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® "Seeing’ internal structure of nucleon without seeing quarks & gluons?
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Parton distribution functions (PDFs)

® Parton distribution functions are universal properties of a hadron

» predict/describe outcome of different experiments (e.g. @LHC, EIC, ...)

» governs nonperturbative properties of hadrons
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otatus of unpolarized gluon distribution

® Noticeable differences in unpolarized gluon PDF between global fits
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® Perturbative QCD based predictions at large x :

» to which degree they hold?

» modification due to nonperturbative effects?

Khan, RSS, et al (HadStruc Collab)
(PRD 2021)
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P> For unpolarized gluon PDF: M arg(2,0) = (p| G ua(2) W(z,0] GAg(0) |p)

P> For polarized gluon PDF; AM,0:x8(2,0,8) = (p,s| Gual(z) W]z, O]éw(()) D, S)

® Quasi-PDFs/LaMET (Ji [PRL 2013])

® Pseudo-PDFs (Radyushkin [PRD 201771)

® Appropriate combination for gluon helicity distribution calculation

AMoo(z,p.) = AMoi.0i(2,p2) + AM;;.4i(2, D) (2,] = x,y)

X. Ji [PRL 2013]

Balitsky et al [JHEP 2022]
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® Lattice details:
LxT=32x%x64 a=0.094fm m. = 358 MeV

d‘«s /
® Matrix elements are multiplicatively renormalizable Zhang, et al [PRL 2019], Li, et al [PRL 2019]
. . AMoo(z Zi(z/a | _
® Renormalization: AM(z,p,) _ j1BMoo(z,p2)/p=pol/ZL(2/aL) [ gagyushiin (PRD 20171
Maoo(z,p. = 0)/m: Balitsky, et al [JHEP 2022]

® Write renormalized LQCD matrix elements in terms of Lorentz invariant variables

- and Ioffe time, w = P,z

perturbative | ; /1 I

dr e “"“rAg(x, 1) Saalfeld, et al [EPJ1998]

Braun, et al [PRD 1995]
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® What we want for the light-cone Ioffe-time distribution:

Azg (wv :u) = Z[AMg;I?_) (w7 :u) o WAMPP (wa :u)]

® What we get from the lattice calculation:
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® Correction through fits using moments

» AMP) :oddin w o | , L
p } AM(w) =) 2( 1>1 aiw™ +°"m—§ ) (21')v bjw??
> AMpp ceven in w i—0 ( LT ) pz =0 ( ])

® Truncation dependent & limited by lattice data
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RSS, Liu, Paul
PRD 2021 (HadStruc Collaboration)
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Saalfeld, et al [EPJ1998]
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® Correction by subtracting zero momentum matrix elements

AMo;.0i(2,p)

AMij;ij (Z7p)

@® Proposed subtraction :

Am% sub (w, < )

~2p,po AM D (w,
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® Lattice discrete momenta are related by ) I »—0.41 GeV

p=10.82 GeV
p=1.23 GeV
p=1.64 GeV
p=2.05 GeV
p=2.46 GeV

H-H P HEH e

pn = 2mn/(La) {H

AM(w,z?)
N
o
o

® Isolate momentum-independent contamination term:

s i § I %§§} $§
(W) — wAM (W) —m;wA./\/lpp(w) e

PRAM(w)| = pi[AM

Pk sp

@® Two different p data sets are related by

AM, (w) = AMD (W) — WAM,p(w) = PAM)],, — AN, =]

r2 —1

» NMain regulator for the neural network

® Eliminate the contamination term (connect two data sets) using neural network analysis
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® Simultaneous fit to AM(w, 2z*) and Aﬁﬁg,sub(w,zz)

AM(w,z?)
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@® Ruling out negative gluon helicity PDF in moderate to large x-region
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® Consider case for unpolaorized gluon PDF
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Fan, Good, Lin : arXiv: 2210.09985

M(w, p?)
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RSS, Liu, Paul [PRD 2021]

® Results can be very different from lattice data sets that appear similar

® Different ML methods being implemented for extrapolations of unpolarized gluon data
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@® Avoid fitting lattice data with limited and biased functional forms
[not the case for global fits (e.g. CTEQ and others) with ample experimental data sets]
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@® With increased precision, LQCD can constrain unpolarized gluon distribution in
the moderate-to-large x-region

® LQCD tends to rule out negative gluon polarization in the nucleon

P Gluon contribution to proton spin & x-dependent helicity distribution from
LQCD

® Physics informed machine learning methods can be useful to predict lattice
data outside accessible range (future applications to expose higher twist
effects)

Thank you!
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