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Outline

CVC hypothesis and Isospin breaking, 

Some “loose” tests of CVC in  vs  data, 

Precision test of CVC in  channel and SM prediction of  

Final comments

e+e− τ

2π (g − 2)μ
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Y.-S. Tsai, PRD (1971); 

H. Thacker & J.J Sakurai, PLB (1971)



Clean hadron production in  collisions and  decays e+e− τ

 Chiral symmetries  at low  and   

 Asymptotic behaviour at large  predicted by QCD   

 Rich resonance structure in the intermediate region 

q2 q2 = 0

q2 (1/q2)N

q2 ∼ 1 GeV2

γ(q) W±(q)

V V-A

Form Factors
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 Precision tests of the SM, spectroscopy,  extraction SM 
parameters, hadron model predictions, tests of flavor symmetries, ….
⟹

Talks by Zhang, Li, Dai, Umeeda, Gonzalez-Solis, Epifanov, Guo, Bobrov, Abbas
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Isospin properties non-strange currents: ,  i,j,k=1,2,3 
with  

[Ii, Vμ
j (x)] = iϵijkV

μ
k (x)

Jμ,I=1
em = Vμ

3 , Vμ,±
weak = Vμ

1
± iVμ

2

jem,I=1
μ V−

μ,wX0 X−

Isospin rotation

Isospin symmetry:                                                                                                                 
1) , CVC hypothesis,  exact relation HME/observables;                           
2) Exact  parity,  , 

∂μVi
μ = 0

G = CeiπI2 G |X0,−⟩ = + |X0,−⟩ G[ jμ,I=1
em , jμ,±

w ]G−1 = + [ jμ,I=1, jμ,±
w ]

Vector currents: isospin properties and CVC hypothesis

Independent of dynamics, for any  value!q2

Feynman-Gell-Mann ’58; 
Gershtein-Zeldovich, ‘55



CVC related processes
 charges and magnetic moments 

     pion charge 

 charges of nuclei 

  

    

  

.   

n → pe−ν̄e ⟺ n, p

π+ → π0e+νe ⟺

0+ → 0+e+νe ⟺

τ− → π−π0ντ ⟺ e+e− → π+π−

τ− → (2nπ)−ντ ⟺ e+e− → (2nπ)0, n ≥ 2

τ− → ηπ−π0ντ ⟺ e+e− → ηπ+π−

τ− → (ω, ϕ)π−ντ ⟺ e+e− → (ω, ϕ)π0 ⋯

Low-q

High-q
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Tree-level
<latexit sha1_base64="KC+18xd1ibgogrIWN4MEBQBR0OE="></latexit>

d!0(ω→ → X→εω )

ds
=

s

2m3
ω

(
GF |Vud|
8ϑ2ϖ

)2

(m2
ω ↑ s)2(m2

ω + 2s)ϱ0(e+e→ → X0) , IG[X0,→] = 1+

s = q2 = m2
X, sthres ≤ s ≤ m2

τ



S. Eidelman, Tau Workshop 2000

<latexit sha1_base64="KICgBHG+Rh1xzgZI+3gaj0oDMt8="></latexit>

d!CVC
ω (X→ωω )

ds
= F(s)εee(X

0)(s)

F(s) → s

2m3
ω

(
GF |Vud|
8ϑ2ϖ

)2

(m2
ω ↑ s)2(m2

ω + 2s)

=
3s

2m8
ωϖ

2
!0(ϱ ↓ eωω̄)|Vud|2(m2

ω ↑ s)2(m2
ω + 2s)

 Old tests of CVC hypothesis (1980-2010) 

 Consistency of BR predictions 

 Isospin Breaking not required
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Isospin is broken (IB): 1)  and,  2)                               
But still good symmetry, IB effects of      

IB effects are calculable, model-dependent in general (except LQCD)         
  precision comparison theory/experiment                                                                       

mu ≠ md Qu ≠ Qd [∂μVweak
μ ≠ 0]

O((mu − md)/Λ) , O(α) ∼ few %

⟶

short-distance 
Electroweak

Long-distance 
electromagnetic 

Hadronic 
structure

FSR in e+e−

<latexit sha1_base64="8ZC4Owas/7DF7qF5G3aa4tAd/gM="></latexit>

d!(ω→ → X→εω )

ds
=

s

2m3
ω

(
GF |Vud|
8ϑ2ϖ

)2

(m2
ω ↑ s)2(m2

ω + 2s)ϱ(e+e→ → X0)
SEWGEM (s)|FX→

(s)|2

FSR(s)|FX0(s)|2
PS

Phase-space
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Measured!



