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Motivations

aHLbLµ =
≈ + + · · ·

π0, η, η′ π

Dispersive framework (’21) aµ × 1011

π0, η, η′ 93.8± 4

pion/kaon loops −16.4± 0.2

S-wave ππ −8± 1

axial vector 6± 6

scalar + tensor −1± 3

q-loops / short. dist. cstr 15± 10

charm + heavy q 3± 1

sum 92± 19

Pseudoscalar TFFs on the lattice :

- Input for the dispersive framework

- Input for the direct lattice calculation

aHLbL;π0

µ =

∫ ∞

0
dQ1

∫ ∞

0
dQ2

∫ 1

−1
dτ w1(Q1, Q2, τ) FPγ∗γ∗(−Q2

1,−(Q1 +Q2)
2) FPγ∗γ∗(−Q2

2, 0) +

w2(Q1, Q2, τ) FPγ∗γ∗(−Q2
1,−Q2

2) FPγ∗γ∗(−(Q1 +Q2)
2, 0)

→ w1,2(Q1, Q2, τ) are model-independent weight functions [Jegerlehner & Nyffeler ’09]
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Gauge ensembles

Calculation based on Budapest-Marseille-Wuppertal (BMW) gauge ensembles

• Goldstone pion/kaon are tuned to their physical pion/kaon masses

→ Nf = 2 + 1 + 1 dynamical staggered fermions with four steps of stout smearing

• up to 6 lattice spacings from 0.13 fm down to 0.064 fm

• goal : determinations of the η and η′ TFFs

→ first step : pion TFF
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The pion transition form factor

π0
γ∗

γ∗
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Continuum limit of the pion transition form factor
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Γ(π0 → γγ) = 7.11(0.44)stat(0.21)syst eV

aHLbL;π0

µ = 57.8(1.8)stat(0.9)syst × 10−11
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Pion-pole contribution : status (1)
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Pion-pole contribution : status (2)

▶ two-photon decay width : Γ(π0 → γγ) =
πα2m3

π0

4
F2

π0γγ(0, 0)

6.5 7.5 8.5

Mainz 19

BMW 23
ETM 23

NNLO ChiPT

PrimEx

Γ(π0
→ γγ) [eV]

• lattice results tend to be smaller than exp. value, but compatible within 1 - 1.5 σ

→ error dominated by statistics
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The η and η′ transition form factors
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Amplitudes for the η and η′
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dτ Ãµν(τ) e

ω1τ

Antoine Gérardin 8 Pseudoscalar transition form factors from BMW



Results at the physical point
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▶ two-photon decay width : Γ(π0 → γγ) =
πα2m3

π0

4
F2

π0γγ(0, 0)

Γ(η → γγ) = 338(94)stat(35)syst eV

Γ(η′ → γγ) = 3.4(1.0)stat(0.4)syst keV

→ PDG : Γ(η → γγ) = 516(18) eV

→ PDG : Γ(η′ → γγ) = 4.28(19) keV
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Pole-contribution to aHLbL
µ

aHLbL;P
µ =

∫ ∞

0

dQ1

∫ ∞

0

dQ2

∫ 1

−1

dτ w1(Q1, Q2, τ) FPγ∗γ∗(−Q2
1,−(Q1 +Q2)

2) FPγ∗γ∗(−Q2
2, 0) +

w2(Q1, Q2, τ) FPγ∗γ∗(−Q2
1,−Q2

2) FPγ∗γ∗(−(Q1 +Q2)
2, 0)
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aHLbL;η
µ = 11.6(1.6)stat(0.5)syst(1.1)FSE × 10−11

aHLbL;η′

µ = 15.7(3.9)stat(1.1)syst(1.3)FSE × 10−11

Canterbury approximants [PRD 95, 054026 (2017)]

→ aHLbL;η
µ = 16.3(1.4) × 10−11

→ aHLbL;η′

µ = 14.5(1.9) × 10−11
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Conclusion
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• Our final estimate

aHLbL;ps−poles
µ = (85.1 ± 4.7stat ± 2.3)× 10−11 .

• Pion transition form factor

→ good agreement with Mainz’19, ETM’23 and with exp. data for Fπ0γγ(Q
2, 0)

• η − η′ transition form factors

→ first ab-initio calculation - error dominated by statistics

→ some tensions for the η TFF at very low virtualities
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