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We present a lattice-QCD calculation of the pion distribution amplitudes using large-momentum

effective theory (LaMET). Our calculation is carried out using five ensembles with 2+1+1 flavors

of highly improved staggered quarks (HISQ), generated by MILC collaboration, at 310 MeV and

220 MeV pion mass with 0.06, 0.09, 0.12 and 0.15 fm lattice spacings. We use clover fermion

action for the valence quarks and tune the quark mass to match the lightest light and strange

masses in the sea. The resulting lattice matrix elements are nonperturbatively renormalized in

regularization-independent momentum-subtraction (RI/MOM) scheme and extrapolated to the

continuum. We compare different approaches to extract the x-dependence of the pion distribution

amplitudes.
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Pion Distribution Amplitudes in the Continuum Limit Nicholas Juliano

1. Introduction

Meson distribution amplitudes (DAs) give the probability of finding a meson in a quark-

antiquark Fock state. They are formally defined as follows, where " (%) is some meson operator:

q" (G, `) =
8

5"

∫

3E

2c
48 (G−1)% ·E=

〈

" (%) |k̄(0)= · WW5* (0, E=)k(E=) |0
〉

. (1)

Meson DAs are important for understanding how light-quark hadron masses emerge from QCD.

They are also important inputs in many hard exclusive processes at large momentum transfers. In

these processes, the cross-section can be factorized into a short-distance hard-scattering part and

long-distance universal quantities such as lightcone DAs. The lightcone DAs can be determined

from fits to experimental data or calculated from lattice QCD.

Meson DAs are like parton distribution functions in that they are universal quantities (meaning

they are experiment and scale independent) and they are non-perturbative in nature. However, given

meson composition compared to heavier hadrons, meson DAs are less constrained by experiments.

They are also subject to various model-dependent calculations and we have no global-fitting result

to compare them with.

2. Lattice Setup

Our lattices come from the MILC collaboration [1]. We use 2+1+1 flavors of HISQs for the

sea quarks, and clover fermion action for the valence quarks. On each lattice ensemble, we use

multiple sources uniformly distributed in the time direction and randomly distributed in the spatial

directions.

Ensemble ID 0 (fm) "c (MeV) "c! %I (GeV) #conf #meas

015<310 0.1510(20) 320(5) 3.93 {1.02, 1.54, 2.05} 452 10,848

012<310 0.1207(11) 310(3) 4.55 {1.28, 1.71, 2.14} 1013 194,496

012<220 0.1184(10) 228(2) 4.38 {1.31, 1.63, 1.96} 959 368,256

009<310 0.0888(8) 313(3) 4.51 {1.31, 1.74, 2.18} 889 39,648

006<310 0.0582(4) 320(2) 3.90 {1.33, 1.77, 2.22} 593 2,372

Table 1: Information for different lattice ensembles used in this work.

Table 1 shows the five ensembles that we have done calculations on. We have four lattice

spacings at 0.06, 0.09, 0.12, and 0.15 fm. We set the pion mass to 310 MeV at each lattice spacing,

and additionally to 220 MeV at the 0.12 fm spacing. The overall momentum range is roughly

1.02-2.22 GeV. Also note the number of measurements that we have for each ensemble; for the

lightest mass (the 220 MeV), we have the largest number of measurements (nearly 370,000).

To extract matrix elements, we first need to calculate the DA two-point correlators, which are

defined for different mesons as follows:
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Figure 1 shows an example illustration of our physical setup, which gives context to our two-

point correlators. ‘k̄2(0, 0)W5k1(0, 0)’ is our local meson operator which creates the meson (a pion
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