 CMD-3, , 
JHEP 01, (2020) 112;   

 BaBar, ,   
PRD 97, 052007 (2018); 

 SND, ,  
PRD 91, 052013 (2015);

1.1 ≤ s ≤ 2.0 GeV

1.15 ≤ s ≤ 3.5 GeV

1.22 ≤ s ≤ 2.0 GeV

5-10% uncertainty 

BESIII, ,  observed, PRD 108 (2023) 2.0 ≤ s ≤ 3.08 GeV a±
2 (1320)π∓/ρη

Recent cross section measurements;  spect.  dominated by π+π− ρ(770)

1. Test of CVC  in  vs  e+e− → ηπ+π− τ− → ηπ−π0ντ
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(see also Cherepanov+Eidelman, Tau2010)

Arteaga et al, PRD 106 (2022)

Comparison of  spectra  vs ηππ τ e+e−

Large departure from CVC 
New physics SMEFT not a solution
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(see also Cherepanov+Eidelman, Tau2010)

<latexit sha1_base64="JtNDznt5a3Hz+IV+zOvd7JZKnhg="></latexit>

Source B(ω → εϑϑϖ) (%) Reference
CMD-3 (e+e→) 0.168± 0.006± 0.011 JHEP 01,(2020)

BaBar (e+e→) 0.163± 0.008 PRD 97, (2018)

SND (e+e→) 0.156± 0.004± 0.010 PRD 91, (2015)

PDG Ave. 0.139± 0.007 * Belle (2009)

<latexit sha1_base64="ytyQnafptyhpjga1lq2ZUwpw8Mc="></latexit>

d!ω (ωε→ε0)

ds
= SEWF(s)ϑee(ωε

+ε→)

BR from CVC:

(1.3 ∼ 2)σ

Arteaga et al, PRD 106 (2022)

Comparison of  spectra  vs ηππ τ e+e−

Large departure from CVC 
New physics SMEFT not a solution
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  ; 

  

e+e− → 2π+2π−, π+π−2π0

τ− → 2π−π+π0ντ, π−3π0ντ

<latexit sha1_base64="D6QjnXay+Z/kSLozI+t4bTpby0c="></latexit>

d!ω (2ω→ω+ω0)

ds
= SEWF(s)

[
1

2
εee(2ω

+2ω→) + εee(ω
+ω→2ω0)

]

d!ω (ω→3ω0)

ds
= SEWF(s)

1

2
εee(2ω

+2ω→)
A. Pais, Ann. Phys. (1960);                           
R.  Alemany et al, EPJC 2 (1998)

2. Test of CVC in  vs e+e− → (4π)0 τ− → (4π)−ντ

Available data

CVC (Pais) relations

10



  ; 

  

e+e− → 2π+2π−, π+π−2π0

τ− → 2π−π+π0ντ, π−3π0ντ

<latexit sha1_base64="D6QjnXay+Z/kSLozI+t4bTpby0c="></latexit>

d!ω (2ω→ω+ω0)

ds
= SEWF(s)

[
1

2
εee(2ω

+2ω→) + εee(ω
+ω→2ω0)

]

d!ω (ω→3ω0)

ds
= SEWF(s)

1

2
εee(2ω

+2ω→)
A. Pais, Ann. Phys. (1960);                           
R.  Alemany et al, EPJC 2 (1998)

Test of CVC: 

<latexit sha1_base64="QvubK6uUxqcObigTRmHhkeZ58Vw="></latexit>

R(X→) → d!exp
ω (X→)/ds↑ d!CVC

ω (X→)/ds
1
2 [d!

exp
ω (X→)/ds+ d!CVC

ω (X→)/ds]

X→ = 2ω→ω+ω0, ω→3ω0

2. Test of CVC in  vs e+e− → (4π)0 τ− → (4π)−ντ

Available data

CVC (Pais) relations
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N. Allen et al, PRD 114, (2026)
Tau data: 

ALEPH, Phys. Rep (2005);   

M. Davier et al, EPJC (2014); 

OPAL, EPJC (1999)

