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A holistic approach for global analysis
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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 
(violates isospin for non-isoscalar A) is wrong

Cocuzza, et al (PRL)
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● First global analysis to include latest 
SeaQuest and STAR data

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

● Quantitative test of the pion-cloud model 

Cocuzza, Melnitchouk, Metz, Sato (PRD)Antimatter asymmetry 
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● First simultaneous extraction of unpolarized 
and helicity PDFs and FFs in global analysis 
with inclusion of RHIC spin W+/- data

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

Cocuzza, Melnitchouk, Metz, Sato (PRD)
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Polarized antimatter asymmetry 
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News on Gluon helicity 

● Inclusion of RHIC polarized jet data 
allows both positive and negative gluon 
helicity solutions (in absence of positivity 
constraints on unpolarized gluon PDF)

● PHENIX has attempted to have empirical 
confirmation of gluon helicity sign 
(PRD102.032001, PRD91.032001)

Negative gluon polarization?

Zhou, Melnitchouk, Sato (PRD)

pos

neg

Egerer et al (‘22)



Bottom line: sign of 
gluon polarization might 
be resolved empirically at 
JLab 22 
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● Strange PDF is one of the 
least constrained f_1 pdfs

● Different analyses have 
inferred different sizes of 
the strangeness 
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JAM19



Large strange

Small strange

Small d_1

Large d_1

● LEP kaon data disfavors 
small s --> K fragmentation

● SIDIS data compensates 
large strange FF by 
suppressing strange PDF  
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Bottom line: 

Simultaneous analysis suggests a strong strange suppression, 
and differs from other global analyses using LHC data 12



Strangeness pdf
 is mostly fiction!

JAM22
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If     is small then Apv on deuteron is 
highly sensitive to 
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1978 –> 2014
From currents to partons
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y dependence at JLab 20+ GeV
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At LO in QCD we have

Parton level view…
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If we ignore s and c and 
use deuteron target
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Apv with full QCD theory @ NLO

Bottom line: Apvd uncertainties correlates 
significantly from strangeness  
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Thanks to: T. Liu & M. Dalton for providing the table

Simulation at SoLID 22

200 days of data taking



Spread 
represents PDF 
uncertainties
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In principle there are two unknowns:

1) The running of sin2w as a function of scale
2) The value of sin2w at a given scale 



Point-by-point extraction of sin2w

Procedure:

● Measure Apv
● Use existing knowledge of structure functions to 

solve for sin2w point-by-point in Q
● Combine different x values using linear 

regression.
● Propagate uncertainties from Apv using 

gaussian approximation



Taking into account PDF errors

Bottom line: using protons and deuteron, 
one can solve for the unknowns eg 
strangeness + sin2w 

Simultaneous fit of pdfs and eweak 
parameters!



Outline

29

1. Recent highlights
2. Status of strange pdf 
3. Parity violating DIS
4. PVDIS @ SoLID -22
5. Sin2W
6. QED radiative effects
7. Integrating thy/exp/cs



30

Collinear LDFs 
and LFFs

Collinear PDFs Short distance 
hard part

Hybrid  QED+QCD factorization 
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perturbatively calculable if we 
neglect hadronic components

Collinear LDFs and LFFs
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0
0

0
0

Resummation of 
collinear logs

RGE
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LDFs peaks at the endpointEvolution effects
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Some examples from inclusive DIS

Inclusive DIS

Liu, Melnitchouk, Qiu, Sato (‘20, `21)

● QED “corrections” depend on the input hadronic tensor

● Not possible to construct model-independent QED RC corrections

● Need to include QED in global analysis 



Apv with QED effects
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W2 > 4 GeV2
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Existing paradigm  ->  histogram approach

Detector level 
events

Detector level 
histograms

Unfolded
histograms 

Deconvolution 
“femtography”
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Inverse problem Inverse problem

1D QCFs



Parton distribution 
functions (PDFs)-1D

Transverse momentum 
distributions (TMDs)-2D

Generalized parton 
distributions (GPDs)-3D

Inclusive 
observables

Semi-inclusive 
observables

Exclusive
 observables

3 dimensional 
histogramsCurse of dimensionality

6 dimensional 
histograms

9 dimensional 
histograms

Spin degrees of 
freedom 

Flavor degrees of 
freedom



Event-based analysis for global analysis?

physics 
Vertex 
Level 

Events

Simulated
Events

Detector 
simulation

Event level 
comparison

Experimental
Events

Can we compare real vs synthetic events?

Why?
● Avoid histograms and minimize systematic 

uncertainties 
● Avoid unfolding and use direct simulation
● Expedite years of efforts to extract physics 

(Exascale computing)
?

Optimize physics parameters
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Idealized 
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Opportunities 

● Unified Theory+Exp analysis framework for 
hadron structure -> paradigm shift

● Near real time analysis and expedite 
scientific discovery

Challenges 

● Big event level data processing from 
JLab/EIC requires large scale computing -> 
exascale computing

● Dedicated distributed ML workflow needs to 
be developed



An example with a proxi theory

6 parameter 
QCFs model 

Proxi cross 
sections

Workflow can produce parameter 
samples close to the truth
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Summary
● Apv program is critical to map finer 

details of hadron structure -> the 
strange sector of the nucleon
 

● Precision electroweak studies 
requires the use of simultaneous 
global analysis framework

● We really need JLab 22!  


