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𝝅𝝅 threshold physics
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⚫Quantum Chromodynamics (QCD) becomes non-perturbative at low 
energies and cannot be treated with standard perturbation theory.

⚫Chiral perturbation theory is an important effective theory of QCD at low 
energies.

⚫Soft gluon produced pion pairs serve as a powerful probe of final-state 
interactions and the Adler zero.



Cusp effect in 𝝅𝝅 threshold
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⚫ The cusp effect, a sharp structure in invariant mass spectra at a kinematic threshold, 
provides a direct signature of final-state interactions.

⚫NA48/2 observe cusp effect in 𝐾± → 𝜋±𝜋0𝜋0.

𝑎0 − 𝑎2 = 0.264 ± 0.004sta. ± 0.013sys.

⚫ BESIII use 𝜂′ → 𝜋0𝜋0𝜂 study cusp effect with 3.5𝜎.

𝑎0 − 𝑎2 = 0.226 ± 0.060sta. ± 0.013sys.

Phys.Lett.B 633 (2006) 173-182 PRL130,081901(2023)



𝝅𝝅 atom in DIRAC experiment
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⚫ DIRAC produces 𝜋+𝜋− pairs by firing high-energy (24 GeV) protons at a target.

⚫ Pairs with extremely low relative momentum (𝑄 < 1 MeV/𝑐) are bound by the 
Coulomb force into hydrogen-like atoms (Pionium).

⚫Measurement the lifetime: 𝜏 = 0.45−0.30
+1.08 × 10−11 s.

Phys.Lett.B 619 (2005) 50-60



Status of 𝝍 𝟑𝟔𝟖𝟔 → 𝝅+𝝅−𝑱/𝝍
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BES, PLB645 (2007) 19-25

BES,PRD 62 (2000) 032002 CLEO, PRD 78 (2008) 011102
⚫ Experimentally focusing on BF and cross 

section measurements

⚫ Theoretically focusing on the shape of 
𝜋𝜋 high invariant mass 

Y.P.  Kuang, PRD44 (1991) 756-769

https://inspirehep.net/literature/728304
https://inspirehep.net/literature/728304
https://inspirehep.net/literature/728304
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Motivation  of 𝝍 𝟑𝟔𝟖𝟔 → 𝝅+𝝅−𝑱/𝝍

⚫Mixture of Charmonium:

✓Because of decay width of  
Γ𝜓 3770 →𝑒+𝑒−

Γ𝐽/𝜓→𝑒+𝑒−
≫

Γ1𝐷→𝑒+𝑒−

Γ1𝑆→𝑒+𝑒−
. The observed 𝜓(3686) and 𝜓(3770) are 

mixtures of |23𝑆1 > and |13𝐷1 >:
𝜓(3686) = |23𝑆1 > cos 𝜃 − |13𝐷1 > sin 𝜃

𝜓(3770) = |23𝑆1 > sin 𝜃 + |13𝐷1 > cos 𝜃

where 𝜃 is mixing angle.

⚫𝜋𝜋 transition:
✓ A good place to study Chiral Symmetry and Final state interaction.

✓ High statistics of 𝜋𝜋 production provide chance to search for pionium.

⚫Test CPV and CEDM?
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BESIII status

World’s Largest 𝛕-𝐜𝐡𝐚𝐫𝐦 Data Sets in 𝐞+𝐞− Annihilation 

2.7 × 109 𝜓 2𝑆  events



𝝅+𝝅− enhancement
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XXX算法

C𝐥𝐞𝐚𝐫 𝝅+𝝅− threshold enhancement  

⚫𝜓 3686 → 𝜋+𝜋−𝐽/𝜓, 𝐽/𝜓 → 𝑙+𝑙−

⚫Selected 3.7 × 107 events

⚫ 99.8% purity

Phys. Rev. Lett. 136, 141902
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XXX算法

⚫ Take 𝜋+𝜋− threshold as a resonance

⚫ (Breit-Wigner ⨂ Resolution) × Efficiency

⚫𝑀 = 285.5 ± 2.6 MeV/𝑐2, Γ = 16.4 ± 0.8 MeV

⚫  t= 4 × 10-23 s, much shorter than DIRAC !