Refs to e+e- data in  

KNT19: A. Keshavarzi et al, 
PRD (2020) 

Differences beyond few % 
difficult to explain with IB
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15 transitions   ,  I=10+(Z, A) → 0+(Z − 1, A)e+νe

<latexit sha1_base64="XvGuzJnqJZfAffRc1alLsPYckic="></latexit>

ft |F 0+!0+(0)|2 =
2⇡3 ln 2

G2
Fm

5
e|Vud|2

= 2

: The most precise test of CVC at low (vanishing) |Vud | q2

CVC

Hardy-Towner, PRC102, (2020)
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<latexit sha1_base64="FHaD6sO4nCh9uoujyIrlkslhbak="></latexit>

Ft ⌘ ft(1 + �0R)(1 + �NS � �C)

=
2⇡3 ln 2

2G2
Fm

5
e|Vud|2(1 +�V

R)

Test CVC   ⟹ |Vud | = 0.97367(32)

CVC

Hardy-Towner, PRC102, (2020)



<latexit sha1_base64="iuN9tUQ3+PiHWTiVzKQ4R1PWHJ8="></latexit>

aSMµ = aQED

µ + aEW

µ + aHVP

µ + aHLbL

µ

<latexit sha1_base64="gh3oSY3WbwIL+ogJ9r3iV4iJW7w="></latexit>

[+692.78(2.42) → 9.83(4) + 1.24(1)]↑ 10→10

LO NLO NNLO

Keshavarzi et al PRD 101, (2020)

3. Muon g-2 in the dispersive approach using  e+e− → hadrons

13
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aSMµ = aQED

µ + aEW

µ + aHVP

µ + aHLbL

µ

<latexit sha1_base64="gh3oSY3WbwIL+ogJ9r3iV4iJW7w="></latexit>

[+692.78(2.42) → 9.83(4) + 1.24(1)]↑ 10→10

LO NLO NNLO

Keshavarzi et al PRD 101, (2020)

3. Muon g-2 in the dispersive approach using  e+e− → hadrons

~ 73% from   GeV, 80% of error in HVP LOπ+π−(+γ) s < 2.0

<latexit sha1_base64="ghHi4uZ+djgk6tZC179YnOcoWq8="></latexit>

aHVP,LO
µ =

ω2

3ε2

∫ →

sthr

ds
K(s)

s

ϑ[e+e↑ → had(+ϖ)]

4εω2/3s

LO hadronic vacuum polarization in dispersive approach
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WP 2025: R. Aliberti et al, Phys Rep 1143 (2025)

KNT(2020)

Tensions in data-driven predictions of  using  aμ e+e−

<latexit sha1_base64="RBw92cWkOJGKI5pIl73LKJilOqI="></latexit>

aexpµ = 116 592 07.15(1.45)→ 10→10

aSMµ [e+e→] = 116 591 81.08(3.78)→ 10→10
3.8σ

Davier et al EPJ C84 (2024)

Tension in integrated data Tension in cross section s ∼ mρ
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M. Davier et al, EPJC 84 (2020)

Comparison of  cross 
section measurements with 
their average close to the 

 resonance.

π+π−

ρ(770)
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The pion form factor and CVC

<latexit sha1_base64="/UPYWldRfqxCNk//jWxPtdbLF8E="></latexit>

→ω→(p→)ω
+(p+)|jemµ (0)|0↑ = FV

ω (s)(p→ ↓ p+)µ

1↔
2
→ω→(p→)ω

0(p0)|V +
µ (0)|0↑ = f+(s)

[
(p→ ↓ p0)µ ↓ !

s
(p→ + p0)µ

]
+ f0(s)

!

s
(p→ + p0)µ

s = (pπ1
+ pπ2

)2
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The pion form factor and CVC

<latexit sha1_base64="/UPYWldRfqxCNk//jWxPtdbLF8E="></latexit>

→ω→(p→)ω
+(p+)|jemµ (0)|0↑ = FV

ω (s)(p→ ↓ p+)µ

1↔
2
→ω→(p→)ω

0(p0)|V +
µ (0)|0↑ = f+(s)

[
(p→ ↓ p0)µ ↓ !

s
(p→ + p0)µ

]
+ f0(s)

!

s
(p→ + p0)µ

s = (pπ1
+ pπ2

)2

< 10−5

 Isospin symmetry (CVC), , then 

 Isospin breaking,   

Δ = m2
π+ − m2

π0 = 0

, for any value of , indep. dynamics! 

