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Introduction

Energetic hadrons are commonly required to study the partonic physics with near-lightcone approximations in lattice QCD. Measurements »
in hadron states with large hadron momentum allow us to suppress the power corrections and extend the calculable z-range in the large 15 B o 19Gey
momentum expansion approach? and also extend the range of light-cone correlation distance at perturbative z in the short-distance §1-0§ — P=24Gev
factorization. Thus, they are important for precision PDF calculations on lattice. Recent studies have used boosted pions up to 2.4 GeV o
and kaons and baryons up to 3 GeV. However, the signal-to-noise (StN) ratio decreases rapidly when the hadron state is boosted to large
momentum, which limits our calculations and tremendously increases the costs to get reliable physical results. Techniques to improve | x

lattice calculation at large hadron momentum are thus extremely desirable. Pion PDF? from different P..

Kinematically Enhanced Interpolators

Traditional hadron interpolators are usually obtained from minimal quark Fock states
with the same quantum numbers as hadrons at rest, for example,

(0|dy,ysu|m(P)) o< P, <O\eabc(d5075”yuub)uc\N(P)} x Pu(P) (2)

Using these interpolators, the signal (S) of the two-point correlators will be enhanced

T 3 N T
X" = dsu, X" = €abeldq CY5U) U (1) by a factor of O(100) for pions and O(10) for nucleons at 2 ~ 3 GeV,
On the lattice, they correspond to specific representations of the cubic group Oy. On S(Cop(t)) ~ Z Pi /M2 e, o= Bt 00 Pi M2’ o—Eot (3)

the other hand, it has been proposed that on the leading-twist Fock states of hadrons on
the lightcone are made of the + component of the quark fields®. At finite momentum,
these Fock states correspond to higher-spin interpolators with kinematically enhanced
overlaps with ground-state hadrons.

For moving hadrons, the cubic group is broken, O, — C\,, and the higher-spin opera-
tors with spin aligned to the momentum direction reduce to the little group represen-
tations, which mix with lower-spin states. Thus we can use new interpolators for pion

n

On the other hand, the noise scales as (with [ = 1 for pion, [ = 3/2 for nucleon)

N(Oth(t)) N ‘06|26—1Mﬂt 4 Z Pi/Mr’%’C;LFe—Ent m ’66‘26—ZM7T157 (4)
n

where the first term from multi-pion state dominates at large Euclidean time. Asymp-
totically, the StN are kinematically enhanced for the new interpolators,

and nucleons, with a kinematically enhanced signal, StN(Copt(t — 00)) ox P i/ MPem it ()
Pion Results
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Nucleon Results

We include two sets of interpolators that overlap with the ground-state nucleon at large 1.75 T T —oam
34 i < momentum, 1.70{ DCvsye § tsep = 0.60fm
3.2: ne F,@ - ;ﬁ § B " B T ~ G Cysys; L tsep = 0.75fm
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Effective mass for nucleon. tion. The enhancement 1s larger at large ., where the ground state dominates. RU — (]31{9 ./ Cayi for up quark PDF.
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