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HVP evaluation using  dataτ → ππντ(γ)
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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
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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
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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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HVP evaluation using  dataτ → ππντ(γ)
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 Matching and scheme-dependence in , 

 Missing Str-Dep 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)

Uncertainties Exp: ±1.45 × 10−10



: 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 

Δmρ = mρ+ − mρ0, ΔΓρ = Γρ0 − Γρ+
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Flores-Baez et al, PRD 76, 096010 (2007)

Data-based  determination not precise enough, error  1%, needed < 0.5%


Theory-based   

 MeV, from channels other than 


IB dominated by  channels, ( )

∼

ΔΓρ = ΔΓρ[ππ(γ)] + ΔΓρ(rest)

ΔΓρ(rest) = + 0.085(17) ππ(γ)

ρi → ππ(γ) i = 0, +

PDG, 2024

 The width differente of rho mesons:  ΔΓρ = Γρ0 − Γρ+

PDG, Davier et al 2504.1378

g0 ≡ gρ0π+π− , g+ ≡ gρ+π+π0
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At leading order in IB

Radcorr IB in ρππ mπ+ − mπ0
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aV = 1

Electromagnetic gauge invariance preserved,


Asymptotic FF , Ultraviolet Finite,


Negligible structure-dependent real-photon corrections  

1/k4

1.  corrections to  decays beyond sQEDδ+,0 ρ → ππ

Beyond sQED

GVMD: Ignatov & Lee, PLB (2022)sQED: Flores-Baez et al, PRD (2007)
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1.  corrections to  decays beyond sQEDδ+,0 ρ → ππ

Beyond sQED

,  for  

  ,  for   

   , 

δ0 = + 6.04(2) × 10−3 ρ0 → π+π−(γ)
δ+ = + 1.44(3) × 10−3 ρ+ → π+π0(γ)

δ0 − δ+ = 4.60(4) × 10−3

Flores-Baez, GLC,Toledo PRD 113, (2026)

At  MeVmρ = 775

GVMD: Ignatov & Lee, PLB (2022)sQED: Flores-Baez et al, PRD (2007)



FSR(s) = 1 + δ0(s)

Energy-dependence of radiative corrections

ρ0 → π+π−(γ)

Flores-Báez et al, PRD 113(2026)

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



FSR(s) = 1 + δ0(s)

Energy-dependence of radiative corrections

ρ0 → π+π−(γ) ρ+ → π+π0(γ)

Flores-Báez et al, PRD 113(2026)

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



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

𝑔VPPWith Khepani Raya

ρ(p1, ϵ) → π(p2)π(q)



Vector and pseudoscalar meson 
Bethe-Salpeter amplitudes (BSA)

Bethe-Salpeter equation (BSE)

f-flavored quark propagator

Quark Dyson-Schwinger equation (DSE)



Z. Xing, K. Raya, L. Chang, PRD 104, (2021)



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



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



Summary of IB in rho meson widths

Compared to
  MeV from PDG2024,   

 MeV (GS), from Davier et al 2504.13789 

ΔΓρ = (+0.3 ± 1.3)

ΔΓρ = (−0.58 ± 1.01)
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Thank you for your attention!!
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π+(p+)

π−(p−)

a) b) c)

d)

π+(p+)

π−(p−)

e)

ρ0(P) ρ0(P) ρ0(P)

 Real photon emission same as in the previous analysis (PRD 2007),


 IR finite upon inclusion of  real photon emission contribution;


 UV finite 

Neutral rho meson ρ0 → π+π−(γ)

a) b) c)

d)

ρ+(P)

π+(p+)

π0(p0)e)



19

• Structure-dependent effects in FRS(s) and in the width difference  
, calculated within a GVMD model, are larger than previously 

estimated (a 10% uncertainty).


• Taken together, these effects reduce the size of IB corrections to the HVP 
contribution based on tau data




•   tau-based prediction of  
moves closer to experimental value.

ΔΓρ[ππ(γ)]
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(�15.0± 5.1)⇥ 10�10, WP (2025)

aCVC,ππ
μ = aHVP

μ [τ, ππ] + ΔaHVP
μ [τ, ππ] ⇒ aμ

         Conclusions



M. Davier et al, EPJC 66, 127 (2010) 

   DH…’10 

                    
                                  DHLMZ’23 

                    
                            CMR’25 

                     
                                    WP-TI’25 

                      
                                FLT’25

ΔaHVP
μ [τ, ππ] = (−161 ± 19) × 10−11

⇓
(−149 ± 19) × 10−11

⇓
(−152+23

−26) × 10−11

⇓
(−150 ± 50) × 10−11

⇓
(−119 ± 17) × 10−11



gϕK+K−

gϕK0K̄0

=
Rϕ

1 + δQED ( β0

β+ )
3

Rϕ ≡
B(ϕ → K+K−)
B(ϕ → K0K̄0)

δQED = 4.09 %
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Rexp
� |g�K+K�/g�K0K̄0 | Ref.

1.637± 0.062 1.019± 0.019 BESIII 25-26
1.351± 0.057 0.925± 0.019 PDG Average
1.449± 0.029 0.958± 0.010 PDG Fit

BESIII-25: PRL 136, (2025);  
BESIII-26:  arXiv 2605.11464

Premilinar result Schwinger-Dyson:  
gϕK+K−

gϕK0K̄0

= 0.97 ± 0.01



Induced uncertainty

** 1) sQED approximation and, 2) incomplete  electromagnetic vertexρργ
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�(�aHV P

µ
[��⇢]) =

⇢
±2.92⇥ 10�10 ⇤ arXiv : 250413789
±0.59⇥ 10�10 ⇤⇤ Davier et al, EPJC, 010
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Source ��⇢ ⌘ �⇢0 � �⇢+ �m⇢ ⌘ m⇢+ �m⇢0 Ref.
(MeV) (MeV)

Data based PDG +0.3± 1.3 +0.7± 0.8 PDG ’24
(�1.7± 1.1) (�0.15± 0.41)

Data based �0.58± 1.04 * +0.30± 0.53 arXiv: 2504.13789
Th. rad corr. +0.76± 0.20 ** – Flores-Baez ...PRD’07

Davier et al, EPJC’10

The  width differenceρ



Fπ(s) = ∑
V=ρ,ρ′￼,ρ′￼′￼

aVFV(s)

Pion charge asymmetry in  measured by CMD3e+e− → π+π−

Ignatov+Lee, PLB, ‘22


