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Quark model and Exotic hadrons

Ø Quark Model: 𝑞𝑞, mesons and 𝑞𝑞𝑞 baryons
Ø Exotic Hadrons: most of which containing

heavy quarks, especially the charm.
Ø Light hadrons are also exciting: excited

nucleon 𝑁∗ , hybrid meson (𝜋0, 𝜂0 ), glueball,
multiquark (Λ 1405 , 𝜴(𝟐𝟎𝟏𝟐))…

𝜴 𝟏𝟔𝟕𝟑 :∗∗∗∗

𝜴 𝟐𝟎𝟏𝟐 :∗∗∗	

𝜴 𝟐𝟐𝟓𝟎 :∗∗∗	

𝜴 𝟐𝟑𝟖𝟎 :∗∗		

𝜴 𝟐𝟒𝟕𝟎 :∗∗		
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𝜴 family: Poorly understood!



Observation and confirmations of 𝛀(𝟐𝟎𝟏𝟐):

PLB860(2025)139224PRL121(2018)052003;
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The 𝛀(𝟐𝟎𝟏𝟐) state was first observed by Belle in 2018 in the decay 

modes 𝛀∗ → 𝚵𝟎𝑲@, 𝚵@𝑲𝑺
𝟎! It is confirmed recently in the three-body 

decay 𝛀∗ → 𝜩 𝟏𝟓𝟑𝟎 𝑲C → 𝜩𝝅𝑲C .

No three-body decay was found:

Based on a more accurate model!
PRD100(2019) 032006 

Belle

Belle



Observation and confirmations of 𝛀(𝟐𝟎𝟏𝟐):

PRL134(2025)131903
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ALICE and BESIII Collaborations confirmed the existence
of the 𝛀(𝟐𝟎𝟏𝟐) state in 2025!

ALICE

BESIII

PRD112(2025) 092002 



𝛀(𝟐𝟎𝟏𝟐)
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J. J. Xie, L. S. Geng, CPL41(2024)081402
PDG:

𝑴 = 𝟐𝟎𝟏𝟐. 𝟓 ± 𝟎. 𝟔	𝐌𝐞𝐕

𝚪 = 𝟔. 𝟒@𝟐.𝟔P𝟑.𝟎	𝐌𝐞𝐕

16 MeV below the 𝜩 𝟏𝟓𝟑𝟎 𝑲C mass threshold



Theoretical interpretations of 𝛀(𝟐𝟎𝟏𝟐):

PRD98(2018)056013;98(2018)0
76012;101(2020)094016;102(20
20)074025;106(2022)034022;11
3(2026)036014;CPL41(2024)081
402…

PRD98(2018)014031;101(2020)016
002;105(2022)094006;107(2023)0
34015;110(2024)034007;CPC46(20
22)103102;47(2023)063104…
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Excited 𝒔𝒔𝒔 baryon 𝜩 𝟏𝟓𝟑𝟎 𝑲C molecule

𝑱𝑷 = 𝟑/𝟐@

𝜩𝑲C decay mode is dominant.
Three-body 𝜩𝝅𝑲C decay mode
is strongly suppressed!

The 𝜩𝝅𝑲C mode is important
in the molecular picture!



Mass sum rule for the 𝚵 𝟏𝟓𝟑𝟎 𝑲molecule
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It can couple to both negative and positive-parity states:

We construct the 𝚵 𝟏𝟓𝟑𝟎 𝑲 molecular pentaquark current with

𝑱𝑷 = 𝟑/𝟐@	:

Isoscalar 𝐈 = 𝟎:
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Parity projected sum rules:
The two-point correlation function:

So the spectral functions with definite parities are:

Positive-parity

Negative-parity
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Parity projected sum rules:
The parity projected sum rules were obtained as:

Hadron mass:

Coupling constant:



The OPE series are calculated up to dim-13:
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The IR safety can be guaranteed by

using the following propagator:
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Factorization violation: 𝒒C𝒒C𝒒𝒒 = 𝜿 𝒒𝒒C 𝟐

Positivity of spectral function

Mass sum rule for 𝚵 𝟏𝟓𝟑𝟎 𝑲

Borel Widow
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Mass sum rule for 𝚵 𝟏𝟓𝟑𝟎 𝑲

𝒔𝟎 = 𝟓. 𝟕𝟑 GeV𝟐
Agree with the mass of Ω(2012).
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Two-body strong decays: 𝛀∗ → 𝚵𝟎𝑲@, 𝚵@𝑲C𝟎

