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We report on our computation of the pion transition form factor Fπ→γ∗γ∗ from twisted mass lattice

QCD in order to determine the numerically dominant light pseudoscalar pole contribution in the

hadronic light-by-light scattering contribution to the anomalous magnetic moment of the muon

aµ = (g − 2)µ. The pion transition form factor is computed directly at the physical point. We

present first results for our estimate of the pion-pole contribution with kinematic setup for the pion

at rest.
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where the nonperturbative information is encapsulated in the transition form factors FP→γ∗γ∗ of

the pseudoscalar mesons P = π0, η, η′ to two virtual photons. The evaluation of the integrands in

Eq. (1) requires the knowledge of the transition form factors (TFFs) at space-like momenta, both in

the single and double virtual case. It turns out that these TFFs can indeed be obtained from a QCD

calculation on a Euclidean lattice. The relevant kinematic region is determined by the positive

weight functions w1 and w2 which depend on the absolute values of the photon momenta, the

kinematic variable τ̃ = cos θ ∈ [−1,+1], with θ being the angle between the photon momenta, and

the mass of the pseudoscalar meson P. In these proceedings we focus on the pion-pole contribution

for which first lattice results were obtained in [4, 5].

2. The transition form factors on the lattice

In the continuum Minkowski space the TFFs are defined via the matrix element of two elec-

tromagnetic currents jµ and jν and the pseudoscalar state P with four-momentum p,

Mµν(p, q1) = i

∫

d4x eiq1x
〈

0
�

�T{ jµ(x) jν(0)}
�

� P(p)
〉

= εµναβqα
1 q

β

2
FP→γ∗γ∗(q

2
1, q

2
2) .

For virtualities below the threshold for hadron production, the transition form factors can be

analytically continued to Euclidean space, cf. Ref. [4], and are therefore accessible on the lattice.

The Euclidean matrix element ME
µν(p, q1) can be calculated via an integral over the temporal

separation τ = ti − t f of the two currents,

ME
µν =

∫ ∞

−∞

dτ eω1τ Ãµν(τ), in0 ME
µν(p, q1) = Mµν(p, q1). (2)

Here, n0 denotes the number of temporal indices in Mµν, q1 and q2 are the photon virtualities,

p = q1 + q2 is the on-shell pseudoscalar momentum, ω1 is a real-valued free parameter with

q1 = (ω1, ®q1), and

Ãµν(τ) =
〈

0
�

�T{ jµ( ®q1, τ) jν( ®p − ®q1, 0)}
�

� P(p)
〉

.

On the lattice this function is recovered from the three-point function

Cµν(τ, tP) = a6
∑

®x,®z

〈 jµ(®x, ti) jν(®0, t f )P
†(®z, t0)e

i ®p®z〉e−i ®x ®q1 ≡ 〈 jµ jνP†〉 , (3)

via

Ãµν(τ) =
2EP

ZP

lim
tP→∞

eEP (t f −t0)Cµν(τ, tP) , (4)

where tP = min(t f − t0, ti − t0) is the minimal temporal separation between the pseudoscalar

and the two vector currents. The pseudoscalar meson energy EP and the factors ZP are deter-

mined through appropriate pseudoscalar two-point functions. Before integrating over τ, one can

contract the Lorentz structure of the matrix elements. The function Ãµν with one or more tem-

poral indices vanishes for the pseudocalar at rest, and the spatial components can be written as

Ã(τ) = im−1
P
εi jk

®qi
1

®q2
1

Ãjk(τ), and analogously for C(τ).
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