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Motivation-Scalar mesons
ØMasses puzzle: �� ��� /�� ��� , � ��� , �� ���  
Ø�� ��� /�� ��� :  ��, tetraquark,  hadronic molecules
Ø�� ���� ,  �� ���� ,  �� ���� 
Ø�� ���� : glueball,   ��,  �∗�∗ 
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PDG: Tentative classification

Y. Chen，PRD73(2006)014516



VV interaction from hidden-gauge lagrangians

pThe hidden-gauge Lagrangian Geng-Oset, PRD79(2009)074009
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Bethe-Salpeter equation
pTransition amplitude T 

pOn-shell factorization

V        +          VGV           +                VGVGV            +   …  =         T



Free parameter
pLoop function

pSubtraction constants in dimensional regularization (DR)

pcutoff values in cutoff method
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Since we work with hadronic phenomena, one often uses a cutoff value 
of  about 1 GeV to guide calculations in DR method.



Dynamically generated state
ØTo identify resonances, one goes to the complex plane to 

look for poles. 
ØAround the pole position, the amplitude can be 

approximated by
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Max[|T|2]

Max[|T|2]
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Dynamically generated states
Østrangeness=0, isospin=0, and spin=2 

Østrangeness=0, isospin=0, and spin=0
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pole position (no two p’s) real axis (with two p’s)

f2(1270) (1275, 2) (1276, 97)

f’2(1525) (1525, 6) (1525, 45)

Two subtraction constants slightly tuned to reproduce exactly the 
masses!

pole position (no two p’s) real axis (two p’s)

f0(1370) (1512, 51) (1523, 257)

f0(1710) (1726, 28) (1721, 133)

No tuning of the parameters, their positions are fixed by those of the f2 states!



Dynamically generated states
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Notation: (mass, width) in MeV



Effects of PP coupled channels
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Other predictions for a0(1710)
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�� ���� 

pBaBar: �� → ��+�−
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BaBar: PRD104(2021)072002

Liang-Xie-Oset PLB766 (2017) 59



BESIII measurements
p��

+ → ��
���

��+
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BESIII: PRD105 (2022) 5, L051103



BESIII measurements
p��

+ → ��
��+��
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BESIII: PRL129, 182001

Too close to the boundary region!!!



VV interactions
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�� ���� 

p�� ���� & � ����  �/� → ��� 
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D.Guo, PRD105(2022)114014

BESIII:  Phys.Rev.Lett. 96 (2006) 
162002, PRD87(2013)032008

A. Martinze, PLB719 (2013) 
388

�0 1710 → ��



Other studies
pMolecule
ØZ.Y. Wang, Y.W. Peng, J.Y Yi, W.C. Luo, C. W. Xiao, PRD107 (2023) 1116018
ØOset-Dai-Geng,  EPJC82 (2022) 3, 225,Sci.Bull. 68 (2023) 243
pFour quark in MIT model
ØN.N. Achasov, 2306.04478
pSearch for a0(1710)
ØAbreu-Wang-Oset, Eur.Phys.J.C 83 (2023) 3, 243
ØEwang-JJXie-LSGeng, PRD108(2023)114004
ØXiao-Yun Wang,Hui-Fang Zhou, Xiang Liu, 2306.12815
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 �� → ���+�−



Mechanism of the ��
+ → ��

���
��+

pWeakly decay
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Mechanism of the ��
+ → ��

���
��+

pWeakly decay+Hadronization
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Mechanism of the ��
+ → ��

���
��+

pFinal state interaction
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Mechanism of the ��
+ → ��

���
��+

pG function
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Mechanism of the ��
+ → ��

���
��+

pThe contribution of �∗
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Results
p��

+ → ��
���

��+
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Results
p��

+ → ��
���

��+
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Results
p��

+ → �+�−�+
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BESIII: PRD104(2021)012016



Results
p��

+ → ��
��+��

25



Results
p��

+ → ��
��+��
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Results
p��

+ → ��
��+��
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�� ����  in �� →  ���
p�� →  ���
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pK0(1430)
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Results
• ��

��± invariant mass distribution 
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BABAR: PRD 93(2016)012005



• �� → �+�−�^�
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Belle: PRD89(2014)112004



Results
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• �±�− invariant mass distribution 



LHCb measurements 2304.14891
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�� ����  in J/� → ���+�−

• Reaction mechanism
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PRD79(2009)07
4009



�� ����  in J/� → ���+�−

• �� ���� & �� ��� 
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PLB821(2021)136
617

PRD75(2007)01
4017



Results
• STCF) (STCF
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BABAR: 
PRD95(2017)092005

Ø STCF per year

Ø BESIII

Front. Phys. 19, 14701 (2024).



Summary
• Our results are in good agreement with the BESIII 

measurements, which supports the �∗�∗ molecule of  
�� ���� .

• The �� ����  mass and width are crucial to understand its 
internal structure.

• Precise experimental measurements are necessary.
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Thank you very much!致谢：
国家自然科学基金重大项目课题



VV interaction from hidden-gauge lagrangians

pTree level transition amplitudes

38

(a) Four vectors contact

(b) t(u)-channel vector exchange

(c) S-channel vector exchange

(d) Box diagram

Most important! Provide attraction!

Basically p-wave, neglected!

ØProvides decays to two pseudoscalars; 

ØContributes only to spin 0 and 2; 

ØReal part small, only imaginary part considered!