, equal weak and em charges

FV
π (s) = f+(s) s

f+(0) = FV
π (0) = 1

 for , model-dependent FV
π (s) ≠ f+(s), s ≠ 0

FV
π (0) = 1, f+(0) = 1 − O[(mu − md)2] • Behrends-Sirlin (1960); 

• Ademollo-Gatto (1964)
16



Pion form factors parametrizations

                      Gounaris-Sakurai (GS), PRL (1968) 

                                Kuhn-Santamaría (KS), Z.Phys. C (1990) 

  +…      Guerrero-Pich (GP), PLB (1990)

BRGS
ρ (s) =

m2
ρ[1 + dΓρ/mρ]

s − f(s, mρ, Γρ) + imρΓGS
ρ (s)

BRGS
ρ (s) =

m2
ρ

s − m2
ρ + imρΓKS

ρ (s)

BRGP
ρ (s) =

m2
ρ

s − m2
ρ + imρΓGP

ρ (s)
exp[2H̃ππ(s) + H̃KK(s)]

<latexit sha1_base64="TxodPvT671Tc2w6JGqX3RMoyeLI="></latexit>

[FV
ω , f+](s) = BWε(s) + (ω→, ω→→) + (ω0 → ε mix.)

IB
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Pion form factors parametrizations

                      Gounaris-Sakurai (GS), PRL (1968) 

                                Kuhn-Santamaría (KS), Z.Phys. C (1990) 

  +…      Guerrero-Pich (GP), PLB (1990)

BRGS
ρ (s) =

m2
ρ[1 + dΓρ/mρ]

s − f(s, mρ, Γρ) + imρΓGS
ρ (s)

BRGS
ρ (s) =

m2
ρ

s − m2
ρ + imρΓKS

ρ (s)

BRGP
ρ (s) =

m2
ρ

s − m2
ρ + imρΓGP

ρ (s)
exp[2H̃ππ(s) + H̃KK(s)]

,                ΓGS,KS
ρ (s) = Γρ

s
m2

ρ ( βππ(s)
βππ(m2

ρ) )
3

θππ ΓGP
ρ (s) =

mρs
96πf 2

π [β3
ππ(s)θππ +

1
2

β3
KK(s)θKK]

= pion velocity in rest rho frameθPP = θ( s − 2mπ), βPP(s)

<latexit sha1_base64="TxodPvT671Tc2w6JGqX3RMoyeLI="></latexit>

[FV
ω , f+](s) = BWε(s) + (ω→, ω→→) + (ω0 → ε mix.)

IB
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Data-driven evaluation using  dataτ− → π−π0ντ(γ)

Cirigliano et al, 2002

<latexit sha1_base64="0gFcfq0e9K09822iXO0YexHQ3DY="></latexit>

FV
⇡ (s)

f+(s)
= 1 + a�m⇢ + b��⇢ + c�⇢!

<latexit sha1_base64="u1lTUJoCnXZE7SoUW/p5D9dDVoU="></latexit>

RIB(s)

SEW
=

(ω0(s)/ω+(s))3

SEWGEM(s)
FSR(s)

∣∣∣∣
FV
ω (s)

f+(s)

∣∣∣∣
2

Isospin breaking (QED and ) corrections md − mu

Eur. Phys. J. C (2010) 66: 127–136 131

Fig. 3 Relative comparison between e+e− and τ spectral functions, expressed in terms of the difference between neutral and charged pion form
factors. Isospin-breaking (IB) corrections are applied to τ data with their uncertainties, although hardly visible, included in the error band

4 Update of ahad,LO
µ [ππ,τ ]

The IB corrections applied to the lowest order hadronic con-
tribution to the muon g −2 using τ data in the dominant ππ

channel can be evaluated with

#IBaLO,had
µ [ππ, τ ]

= α2m2
τ

6|Vud |2π2

Bππ0

Be

∫ m2
τ

4m2
π

ds
K(s)

s

× dNππ0

Nππ0ds

(
1 − s

m2
τ

)−2(
1 + 2s

m2
τ

)−1[RIB(s)

