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1S、1P 、1D-wave（𝛌 −𝐦𝐨𝐝𝐞）charmed baryons.

Background

Rept.Prog.Phys. 86 (2023) 2, 026201
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https://iopscience.iop.org/article/10.1088/1361-6633/aca3b6


1D-wave（𝛌 −𝐦𝐨𝐝𝐞）bottom baryons.

Rept.Prog.Phys. 86 (2023) 2, 026201
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Background

https://iopscience.iop.org/article/10.1088/1361-6633/aca3b6


Belle ：reported 𝚺𝒄 𝟐𝟖𝟎𝟎 in 2005.

• Conventional baryon——1P λ-𝐦𝐨𝐝𝐞 𝚺𝑪assignments：

• Bound state——DN
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Background

Phys.Rev.Lett. 94 (2005) 122002 

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.94.122002


LHCb： 𝚵b(𝟔𝟑𝟐𝟕)
𝟎 and 𝚵b(𝟔𝟑𝟑𝟑)

𝟎

Critical issue: How can we identify them?

◆Mass:

M( Ξb(6327)
0)=6327.38−0.21

+0.23 ± 0.08 ±

0.24 MeV

M( Ξb(6333)
0)=6332.69−0.18

+0.17 ± 0.02 ±

0.22 MeV

◆Width:

Γ ( Ξb(6327)
0= 𝟎. 𝟗𝟑−𝟎.𝟔𝟎

+𝟎.𝟕𝟒MeV

Γ ( Ξb(6333)
0= 𝟎. 𝟐𝟓−𝟎.𝟐𝟓

+𝟎.𝟓𝟖MeV

◆Decay：

Ξb(6327)
0→ Σb

+K−

Ξb(6333)
0→ Σb

∗+K−

◆  Narrow

◆ Preliminarily   assigned as 𝜆-mode  1D Ξ𝑏 with   

𝐽𝑃= 3/2+, 5/2+.

In 2021，LHCb collaboration reported two narrow

resonances, Ξ𝑏(6327)
0 and Ξ𝑏(6333)

0 , in the

Λ𝑏
0𝐾−𝜋+ mass spectrum.
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Background

Phys.Rev.Lett. 128 (2022) 16, 162001

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.162001


Theory

Survey Study Explain Predict

◆Strong decays of the low-lying excited 𝚺𝒄 and 𝚵𝒃
(′)

are systematically 

studied with quark pair creation model .

Mass spectrum Strong decay Quantum number Missing states

Mass 
predictions

Strong decay 
properties

Candidates
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Theory

◆QPC  Model （ 𝟑𝐏𝟎 model ）：

➢ Strong decays take place via the creation of  𝒒ഥ𝒒 pair from the vacuum with quantum 

number 𝟎++.

➢ For baryon decays, one quark of the initial baryon A regroups with the created antiquark 

ഥ𝒒 to form a meson C, and the other two quarks regroup with the created quark 𝒒 to form

a daughter baryon B.
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𝑯𝒒ഥ𝒒 = 𝛾෍

𝑞

2𝑚𝑞න𝑑3𝑥𝜓𝑞𝜓𝑞

In the nonrelativistic limit, the transition operator under the  QPC model is given by

𝑇=-3𝛾 σm 1𝑚 1 − m 00 𝑑3𝒑4𝑑׬
3𝒑5 𝛿

3(𝒑4 + 𝒑5) × 𝒴1
𝑚(

𝒑4−𝒑5

2
)𝒳1−m

45 𝜙0
45𝜔0

45𝑎4𝑖
† (𝒑4)𝑏5𝑗

† (𝒑5)

The partial decay amplitude in the center of mass frame can be obtained：

Fitted by experiments，
determined  as 6.95

◆QPC  Model （ 𝟑𝐏𝟎 model ）：
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Partial decay width: Γ = 𝜋2
𝑃

