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Exotic states
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Exotic mesons or baryons Tetraquark states Pentaquark states
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Hadrons 
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FKGuo, et.al, Mod. Phys. 90 (2018) 015004C.Z.Yuan, Nature Rev. Phys. 1 (2019) 480



Ground light baryons
pground 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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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)



Evidence of �(�/�−)
p�−� → ��+�−， Wu-Dulat-Zou, PRD80(2009)017503
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J.J.Wu’s slide



Search for �(�/�−)
Ø�� → ���, Xie-Geng, PRD95(2017) 074024
Ø�� → ��(�/�−), Lyu-EW-Xie-Wei, CPC47 (2023) 053108
Ø��� → ���,  EW-Xie-Oset, PLB753(2016)526 
Ø��� → ���, EW-Xie-Oset, PRD98(2018)114017
Ø�� → �+�+���−, Xie-Oset, Phys.Lett.B 792 (2019) 450
Ø�� → �(�/�−)�, Kim-Nam-Hosaka, PRD(2021)114017
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Low-lying baryons with JP=1/2-

pChiral Lagrangian
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At lowest order in momentum

Neglect the spatial components 
at low energies

Oset Ramos, 
NPA635(1998)99



Low-lying baryons with JP=1/2-
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I=1

I=0

Lippmann-Schwinger equations

On-shell approximations



Low-lying baryons with JP=1/2-

pBethe-Salpter Equation
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pole positions  and couplings

Jido Oller Oset Ramos Meissner
 NPA725 (2003) 181



�(�/�−) in the �� photoproduction
p�� photoproduction, Roca-Oset, PRC 88, 055206 (2013)
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Σ(1430)
p �� photoproduction, Roca-Oset, PRC 88, 055206 (2013)

• Oset-Ramos, NPA635 (1998) 99 [nucl-th/9711022].
• PB,VB, Hosaka, PRD 85, 114020 (2012)
• Oller-Meißner, Phys. Lett. B 500 (2001) 263 [hep-ph/0011146]

14



�(�/�−) in �� → ��� 
pJ.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 �� → ���

17GYW-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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EW, JJWu, to be prepared



The results with/without �(����) 

21EW, JJWu, to be prepared



Belle measurements
p�� → ��+�+�−, Belle, PRL130, 151903 (2023)
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Evidence of �(����)
p�� → ��+�+�−
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Dai-Pavao-Sakai-Oset, PRD 97, 116004 (2018) 
Xie-Oset, PLB 792, 450-453 (2019)



Evidence of �(����)
p�� → ��+�+�−
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Dai-Pavao-Sakai-Oset, PRD 97, 116004 (2018) 
Xie-Oset, PLB 792, 450-453 (2019)



Evidence of �(����)
p�� → ��+�+�−
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Evidence of �(����)
p�� → ��+�+�−, Lyu-GYW-EW-Xie-Geng, to prepare
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Results of �� → ��+�+�−
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Cusp signal of �(�/�−) around �� threshold!



Search for �(�/�−) in other processes
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�� → ��(�/�−)

PLB753(2016)526 PRD98(2018)114017 

��� → ��� ��� → ���

CPC47 (2023) 
053108



Two poles of �(�/�−)

Are there two poles of �(�/�−) ？
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Summary
ØBelle measurements of �� → ��� show some hints 

of the �(�/�−), and the more precise measurements 
could be used to test the existence of �(�/�−).
ØThe cusp structure around 1430 MeV in �� → ���� 

could be associated with the �(����).
ØSome processes could be used to search for �(�/

�−), such as ��� → ���, ��� → ���, �� → ��(�/�−). 
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Thank you very much!



Backup
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Low-lying baryons with JP=1/2-

• Pentaquark, S. L. Zhu, etc. High Energy Phys. Nucl. Phys. 29, 250(2005).

32



Low-lying baryons with JP=1/2-

• Pentaquark, C. Helminen and D. O. Riska, NPA699, 624(2002).
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PDG2001



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

LEPS2009

CLAS2014



Search for �(�/�−)
• �� → ��� , Xie-Geng, EPJC(2016) 76:496
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Search for �(�/�−)
• �� → ���, Xie-Geng, PRD95(2017) 074024
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Search for �(�/�−)
• �� → ���, Xie-Geng, PRD95(2017) 074024
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Belle and BESIII measurements
• �� → ���
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BESIII, PRD99, 032010 
(2019)

Belle, 
PRD103(2021)052005



Analysis the Belle data
• �� → ��� , GYW-EW-Xie-Geng-Wei, PRD 106, 056001 (2022)
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No signal of �(�/�−),  �(����) as the molecular state!



Other evidence of �(����)
• �−� → ���, 2210.10342, corresponding to 2004/2005 KLOE data
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Search for �(�/�−)
• ��� → ���, ���, EW-Xie-Oset, PLB753(2016)526, PRD98(2018)114017 
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Search for �(�/�−)
• ��� → ���, ���, EW-Xie-Oset, PLB753(2016)526, PRD98(2018)114017 
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Search for �(�/�−)
• �� → ��(�/�−), Lyu-EW-Xie-Wei, CPC47 (2023) 053108
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Search for �(�/�−)
• �� → ��(�/�−), Lyu-EW-Xie-Wei, CPC47 (2023) 053108
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