SEW
− 1

]
,

where K(s) is a QED kernel function [47].
The numerical values for the various corrections are

given in Table 1 for the energy range between the 2π mass
threshold and 1.8 GeV. The present estimate of the IB effect
from long-distance corrections is smaller than the previous
one [15, 36, 37], because we now use a GEM(s) correction
in which the contributions involving the ρωπ vertex are ex-
plicitly excluded (except for its interference with the QED
amplitude). Its uncertainty corresponds to the difference be-
tween the correction used in this analysis and that from
[31, 32]. The quoted 10% uncertainty on the FSR and ππγ

electromagnetic corrections is an estimate of the structure-
dependent effects (pion form factor) in virtual corrections
and of intermediate resonance contributions to real photon
emission [44, 48, 49]. The systematic uncertainty assigned
to the ρ–ω interference contribution accounts for the differ-
ence in ahad,LO

µ between two phenomenological fits, where
the mass and width of the ω resonance are either left free to
vary or fixed to their world average values.

Some of the corrections in Table 1 are parametrisation
dependent. We choose to take the final corrections from the
Gounaris–Sakurai parametrisation and assign the full differ-

Table 1 Contributions to ahad,LO
µ [ππ, τ ] (×10−10) from the isospin-

breaking corrections discussed in Sect. 3. Corrections shown in two
separate columns correspond to the Gounaris–Sakurai (GS) and Kühn–
Santamaria (KS) parametrisations, respectively

Source #ahad,LO
µ [ππ, τ ] (10−10)

GS model KS model

SEW −12.21 ± 0.15

GEM −1.92 ± 0.90

FSR +4.67 ± 0.47

ρ–ω interference +2.80 ± 0.19 +2.80 ± 0.15

mπ± − mπ0 effect on σ −7.88

mπ± − mπ0 effect on Γρ +4.09 +4.02

mρ± − mρ0
bare

+0.20+0.27
−0.19 +0.11+0.19

−0.11

ππγ , electrom. decays −5.91 ± 0.59 −6.39 ± 0.64

Total −16.07 ± 1.22 −16.70 ± 1.23

−16.07 ± 1.85

ence with respect to the KS results5 as systematic error. The
total correction for isospin breaking amounts to (−16.07 ±
1.85) × 10−10 for ahad,LO

µ [ππ, τ ], where all systematic er-
rors have been added in quadrature except for the GS and KS
difference which has been added linearly. This correction is
to be compared to the value (−13.8±2.4)×10−10 obtained
previously [12]. Since the FSR correction was previously in-
cluded, but not counted in the IB corrections, the net change
amounts to −6.9×10−10, dominated by the electromagnetic
decay correction.

The corresponding IB-corrected ahad,LO
µ [ππ, τ ] in the

dominant π+π− channel below 1.8 GeV is given in Table 2
for ALEPH, CLEO, OPAL, Belle, and for the combined
mass spectrum from these experiments. The evaluation at

5We do not confirm the significant IB correction difference of the KS
parametrisation on the ρ–ω interference with respect to the GS para-
metrisation observed in [41].
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ence with respect to the KS results5 as systematic error. The
total correction for isospin breaking amounts to (−16.07 ±
1.85) × 10−10 for ahad,LO

µ [ππ, τ ], where all systematic er-
rors have been added in quadrature except for the GS and KS
difference which has been added linearly. This correction is
to be compared to the value (−13.8±2.4)×10−10 obtained
previously [12]. Since the FSR correction was previously in-
cluded, but not counted in the IB corrections, the net change
amounts to −6.9×10−10, dominated by the electromagnetic
decay correction.

The corresponding IB-corrected ahad,LO
µ [ππ, τ ] in the

dominant π+π− channel below 1.8 GeV is given in Table 2
for ALEPH, CLEO, OPAL, Belle, and for the combined
mass spectrum from these experiments. The evaluation at

5We do not confirm the significant IB correction difference of the KS
parametrisation on the ρ–ω interference with respect to the GS para-
metrisation observed in [41].

