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 Since the quarks are fermions, the state function must be antisymmetric under 
interchange of any two equal-mass quarks (up and down quarks in the limit of 
isospin symmetry). Thus it can be written as

SU(3) and SU(4) multiplets
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 Since the quarks are fermions, the state function must be antisymmetric under 
interchange of any two equal-mass quarks (up and down quarks in the limit of 
isospin symmetry). Thus it can be written as

The “ordinary” baryons are made up of u, d, and s quarks. The three flavors imply 
an approximate flavor SU(3). Baryons belong to

For flavor SU(4)

SU(3) and SU(4) multiplets
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SU(4) multiplets of baryons made of u, d, s, and c quarks. (a) The 20-plet with an 
SU(3) octet. (b) The 20-plet with an SU(3) decuplet.

SU(3) and SU(4) multiplets
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SU(4) multiplets of baryons made of u, d, s, and c quarks. (a) The 20-plet with an 
SU(3) octet. (b) The 20-plet with an SU(3) decuplet.

SU(3) multiplets of charmed baryons. 

SU(3) and SU(4) multiplets

PDG. 2018
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SU(4) multiplets of baryons made of u, d, s, and c quarks. (a) The 20-plet with an 
SU(3) octet. (b) The 20-plet with an SU(3) decuplet.

SU(3) multiplets of bottom baryons. 

SU(3) and SU(4) multiplets

PDG. 2018
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 (a)The 24 known charmed baryons, and (b) the 9 known bottom baryons

Charmed and bottom baryons

PDG. 2018
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 The internal structure of heavy baryons is complicated and interesting: 

Categorization of P-wave bottom baryons

𝑱 = 𝑠𝑄 + 𝑠𝑞1 + 𝑠𝑞2 + 𝑙𝜌 + 𝑙𝜆

= 𝑠𝑄 + 𝑠𝑞1 + 𝑠𝑞2 + 𝑙𝜌 + 𝑙𝜆 𝒋𝒍

λ-excitation and ρ-excitation

heavy baryon (Q-q1-q2):
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

Categorization of P-wave bottom baryons
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

Categorization of P-wave bottom baryons

color space spin flavor configuration
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

Categorization of P-wave bottom baryons
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LHCb results

 Recently, the LHCb Collaboration reported their discoveries of two new excited 

bottom baryons: Ξ𝑏(6227)
− in both Λ𝑏

0𝐾− and Ξ𝑏
0𝜋− invariant spectrum, 

Σ𝑏(6097)
± in Λ𝑏

0𝜋± invariant spectrum
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LHCb results

 Recently, the LHCb Collaboration reported their discoveries of two new excited 

bottom baryons: Ξ𝑏(6227)
− in both Λ𝑏

0𝐾− and Ξ𝑏
0𝜋− invariant spectrum, 

Σ𝑏(6097)
± in Λ𝑏

0𝜋± invariant spectrum

The following branching ratio was measured to be PRL 121, 072002 (2018)

PRL 122, 012001 (2019)

17



LHCb results

 Very recently, the LHCb Collaboration further discovered four excited Ω𝑏 states

simultaneously in the Ξ𝑏
0𝐾− invariant spectrum: PRL 124, 082002 (2020)

Zhang L-M’s lecture
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Structure of P-wave bottom baryons

At first we should update our previous QCD sum rule analyses about the mass

spectrum of P-wave bottom baryons.

PRD 92, 114007 (2015)
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QCD sum rules

We can construct various interpolating currents to reflect the internal 
structure of heavy baryons by using the method of 

QCD sum rules within 

heavy quark effective theory (HQET)
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QCD sum rules

We can construct various interpolating currents to reflect the internal 
structure of heavy baryons by using the method of 

QCD sum rules within 

heavy quark effective theory (HQET)

SVZ sum rules for spectrum

light-cone sum rules for decay properties

22



SVZ sum rules

In sum rule analyses, we consider two-point correlation functions:

where η is the current which can couple to hadronic states.
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SVZ sum rules

In sum rule analyses, we consider two-point correlation functions:

where η is the current which can couple to hadronic states.

In QCD sum rule, we can calculate these matrix elements from QCD (OPE) and 
relate them to observables by using dispersion relation.
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SVZ sum rules

Quark and Gluon Level

Hadron Level

dispersion relation

ρ

s0 M s0

Quark-Hadron Duality

s = -q2

(Convergence of OPE)

(Sufficient amount of Pole contribution)

(Positivity)

SVZ sum rule (Shifman 1979)

(for baryon case)

Π𝑝ℎ𝑦𝑠 𝑞2 = 𝑓𝑃
2
𝑞 +𝑀

𝑞2 −𝑀2
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Light-cone sum rules

 The method of light-cone sum rules is a fruitful hybrid of the SVZ technique and 
the  theory of hard exclusive processes, whose basic idea is to expand the three-
point correlation function in terms of distribution amplitudes near the light-cone:

where 𝜑𝜋(𝑢, 𝜇) is the pion light-cone distribution amplitude of twist 2.
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Light-cone sum rules

 The pion light-cone distribution amplitudes:

Ball P., et al. PRD. 1998; Ball P., et al. NPB. 1998; Ball P., et al. NPB. 1999;
Ball P., et al. PRD. 2005; Ball P., et al. JHEP. 2007; Ball P., et al. JHEP. 2007.
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At first we should update our previous QCD sum rule analyses about the mass

spectrum of P-wave bottom baryons.

