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l Introduction and current best results
l Track impact parameters and neutrino reconstruction
l Matrix element extraction of BSM and OO distributions
l Expected sensitivities
l Theoretical constraints

ü Constraints on a mirror neutrino
ü Constraints on a light scalar

l Summary
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EDM
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Ø CP violation is a necessary condition for baryogenesis, a process 
leading to matter-antimatter imbalance in the universe. If extra BSM 
CP violation enters the lepton-photon-lepton vertex, the lepton can 
possess an Electric Dipole Moment (EDM), which in EFT form:

where Λ is the BSM energy scale much larger than the experiment 
reach so that terms of the order q2/Λ2 can be neglected in the Wilson 
coefficient

Ø In the nonrelativistic limit, this operator 
can be reduced to

which gives a lepton EDM aligned with its spin
Ø In SM, electron EDM is at a level of ~10-38

e⋅cm, way smaller than the sensitivity of 
any experiment, e.g., ACME



Electron EDM
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EDM can change electron precession 
frequency (Larmor frequency)

Best electron EDM limit from ACME-II [ Harvard, 
Nature 562 (2018) 355 ]:

ThO
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!eff ~ 78 GV/cm



Tau EDM and g-2
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Ø The EDM operator is closely related to another one which gives the 
anomalous magnetic moment in case of CP conservation:

where                        . The muon g-2 measured by BNL is ~3.6σ 
deviation from SM:

Ø If BSM exists in the lepton sector, tau lepton is an ideal test case, 
since it is expected to couple more strongly to BSM

Ø Unlike electrons or muons whose EDM or g-2 can be detected 
though spin precession effect, tau lepton is highly unstable (decays 
as soon as it is produced). Use electron-positron colliders where tau 
pairs are copiously produced via virtual photon: e+e-→τ+τ-

Ø Detect BSM through loop diagrams, and through its interference 
with the SM process – high statistics is needed. Experiments: 
current or future tau factories such as CEPC, super tau-charm, 
Belle-II…



Current best measured results
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Measurements at e+e- colliders
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Measurements at e+e- colliders
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Ø We try to improve the previous ideas to reconstruct the neutrino 
from hadronic tau decays

• Deal with either asymmetric (Belle-II) or symmetric (BESIII, CEPC) 
beam energy. The ISR/FSR effect can deviate the back-to-back 
topology. In addition, the interaction point (IP) is hard to get in 
ditau final states

• The resolution of tracking (pT and direction) and impact 
parameters, can render null or wrong solutions, which has to be 
addressed

• The impact parameters, not only can resolve the ambiguity in 
solutions, but can also improve the reconstruction of the neutrinos. 
This is tried at hadron colliders as well

• The neutrinos (combined) from leptonic tau decays can be also 
reconstructed, but not for each of them and the unknown degrees 
of freedom have to be integrated out



The impact parameters
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Neutrino momentum
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[ JHEP 10 (2019) 089 ]



PV incorporated
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[ JHEP 10 (2019) 089 ]



Sample selection
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Ø We can get relative clean ditau event samples from CEPC, Z-pole, 
Belle-II and BESIII (background contamination at the level of 10-
20%)

Ø Only hadronic channels are use for the sake of neutrino reconstruction

Ø Background control at low energy e+e- collider:

[ JHEP 10 (2019) 089 ]



ME and OO
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(c! linearly depends on d!)

[ JHEP 10 (2019) 089 ]



OO distributions
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[ JHEP 10 (2019) 089 ]



Sensitivities at low energy e+e-
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• The slope can be obtained as a function of different values of cτ 
and aτ, and with the fitted 1σ CL error for the slope b, the 
corresponding 1σ precisions for cτ and aτ can be obtained:

Belle-II estimation

[ JHEP 10 (2019) 089 ]



Tau EDM and g-2 at CEPC and Z-pole
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At CEPC 240 GeV energy, the process 
searched by LEP can be used:

At Z-pole, the weak dipole moment 
and g-2 can be measured:

Our method in [ JHEP 10 (2019) 089 ] can be well adapted for these two cases
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Constraints on mirror neutrinos
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[ JHEP 10 (2019) 089 ]
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Constraints on mirror neutrinos [ JHEP 10 (2019) 089 ]



Constraints on a light scalar
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[ JHEP 10 (2019) 089 ]
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Constraints on a light scalar [ JHEP 10 (2019) 089 ]



Summary
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• Precise measurement of the Electric Dipole Moment (EDM) and 
anomalous magnetic moment (g-2) of the tau lepton are important 
tests of BSM at the intensity frontier

• A new method to reconstruct the neutrinos from the hadronic 
decays of tau pairs produced at e+e-→τ+τ- factories (CEPC, Z-pole 
and low energy) is proposed. Matrix element method is used to get 
the best sensitivity

• The high statistics of ditau events at current or future tau factories 
can significantly improve the current experimental sensitivity for 
EDM and g-2 of tau by several orders of magnitude

• New physics can be revealed at loop level through the EDM and g-
2 precision measurements


