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Motivations

e WHAT?: Synthesis of 3D tomography/nuclear imaging -
guantum correlation functions (QCFs)
o  hadron structure (PDFs, TMDs, GPDs, ...)
o hadronization (FFs, TMDFFs)

e HOW?: Data (EXP), Factorization (THY/LQCD), Inference (CS)
o test of universality & theory predictive power
o significant computing and data analysis
o  systematic improvements (resummation, evolution, HO
calculations)
o synergy with lattice QCD (Bayesian priors)

e  WHY?: Opportunities
o origin of proton spin
o 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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Collinear Spin structures
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TMD Spin structures
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3D hadron structure using SIDIS

A prime experiment in
existing and future
facilities
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Physics goals

Name Symbol meaning
upol. PDF Ji U. pol. quarks in U. pol. nucleon
pol. PDF g1 L. pol. quarks in L. pol. nucleon
Transversity hi T. pol. quarks in T. pol. nucleon
Sivers fﬁmq U. pol. quarks in T. pol. nucleon
Boer-Mulders hf(l)q T. pol. quarks in U. pol. nucleon
Boer-Mulders hf(l)q T. pol. quarks in U. pol. nucleon
FF D U. pol. quarks to U. pol. hadron
Collins H; Y| T, pol. hadron

quarks to U. pol.




Breit frame

identified hadron pj, outgoing lepton I’*
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Fragmentation functions
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Linking external kinematics with

Boglione et al 22
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Current fragmentation
Collinear factorization

Current fragmentation
TMD factorization

Soft region
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Role of QED effects

l/#

e Inthe presence of QED .
radiation, the q direction is
not fixed

e The experimental Breit

Frame does not need to P, v\ ' \V\"\N\ -

coincide with the actual
Breit-frame needed in QCD
factorization
?

Breit frame .
identified hadron p}, outgoing lepton I'*
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incoming proton P* g=1-1
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: : i
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Hybrid QED+QCD factorization approach
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Liu, Melnitchouk, Qiu, Sato ‘21
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QED effects in eP reactions
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Existing paradigm -> histogram approach

Inverse problem Inverse problem
Detector level ® Detector level ® Unfolded ® Deconvolution
events histograms histograms “femtography”
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3 dimensional
histograms

Curse of dimensionality

Parton distribution

functions (PDFs)-1D

Transverse momentum

Inclusive
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Spin degrees of
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Event-based analysis?

Can we compare real vs synthetic events?

Why? Experimental
e Avoid histograms and minimize Events ?

systematic uncertainties
e Avoid unfolding and use direct Eventlevel ®

simulation comparison

—
e

Vertex : ﬁ
physics [> Level [> Detector Simulated

Events

T Events simulation
v

Optimize physics parameters



So, how do we compare events?

A Short Introduction to Generative Adversarial
Networks

[ machine-learning deep-learning representation-learning tensorflow
python gans generative-models ]

Training set I/

Discriminator
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Module 1

Event-level QCF inference framework
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Opportunities
e Unified Theory+Exp analysis framework for
hadron structure -> paradigm shift
e Near real time analysis and expedite
scientific discovery

Challenges
e Big event level data processing from
JLab/EIC requires large scale computing ->
exascale computing
e Dedicated distributed ML workflow needs to
be developed
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A holisti h to global lysi
S u m m a ry olistic approach to global analysis USQCD
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e New era of global analysis of . A Qv ;
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hadron structure unified theory & —~ Factorzation )
experiment analysis . N / T b, |
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map QCFs from events and boost
the discovery potential of current
and future experimental facilities
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Large scale computing is needed -> » e |
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Challenges Experimental : Theory
domain . domain

Requires to remove :
detector effects . [Su bjected to }

Subjected to
theory bias

parametrization bias

Detector level » Detector level

Unfolded ‘ Deconvolution
events histograms

histograms “femtography”

Deconvolution relies
on an approximation,
needs validation

Arbitrary choice of |.
binning :

Increasingly difficult in higher
dimensional observables
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