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Motivations

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

○ 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)

●  WHY?: Opportunities 
○ origin of proton spin 
○ quark and gluon tomography 
○ structure of proton sea (strangeness,

antimatter asymmetry)
○ origin of nuclear EMC effect
○ …
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● First global analysis to include 
latest STAR W-production data

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

Cocuzza, Melnitchouk, Metz, Sato (PRD)

Polarized-antimatter asymmetry
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https://doi.org/10.1103/PhysRevD.106.L031502


Both solutions describes the 
data equally well.

Positivity constraints + data are 
incompatible with the negative 
solution in terms of 𝝌².

Zhou, Sato, Melnitchouk (PRD)
Gluon helicity distribution
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https://doi.org/10.1103/PhysRevD.105.074022


Gluon helicity distribution
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Gluon helicity distribution
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Projects at Jefferson Lab

10 days of data taking

JLab 22 upgrade has the potential to discriminate the 
sign of gluon using DSAs in SIDIS

Whitehill, Zhou, Sato, Melnitchouk (PRD)
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https://doi.org/10.1103/PhysRevD.107.034033


● 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.

Cammarota, et al. (PRD)
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Global analysis of tensor charge (TMD+CT3)

SIASIDIS

DY

pp

https://doi.org/10.1103/PhysRevD.102.054002
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PRELIMINARY

Global analysis of tensor charge (dihadron)



Isovector EMC effects from MARATHON data

● 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., u/p/A = 
d/n/A is disfavored

Cocuzza, Keppel, Liu, et al. (PRL)
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https://doi.org/10.1103/PhysRevLett.127.242001


● Improved pQCD framework 
indicates large x pion PDF is 
closer to 1 despite QCD model 
calculations

● Results are also stable after the 
inclusion LQCD Ioffe time 
distributions

Barry, Ji, Melnitchouk, Sato (PRL)

Pion structure
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Barry, et al. (PRD) - JAM & HadStruct

https://doi.org/10.1103/PhysRevLett.127.232001
https://doi.org/10.1103/PhysRevD.105.114051
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Pion vs proton TMDs

● TMDs in b space characterises the strength of quark field 
correlations.

● We observe a clear difference between protons and pions.
● We observe a clear EMC effect in coordinate space.

Barry, et al. (arXiv)

https://arxiv.org/abs/2302.01192
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Summary
● Extract the most precise and data-driven collinear 

unpolarized/helicity/transversity PDFs.

● Fit simultaneously:
○ Collinear and TMD distributions
○ Initial and final state distributions
○ Nucleon and nuclear distributions

● Wide range of data included from existing and future 
facilities, as well as LQCD.
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Backup



● First global analysis to include latest 
SeaQuest and STAR data

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

Cocuzza, Melnitchouk, Metz, Sato (PRD)Antimatter asymmetry
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Formally PDFs can be 
negative

Sign of gluon helicity 
cannot be ruled out 
uniquely by current data
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Synergies with LQCD -  pion structure

● LQCD can aid hadron structure 
studies in cases where constraints 
from experiments are limited - 
“lattice priors”

● Theory Center has expertise from 
JAM & HadStruc and has started 
collaborative research work      


