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Current State of Helicity PDFs
2

Introduction

Proton spin puzzle:

Still a lot to learn about 
helicity PDFs at low  

and the helicity sea 
quark PDFs!

x



1. Recent Theory Highlights 
2. Recent global analyses highlights 
3. Opportunities at the EIC



 from Heavy Quarks in DIS (2021)Δg
4

Theory Highlights

https://arxiv.org/abs/2105.13944

First calculation of the heavy flavor contribution 
to , performed at NLO accuracygQ

1

AC
1 = gC

1 /FC
1

Strong sensitivity to Δg

https://arxiv.org/abs/2105.13944
https://arxiv.org/abs/2105.13944


Jet Production in polarized DIS (2018-2021)
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Theory Highlights

https://arxiv.org/abs/1806.07311

Provides sensitivity to both quark and gluon 
PDFs depending on kinematics

NLO
https://arxiv.org/abs/2010.07354

di-jet

https://arxiv.org/abs/1806.07311
https://arxiv.org/abs/1806.07311
https://arxiv.org/abs/2010.07354
https://arxiv.org/abs/2010.07354


 Boson Production at RHIC (2021)W
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Theory Highlights

https://arxiv.org/abs/2101.02214

NNLO calculation for  production in 
 collisions

W
p ⃗p

Necessary to extend global helicity 
analyses to NNLO accuracy

https://arxiv.org/abs/2101.02214
https://arxiv.org/abs/2101.02214


Small  Helicity Evolution (2016)x
7

Theory Highlights

https://arxiv.org/abs/1610.06197

Could be used to predict spin 
structure below  in 

absence of experimental data
x ≈ 0.01

Derived small  behavior of 
singlet and non-singlet 

helicity PDFs in light-front 
perturbation theory

x

https://arxiv.org/abs/1610.06197
https://arxiv.org/abs/1610.06197


Angular Momentum at Small  (2018)x
8

Theory Highlights

https://arxiv.org/abs/1802.02716

“Democratic” model

“Helicity dominance” model

Significant cancellation between gluon helicity 
and angular momentum

Examined gluon and quark orbital angular 
momentum at small  in two modelsx

https://arxiv.org/abs/1802.02716
https://arxiv.org/abs/1802.02716


Moments from Lattice QCD (2020)
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Theory Highlights

https://arxiv.org/abs/2003.08486 ∑
q

Jq
p + Jg

p =
1
2

MS(2 GeV)Calculated quark and gluon 
contributions to the spin of the proton

https://arxiv.org/abs/2003.08486
https://arxiv.org/abs/2003.08486


Quasi-PDFs from Lattice QCD (2019-2021)
10

Theory Highlights

https://arxiv.org/abs/2106.16065 https://arxiv.org/abs/1807.07431

Quasi-PDF approach allows calculation of 
isovector distributions Δq(−x) = Δq̄(x)

https://arxiv.org/abs/2106.16065
https://arxiv.org/abs/2106.16065
https://arxiv.org/abs/1807.07431
https://arxiv.org/abs/1807.07431
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Current State of Helicity PDF Global Analyses
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Global Analyses Highlights

Data space
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Theory

NLO now 
NNLO future

Collinear Factorization

Small  
Evolution

x

Target Mass 
Corrections

Higher 
Twists

Methodology
Traditional  

Parameterization

Maximum Likelihood 
+Hessian/LagrangeMC Approach

Neural Nets

Simultaneous  
Paradigm

Unpol. 
PDFs

Helicity 
PDFs

Frag. 
Functions

π± K±

Pol. 
SIDIS



Impact of COMPASS DIS data (2018)
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Global Analyses Highlights

https://arxiv.org/abs/1805.02613

https://arxiv.org/abs/1805.02613
https://arxiv.org/abs/1805.02613


Impact of STAR Di-Jet Data (2019)
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Global Analyses Highlights

https://arxiv.org/abs/1902.10548

https://arxiv.org/abs/1902.10548
https://arxiv.org/abs/1902.10548


Small  Global Analysis (2021)x
15

Global Analyses Highlights

https://arxiv.org/abs/2102.06159

Prediction, not 
extrapolation!

