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Hadronic vacuum polarization
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• At low energies QCD gets strongly interacting and a perturbative calculation is not feasible.

• Luckily, analyticity and unitarity allow us to express the leading hadronic vacuum polarization (HVP) 
contributions via a dispersion relation in terms of experimental data:

   where K(s) is a Kernel function

• An evaluation of the HVP, LO contribution can be obtained from the measurements 
of σ(e+e−→hadrons) or the τ → ντ + hadron decays which can be related to the isovector component 

of the e+e−→hadrons cross section through isospin-symmetry.

• Since both are subject to theoretical uncertainties, it is a good strategy to keep using both.

Gourdin, De Rafael. Nucl.Phys.B 10 (1969) 667-674
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Hadronic vacuum polarization
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• About 73% of the contributions to the HVP and 58% of the total uncertainty correspond to the π+π-

(γ)  final state at low energies

• For the two-pion final state,

• Including isospin-breaking corrections at LO, we have

 where

• The ratio of neutral to charged current di-pion form factor and the long-distance em RadCor are 

challenging.

• GEM(s) receives contributions from real and virtual photons.
Cirigliano et al. Phy. Lett. B513 (2001). JHEP 08 (2002) 002

Isospin rotation
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Isospin-breaking corrections to Bππ0
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• Another important independent cross-check of the IB corrections is provided by the prediction of the 

branching ratio based on CVC.

The IB corrections to can be evaluated from
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Isospin-breaking corrections
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• Now let us analyze in more detail the IB effects in the form factors.

• These IB breaking corrections were studied by Davier et al '09 using the Gounaris-Sakurai (GS) and 

Kühn-Santamaria (KS) parametrization.

• The Guerrero-Pich (GP) parametrization was employed by Cirigliano et al '02 .

Form factors
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Θρω is a real
mixing 

parameter
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• IB corrections in the ratio of the form factors in the GS model.

IB corrections to FF
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• IB corrections in the ratio of the form factors in the GP model.

IB corrections to FF
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• Contributions to Bππ0 from the isospin-breaking corrections for the different models.

IB corrections to Bππ0
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IB corrections to Bππ0
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• Contributions to Bππ0 from the isospin-breaking corrections for the different models.
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• Contributions to aµ from the isospin-breaking corrections for the different models.

IB corrections to aµ
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• We perform a fit using the e+e- and tau data in the isospin-limit including the rho-omega mixing.

• Additionally, we consider a modification of the GP parametrization that includes the rho' 

and rho'' contributions.

Fit
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Fit results for the GS model
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Fit results for the GS model
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Fit results for the KS model
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Fit results for the KS model
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Fit results for the GP model
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Fit results for the GP model
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Fit results for the Seed model
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Fit results for the Seed model
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• Contributions to Bππ0 from the isospin-breaking corrections for the different models.

IB corrections to Bππ0
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• Contributions to aµ from the isospin-breaking corrections.

IB corrections to aµ
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• There is a good 

agreement between 

the e+e- prediction via CVC 
and measurement.

Fit results for the Seed model
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Conclusions
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• An important independent cross-check is provided by the tau branching fraction, another key quantity 

which can be directly measured.

• There is a good agreement between prediction and experiment for BaBar and CMD-3.

• In light of the puzzling situation regarding the IB-breaking corrections in the tau-based method, there 
is a significant effort in the lattice in this regard.

• In this perplexing scenario, we insist about utilizing tau input for the dominant di-pion channel.
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Fit results for the GS model
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Fit results for the KS model
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Fit results for the GP model
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Fit results for the Seed model

Alejandro Miranda  (IFAE) QNP2024



Isospin-breaking corrections
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