Resonance model



Theoretical model-ChPT

国外
现状
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⚫ChPT: 
✓Heavy quark symmetry 
✓Chiral symmetry for 𝜋𝜋 production

⚫Lagrangian:

⚫Decay width:

S-wave

D-wave

ChPT only can provide enhancement, but not full description



国外
现状
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Theoretical model-QCDME

⚫ Decay width:

✓ 2𝑆 → 1𝑆 + 𝜋𝜋:

✓ 1𝐷 → 1𝑆 + 𝜋𝜋:

MGE factor H factor

⚫ Amplitude:

Front.Phys.China 1 (2006) 19-37

https://inspirehep.net/literature/708132
https://inspirehep.net/literature/708132
https://inspirehep.net/literature/708132
https://inspirehep.net/literature/708132


国外
现状
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XXX算法

⚫QCDME: 
✓Heavy quarkonium multipole 

expansion
✓Mixture of  2S-1D 𝑐 ҧ𝑐 charmonia. 
✓Chiral symmetry of 𝜋𝜋 production.

Theoretical model-QCDME

The description is reasonable for low 𝜋+𝜋− mass



国外
现状
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XXX算法

⚫Final state interaction
✓Chiral unitary approach: a good description
of meson-meson interaction.

✓For the 𝑡𝜋𝜋:

𝑡𝜋𝜋 =
1

1/𝑉0 − 𝐺
✓And for 𝐺 is to regularize the loop:

𝐺 = −
1

16𝜋2
𝛾 + 𝜎 log

𝜎 − 1

𝜎 + 1

𝑀𝑆 = 𝑀𝑆0 ∙ (1 + 𝐺 ⋅ 𝑡_𝜋𝜋)

XH Liu et al, Eur.Phys.J.C 73 (2013) 1, 2284

Theoretical model-FSI

https://inspirehep.net/literature/1207592


Comparison

国外
现状
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XXX算法

⚫ FSI is necessary for high invariant mass spectrum

⚫QCDME : 𝜓(3686) is the mixture of S-wave and D-wave charmonium state !

⚫ Chiral symmetry provide a reasonable description for  𝜋𝜋 threshold enhancement



Theorists’ work

国外
现状
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ZY Wang, Z Liu ,X Liu PRD 113, L031502 (2026)



国外
现状
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YH Chen, XK Dong, FK Guo .., PRD 113, 054018 (2026)

Provide a good description of data

Theorists’ work



Chromo-EDM in 𝝍 𝟑𝟔𝟖𝟔 → 𝝅+𝝅−𝑱/𝝍

国外
现状
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⚫The Electric Dipole Moment (EDM) of a fundamental 
particle or a subatomic system is a measure of the 
asymmetric charge distribution within the particle 
volume.

⚫If the particle is not charged, then a non zero EDM 
implies that the center of charge of the particle is 
displaced from its center of mass.

⚫EDM exists relates to violations of time reversal and 
parity symmetry.



国外
现状
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Based on QCDME, an extra contribution introduced:

Chromo-EDM in 𝝍 𝟑𝟔𝟖𝟔 → 𝝅+𝝅−𝑱/𝝍

BESIII:  arXiv: 2507.20618, accepted by PRL



Summary

19

⚫ Observed 𝜋+𝜋− threshold enhancement structure

✓ Mass: 285.5 ± 2.6 MeV/𝑐2, Width: 16.4 ± 0.8 MeV

⚫ Theoretical models

✓ ChPT (QCDME) +FSI : reasonable description of 𝜋+𝜋− mass spectrum 

✓ QCDME implies 𝜓(3686) is the mixture of S-wave and D-wave 

charmonium state

✓ Inspired theoretical discussions on this anomalous enhancement

⚫ Precise test of CEDM of charm quark 

⚫ Prospects: 𝜓 3686 → 𝜋0𝜋0𝐽/𝜓 is in progress, released soon !



Thanks for listening!
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