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● Sign of gluon-hpdf is not uniquely determined by 
existing experimental data                                
(DIS W^2 > 10 GeV^2)

● PDF positivity constraints + data    strongly 
disfavors negative g-hpdf

● Negative g-hpdf violates significantly pdf 
positivity constraint

● PDF positivity is not a strict requirement in QCD

 

PDF positivity constraint

Zhou, Melnitchouk, NS ‘21



g-hpdf enters quadratically, and different subchannels 
contribute with different signs and strengths  



● PHENIX collaboration stated that the 
gluon spin contribution is positive

● The two solutions for g-hpdf found by 
JAM describe the data equally well



● PHENIX collaboration stated that negative g-hpdf is 
disfavored by more than 2.8 σ

● However, only last 3 high-pT A_LL points are well 
described in pQCD (see denominator of A_LL)





● PCA projections of residuals 
reveal strong correlations 
between LQCD data points

● The correlations prevent 
determination of g-hpdf sign



● LQCD distorts significantly the negative g-hpdf 
at higher x > 0.3

● Note that both solutions violate pdf positivity 
bounds for x > 0.3

● Before inclusion of LQCD data, singlet-hpdf 
were stable for both solutions

● Inclusion of LQCD data forces the quark 
singlet-hpdf to become negative at x > 0.4     for 
the negative g-hpdf



● Higgs A_LL  is directly sensitive to g-hpdf 
squared at LO 

● Calculations of A_LL(H) with negative g-hpdf 
can lead to unphysical results                                               



Negative g-hpdf with LQCD 
constraints still admits a 
physical Higgs A_LL 

Can Higgs A_LL fully discriminate negative g-hpdf?



1370 additional data points for pol 
DIS (+ high-x DIS) 
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Takeaways

● For the first time, we were able to discriminate 
the sign of g-hpdf using data-driven approach 

● Constraints from LQCD along with DSAs from 
jets and DIS at large-x were crucial to achieve 
the resolution of g-hpdf sign

● Inclusion of LQCD is becoming increasingly 
important in global analysis

● Experimental constraints at large x on gluon - 
hpdf are still scarce, and more data needed to 
reach precision similar to unpolarized gluon 
density (EIC - small x, JLab12/22 - high x)
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● TMD+CT3 pheno in tension with 
other analyzes  (delta u)

● Radici, Bacchetta, and Benel, 
Courtoy, Ferro-Hernandez used 
collinear di-hadron observables to 
extract tensor charges

● New fresh look at collinear 
di-hadron pheno 

Gamberg, Malda, Miller, Pitonyak, Prokudin, NS,  `22 



Transversity (TPDF)

Interference FF (IFF)

Dihadron FF (DiFFs)





Reconstructed TPDF



Reconstructed TPDF
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Takeaways
● At present there is no significant tension between 

LQCD and experimental reconstruction of 
nucleon tensor charges

● Different reconstructions of tensor charges are 
mostly driven by large x data 

● More high x data is needed to reach accurate 
reconstruction of TPDF above x>0.3 

● Inclusion of LQCD calculations as priors are very 
informative/useful in QCD phenomenology

● The JAMDiFF results and JAM3D* results are 
very similar and one can perform a combined 
analysis (TMD+CT3 & DiFF)  -> indicates 
possible universal nature of all SSAs and 
nucleon tensor charges
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Barry, Ji, Melnitchouk, NS ‘21

Aicher, Schafer, Vogelsang ‘10

● Aicher et al, showed that 
large x asymptotics qV is 
sensitive to threshold 
corrections. 

● Their analysis found similar 
asymptotic behavior as in 
DSE expectations.

● Improved resummation setup 
showed consistency of fixed 
order NLO results.

● DSE vs pQCD back to a 
disagreement

Large x valence pion PDFs 
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Inclusion of LQCD 
Barry et al. ‘22

JAM+HadStruc



● No gluons inside pion gives best chi2
● Sea quark pdf larger than valence quark x~0.1



~1.2 M

Reduced pseudo-Ioffe Time Distribution from one ensemble 



Lattice + JAM
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Preliminary Results

chi^2/N_pts Before Lattice After Lattice

Expt 0.88(5) 0.84(4)

Theory 4.3(85) 1.86(7)

● No gluons are 
disfavored by 
LQCD

● LQCD data has 
a strong impact 
relative to exp. 
observables



Holistic approach to  QCD global analysis
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