryons of the SU(3) flavor 
𝟔𝟔𝑭𝑭 into  four multiplets: [𝟔𝟔𝑭𝑭,1,0,ρ], [𝟔𝟔𝑭𝑭,0,1,λ], [𝟔𝟔𝑭𝑭,1,1,λ] and 
[𝟔𝟔𝑭𝑭,2,1,λ]

We studied the mass spectra and decay properties of P-wave 
bottom baryons using the method of QCD sum rules and light-
cone sum rules within the framework of HQET

 Σ𝒃𝒃(𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟔)± → P-wave Σ𝒃𝒃 baryon ∈ [𝟔𝟔𝑭𝑭,2,1,λ], 𝑱𝑱𝑷𝑷=𝟔𝟔/𝟔𝟔−
 Ξ𝒃𝒃(𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟔)− → P-wave Ξ𝒃𝒃′ baryon ∈ [𝟔𝟔𝑭𝑭,2,1,λ], 𝑱𝑱𝑷𝑷=𝟔𝟔/𝟔𝟔−
 Ω𝒃𝒃(𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟔)− → P-wave Ω𝒃𝒃 baryon ∈ [𝟔𝟔𝑭𝑭,𝟔𝟔,𝟔𝟔, 𝝀𝝀], 𝑱𝑱𝑷𝑷=𝟔𝟔/𝟔𝟔−
 Ω𝒃𝒃(𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟔)− → P-wave Ω𝒃𝒃 baryon ∈ [𝟔𝟔𝑭𝑭,𝟔𝟔,𝟔𝟔, 𝝀𝝀], 𝑱𝑱𝑷𝑷=𝟔𝟔/𝟔𝟔−
 Ω𝒃𝒃(𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟔)− → P-wave Ω𝒃𝒃 baryon ∈ [𝟔𝟔𝑭𝑭,𝟔𝟔,𝟔𝟔, 𝝀𝝀], 𝑱𝑱𝑷𝑷=𝟔𝟔/𝟔𝟔−
 Ω𝒃𝒃(𝟔𝟔𝟔𝟔𝟔𝟔𝟔𝟔)− → P-wave Ω𝒃𝒃 baryon ∈ [𝟔𝟔𝑭𝑭,𝟔𝟔,𝟔𝟔, ρ], 𝑱𝑱𝑷𝑷=𝟔𝟔/𝟔𝟔−or 𝟔𝟔/𝟔𝟔−
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