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Current status on muon g-2  [2505.21476, White Paper 25]

ππ contribution from each 
Exp to HVP integral  

 [Davier, et al., (DHLMZ), EPJC’24]   
[Lopez Castro, et al., (LMR) PRD’25] 

 e+e- → π+π-  from each indicated Exp 
shown in the plots

Greatly improved 
since WP20

 HLbL LO HVP: most problematic !

ππ:  (>70%)  (>60%)
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Alternative way to address HVP from  ππ

τ- → π- π0 ντ :     �−�0 ���� 0 ~ ���
(−)(�)                  [I=1, I3=-1]            

e+e- → π+π-   :    �+�− ���� − ���� 0 ~ ���
(0)(�)     [I=1, I3=0]     

Isospin limit

Conserved vector current 
(CVC)

���
(0)(�) =���

(−)(�) 

Known kernel function 
(enhanced contribution 
from energy below 1GeV ) 

 Isospin breaking (IB) effects become CRUCIAL at the sub-percent level.     

 Full control of all the IB terms is yet to be reached.  +
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 Key problem:   isospin breaking (IB) effects    

 FSR: final-state radition 

 βπ+π- / βπ-π0
 : kinematics,  significant deviation from unity near threshold  

  ���
(0)(�) , ���

(−)(�)  :  vector form factors of  π+π- and  π-π0

 GEM:  long distance radiative correction to  τ - → π- π0 ντ      



5

GEM(t) ~  virtual photon  +  real photon   

Photon loops in τ → ππντ  Radiative decays:  τ → ππγντ 
(hadrnonic modeling needed!)       

Definition of the EM corrected function GEM

 GEM is infrared finite: cancellation between photon loop and bremsstrahlung of 
the real photon. 

  Experimental measurement of τ → ππγντ is absent: theoretical estimation 
needed.     

 Rich dynamics involving light-flavor hadrons:                                              

 (1) ππ vector form factor   (2)  ρ(’,’’)→πγ,  ω(’,’’)→πγ     (3)  a1
(’,’’)→ ρπ, πγ 

[Cirigliano et al., JHEP'02]

dΓτ → ππν  /dt
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分支比概览 

 Br(τ→e����) : 17.8% 

     Br(τ→μ����) : 17.4%

 Br(τ→v+Cabbibo allowed hadrons) ~ 62% 

 Br(τ→v+Cabbibo suppressed hadrons) : ~3%

 Br(τ→vππ) ~ 25%, 单举衰变中分支比最大

 tau的衰变末态只有轻味强子，不涉及重味

粒子 (mτ < mD) 

  在重子数守恒的假设下，tau不能衰变至含

有重子的末态(mτ < 2mN) 

Overview of tau decays



7

强衰变过程

tau的强衰变可以给我们提供什么信息？

• exclusive衰变：衰变至特定的强子末态

• inclusive衰变：（某类）所有的强子末态

可以用来研究标准模型的基本参数：αS, Vus, ... 

 强作用形状因子，强子共振态，手征对称性，muon g-2，...  

 CPV、轻子味道破坏、... ...  

τ -→vτ(P,  PP’,  P1P2P3, ...)

本报告将着眼于讨论利用tau数据来计算muon g-2相关的过程！
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Hadronic V-A currentsdθ

(dθ =Vudd+Vuss)

Resonance chiral theory &  decay

 

     
 ���

(−)(�) : structure independent FF    

 vi & ai:  strucutre dependent FFs
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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
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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 ! 

Vector

Scalar

(Sol-A)

(Sol-B)

Condition for the cancellation of  UV 
divergences of the loop functions:   

FV= 2GV

This gives preference to: 
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Phenomenological discussions 
 Inputs of the pion vector form factors 

[Guerrero,Pich,PLB’97]  

[Dumm,Roig,EPJC’13]  



14

 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.

   has good chance to be well measured with reasonable photon energy 
cuts, probably @ Belle-II, STCF, CEPC, ... ...    
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 Invariant-mass distributions of the ππ, π- γ and π0 γ systems

π- γ (ρ)  π0 γ (ω)  

π- π0   



16

 τ → ππγντ : A new place to look for T-odd asymmetry
A typical T-odd kinematical variable:  

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

 When focusing on the situation with four momenta

• Early proposals to search T-odd triple-product asym in 
[Braguta et al., PRD'02 ‘03] [Muller et al., EPJC’06][Rudenko, PRD’11] ......

Strong interactions are suppressed for the T-odd asymmetry in 

•  Enhancement in τ → ππγντ 

Hadronic interactions are not suppressed ! 

[Chen, Duan, ZHG , JHEP’22]  
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Predicitons of the T-odd asymmetry distributions with respect to ξ

• The magnitudes of Aξ  for   are around 10-2, that is roughly two orders 
larger than those in Kl3γ. It has the good chance to be measured in Belle-II and super 
tau-charm facilities. 
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 Impact on the muon g-2  [Li,Li,Hao,Duan, ZHG, 2510.04172]

(Non-radiative two-pion tau decay)

Photon loops:

(virtual correction)

Radiative decay(real correction) from   

• Infraed divergences cancelled by the virtual and real corrections 
• In practice, a tiny value of the photon mass is kept in numerical calculations



19

Results for GEM  & RIB
Minimal RChT

Leading Low 
Approximation

Structure 
independent 

Ours with negative and 
positve values of  d4
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 Impact on the muon g-2  

Shifts caused by GEM for different parameter inputs (in units of 10-11): 

[Cirigliano et al., JHEP'02] [Miranda, Roig, PRD'20] 

Relative shifts to              
isospin symmetric case: 

 The shift of aμ caused by GEM  reaches the current Exp uncertainty:  14.5×10-11  !
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 Impact on the muon g-2  
Evaluation of e+e- → π+π- cross section by using tau data with IB corrections
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 Impact on the muon g-2 from tau data   

 To combine the ππ (evaluted from tau data) and others from WP20 
(πππ, KK, πγ, ... ...), we have the full result for the LO HVP  

 To further combine the contributions from QED, EW, hadronic light-by-
light from WP25 and compare with the newest world average of muon g-2, 
we have

2.7σ
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谢谢大家！

Tau衰变包含丰富有趣的轻味夸克物理：

•  τ-→ ντπ0π- (γ)   [为muon g-2提供关键输入]

•   τ-→ ντ(Kπ,Kη, Kη’)-    [Vus, 奇异轻强子态, 可能的CPV现象]

•  第二类流主导的过程：τ-→ ντπ- η/η’ 

•  τ衰变中的前后不对称性的测量

•  Inclusive τ衰变确定QCD耦合常数αS 

•  τ-→ ντ a K-/π-  衰变的可能性 

• 轻子味道破坏/轻子数破坏的τ衰变

•  ... ... 


