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Belle: �+�− → �/���
pIn 2016, Belle has observed a ��� ����  in �+�− → �/���, and its signal 

is described by the BW amplitude.

ØThe ��� = �++ hypothesis is favored over the �++ at the level of 2.5�.
ØThe lineshape of resonance can not be described by BW near the threshold.
ØLarge uncertainties of the experimental data. 
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Belle: PRD95(2017)112003

PDG2018



Amplitude squared 
pTheometical model
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No significant signal around 3860MeV!!!



Belle&BABAR: �� → ��
pFKGuo-Meissner, PRD86(2012)091501
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X(3915)



Belle&BABAR: �� → ��
pAnalysis without X(3860)
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Belle&BABAR: �� → ��
pTheoretical model
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No significant 
signal around 
3840MeV!!!



Prediction of ��� �� 
Ø3.92 GeV, Godfrey-Isgur, PRD32(1985)189

Ø3852 MeV(NR,LP), 3916MeV(GI), Barnes-Godfrey-Swason, 
PRD72(2005)054026

Ø3842 MeV, screening potentials, BQLi-KTChao, PRD79(2009)094004 
Ø3869 MeV (LP), 3848MeV(SP), new paras,WJDeng-Gui-

Zhong,PRD95(2017)034026

ØNarrow width~20 MeV: Gui-Lv-Zhong-Zhao, PRD98(2019)016010, Barnes-
PRD72(2005)054026，Xiang Liu PRD101(2020)054029
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��� ����  still needs to be confirmed 
by more  experiments.



LHCb: �+ → �+�−�
ØNo evidence of the ��� ����  in the �+ → �+�−�
• LHCb,PRD102(2020)112003,PRL125(2020)242001

ØA large strength of observed at the �� threshold.
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PDG2024



Hadron-harond threshold
• X(3872) ~��∗

• ���        ~��∗
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Prediction of �� state X(3700)
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p��, 0++

Ø 3700-3730 MeV Nieves, PRD86(2012) 056004, PRD87(2013)076006

Ø 3720-3730MeV,Gamermann-Oset, PRD76(2007)074016, EPJA41(2009)85

Ø B=4 MeV, LQCD, JHEP06(2021)035

Ø 3734MeV, Dong-Guo-Zou, Progr.Phys.4(2021)45

Ø 3739MeV, PPShi, ZHZhang-FKGuo-ZYang, PRD105(2022) 034024

Ø 3.73GeV HXChen, PRD105(2022)094003

Ø ~3730MeV, FZPeng-MJYan-Pavon, PRD108(2023)114001 

Ø 3700~3730MeV, PNShen-BSZou, PRD74(2006)014013(2006)



Search for the �� bound state
Ø� → ���, Dai-Xie-Oset, EPJC76(2016)121

Ø� ���� → �� ���� → ���′, CWXiao-Oset, EPJA49(2013)52

Ø� ���� → �� ���� → ���′ , CWXiao-Oset, EPJA49(2013)52

Ø�+�− → �/�� ���� → �/���′, CWXiao-Oset, EPJA49(2013)52

Ø�� → ��� , EWang-Xie-DMLi，PRD103(2021)114013

Ø�− → �−��� , Li-Liu-Wang-Wei(PRD109(2024)094014), Xie-Liu-Geng, 
PRD107(2023)016003

Ø�+ → �+��, Brandao-Song-Oset, PRD108 (2023)  054004

Ø�+�− → �/���, �� → ��
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Mechanism for �+�− → �/���
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pFormalism



Results for �+�− → �/���
pResults with � =− �. �

• Near-threshold enhancement
• Peak around 3720~MeV
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X(3915)



Results for �+�− → �/���

• The Belle data could be well described by considering the 
dynamically generated �� bound state in the process �+�− →
�/� ��.
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� =− �. � � =− �. �

pResults with different values of �
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Mechanism for �� → ��
pTree diagram+ FSI
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Results for �� → �� 
pFit to Belle Data
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Results for �� → �� 
pFit to BaBar Data
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Fit C-Both Belle and BABAR
pFit to Belle and BaBar data
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Mechanism for �� → ���
pFormalism
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Results for �� → ���
p� �+�− = 3739 MeV, � �0�0 = 3730 MeV

The enhancement near the �0�0 threshold is more significant. 

25



LHCb data of �� → ���
pLHCb measurements
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LHCb: JHEP07(2024)140
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Mechanism for �−  → �−���

pFormalism
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Mechanism for �−  → �−���
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pFinal state interactions



Results for �−  → �−���

pInvariant mass distribution
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Ø JMXie-Mzliu-LSGeng, Phys.Rev.D 107 (2023) 1, 016003
Ø Belle: JHEP06(2015)132, 772 × 106 �� pairs at � �� 
Ø Belle II: 50ab-1



Study of �+  → �+��
p2307.05351, Brandao, J. Song, Abreu, Oset
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BESIII Data for � ���� → �� ���� 
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The photon energies are about 30~40 
MeV for M(eta eta’)=3720 MeV。

BESIII: PRD108 (2023) 052012



Summary
pThe �� bound state was predicted in many theoretical works.
pThe present experimental data of �+�− → �/��� and �� → �� 

support the existentce of the DD state.
pSome processes are proposed to search for DD state
Ø�� → ���
Ø�−  → �−���

Ø�+  → �+��
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Thanks for your attention!