x < 0.1

https://arxiv.org/abs/2102.06159
https://arxiv.org/abs/2102.06159


Combining Experiment with Lattice (2020)
16

Global Analyses Highlights

https://arxiv.org/abs/2010.00548

Combining experiment and 
lattice in a global QCD 

analysis is feasible!

https://arxiv.org/abs/2010.00548
https://arxiv.org/abs/2010.00548


Gluon Polarization (2021)
17

Global Analyses Highlights

https://arxiv.org/abs/2006.07377

PRELIMINARY

|Δf(x, Q2) | < f(x, Q2) Positive 
Negative

https://arxiv.org/abs/2006.07377
https://arxiv.org/abs/2006.07377


Helicity Sea Asymmetry (2021)
18

Global Analyses Highlights

PRELIMINARY

Impact of 
RHIC data



xmin = 10−4, Q2 = 10 GeV2

1. Recent Theory Highlights 
2. Recent global analyses highlights 
3. Opportunities at the EIC



Impact of  from EIC on  (2020)A1 Δg
20

Opportunities at the EIC

https://arxiv.org/abs/2007.08300

Experimental

Theoretical

Large impact on  predicted, 
especially below 

Δg
x ≈ 0.01

https://arxiv.org/abs/2007.08300
https://arxiv.org/abs/2007.08300


Extrapolation and Theory Assumptions (2021)
21

Opportunities at the EIC

https://arxiv.org/abs/2105.04434

xmin = 10−4, Q2 = 10 GeV2

https://arxiv.org/abs/2105.04434
https://arxiv.org/abs/2105.04434


Impact of Parity Violating DIS (2021)
22

Opportunities at the EIC

gγZ
1 ≈

1
9

(Δu+ + Δd+ + Δs+)

No impact on , but large impact on 
 thanks to constraints on 

ΔG
ΔΣ Δs+

xmin = 10−4, Q2 = 10 GeV2



Impact of EIC at small  (2021)x
23

Opportunities at the EIC

https://arxiv.org/abs/2102.06159

Simulated ALL + AUL

Uncertainties remain 
consistent even below 

EIC kinematics

https://arxiv.org/abs/2102.06159
https://arxiv.org/abs/2102.06159


Tagged DIS and Neutron Spin Structure (2020)
24

Opportunities at the EIC

https://arxiv.org/abs/2006.03033

Tag spectator 
proton in 

breakup region

Study “free” 
neutronAllows access 

to spin 
structure of 

neutron

https://arxiv.org/abs/2006.03033
https://arxiv.org/abs/2006.03033


Summary



Theory
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Summary

Spin at small x

New observables at the EIC 
+ NNLO calculations

Lattice QCD



Global Analyses
27

Summary

Impact of new RHIC 
+ COMPASS data

Theory assumptions and Δg

Small  global analysisx



Opportunities at the EIC
28

Summary

Impact of DIS 
spin asymmetries

Small  
EIC impact

x

Tagged DIS and 
neutron spin structure



Related Talks (times are JST)
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Summary



Backup



Three-loop Splitting Functions
31

Theory Highlights

Calculated non-singlet splitting functions at 
three-loops

https://arxiv.org/abs/2107.06267

First three-loop calculation for the non-singlet 
transversity splitting function 

https://arxiv.org/abs/2107.06267
https://arxiv.org/abs/2107.06267


Chiral Anomaly in DIS
32

Theory Highlights

Chiral anomaly provides dominant 
contribution to  in the Bjorken 
( ,  fixed) and  Regge 

( ,  fixed) limits.

g1
Q2 → ∞ xBj

xBj → 0 Q2

https://arxiv.org/abs/2109.10370
https://arxiv.org/abs/2008.08104

Bjorken limit Regge limit

https://arxiv.org/abs/2109.10370
https://arxiv.org/abs/2109.10370
https://arxiv.org/abs/2008.08104
https://arxiv.org/abs/2008.08104


 contribution in SIDIS (2021)gT
33

Theory Highlights

Deviations from predicted asymmetry 
can be contributed to twist-three 

effects

https://arxiv.org/abs/2109.05440

ep↑ → e′ hX

https://arxiv.org/abs/2109.05440
https://arxiv.org/abs/2109.05440

