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Updates on gluon helicity



What do we mean by positivity?

Positivity 
condition



Are the negative solutions non-sense?

pdfs can be negative 

?

● For BSM searches at LHC, negative pdfs 
leads to negative cross sections in some 
observables at extreme regions of phase 
- need positive pdfs

● For MCEGs, one needs to initiate the markov 
chain by sampling parton momentum fractions 
- need positive pdfs

● Exploration of origin of proton spin
 - do need positive pdfs?

● Negative cross sections are non-sense
- true for helicity dependent cross sections 

● Does negative gluon hpdf violate this? 
what does the data tell us? 



● Negative qg subchannel is 
admissible by data

● The gg channel can be large and 
positive at the expense of 
negative qg







Constraints from LQCD

Negative delta g seems to be 
largely disfavored by LQCD



Constraints from LQCD

LP matching Beyond LP

For space-like z



Balitsky, Morris, Radyushkin ‘22

Constraints from LQCD







Karpie et al, JAM+HadStruc  (in preparation)

> The error bars only includ 
diagonal parts of cov matrix

> Offdiagonal entries  
weakens the constraints

> LQCD data does not 
remove entirely the negative 
solutions

> LQCD prefers to less 
violation of positivity  



So, whats next?

Now 

Inclusion of Di-Jet 
data from RHIC

+10~15 years

ALL from DIS
Opportunities 
@22 GeV ? 

New generation 
of LQCD data

New 
observables

AI/ML 
techniquesSmall x



Pol. High pT SIDIS

Gluon initiated subprocess 
appears at the same order as 
quarks in pQCD



Bottom line: sign of gluon polarization 
might be resolved empirically with pol SIDIS 



Input to 
evolution



DSAs in DIS 



DSAs in SIDIS 



Forcing to match with DGLAP based results

● A general trend for negative gluon 
polarization at large x
 

● Inclusion of “delta g data point”, can 
change the trend without altering the 
agreement with data

● More work is needed to match with 
high x frameworks 
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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?

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 (“folding”)
?

Optimize physics parameters



Idealized 
Theory 
Events

Detector 
model

Event level 
Discriminator

Experimental
Events

Optimize QCF parameters

Parameter 
Generator

Parameters

Trial QCF 
model

Trial PMD

MCMC

Event-level QCF inference framework

Simulated
 Events

Noise

Module 1

Module 2
Module 3

Module 4



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

Supported by DOE  SciDAC funds



One big challenge

● Use of ML requires to implement 
theory codes using differentiable 
programming

● It requires to render all the 
calculations as tensor operations to 
make use of  autodiff 

● Q: how to start differentiations from 
phase space samples?  



DIS as example
pdf parameters

Autodiff means compute this exactly

The challenge
?



Basic idea -> (LOITS)

Discretize domain of the cross sections

Resolution imposed by detectors

Local orthogonal inverse transform sampling

● In real life, experimental detectors has 
finite resolution 

● Within the blue box we can sample 
each dimension independently, since 
correlations within the red box are not 
important

● For problems with low dimensionality, 
apply local orthogonal inverse CDF 
sampling (blue box).

● Number of samples on each region are 
set by the integral of the cross sections 
over the n-dim bin  





Success!

Discretized domain of PDF

Generated (x,Q2) 
samples
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Summary
● The story of gluon polarization is still 

evolving

● New era of global analysis of hadron 
structure  unified theory & experiment 
analysis
 

● AI/ML provides new tools/tricks to map 
QCFs from events and boost the 
discovery potential of current and future 
experimental facilities 

● Parton physics is now @ SciDAC


