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FIG. 5: Extraction of moments of meson distribution amplitudes. Here, the light-shaded circle denotes the pion interpolating
operator and the dark circle and dark square indicate the vector and axial-vector currents, respectively.

In this case, choosing MΨ = 2.1 GeV, q0 = 1.98 GeV and Q2 = −3.85 GeV2 which gives the flatter behaviour shown
in the RHS of Fig. 4 may be more appropriate. Without performing the large scale simulations that are required to
determine the Compton amplitude, it is hard to be definite on the choices of parameters. However, it seems that this
approach has significant potential to determine higher moments of isovector parton distributions than are currently
available from QCD.

IV. DISTRIBUTION AMPLITUDES FROM CURRENT-CURRENT MATRIX ELEMENTS

A further application of the approach we have outlined is in computing moments of meson distribution amplitudes,
φM . In the lattice approach, we can extract moments of distribution amplitudes in the same way as DIS determines
moments of parton distributions; for example, we may study the matrix element ⟨π±|T [V µ

Ψ,ψ(x)Aν
Ψ,ψ(0)]|0⟩, where

V µ
Ψ,ψ and Aµ

Ψ,ψ are fictitious vector and axial vector heavy-light currents. This process is described by the tensor

Sµν
Ψ,ψ(p, q) =

∫
d4x ei q·x⟨π+(p)|T [V µ

Ψ,ψ(x)Aν
Ψ,ψ(0)]|0⟩ . (23)

Following from Eq.(9), the OPE of the two currents leads to the same matrix elements of twist-two operators that
determine the moments of the pion distribution amplitude:

⟨π+(p)|ψγ{µ1γ5(i D)µ2 . . . (i D)µn}ψ|0⟩ = fπ⟨ξ
n−1⟩π [pµ1 . . . pµn − traces] , (24)

where

⟨ξn⟩π ≡

∫ 1

0
dξ ξnφπ(ξ) . (25)

These matrix elements can be determined by studying the various components of Sµν
Ψ,ψ for varying mΨ and qµ

analogously to Eq. (14). As in the DIS case, many higher-twist contributions are absent because of the valence nature
heavy quark and the problems that plague direct evaluation of higher moments due to the lattice cutoff are eliminated.
Since only the zeroth (decay constant) and second moments of the pion distribution amplitude have been investigated
in the direct approach [51, 52, 53, 54, 55, 56], any information on higher moments will be useful in constraining the
distribution amplitude from QCD. For flavour non-diagonal mesons (e.g. π±, K±,0), extraction of the tensor Sµν

Ψ,ψ on
the lattice only requires the computation of the Wick contraction shown in Fig. 5.

V. SUMMARY

To summarise, the direct study of Compton scattering tensor on the lattice using the operator product expansion
can provide useful information on the moments of quark distributions. Using currents that couple an unphysical,
quenched, heavy quark field to the physical light quarks renders the approach feasible without modifying the non-
perturbative physics that can be extracted. This has the potential that a large enough number of moments can
be extracted that the parton distributions can be reliably reconstructed from lattice calculations. Our analysis has
focused on the unpolarised isovector quark distribution, but it can also be used to study the other twist-two and twist-
three parton distributions and generalised parton distributions. Additionally, this method will allow computations of
the moments of meson distribution amplitudes where even the lowest non-trivial moment is not known reliably from
the lattice.