ΔaHVP, LO
μ [τ, ππ]

<latexit sha1_base64="hoyC9cLnefZPxqKfzHE+L2K79RQ="></latexit>

aHVP,LO
µ [⇡⇡] = aHVP,LO

µ [⌧,⇡⇡] +�aHVP,LO
µ [⌧,⇡⇡]  CVC, Alemany et al EPJC, 1998

Exp < 0.2% Theory ~ 5%



SD electroweak corrections:  

 Marciano, Sirlin, PRL, ’86, ’88, ‘93 
 Braaten, Li, PRD, ’90 
 Erler, RMF, ’04 
 Cirigliano et al, PRL, ‘26

SEW

LD em corrections:  

 Cirigliano et al PLB ’01; JHEP ’02 
 Flores-Baez et al, PRD, ’05 
 Miranda, Roig, PRD, ’20 
ZX Li, A Li, et al, PRD, ‘25 
 Colangelo et al, JHEP ’26; PRL ’26

GEM(s)

FSR  in  

J Schwinger, Particles,, Sources Book 
 Drees, Hikasa, PLB, ’90 
 Flores-Baez et al, PRD, ’26 
 Hoferichter et al, PRL, ‘23

(s) e+e− → π+π−

Isospin Breaking  in  

 Alemany et al, EPJC, ’98 
 Davier et al, EPJC, ’03 
 Flores-Baez et al, PRD, ‘07 
 Davier et al, EPJC, ’10; ’12, ’24 
 Flores-Baez et al, PRD, ‘26

ΔΓρ FV
π (s)/f+(s)

Beyond sQED
Talk by Zhi-Hui Guo



[166] Davier et al, EPJC, ’24 
[194] Davier et al, EPJC, ’10 
[209] Castro et al, PRD, ’25 
[237] Colangelo et al, JHEP, ’22 
[247] Hoferichter et al, PRL, ‘23

 (Phys. Rep. ’25)

 Matching and scheme-dependence in , 

 Non-scalar QED corrections in , FSR(s)  &  


 Largest uncertainty due to IB in ,   

SEW, GEM(s)
GEM(s) ΔΓρ[ππγ]

ρππ gρ+π+π0/gρ0π+π− − 1 ≈ 2α/π

Status IB corrections in : White Paper 2025Δaμ(in 10−10 units)

Largest uncertainties Exp: ±1.45 × 10−10
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: Structure-dependent corrections, Colangelo et al, PRL 136 (2026); JHEP 02, (2026) 

: Scheme-independence, Cirigliano et al, PRL 137 (2026) 

: Structure-dependent corrections, Flores-Baez et al, PRD 113 (2026) 

: IB corrections in  ,  Flores-Baez et al 2026; GLC-KR ; Davier et al, 2504.13789

GEM(s)

SEW ⋅ GEM(s)

FSR(s)

FV(s)/F+(s) ΔΓρ

Some recent (after WP25) developments in IB corrections 

}±(1.8 → ± 0.5) × 10−10

±10 % → ± 1 %

±30 % → ? %
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: IB corrections in  ,  Flores-Baez et al 2026; GLC-KR ; Davier et al, 2504.13789

GEM(s)

SEW ⋅ GEM(s)

FSR(s)

FV(s)/F+(s) ΔΓρ

Some recent (after WP25) developments in IB corrections 

}±(1.8 → ± 0.5) × 10−10

±10 % → ± 1 %

±30 % → ? %

Δmρ = mρ+ − mρ0, ΔΓρ = Γρ0 − Γρ+

<latexit sha1_base64="AxEVqJlLDW/EnmhmQ/+UlUv5poA="></latexit>

FV (s)

f+(s)
= 1 + a�m⇢ + b��⇢

  , PDG  

  needed

±1.3 MeV

< ± 0.5 MeV

Future: BESIII   

Davier et al, 2504.13789

108 J/ψ → ρπ

Theoretical input for  needed!ΔΓρ
21



 pion structure-dependent virtual  
corrections to τ− → π−π0ντ ⟹ GEM(s)

 Structure-dependent corrections to 
 ρ0 → π+π−/ρ+ → π+π0 ⟹ ΔΓρ

Colangelo et al PRL (2026); JHEP (2026) 

Flores-Baez et al, PRD (2026)

1
k2

⟹
1
k2 [∑

V

aVFV(k2)]
2

Beyond scalar QED in virtual corrections

  QED corrections calculated assuming point-pions (sQED)O(α)

22



Summary of IB in rho meson widths

Compared to
•  MeV from PDG2024,   

•  MeV (GS), from Davier et al 2504.13789 

(+0.03 ± 1.3)

(−0.58 ± 1.01)

<latexit sha1_base64="E1BCE9FL7qQiuh6O+nfLJao+9rM="></latexit>

!”ω = !”ω[ωω(ε)] +!”ω(rest)

