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Motivation

• We want to study the structure of hadrons in terms of quarks and 
gluons through QCD

• However, quarks and gluons are not directly observable and 
structures are unknown!
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What are we looking for?

• Images of protons in coordinate and momentum space

• Nonperturbative functions such as TMDs and GPDs are defined in 
QFTs and describe the intrinsic partonic structure of protons
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How do we do it?

• Through experimental data in factorizable processes in QCD
• Focus on electron-induced reactions that can be realized at JLab 

and future EIC
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1. Meson structures
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Pion PDF analyses
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EIC Impact on Pion PDFs
• Statistical uncertainties are small compared with HERA because of 

larger luminosity – systematics dominate
• 𝑠 = 5400 GeV2, 1.2% systematic uncertainty, integrated ℒ = 100fb-1
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Abdul-Khalek, et al., Nuclear Physics A 1026, 122447 (2022).



Kaon PDFs

7/15/25 barry@anl.gov 8

NA3 
data

LQCD 
data Measurements of leading hyperon at EIC 

will be needed to access small-𝑥 PDFs 



2. Transverse Momentum 
Distributions (TMDs)
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Essential components of TMD phenomenology

• Convenient to formulate TMDs in 𝑏!-space (conjugate to 𝑘!)
• Note the explicit dependence on the collinear PDF, while having an 

intrinsic non-perturbative TMD function
• Apply QCD evolution (has perturbative and non-perturbative 

components)
10barry@anl.gov7/15/25

Relation to 𝑘!-space TMD



TMD PDFs of 
proton and pion

• Here we use fixed-target 
DY data
• Broadening in 𝑏!-space 

appearing as 𝑥 increases
⟹Narrowing in 𝑘!-space

• Up quark in pion is 
narrower than up quark 
in proton in 𝑏!-space
⟹ Broader in 𝑘!-space
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• Make use of high-energy precise datasets such as LHC
• Exploit the explicit dependence of the PDF on the TMD formalism 

and perform a global analysis to world TMD and collinear data

Simultaneous Analysis of PDFs and TMDs
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3. Event-level inference
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Observations from
Experiment
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Experimental facility

Initial state collisions

Final state detection

Deep inelastic scattering: 𝑒𝑝 → 𝑒"𝑋
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Presenting the data

• Traditionally, detected events are binned in kinematic variables 
through histograms
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Binning

Traditional approach – lose 
information by averaging
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Resulting PDFs
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EIC outlook

1. Leading baryon observables can improve our knowledge of 
meson structures, complementing existing Drell-Yan data and 
lattice QCD data
• Tagged SIDIS – access to meson TMDs

2. SIDIS measurements at EIC can provide complementary high 
energy measurements to LHC data for TMD extractions
• Simultaneous analysis of FFs and TMD FFs

3. Improve our knowledge of internal structure of hadrons through 
event-level inference
• Next step is to analyze the effects of a detector
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