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WHAT?: Synthesis of 3D tomography/nuclear imaging -
guantum correlation functions (QCFs)

WHY?: Opportunities

hadron structure (PDFs, TMDs, GPDs, ...)
hadronization (FFs, TMDFFs)

HOW?: Data (EXP), Factorization (THY/LQCD), Inference (CS)

test of universality & theory predictive power

significant computing and data analysis

systematic improvements (resummation, evolution, HO

calculations)

synergy with lattice QCD (Bayesian priors) A holistic approach to global analysis

origin of proton spin

quark and gluon tomography

structure of proton sea (strangeness,
antimatter asymmetry)

origin of nuclear EMC effect

small-x phenomena

precision EW physics (Weinberg angle)
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Outline

1. Recent JAM results

2. A word on QED effects in eP
3. Opportunities at JLab 20+

4. Integrated THY/EXP analysis




Isovector EMC effects from MARATHON data
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Global analysis including latest collider W/Z data
and MARATHON d/p, helium, tritium DIS data

Evidence of different medium modifications for
u and d quarks

Naive modeling of nuclear PDFs, e.g. ulp/A = d/n/A
(violates isospin for non-isoscalar A) is wrong 4



Anti matter asym metry Cocuz‘za,‘ Melnitchouk, Metz, Satc? (PRD)
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R e First global analysis to include latest

’ SeaQuest and STAR data

e Most precise phenomenological extraction
of dbar-ubar asymmetry to date

L 0.1 0.2 03 g 04
e Quantitative test of the pion-cloud model
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Polarized antimatter asymmetry

process Naat X° /Ndat

Cocuzza, Melnitchouk, Metz, Sato (PRD)
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e First simultaneous extraction of unpolarized
and helicity PDFs and FFs in global analysis
with inclusion of RHIC spin W+/- data
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e Most precise phenomenological extraction of
polarized dbar-ubar asymmetry to date



Negative gluon polarization?

News on Gluon helicity 0931003 POS
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Pion structure

e Improved pQCD framework
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Global analysis of SSAs (TMD+CT3 framework)
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Exploratory study for a global analysis of all
single-spin asymmetries from ep, e+e- add pp
reactions using the parton model TMD with
collinear twist-3 framework.

Extracted flavor-dependent transversity in good
agreement with LQCD for the first time.




Synergies with LQCD - pion structure
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Experimental data can provide
insights into LQCD systematics
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Synergies with LQCD - pion structure
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QED effects in eP reactions

Towards a global analysis includes QED effects
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e Crucial to control QED backgrounds in
transverse spin asymmetries 13
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Strangeness & Apv deuteron
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G luon heliCity & High pT Sl Dls Whitehill, Zhou, Melnitchouk, NS 22
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Integrated theory & experimental analysis

Complexity
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event-based analysis

Can we compare real vs synthetic events?

Why?
e Avoid histograms and minimize
systematic uncertainties
e Avoid unfolding and use direct
simulation

Simulated

Detector [:>
Events

physics

yy simulation

Experimental
Events

Event level ®
comparison

Optimize physics parameters

e New collaboration between domain
and off-domain scientists towards
and end-to-end event-level analysis
framework

e  Supported by SciDAC
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Module 1

Event-level QCF inference framework
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Preliminary work
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Summary/0Outlook

New era of global analysis of hadron
structure —> new tools, new tricks
(theory + experiment + data analysis)

P8 Simultaneous extraction paradigm is
B important for proper UQ

JAM collaboration
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