= ”(ϑ0 → ω+ω→)

[
ϖ0 ↑ ϖ+ ↑ 2

(
g+
g0

↑ 1

)
↑ 3

2

(
1↑ ϱ2

0

ϱ2
0

)
ϖmε

mε

]
+!”ω(rest)

= [+0.690(6) + 0(1.4)↑ 1.104] MeV + 0.085(17) MeV

= [↑0.33± 0.02 (±1.4)] MeV
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FSR(s) = 1 + δ0(s)
ρ0 → π+π−(γ)

Flores-Báez et al, PRD 113(2026)

  Schwinger’s Book;  
  Drees-Hikasa, PLB (1990) 
  Flores-Baez et al, PRD (2007).

 Energy-dependence of QED radcorr 
sQED vs structure-dependent corrections

FSR corrections in e+e− → π+π−

 Scalar QED (sQED) corrections

24



[a] Davier et al, EPJ C84, 721 ( 2024), 
[b] Davier et al, EPJC C66, 127( 2010) 
[c] Castro et al, PRD 111, 073004 (2025) 
[d] Colangelo et al PRL 136, 10(2026); JHEP 02, 181 (2026) 
[e] Cirigliano et al, arXiv 2602.11253 
[f] Flores-Baez et al, PRD 113 , 093002 (2026) 
[g] GLC+K. Raya, preliminar

Summary: “Estimated” impact on  ΔaHVP,LO
μ [τ, ππ] (units 10−10)

<latexit sha1_base64="OHChxGTDalKa6B6Oa1h+nHgpvWo="></latexit>

Refs. [a,b] Ref. [c] 2026
PS, SEW, GEM →22.01(91) →21.4(+0.6

→1.4) →24.9(5) [d,e]
FSR +4.67(47) +4.62(46) +3.77(2) [f ]
ω→ ε mixing +4.0(4) +2.87(8) +4.0(4)

!mω +0.20(+27
→19) +1.95(+1.56

→1.55) +0.20(+27
→19)

!”ω(!mε) +4.09 +3.37 +4.09
FV

ω
f+

(w/o ω→ ε) !”ω(ϑϑϖ) →5.91(59) →6.66(73) →2.22(3) [f ]

!”ω(gωεε) – – 0.0(4.7)
Total →1.62(65) →1.34(1.72) +2.1(4.7)

!aHVP,LO
µ [ϱ,ϑϑ] →14.9(1.9) →15.2(+2.3

→2.6) →15.1(4.8)

(*)

(*)
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[a] Davier et al, EPJ C84, 721 ( 2024), 
[b] Davier et al, EPJC C66, 127( 2010) 
[c] Castro et al, PRD 111, 073004 (2025) 
[d] Colangelo et al PRL 136, 10(2026); JHEP 02, 181 (2026) 
[e] Cirigliano et al, arXiv 2602.11253 
[f] Flores-Baez et al, PRD 113 , 093002 (2026) 
[g] GLC+K. Raya, preliminar

Summary: “Estimated” impact on  ΔaHVP,LO
μ [τ, ππ] (units 10−10)

Structure-dependent effects (*) in radcorr 

Different results compatible within errors

ρ → ππ(γ)
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aHVP,LO
μ [τ, ππ] = 517.1(2.8)exp(4.8)th × 10−10

aHVP,LO
μ [e+e−, ππ] = (503.46 ± 1.91) × 10−10

⇕CVC test 2.3σ

Test of CVC in the 2-pion  HVP-LO contribution to muon g-2

KNT(2020), wo/CMD-3

 Consistent determinations of  using  data  

 Solving/understanding the tension of CVC remains a challenge  

 Independent test:  PDG(2026)

aHVP,LO
μ [τ, ππ] τ

BR(τ− → π− → π−π0ντ) = (25.49 ± 0.09) %
26



2. Isospin breaking in   couplingsρππ

 , compromise guess ,  


    ,    WP2025 

  Some model-dependence  cancel in   ratio (?)

|δg | = (g+ − g0)/g0 ≤ 2α/π |ΔΓρ | = 300 |δg | MeV ≤ 1.4 MeV

⟹ ΔaLO,HVP
μ [τ, ππ] = ± 4.7 × 10−10

g+/g0
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2. Isospin breaking in   couplingsρππ

 , compromise guess ,  


    ,    WP2025 

  Some model-dependence  cancel in   ratio (?)

