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This talk: QED IB
its FV effect - exponential for !mπL ≃ 4
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Data-driven approach 
(timelike photon momentum)

HVP+  γ

≈

• sum over all channels

HVP HVP  γ

Lattice QCD approach 
(spacelike photon momentum)

+

HVP: lattice vs data-driven

• expansion around isosymmetric point

aHVP
μ (lat) = aHVP

μ (iso)

+δm
∂aHVP

μ

∂δm iso
+ αem

∂aHVP
μ

∂αem iso

∼ few × 10−10
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Challenge #1: signal-to-noise problem

≈ 2-3 fm

generated by ChatGPT

lattice model/reconstruction/etc.

• model-guided fit

• data-driven tail 
(hybrid approach)

Ways to treat the tail:

[RBC/UKQCD, PRL 2018]

[Parrino et al. incl. VB, JHEP  2025]

[BMW, Nature 2026]

[Mainz/CLS, JHEP 2025]

[RBC/UKQCD, PRL 2018]

• spectral 
reconstruction
[Lehner et al., PRD 2026]

aHVP
μ = lim

tmax→∞ ( αem

π )
2

∫
tmax

0
dt f(t, mμ)C(t), C(t) =

1
3 e2

3

∑
i=1

∫ d3x ⟨Ji(t, x)Ji(0)⟩QCD+QED

t4C(t)

t
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Challenge #2: finite-volume effects

Scalar-QED estimates:
[Bijnens et al., PRD 2019]

• Leading powerlike effects are small

δaμ(mπL ≃ 4) ∼ 10−11

O[αem/(mπL)3]

• At , , powerlike effects  exp. effectsL ≳ 6 fm mπ ≃ mphys
π ≳

- this can change with different QCD  QCD+QED matching↔ [BMW, Nature 2021]

compared to HVP

may lead to large exp. finite-volume effects

taken from [Bijnens et al., PRD 2019]

Few lattice simulations at finite volumes - how to extrapolate to ?V → ∞
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Model for QED IB (light quarks)
Lagrangian-based VMD model with pions, ,  and photons

• works in both spacelike and timelike 

ρ ω [VB et al., EPJC 2026]

∝ m2
π± − m2

π0

 renormalized at isospin-
symmetric point ( )
ππγ

mπ ≃ mπ0

isospin-symmetric  physical 
conversion term

→  π0γ

Δaππγ
μ ≃ 0.7 × 10−10 Δact

μ ≃ − 7.8 × 10−10 Δaπ0γ
μ ≃ 0.1 × 10−10

cf. [Hoferichter et al., PRL 2023]

+ +

Δact
μ ≃ aHVP

μ (mπ±) − aHVP
μ (mπ0)

FV effect ≃ [(aHVP
μ )FV − (aHVP

μ )∞]mπ± − [(aHVP
μ )FV − (aHVP

μ )∞]mπ0

✓Accessible via Meyer-Lellouch-Lüscher/Hansen-Patella approaches
[Meyer, PRL 2011] [Lellouch & Lüscher, Comm. Math. Phys. 2001] [Hansen & Patella, PRL 2019, JHEP 2020]
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Matching model with lattice diagrams

Π(i) = C(ππγ)
(i) ( Π(ππγ) + Πct ) + C(πγ)

(i) Π(πγ)

[Chao et al., EPJC 2021]

• Match using LO partially-quenched ChPT

• Lattice quark-level topologies (Wick contractions):

q q

k k

q q

k k

q q

k k

[VB et al., JHEP 2022]

[Parrino et al. incl. VB, JHEP  2025]
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The dumbbell diagram 

• (2+2)a — a dominant, UV-finite topology

• BMW:  fm and  fm, 4hex smearing; good test of FV effectsL ≈ 6 L ≈ 11
one lattice spacing: 

 fma ≈ 0.112
root-mean-square mass: 

 MeVmtaste−RMS
π ≈ 142

• Other lattice results:

- RBC/UKQCD
- Mainz/CLS [Parrino et al. incl. VB, JHEP  2025]

[RBC/UKQCD, PRL & PRD  2018]

(−6.4 ± 1.3) × 10−10
(−6.9 ± 2.9) × 10−10

(focus on light quark contribution)
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Absolute size of (2+2)a from 4hex ensembles
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Finite-volume effect
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Finite-volume effect
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Finite-volume effect
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FV effect is mostly QED-formulation independent - genuinely exp.
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Conclusions and outlook

(2+2)a
Full

L [fm] 6 ∞

     −3.5 −4.3      −4.8 −7.0
     −2.4 −3.0

win. [fm]   0.0-2.8 0.0-∞   0.0-2.8 0.0-∞
     −3.2 −4.7

ΔaFNAL
μ ≈ 1.5 × 10−101.3

Model predictions @ physical point ( in  ):10−10

• QED IB effects are large and negative; contradicts earlier 
phenomenological estimates, e.g. [Hoferichter et al., PRL 2023] 

• Finite-volume effects in the BMW data meet model predictions

‣ QED IB model extension (e.g., -resonance)σ

‣ Combined model for QED+strong IB

[Muon g-2, PRL  2025]

Thank you for your attention!


