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Aim: determine the valence quark distribution of pion
gx) = qu(x)! g(x) from lattice QCD using large momentum € ective theory
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From parton distributions to quasi parton distribution

X. Ji 02013 calculable in perturbation theory
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Challenges for lattice calculations:

¥ Small lattice spacings to make perturbative matching possibl
I HYP smeared Wilson valence quarks on HISQ sea:
2+1 Ravor HISQ, 48" 64,a=0.06 fm, mY@ =300 MeV,
mpy®® = 161 MeV

¥ Need largeP, which makes the correlators noisy
| momentum smearing

¥ Need to match the lattice scheme toMS scheme
I use RI/MOM as an intermediate renormalization scheme



Calculating correlators at large momenta

Gaussian sources via Wuppertal smearing for the moving pio
Gusken et al, 1989
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Calculating correlators at large momenta (cont’d)

Modify the Gaussian smearing such that quarks inside the source have non-ze
momenta k, = | P, Bali 2016

We use momentum boosted Coulomb gauge bPxed Gaussian soul
(cheaper computationally)
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Calculating correlators at large momenta (cont’d)

Modify the Gaussian smearing such that quarks inside the source have non-ze

momenta k, =

| P,, Bali 2016

We use momentum boosted Coulomb gauge bPxed Gaussian soul
(cheaper computationally)
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Renormalization and matching of gPDF

Work3ow:

®(z,P,a) ! R(Z, P, P5,HR) ! OR(X, Pz, P}, HR)

Perform matching from RI/MOM to MS
Stewart, Zhao, 2017

- tody x yP, pR
x. P, bR, _ 9Y cRiMOM z
qx PP )= SRR N

For Wilson fermions ! ; operator mixes with unit operator ! to be considere:
In the renormalization

Constantinou, Panagopoulos, 2017, Alexandrou et al, 2017, Chen et al, 2017

)q(y 1)

Non-perturbative RI/MOM: bx Landau gauge on the lattice, calculate the an
putated 3-point function on quark states at momentum p and require that for
p, = p} and pz + pz = p3 it is equal to the tree level result

Stewart, Zhao, 2017, Chen et al 2017
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Renormalization constants in non-perturbative RI/MOM

pY =1.28 GeV, p? =1.48 GeV
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How well the 1-loop result describes the quark 3-pt function ?

Non-perturbative RI/MOM renormalization removes some of the lattice arti-
facts and the self-energy divergenceé the renormalized quark 3-pt function
should agree to some extent with 1-loop result ofStewart and Zhao, 2017
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Pion 3-point functions at different momenta

Ratio vs Operator Insertion: pz4 y; 1HYP
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Pion 3-point functions at different momenta (cont’d)

qPDF vs z: Pz1.72 GeV: y,: T=At/2
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From coordinate space qPDF to momentum space qPDF

1t
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Pion PDF and comparison to extraction from experiments

R =1.28 GeV, pf =1.48 GeV u=3.2 GeV
1.2 Fp, =0'86GeV. mummm’ | ‘
1+P,=1.28GeV nmmm o -
08 |P-=1.71GeV mmmmm  Preiminary
' Experlment N
= 067} N\ .
x 04 : j,..w,'||||| ||| \ 1
o ¥4
- 0.2 | / .
—0.2 ¢ !
04} . ; . , :
-1 —-0.5 0 05 1 15

X

comparison to pion PDF from data on! A DY and neutron electro-production
at HERA: Barry et al (JAM), 2018
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Pion PDF and comparison to extraction from experiments
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X q(x, 1)

Dependence of Pion PDF on RI/MOM scales
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Summary

¥ The valence quark distribution have been calculated on bne latticed =
0.06 fm) using partially quenched calculations (HYP smeared Wilson o
HISQ)

¥ Non-perturbative RI/MOM renormalization has been implemented and it
seems to follow the expectations from perturbation theory! matching
from gPDF to PDF is meaningful

¥ The lattice result on valence pion PDF agree with phenomenological di
termination for large momenta, P, = 1.72 GeV within (large) errors

¥ Obtaining a good signal is challenging, especially at large