|δg | = (g+ − g0)/g0 ≤ 2α/π |ΔΓρ | = 300 |δg | MeV ≤ 1.4 MeV

⟹ ΔaLO,HVP
μ [τ, ππ] = ± 4.7 × 10−10

g+/g0

The  strong coupling is computed via 
Schwinger-Dyson in the impulse approximation: 

𝑔VPPWith Khepani Raya

ρ(p1, ϵ) → π(p2)π(q)

27



1)  MeV reproduced with mπ = 139.57

 MeV,    Isospin symmetry


 MeV,  Isospin breaking 

md = mu = 7.00

md = 2mu = 9.32

2) with current quark masses fixed, 

  MeV, for  in BSE,


 , for varying  , keep  fixed

mρ+ = mρ0 = 775.19 ξ = ξ0 = 0.37
mρ+ ≠ mρ0 ξu,d ξ = ξuξd
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1)  MeV reproduced with mπ = 139.57

 MeV,    Isospin symmetry


 MeV,  Isospin breaking 

md = mu = 7.00

md = 2mu = 9.32

2) with current quark masses fixed, 

  MeV, for  in BSE,


 , for varying  , keep  fixed

mρ+ = mρ0 = 775.19 ξ = ξ0 = 0.37
mρ+ ≠ mρ0 ξu,d ξ = ξuξd

Using  MeV PDG, one getsmρ+ − mρ0 = + 0.7(8)
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g⇢+⇡+⇡0

= 1.0024(17) , compared to  δg = − 0.0024(17) δg = 0(
2α
π

) = 0.0000(46) WP 2025
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 MeV       ΔΓρ = − 0.33(2)(140) → + 0.39(51) Δaμ[ΔΓρ(gρππ)] : [0.0(4.7) ⟶ − 2.3(1.6)] × 10−10



Consistent tests of CVC in  vs  hadron production with , 

More precision required in  weak and electromagnetic production, 

Intriguing discrepancies in  channels; improvements required, 
Recent improvements in IB corrections to CVC, 

Channels of relevance for   below 2 GeV

τ e+e− IG = 1+

4π

ηππ

(g − 2)μ
<latexit sha1_base64="7cwmVxKbZzkFSX2QDes52Me6Igc="></latexit>

channel (%) of aHVP,LO
µ (%) of ωaHVP,LO

µ

ε+ε→ 72.6 62.3
ε+ε→ε0 6.7 15.1
2ε+2ε→ 2.1 0.7
ε+ε→2ε0 2.8 10.4
K+K→ 3.3 0.8
KLKS 1.9 0.6
Total 89.4 89.9

Final comments

29

Consistency with CVC, 
reliable data-driven 
predictions



Thank you for your attention



M. Davier et al EPJ C84 (2024)

Combining BaBar, CMD-3 and τ

 

       

Δaμ = aSM
μ − aexp

μ

= − (12.3 ± 3.3ππ ± 2.9rest ± 2.2exp) × 10−10



σ(e+e− → π+π−) =
πα2

3s
|FV

π (s) |2 β3
π(s)

Measurements in 
last 60 years

e−

e+ π+

π−

ρ′￼ρ ρ′￼′￼



WP 2025, R. Aliberti, PR (2025)



CVC test in  channel (2000)ωπ

S. Eidelman, eConf C010430 (2001) M07 

Tau data from CLEO,   

K Edwards et al PRD61 (2000)



<latexit sha1_base64="7pUaBguNWoXMWisD6VfqwYBNQ18="></latexit>

aSMµ = aQED

µ + aEW

µ + aHVP

µ + aHLbL

µ

(±0.2 ± 0.4 ± 61 ± 9.9)→ 10→11

±40

±62

Lattice  WP 2025
 WP 2020    

 2025
e+e−

τ(ππ) + e+e−



Low energy region compared 
to  fit to tau data. 



IB corrections to CVC-based prediction

Davier et al, EPJC 66 (2010)

BR  w/KLOE 

BR  wo/KLOE

(τ− → π−π0ν) = (24.78 ± 0.17e+e− ± 0.22IB) %

(τ− → π−π0ν) = (24.92 ± 0.21e+e− ± 0.22IB) % IB corr= +0.69(22) %



Updated BR .   Castro-Miranda-Roig, PRD 111 (2025)CVC(τ → ππντ)




