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Why Pion Valence Distribution

* Pion valence distribution large-x behavior an unresolved problem

% From pQCD and different models: (1 —x)° or (1—z)' ?

* Large- U region: small configuration constrained by confinement dynamics

de Téramond, Liu, RSS, Dosch, Brodsky, Deur

PRL (2018)
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Calculations of Parton Distributions on the Lattice

v Hadronic tensor (K. F. Liu, PRL 1994, PRD 200)
vk Position-space correlators (V. M. Braun & D. Miiller, EPJ 2008 )
v Inversion Method (A. Chambers, et al PRL 2017)

v Quasi PDFs (X. Ji, PRL 2013)

Y Pseudo-PDFs (A. Radyushkin, PLB 2017)

A

Extensive efforts and significant achievements in recent years

* Hadronic Lattice Cross Sections (LCSs)
(Y. Q. Ma, J.-W. Qiu, PRL 2018)

Altogether, a community approach complementary
to global fits of PDFs



What are Good Lattice “Cross Sections” (LCSs)

Single hadron matrix elements: Ma & Qiu
PRL (2018)

1. Calculable using lattice QCD with Euclidean time

. Well defined continuum limit (¢ — 0), UV finite

i.e. no power law divergence from Wilson line in non-local
operator

3. Share the same perturbative collinear divergences with PDFs

4. Factorizable to PDFs with IR-safe hard coefficients
with controllable power corrections



A good theory can identity its limitations

- no free lunch

Y 4-point correlation function » (0.8

is numerically expensive .\Ww
Jo

(2,T) (y,0)

Y Equal time current insertion : sum over all energy modes
can saturate phase space

Use heavy-light flavor changing current to suppress
noise from spectator propagator in a systematic way

Simple and controllable approximations to problems




Good Lattice Cross Sections (LCSs)

Y Hadron matrix elements: o, (w, &2, P?) = (P|T{0,(£)}|P)
w=PFP-&
* Current-current correlators

Oj,52(€) = 4174272 71 77151 (€) 42(0)

d; : Dimension of the current
Zj . Renormalization constant of the current

Z; already known for the lattice ensembles being used

vk Different choices of currents

js(€) = € Z5 [V 1)(€), I (&) = €2y gy - €4,)(6).
jvi (&) = €Zy) d@ &/@ ja(€) = €32 [—ZFg,,F,f;',,](&)

gluon distribution

flavor changing current




Parton Distribution Functions (PDFs) & Factorization
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' PDFs

DIS Parton Picture

Factorization scale (i describes which fluctuations should be
included in the PDFs and which can be included in the hard
scattering part




LCSs: Lattice Calculable + Renormalizable + Factorizable

o'n(w,SQ,PQ Z fl dwfa 37 y ) X Kg($w7§27x P )+O(€2AQ0D)
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Nonperturbative PDFs Perturbatively calculable
oneii et gh = 1) (0 hard hoefficients

f@(ZC? /LQ) — _fa(_x7 /LQ)

P and f B e \/g Collision energy
° _ o 1
Collision ¢ - —  Hard Probe —__
Kinematics Q)
O Dynamical
n Features of LCSs

L CSs : Factorization holds for any finite w and P%¢?
if & is short distance



Lattice Calculation Se‘rup

i possible ¢
‘\W“ on/off axis
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(I(=p")O (20) O, () TL(—p')) =
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% Analysis shown here on isoClover with 450 Configurations
% Lattice spacing a~ 0.127 fm, m, ~ 430 MeV (32° x 96)




Example Lattice Matrix Elements

* About 10 different current-current correlations are being analyzed

dpt/2pt
OO O O O O O o o

Momentum smearing used
for higher momentum

.14f
. 12f
.10¢
.08}
06!
.04f
.02f

oéY:l
=
0623
@ o o o o © ® o
oot . ..
15 20 25
T

source-sink separation

Gunnar S. Bali, et al
(PRD 2016)

V-A matrix element

Idea by D. Richards
for reliable extraction
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Preliminary Lattice Results

% Only about 1/3 statistics of p=3,4,5 data analyzed

V-V current correlation
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Does the calculated correlation matrix lead to consistent
description of pion PDF %




Preliminary Lattice Results

on(w, €2, P2) =, [1, 92 fo(z, p?) x K& (aw, 2,22 P2, 4?) + O(2A}cp)

extract PDF

K being calculated at LO and NLO for different currents

calculate
on lattice
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ot NOT a fit yet X

% A combined fit to many LCSs on an ensemble will lead to
precise determination of PDF's

e.g. like global fits to data from different experiments !




With these encouraging results, we are very
excited Il

Collaboration between lattice QCD and perturbative QCD

LCSs can be a tool to test different model calculations

Extensions such as kaon, nucleon PDFs on their way....

Thawnlke You
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 DIS cross section is infrared divergent, and nonperturbative!
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Quasi-Distribution of Pion

m,. ~ 300 MeV LP3, arXiv:1804.01483
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¢2 be small but not vanishing

Apply OPE to non-localop O, (&)

w£2 P2 ZZWJCL)€2 2£V1...€V

J=0 a
J,a
x (PlOYY,  (12)|P),

O,(/‘lj’.?),u (1*) Local, symmetric , traceless op



transit of one parton from a hadron across the other hadron. The probability of undergoing
a hard scattering event with a large momentum transfer () is proportional to the probability
for finding two partons, one from each proton, to be within a transverse separation of 1/@Q of
each other. Multi-parton hard scattering is suppressed because there is a small probability
of finding more than two partons within a short distance of 1/} when the two flat disks
collide. Soft final-state interactions should not change the cross section, as long as we make

T 4p—put T +X



