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q(x) = �q(�x). Our result favors a large asymmetry in the distributions of sea up and down
antiquarks in the nucleon with

R •
0 dx(u(x)� d(x)) = 0.13(7), which was first observed by the

New Muon Collaboration (NMC) through the cross-section ratio for deep inelastic scattering of
muons from hydrogen and deuterium [37], and later confirmed by other experiments using different
processes, such as Drell-Yan at E665 [38] and E866/NuSea [39]. For the first time in LQCD
history, we can directly calculate the antiquark asymmetry; Our result is close to the experimental
one obtained by NMC in their DIS measurement, 0.147(39) at Q2 = 4 GeV2 and by HERMES in
their semi-inclusive DIS (SIDIS) result, 0.16(3) at Q2 = 2.3 GeV2 [40]. In independent follow-up
lattice work one year later, our result was confirmed by ETMC Collaboration [41] using twisted-
mass fermion action. The traditional lattice approach using moments would require knowledge
of all moments to isolate the antiquark distribution. Thus, our result on the antiquark distribution
is a clear demonstration that our method reaches beyond previous moment calculations in lattice
QCD. With today’s computational resources, such calculations could soon be greatly improved by
performing them at the physical pion mass with better systematics control.

Figure 3: The unpolarized isovector quark distribution u(x)� d(x) computed on the lattice (orange band:
final extrapolation, gold band: nz = 2, cyan band: nz = 3 with ~P = {0,0,nz} 2p

L ), compared with the global
analyses by MSTW [11] (brown dotted line), and CTEQ-JLab (CJ12, green dashed line) [34].

We show the helicity distribution result from this ensemble in the left panel of Fig. 5 x(Du(x)�
Dd(x)), along with selected recent global analyses by JAM [42], DSSV [43], and NNPDFpol1.1 [44],
whose nucleon isovector distribution uncertainties have been ignored here. We see more weight
distributed in the large-x region, which could shift toward smaller x as we lower the quark masses.
This is because lower quark mass increases the long-range correlations in Dhlat(z), which in turn in-
creases the small-x contribution in the Fourier transformation. There are noticeable differences be-
tween the extracted polarized PDFs depending on the experimental cuts, theory inputs, parametriza-
tion, and so on. For example, JAM excludes SIDIS data, leaving the sign of the light antiquark
determined by the valence and the magnitude determined from sum rules. DSSV also relies on
assumptions such as SU(3) symmetry to constrain the analysis and adds a very small symmetry-
breaking term. A direct lattice study of hyperon axial couplings [45] suggested that SU(3) breaking
is roughly 20% at the physical point, bigger than these assumptions. Similar assumptions are also
made by NNPDFpol1.1 [44]. These assumptions are unavoidable due to the difficulties of getting
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