QCD sum rules for hadron decay

Ø Three-point correlation function

Inserting complete set of intermediate hadronic states: 

transition matrix element
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Effective Lagrangian

transition matrix element

Keep the 𝒑z𝟏𝜸𝝁𝜸𝟓 structure:
Coupling constant



The OPE series are calculated up to dim-10:
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Decay width:
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Sum rules for the coupling constant: 𝚵@𝑲C𝟎channel

Coupling constant and decay width are:

𝒈𝛀∗𝚵�𝑲C𝟎 = −𝟏. 𝟖𝟓@𝟎.𝟔𝟗P𝟎.𝟖𝟕	GeV@𝟐

𝚪 𝛀∗ → 𝚵@𝑲C𝟎 = 𝟎. 𝟒𝟒@𝟎.𝟐𝟏P𝟎.𝟓𝟏	𝐌𝐞𝐕

𝒔𝟎 = 𝟓. 𝟕𝟑	GeV𝟐
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Total	decay	width	of	the	𝚵 𝟏𝟓𝟑𝟎 𝑲	molecule	:

𝚪 𝛀∗ → 𝚵𝑲C = 𝟎. 𝟗𝟔@𝟎.𝟒𝟏P𝟎.𝟕𝟗	𝐌𝐞𝐕

For the 𝚵𝟎𝑲@ channel: isospin breaking only from the mass splitting

𝒈𝛀∗𝚵𝟎𝑲� = 𝟏. 𝟖𝟖@𝟎.𝟕𝟎P𝟎.𝟖𝟖	GeV@𝟐

𝚪 𝛀∗ → 𝚵𝟎𝑲@ = 𝟎. 𝟓𝟐@𝟎.𝟑𝟏P𝟎.𝟔𝟎	𝐌𝐞𝐕

PRL121(2018)052003

Belle’s result:



Summary
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Ø The observation of 𝛀(𝟐𝟎𝟏𝟐) has inspired lots of theoretical

investigations on its inner structure and quantum numbers.

Ø We calculate its mass and two-body decays 𝛀∗ → 𝚵𝟎𝑲@, 𝚵@𝑲C𝟎 by

considering Ω(2012) as a 𝜩 𝟏𝟓𝟑𝟎 𝐊 molecular state, based on

the two-point and three-point QCD sum rules. Our results of the

hadron mass, decay width and relative branching ration are

consistent with the experimental results.

Ø Theoretical calculations of the three-body decay 𝛀∗ → 𝜩 𝟏𝟓𝟑𝟎 𝑲C →

𝜩𝝅𝑲C is useful for further investigation.



历史沿革编委会充分发挥学术引领作用，指导编辑部工作A World-leading Multidisciplinary Academic Journal

Ø 全球135种综合类SCI期刊第6位 （Q1区，前5%）

Ø JCR综合类期刊Q1区，影响因子21.1

Ø 中国科学院文献情报中心期刊分区表Q1区TOP期刊

Ø 中国科技期刊卓越行动计划领军期刊

p Article, Short Communication, Review, Perspective,
News & Views, Research Highlight, etc.

p Indexed by SCI, Scopus, Medline, EI, etc.
p 每月出版2期，年出版量~650篇

●物理学与天文学 ●化学与能源科学 ●生命科学

●医学科学 ●材料科学与工程 ●地球与环境科学

主管：中国科学院│主办：中国科学院 & 国家自然科学基金委员会│出版：《中国科学》杂志社 & Elsevier

影响因子

21.1

CiteScore

20.3



曾报道过许多重要成果，如《结晶牛胰岛素的全合

成》《水稻的雄性不孕性》和有关哥德巴赫猜想的研究

等。其中1977年发表的《一种新型的倍半萜内酯——青

蒿素》一文，是2015年诺贝尔生理学或医学奖获得者屠

呦呦等人重要发现的首次记录。

《科学通报》——聚合中文科学与科普的高端、综合类期刊

http://csb.scichina.com

Ø 1950年创刊，旬刊，每月出版3期

Ø 栏目：评述、论文、快讯、观点、 亮点述评、悦读科学、科学访谈、科技前沿

Ø 收录： ESCI、EI、Scopus、中国科学引文数据库

Ø 中国科技期刊卓越行动计划领军期刊

Ø 《中国科学院文献情报中心期刊分区表》1区TOP期刊

物理学与天文学 化学与能源科学 地球与环境科学

生命科学 医学科学 材料科学与工程

科学家交流的平台 │ 国际科学研究的展台 │ 向世界展示的窗口 │ 中文期刊的旗舰

Impact Factor 

1.2
CiteScore

2.5
Ø 报道范围




