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What is the decomposition of the proton spin?

● current extraction of Δ𝚺 is around 0.3 (contribution from quarks)

● spin can be extracted from parton distribution functions (PDFs)

● orbital angular momentum can be extracted from GPDs
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Proton spin decomposition

Jaffe & Manohar: 1990

0.15 ?

https://doi.org/10.1016/0550-3213(90)90506-9




● Sign of Δg is not uniquely determined by existing 
experimental data (DIS W2 > 10 GeV2)

● PDF positivity constraints + data strongly 
disfavors the negative Δg

● Negative Δg violates significantly PDF positivity 
constraint

● PDF positivity is not a strict requirement in QCD

PDF positivity constraint



Δg enters quadratically, and different channels contribute 
with different signs and magnitudes



● PHENIX collaboration stated that the 
ordering of 𝜋+, 𝜋0 and 𝜋- asymmetries 
can help discriminate Δg solutions

● The two solutions for Δg found by 
JAM describe the data equally well

PHENIX: 1409.1907, 2004.02681

https://arxiv.org/abs/1409.1907
https://arxiv.org/abs/2004.02681


● PHENIX collaboration stated that negative Δg is 
disfavored by more than 2.8σ

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

PHENIX: 2202.08158

https://arxiv.org/abs/2202.08158




SIDIS with large pT:





Egerer et al: 2207.08733

https://arxiv.org/abs/2207.08733


● Good description of global data after 
inclusion of LQCD for both solutions 
for Δg

● On the basis of 𝜒2, LQCD cannot 
discriminate fully the sign of Δg

DIS W2 > 10 GeV2



● Projections of residuals reveal 
strong correlations between 
LQCD data points

● The correlations prevent 
determination of sign of Δg



● LQCD distorts significantly the negative Δg at x 
> 0.3

● Note that both solutions violate PDF positivity 
bounds in x > 0.3

● Before inclusion of LQCD data, ΔΣ were stable 
for both solutions

● Inclusion of LQCD data forces the ΔΣ to become 
negative at x > 0.4 for the negative gluon 
solution





● Higgs ALL is directly sensitive to Δg squared at 
LO 

● Calculations of ALL (Higgs) with negative Δg 
can lead to unphysical results (using 
non-LQCD based analysis)

De Florian, Forte & Vogelsang: 2401.10814

https://arxiv.org/abs/2401.10814


Negative Δg with LQCD 
constraints still admits a 
physical Higgs ALL

Can Higgs ALL fully discriminate negative Δg?



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



● With inclusion of high-x DIS DSAs,  
LQCD data strongly disfavor negative Δg 
solution

● Combined DSA from jet and high-x DIS 
with LQCD allows us to discriminate the 
sign of Δg for the first time!
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● For the first time, we were able to discriminate 
the sign of Δg using data-driven approach

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

● Inclusion of LQCD is becoming increasingly 
important in global analysis

● Experimental constraints at large x on Δg are still 
scarce, and more data are needed to reach 
precision similar to unpolarized gluon density 
(RHIC: dijet, EIC: small x, JLab-12/22: high x)

Summary & outlook


