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Exotic states
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Ground light baryons
pGround light mesons and baryons
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盖尔曼-大久保质量: 质量公式预言：��=1670 MeV 
             实验： ��=1672.45±0.29 MeV



Low-lying baryons with JP=1/2-
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Ø Two poles of �(����)
Ø mass reverse problem
Ø Large couplings of N(1535) to ��,  ��
Ø Different lineshapes of �(����)
Ø Missing �(�/�−)

4

cusp? Dip? peak?

Belle:  PRD108 (2023) L031104PLB527(2002) 99 Belle, PRD103(2021)052005



Exotic structures of Hadrons 
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C.Z.Yuan, Nature Rev. Phys. 1 (2019) 480 The low-lying excited baryons with JP=1/2- have different 
explanations, such as compact pentaquark, or the molecular.  



Low-lying baryons
pmass reverse problem
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Review on Σ(1/2−), EWang, LSGeng, JJWu, 
JJXie, and BSZou, CPL41(2024)101401

Ø The mass of Λ(1405) has an s qurak, but its mass is smaller that the N(1535). 
Ø The radial excited N(1440) with �� = 1/2+ is smaller than the mass of the N(1535) (1/2-).

邹冰松老师报告



Exp. signals of �(����)
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�+� → �+�+�
Yu-Li Pan et al, PRD2, 449 (1970) 

�+� → �+�0pX
ZEUS PLB591 (2004) 7–22 COSY-Ju;ich PRL 96, 012002 (2006)



Low-lying baryons with JP=1/2-

• Pentaquark, S. L. Zhu, etc. High Energy Phys. Nucl. Phys. 29, 250(2005).
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Low-lying baryons with JP=1/2-

• Pentaquark, C. Helminen and D. O. Riska, NPA699, 624(2002).

9

PDG2001



Low-lying baryons with JP=1/2-

pChiral Lagrangian

Jido Oller Oset Ramos Meissner NPA725 (2003) 181
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�-production
p�� photoproduction, Roca-Oset, PRC 88, 055206 (2013)
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Oset-Ramos, NPA635 (1998)
PB,VB, Hosaka, PRD 85, 114020 (2012)
Oller-Meißner, Phys. Lett. B 500 (2001) 263



�(�/�−)-like structure
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p�� → ��+�+�−, Belle, PRL130, 151903 (2023)

12

Y. Y. Li, J. Song, E. Oset, W. H. Liang and R. Molina, 
Eur. Phys. J. C 85 (2025) no.9, 1086
J. He, Phys. Rev. C 112 (2025) no.1, 015205



Hadron-hadron scattering
p�−� → ��+�−， Wu-Dulat-Zou, PRD80(2009)017503
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J.J.Wu’s slide



Hadron-hadron scattering
• �� → ����, JJXie, JJWu, and BSZou, PRC90(2014)055204
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Σ(1385)

Σ(1380)



�/�-production
• �� → ��(����), Gao-Wu-Zou, PRC 81(2010) 055203
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Wang-NCWei-Huang, 2201.10778

LEPS2009

CLAS2014



Two poles of �(�/�−)

Are there two poles of �(�/�−) ？
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Charmed baryon decays
p�� → ���, J.J.Xie, L.S.Geng, EPJC76(2016) 496, PRD95(2017) 074024
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Belle and BESIII measurements
p�� → ���
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BESIII: PRD99, 032010 (2019) Belle: PRD103(2021)052005



Mechanism of �� → ���

20GYW-EW-Xie-Geng-Wei, PRD 106, 056001 (2022)



Analysis the Belle data
p�� → ��� , GYW-EW-Xie-Geng-Wei, PRD 106, 056001 (2022)
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By regarding the �(����) as the molecule, we could well 
reproduce the Belle data of the mass distributions. 



Dalitz plot of �� → ���
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Belle: 
PRD103(2021)052005



�(�/�−) in �� → ��� 
pIntermediate of �(�/�−)
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Lyu, Zhang, GYWang, JJWu, JJXie, 
LSGeng, Phys.Rev.D 110 (2024) 5, 
054020



The results with/without �(����) 

24
Lyu, Zhang, GYWang, JJWu, JJXie, LSGeng, 
Phys.Rev.D 110 (2024) 5, 054020



BESIII results
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BESIII: PRL134, 021901 (2025)



�(����)

26

Duan, Lyu, CWXiao, EW, JJXie, DYChen, Oset, PRD 111, 016004 (2025)



Results
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Duan, Lyu, CWXiao, EW, JJXie, DYChen, Oset, PRD 111, 016004 (2025)



BESIII MC data
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Lyu, Liu, JJWu, DMLi, EW, 2606.04690



Belle data
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Lyu, Liu, JJWu, DMLi, EW, 2606.04690



�� → ����+
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Li, Lyu, GYWang, LKLi, WCYan, EW, PRD 111, 054011 (2025)



Results
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��
+ → ����+

32BESII: PRD 109 (2024) 032003

Zhang, Lyu, GYWang, EW, Ma, CPL 43, 050203 (2026)



Excited baryons in Charmonium decays
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PLB753(2016)526 PRD98(2018)114017 

��� → ��� ��� → ���



Excited hyperons in Charmonium decays
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BESIII: PRD112(2025)112012
Lyu, Dai, Oset: 2603.16640 

BESIII: 2601.07617
Dai, Lyu, Oset: 2602.09136

BESIII: PRD106(2022)072006
Ikeno, Oset: 2606.10578



Excited hyperons in Charmonium decays
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• About 1 ab-1 integrated luminosity at STCF per year

• STCF shows superior statistics and purity compare to other experiments

• The physics sensitivity studies are based on, but not limited to, data 
samples of these size



Excited baryons in STCF
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M. Achasov, et al., STCF conceptual design report 
(Volume 1): Physics & detector, Front. Phys. 19(1), 
14701 (2024)

Rich physics potential beyond the 
CDR content



Summary
• The missing state �(�/�−) is crucial to undertand the baryon 

spectrum.
• We need more experimental measurements from STCF, BESIII 

and Belle II to learn about the excited hyperons.
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Thank you very much!