PRD 92, 114007 (2015)

Mass spectrum of P-wave bottom baryons
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Mass spectrum of P-wave bottom baryons

 The interpolating field of configuration 6𝐹 , 1,0, 𝜌

At the hadronic level, the two-point correlation function can be written as

At the quark-gluon level, the two-point correlation function can be calculated by

the method of Operator Product Expansion (OPE).

 The mass of the bottom baryon can be written as:
PRD 92, 114007 (2015)

30



Mass spectrum of P-wave bottom baryons
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S-wave decay properties

We investigated the following decay channel
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S-wave decay properties

We calculate the S-wave decay of the Σ𝑏
−(1/2−) belonging to 6𝐹 , 1,0, 𝜌 into 

Σ𝑏
0(1/2+)𝜋−(0−) to introduce the application of light-cone sum rules. At first

we consider the three-point correlation function:

At the hadronic level, we can rewrite the correlation function by using double  

dispersion relation: 
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S-wave decay properties

At the quark-gluon level, we calculate the correlation function using the method 
of OPE to expand in terms of light-cone distribution amplitudes

After Wick rotations and double Borel transformation we obtain

34



S-wave decay properties

 The S-wave decay properties of P-wave bottom baryons are summarized below 
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S-wave decay properties

 The S-wave decay properties of P-wave bottom baryons are summarized below 

Too large to 
interpret the 

newly 
observed 

exited bottom 
baryons
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D-wave decay properties

We investigated the following decay channel
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D-wave decay properties
 The D-wave decay properties of P-wave bottom baryons are summarized below

We also show the stability of coupling constant as a function of  Borel Mass T
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Summary and discussions

 The masses and decay widths of the Σ𝑏(3/2
−) and Ξ𝑏

′ (3/2−) belonging to 
𝟔𝑭, 𝟐, 𝟏, 𝝀 are extracted to be

Their non-vanishing decay channels are extracted to be

Theo Exp

Theo
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 The internal structures of Ξ𝑏(6227)
− and Σ𝑏(6097)

± are estimated to be

λ-excitation and 𝟔𝑭, 𝟐, 𝟏, 𝝀

Summary and discussions
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Summary and discussions

 Especially the branching ratio is extracted to be

 Furthermore we predict the mass and decay width of Ω𝑏(3/2
−)

Moreover the differences within the same doublet are extracted to be

Theo Exp

Theo

Theo
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 For Ω𝑏 of 𝟔𝑭, 𝟐, 𝟏, 𝝀 multiplate

Summary and discussions

Theo (origin) Exp

PRD 99, 094021 (2019) PRL 124, 082002 (2020)
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We update our calculations and try to explain the newly observed Ω𝑏 states

Summary and discussions

Mass spectrum

EPJC 80(3):256 (2020)
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We update our calculations and try to explain the newly observed Ω𝑏 states

Summary and discussions

Decay properties

EPJC 80(3):256 (2020)
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 Our results suggest that: 

Summary and discussions

Ω𝑏  1 2
−
, Ω𝑏  3 2

−
∈ 𝟔𝑭, 𝟏, 𝟎, 𝝆 Ω𝑏(6316)

−

Ω𝑏  1 2
−

∈ 𝟔𝑭, 𝟎, 𝟏, 𝝀
Ω𝑏  1 2

−
, Ω𝑏  3 2

−
∈ 𝟔𝑭, 𝟏, 𝟏, 𝝀 Ω𝑏 6330 −, Ω𝑏 6340 −

Ω𝑏  3 2
−
, Ω𝑏  5 2

−
∈ 𝟔𝑭, 𝟐, 𝟏, 𝝀 Ω𝑏 6350 −
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 (a)The 24 known charmed baryons, and (b) the (9+6) known bottom baryons

Summary and discussions

PDG. 2018
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We have also studied their S-wave decays into ground-state bottom baryons
accompanied by vector mesons (𝜌 or 𝐾∗).

 28 possible decay channels are calculated for each P-wave bottom baryon
mutiplet of flavor 6𝐹: 6𝐹 , 1,0, 𝜌 , 6𝐹 , 0,1, 𝜆 , 6𝐹 , 1,1, 𝜆 and 6𝐹 , 2,1, 𝜆 .

We suggest the LHCb and Belle/Belle-II experiments to search for the Ξ𝑏(5/2
−),

which is the 𝐽𝑃 = 5/2− partner state of the Ξ𝑏(6227)
− in the decay channel of

Ξ𝑏(5/2
−) → Ξ𝑏

∗ (3/2+)𝜌 → Ξ𝑏
∗ (3/2+)𝜋𝜋.

Summary and discussions

EPJC 80(2):80 (2020)
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Thanks for 
your attention!

谢谢
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