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JEFFERSON LAB ANGULAR MOMENTUM COLLABORATION

The Jefferson Lab Angular Momentum (JAM) Collaboration is an enterprise involving theorists,
experimentalists, and computer scientists from the Jefferson Lab community using QCD to study the
internal quark and gluon structure of hadrons and nuclei. Experimental data from high-energy scattering
processes are analyzed using modern Monte Carlo techniques and state-of-the-art uncertainty
quantification to simultaneously extract various quantum correlation functions, such as parton distribution
functions (PDFs), fragmentation functions (FFs), transverse momemtum dependent (TMD) distributions,
and generalized parton distributions (GPDs). Inclusion of lattice QCD data and machine learning
algorithms are being explored to potentially expand the reach and efficacy of JAM analyses and our
understanding of hadron structure in QCD.
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Measurement of the Nucleon F;‘/Fé’ Structure Function Ratio

by the Jefferson Lab MARATHON Tritium/Helium-3 Deep
Inelastic Scattering Experiment
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Quick overview of the
DIS theory framework
in light nuclei



Insights from mean field theory

Mineo, Bentz, Ishii, Thomas,

ﬁq = iLq -+ % Q Yazaki (‘04)

constant mean vector

V“ — (%7 0) -—— field acting on a quark

in the nuclear medium

q(z) = P QO( AN Ve )
pt —V+ pt —V+ pt —V+

PDF in the absence of a vector potential
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Phenomenological approach
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Nuclear impulse approximation
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Nonrelativistic nucleon

spectral functions computed
from quantum Monte Carlo
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Symmetries
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Multi-step strategy

prior samples ‘

posterior samples ‘




between theory and data

LH C W data Excent agreement }

0.2 S Y 1) SO . S —— y

| Vs=T,pr >25 | —0.2f

0.1} | vVs=T7,pr >35 | - $ V/s=T,pr > 20

: Al } vVs=8,pr >25 | _0-4; } vs=8,pr > 20
11| data/theory | 004 datatheory
Lo -9—1---l-%i--%f--ﬁ-rh-&l-ﬂ-----— D
09_ } ‘‘‘‘‘ [’_004_ llllllllllllllllllllll ]

12 [nl 3 4 In



MARATHON data
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e Evidence of different medium modifications for

u and d quarks

e Naive modeling of nuclear PDFs, e.g. u/p/A=d/n/A

(violates isospin for non-isoscalar A) is wrong
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The asymmetry of antimatter in the proton

25
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Measurements of W and Z/~* cross sections and their ratios in
p + p collisions at RHIC

J. Adam et al. (STAR Collaboration)
Phys. Rev. D 103, 012001 — Published 4 January 2021
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The historical progression of sea asymmetry
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Multi-step strategy

pl‘ior samples '

posterior samples ‘
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MMHT14 ] e Strange PDF is one of the least
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Bottom line:
Simultaneous analysis suggests a strong strange suppression,
and differs from other global analyses using LHC data alone
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How well do we know the gluon polarization in the
proton?

Y. Zhou, N. Sato, and W. Melnitchouk (Jefferson Lab Angular Momentum (JAM)
Collaboration)

Phys. Rev. D 105, 074022 — Published 25 April 2022
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Theory biases
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Unpolarized jets
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Insights from LQCD

Egerer et al (‘22)
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Polarized Antimatter in the Proton from Global QCD Analysis

Jefferson Lab Angular Momentum (JAM) Collaboration « C. Cocuzza (Temple

U.) etal. (Feb 7, 2022)
e-Print: 2202.03372 [hep-ph]

(updated version in progress)
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Global analysis of SSA (TMD + CT3)

Cammarota et al (‘20)

e Framework based on parton model
approach to TMDs

Lot e, e First steps to test universality of the
1(1) combined TMD and CT3

i
hi, Fr Tfl H; W framework

e  Future analysis can build upon this
work by implementing proper TMD
evolution

lepton plane
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Extraction of tensor charges
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Updated QCD global analysis of single transverse-spin 0.6
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Outline

PDFs, helicity PDFs and fragmentation functions (FFs)

1. Isovector EMC effect with MARATHON data
2.  Seaasymmetry with SeaQuest and STAR data
3. Strange suppression from simultaneous analysis of PDFs and FFs
4.  Gluon polarization in the proton
5. Polarized antimatter in the proton
TMDs
6. Origin of single transverse-spin asymmetries in high-energy collisions

Synergies with LQCD

7.
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Pion PDFs with threshold resummation
Complementarity of experimental and lattice QCD data on pion PDFs



Pion pdfs with DY threshold resummation
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N NLO
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NLO+NLL double Mellin
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Barry, Ji, Melnitchouk,
Sato (21)

The large-x asymptote of pion PDFs
are more consistent with 1, despite
expectation from QCD models
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Synergies wit

n LQCD

I total
B leading twist
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insights into LQCD systematics
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Synergies with LQCD
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LQCD can aid hadron structure
studies in cases where constraints
from experiments are limited -
“lattice priors”

The Theory Center has expertise
from JAM & HadStruc and has
started collaborative research work
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Summary/0Outlook

JAM collaboration

Staff / Faculty
New era of gIObaI anaIySiS of hadron W. Melnitchouk (JLab), T. ROgerS (ODU/JLab),
structure —> new tools, new tricks A. Prokudin (PSU), D. Pitonyak (LvC), L. Gamberg (PSU),
A. Metz (Temple), C.-R. Ji (NCSU),
I Simultaneous extraction paradigm is r M. Constantinou (Temple), F. Steffens (Bonn),
important for proper UQ Y. Kovchegov (OSU), M. Sievert (NMSU), |. Cloet (ANL), >
Students / Postdocs 3

" R. Abdul Khalek (JLab), C. Cocuzza (Temple), Y. Zhou
(South China Normal University), P. Barry (JLab), E. Moffat
(ANL), D. Adamiak (OSU), A. Freese (WU).
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