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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?: QCD emergent phenomena
● origin of proton spin 
● 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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Quick summary

See talk by D. Pitonyak

And many more…See talk by P Barry



Updates on gluon helicity



Formally pdfs can be 
negative 

Sign of gluon helicity is 
cannot be ruled out 
uniquely by current data



Both solutions describes the 
data pretty well

Positivity constraints + data 
are incompatible in terms of 
chi2







Constraints from LQCD
Matching into LC pdfsLQCD data

Balitsky, Morris, 
Radyushkin ‘22



> Negative delta g is clearly 
disfavored by LQCD…



Karpie et al, JAM+HadStruc  colab (in preparation)

> The error bars are just 
the sqrt of the cov matrix 
diagonal entries  - 
correlation terms weakens 
the constraints

> LQCD data does not 
remove entirely the 
negative solutions

> It tends to push towards 
positivity bounds 





Opportunity to access gluon helicity



Projects at Jefferson Lab

200 days of data taking

JLab 22 upgrade has the potential to discriminate the 
sign of delta using DSAs in SIDIS
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Outlook
Summary

● Sign of gluon helicity is still elusive in phenomenology. 

● Synergies with  LQCD is growing and providing hints to 
determine the sign of gluon helicity.  

● DSAs in high pT SIDIS at JLab 22 GeV has the potential to 
resolve this on a comparable time scale as the EIC. 

  
Future

● Integrate RHIC data into JAM analysis -> validate further the 
presence of two gluon helicity pdfs   

● Need to develop fully (Si)DIS theory from small to large x

● Fully develop Large pT program at low energies -> (see talk 
by J. Cammarota in connection with QED )