𝑀𝐴

1

2𝐽𝐴 + 1
෍

𝑀𝐽𝐴,
𝑀𝐽𝐵

,𝑀𝐽𝐶

𝓜𝑴𝑱𝑨
𝑴𝑱𝑩

𝑴𝑱𝑪
2

𝐵𝐶 𝑇 𝐴 =𝛿3(𝑷𝐴−𝑷𝐵 − 𝑷𝐶)ℳ
𝑀𝐽𝐴

𝑀𝐽𝐵
𝑀𝐽𝐶

𝓜𝑴𝑱𝑨
𝑴𝑱𝑩

𝑴𝑱𝑪(A→ 𝐵 + 𝐶)=𝛾 8𝐸𝐴𝐸𝐵𝐸𝐶ς𝐴,𝐵,𝐶 𝜒𝑆𝐵𝑀𝑆𝐵

124 𝜒𝑆𝐶𝑀𝑆𝐶

35 𝜒𝑆𝐴𝑀𝑆𝐴

123 𝜒1−𝑚
45

𝜑𝐵
124𝜑𝐶

35 𝜑𝐴
123𝜑0

45 𝐼𝑀𝐿𝐵
,𝑀𝐿𝐶

𝑀𝐿𝐴
,𝑚

(p)

Theory



The effective low energy quark pseudoscalar-meson coupling 

in the SU(3) flavor basis at tree level is given by

𝜙𝑚 denotes the pseudoscalar meson octet

In the nonrelativistic limit, 

The partial decay amplitudes for B → B′M can be calculated by  𝐵𝐶
′ 𝐻𝑚

𝑛𝑟 𝐵𝐶 ：
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Partial decay width :

𝐻m =෍

𝑗

1

𝑓𝑚
ത𝜓𝑗𝛾𝜇

𝑗
𝛾5
𝑗
𝜓𝑗𝜕

𝜇𝜙𝑚

◆Chiral Quark Model：

Theory



Results

Decay properties of 1P λ-𝐦𝐨𝐝𝐞 𝚺𝑪

Based on the results of QPC model, it is suggested to search in the DN channel.

Different explanations of 𝚺𝑪(2800)
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Masses are taken from Nucl.Phys.B 990 (2023) 116183

https://linkinghub.elsevier.com/retrieve/pii/S0550321323001128


Results

Interpretations of 𝚵b(𝟔𝟑𝟐𝟕)
𝟎𝐚𝐧𝐝 𝚵b(𝟔𝟑𝟑𝟑)

𝟎

Comparison with ChQM and QPC Model

Other possibility：1P  𝟏/𝟐−, 𝟑/𝟐− Phys.Rev.D 105 (2022) 9, 094004

𝜩𝒃
′ 𝝅 and 𝜩𝒃

′∗𝝅 are interesting channels for searching 𝜩𝒃(𝟔𝟑𝟐𝟕)
𝟎 and 𝜩𝒃(𝟔𝟑𝟑𝟑)

𝟎.
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Masses of ρ-mode excitations are taken from  
Chin.Phys.C 46 (2022) 093102.

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.094004
https://iopscience.iop.org/article/10.1088/1674-1137/ac6dc6


Results

1D 𝝀 −mode  𝚺𝒄
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1D 𝝆 −mode  𝚺𝒄

v



Results

1D 𝝀 −mode  𝚵𝒃
′

12



Results

1D 𝝆 −mode  𝚵𝒃
′
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Summary
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◆Two body strong decays of low-lying 1P-, 1D-wave 𝚺𝐜 and 1D-wave 𝚵𝐛 /𝚵𝐛
′

excitations have been systematically investigated in the QPC model within

the j-j coupling scheme. Both 𝜆-mode and 𝜌-mode excitations are studied.

◆ 𝚵𝐛(𝟔𝟑𝟐𝟕)
𝟎 and 𝚵𝐛(𝟔𝟑𝟑𝟑)

𝟎 can be assigned as 1D λ-mode Ξ𝑏 states with

𝑱𝑷=𝟑/𝟐+ and 𝟓/𝟐+, respectively. 𝚵𝐛
′𝝅 and 𝚵𝐛

′∗𝝅 are interesting channels in

the forthcoming experiments.

◆ As for 𝚺𝐜(2800), we favor explaining it as 1P λ-mode 𝚺𝐜 state with 𝑱𝑷 = 𝟏/𝟐−.

Additionally, DN is another interesting channel for the observation.



Appendix
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