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Motivation

Andrei Sakharov Sakharov(1967)

Sakharov conditions:

1. Baryon number violating process.

2. Violation of C and CP symmetries.

3. Out of thermal equilibrium.

The CP violation in SM is much smaller than needed.

• There must exist a new source of CP violation.
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EDM
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Lepton EDM

Phys. Rev. Lett. 125, 241802 (2020)
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Science 381 (2023) 6653

The τ lepton has a very short lifetime!

How can its EDM be detected?

Lepton EDM in SM
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𝝉 EDM

Belle Collaboration (2021)

𝑞2 > 0

Intermediate particles are on shell → EDM develops an imaginary part!

𝒆−𝒆+ → 𝜸∗ → 𝝉−𝝉+

possible

NP

particle

Strictly speaking, it is a form factor, but the PDG adopts the convention:
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The measurements
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Xiao-Gang He et al.(2025)

The momenta cannot be fully reconstructed 
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See also Jia Liu’s talk
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Future Experiment Limits

Peng-Cheng Lu, Zong-Guo Si, Han Zhang (2025)

Improvement in experimental sensitivity

Given in units of 10−18 𝑒cm             Xiao-Gang He et al.(2025)
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The measurements
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Phys.Lett.B 835 (2022) 137496

Although direct measurements of 𝑑𝜏(0) are not currently feasible, 

it is indirectly constrained by the electron EDM.
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Consider the low energy effective field theory
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Light new physics

Parameter space
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Light new physics
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Light new physics
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   =   − ++Let us start with a CP-violated ALP

·no chiral enhancement

· at least two orders smaller than 

experiment sensitivity
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Light new physics

BESIII Collaboration(2022)

Phys.Rev.Lett. 118 (2017) 17, 171801
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See also Robin Leboucher’s talk

arXiv:2607.07800
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ALP

The limit obtained from the imaginary part is more stringent than that from the real part.
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Realization in a Renormalizable Model
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Two-Higgs-doublet Model (2HDM) 
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Realization in a Renormalizable Model
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LEP, ALEPH, DELPHI, L3 and OPAL Collaborations (2001)
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Realization in a Renormalizable Model
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Realization in a Renormalizable Model
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Conclusion

·Timelike 𝜏 dipole moments open a new window for probing new 

physics at future 𝑒+𝑒− colliders, with its 𝑞2 dependence. 

·GeV-scale light new scalars can induce sizable 𝑑𝜏(𝑞
2) within 

Belle II and STCF sensitivities.

·Im[𝑑𝜏(𝑞
2)] is usually more sensitive to light NP than Re[𝑑𝜏(𝑞

2)].

·Meanwhile, a precise measurement of 𝑎τ is still needed to test the 

QED prediction.
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谢 谢 ！Thank You!



< 23 >

Colliders in China

Encouraged by T. D. Lee during 

early planning

• Produced 2.7 × 109𝜓(2𝑆), around 107

events of 𝜓 2𝑆 → 𝜏+𝜏−.

• Luminosity will be shifted forward by two 

orders in STCF.
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Light new physics

We discuss some general aspects of generating the τ EDM from new scalar bosons. 

To obtain a large 𝐶𝑆𝑃
𝜏𝜏 but a small 𝑑τ

0, a delicate cancellation must occur in the summation for 

𝑑τ
0 but not for 𝐶𝑆𝑃

𝜏𝜏. 

Alternatively, one may evade these constraints by considering light NP.
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The corresponding Wilson coefficients are found to be


