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Outline: 
1.  Introduction and Motivation 

2.  Resonance chiral theory in the  process 

3.  Phenomenological discussions 

4.  Summary 
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Introduction
:  good place to probe T-odd triple-product asymmety 

a, b, c, d:   either momentum or spin

 When spin is involved, measurement of polarization is needed.   

[Nelson, et al., PRD'94]  [Tsai, PRD'95]  [Datta, PRD'07] ...

 We focus on the situation with four momenta,  i.e.    

There should be at least four particles in the final state !

A typical T-odd variable:  

      T transformation   
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[Braguta et al., PRD'02 ‘03] [Muller et al., EPJC’06][Rudenko, PRD’11] ......

cfI: pure kinematical factors 
f:   form factors of Kl3 
I:   form factors of Vi or Ai entering in Vμν  and Aμν    

Early proposals to search T-odd triple-product asym in 

• Conventional way to construct the T-odd asymmetry Aξ :

Need nonvanishing 
imaginary part of 

form factors
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• Photon loops play the dominant role in the T-odd asymmetry for 
[Braguta et al., PRD'02 ] [Rudenko, PRD’11]  

Important conclusions:  
• Strong interactions are suppressed for the T-odd asymmetry in 

[Muller et al., EPJC’06]

• Order of magnitudes of Aξ for [Braguta et al., PRD'02 ] [Rudenko, PRD’11]  
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 ? 

f / f’:   two-pion vector form factors FV(t) or FV(u) 

The most important lesson:  

Hadronic interactions are NOT suppressed ! 

I / I’:   form factors of Vi or Ai entering in Vμν  and Aμν    
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Resonance chiral theory &  decay
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Hadronic V-A currents

dθ

(dθ =Vudd+Vuss)
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Higher orders [Gasser,Leutwyler,'83 '84] [Bijnens et al., '99]

Alternatively, one could explicitly introduce heavy dynamical degrees 
of freedom, i.e., resonances, in the chiral EFT. 

Leading order [Weinberg, '79] 
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Minimal RChT contributions to  
[Cirigliano et al., JHEP'02]

 Other extentions by including anomalous vertices, such as the 
ρωπ types, and even-parity vertices of the a1ρπ, are also studied.  

   [Flores-Tlalpa, et al., PRD'05] [Miranda, Roig, PRD'20] 

 Dedicated study of the isospin-breaing effect is considered to 
calibrate the tau data in the estimation of muon g-2. 

[Cirigliano,et al.,JHEP'02][Flores-Baez,et al.,PRD'06][Davier,et al.,EPJC'10][Miranda,Roig,PRD'20] 
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Contributions from VVP and VJP operators in RChT 

[Chen, Duan, ZHG , JHEP’22]  

[Ruiz-Femenia, Pich, Portoles, JHEP’03]  
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High energy contraints to the resonance couplings   

Other constraints from scattering and form factors 

Or



 T-odd asymmetries in radiative tau decays@ 昆明，2021.7.30郭志辉(东南大学) 13

On-shell approxiamtion to the Jωπ vertex and    
additional input from the ω → π0π0γ  decay width    

Important: we are left with a parameter free 
theoretical amplitude for the  process ! 
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Phenomenological discussions 
[Chen, Duan, ZHG, JHEP’22]  



 T-odd asymmetries in radiative tau decays@ 昆明，2021.7.30郭志辉(东南大学) 15

Inputs of the pion vector form factors 

[Guerrero,Pich,PLB’97]  

[Dumm,Roig,EPJC’13]  
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Differential decay widths as a function of photon energies   

When the photon energy cutoff is around 300 MeV, the absolute branching 
ratio is predicted to be around 10-4.

[Cirigliano et al., JHEP'02]

Structure independent terms
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Variant predictions for the branching ratios (×10-4): 

• 45 billion pairs of tau lepton are expected at Belle-II.  Therefore  
has good chance to be well measured with reasonable photon energy cuts.   
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Invariant-mass distributions of the ππ system
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Invariant-mass distributions of the π- γ and π0 γ systems

π- γ π0 γ 
(ρ) (ω)
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Predicitons of the T-odd asymmetry distributions with respect to ξ
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Predictions to the rates of the T-odd asymmetries   

• The magnitudes of Aξ  for   are around two orders larger than 
those in Kl3γ. It has the good chance to be measured in Belle-II and super 
tau-charm facilities.  

( numbers are multiplied by 10-2 )
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Prospects of revealing the genuine CPV signals 

• Both the CP-conserving and CPV interactions can contribute to Aξ  for 

• CPV signals can be probed by taking the differences of  Aξ  in   

• Generally speaking, sizable hadronic contributions are also expected to 
enhance the CPV signals. 



 T-odd asymmetries in radiative tau decays@ 昆明，2021.7.30郭志辉(东南大学)

Thanks for your patience！

 Rich phenomenologies in τ- → π-π0γντ :  photon spectrum (useful 
inputs for the estimation of muon g-2 from tau data),  different 
resonance interactions in the π-π0, π-γ, π0γ spectra. 

 We give a promising prediction of the triple-product T-odd 
asymmetry in tau decay. It could provide a useful guide for 
future experimental measurements, especially in Belle-II 
and super-charm facilities.  

  CPV signals in the T-odd asymmetries are also expected to 
be enhanced due to the large hadron contributions, 
compared to the situation in Kl3γ.
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