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The challenge

m Quark and gluon d.o.f. cannot be
measured directly

m Experimental measurements can be
interpreted in terms of quark and
gluon d.o.f.
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m [dentify and measure observables sensitive to
QCFs — factorization

m Bayesian inference — global analysis
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The community effort

m Adding/updating experimental /lattice observables
m Improve soft/hard separation — HO corrections
m Simultaneous extraction of QCFs

m Improving the Bayesian regression
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Valence polarization

“Color polarizability”
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Strange polarization “puzzle”
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Gluon polarization
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Evidence for Polarization of Gluons in the Proton
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Gluon polarization
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Gluon polarization
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Gluon polarization
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Gluon polarization

> .

IN

0.15 EIC inclusive jet production

ot Vs =141.4GeV
5<p} <35 GeV
Q* >10 GeV*
[ <3
R=08

:: 0.05
= n=p;

-0.05
5 10 15 20 25 30 35

P ,' [GeV]

Inclusive jet production as a probe of polarized parton distribution
functions at a future EIC
Radja Boughezal, Frank Petriello, and Hongxi Xing

Phys. Rev. D 98, 054031 — Published 27 September 2018
11/23



Light sea polarization

12/23



Light sea polarization
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Light sea polarization
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Light sea polarization
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Constraints from lattice QCD
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Next generation of QCD
global analysis tools
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Current paradigm

m Global analysis uses Bayesian regression

m It is done via posterior sampling

pla|data) = L(a, data)r(a)

m a are the “shape” parameters for QCF
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Why do we use posterior sampling?

m We know how to go from a to cross sections e.g.

dxd@? Z/ ( “’)

m We DON’T have the inverse function
to go from cross sections to a




The inverse mapper
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The inverse mapper
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Can we use Machine

Learning?
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Partnership with computer scientists

m M. Almaeen (ODU)

m Y. Awadh Alanazi (ODU)

m M. Houck (Davidson College)

m M. P. Kuchera (Davidson College)
= Y. Li (ODU)

= W. Melnitchouk (JLab)

m R. Ramanujan (Davidson College)
= NS (JLab)

m E. Tsitinidi (Davidson College)
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ML prototypes
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m Tested and validated
in toy DIS—like

examples

m How about real QCD
analysis?
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Application to
unpolarized DIS
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Application
unpolarized
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Application to
unpolarized DIS
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Application to unpolarized DIS
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Summary and outook

m Still long way to get APDFs as precise as PDFs
m Awaiting to analyze JLab 12 GeV data

m Critical studies beyond Bayesian reweighting are
needed to estimate EIC impact

m New tools for global analysis using machine
learning
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