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Updates on gluon helicity

See also talk by M. Sievert 
(small x) and updates from 
DSSV (W. Vogelsang)



What do we mean by positivity?

Positivity 
condition



Are the negative solutions non-sense?

pdfs can be negative 
at low scales 

?

● 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



DSAs in dijets
The RHIC Cold QCD Program

White Paper `23

● High Mjj probes high x

● Fwd-fwd data suggests new 
trends even for the positive 
solutions 

● Need to include the data in 
global analysis   



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 
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Summary
● Empirical determination of gluon 

polarization at high x is still evolving and 
more studies/more data is needed 

● Synergistic activities with LQCD is  paving 
new opportunities for parton physics (eg. 
tensor charge, pion ) 



Backup slides




