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• Collinear factorization in perturbative QCD 

• Simultaneous determinations of PDFs, FFs, etc.

• Monte Carlo methods for Bayesian inference
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Introduction to Sea Asymmetry
5

Cannot be explained from gluons 
splitting into quark-antiquark pairs

Meson Cloud Models

Chiral Soliton Models


Statistical Models

Still questions for helicity 
asymmetry

Unpolarized

Sea Asymmetry
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Positivity Constraints:

|Δf(x, Q2) | < f(x, Q2)

DSSV08 shows positive 
asymmetry at low x < 0.1

NNPDF shows hint of positive 
asymmetry at intermediate x

Our result is strongly positive 
in both regions of x

Sea Asymmetry
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Δū Δd̄

Sea Asymmetry



10
Proton Spin Contributions

Inclusion of RHIC  data 
shows that  ( ) contribution 
is small and positive (negative)

W/Z
Δū Δd̄

Flavor JAM moment 
(truncated)

Lattice 
Moment (full) Difference

0.779(34) 0.864(16) 10%
-0.370(40) -0.426(16) 13%

Δu+

Δd+

C. Alexandrou et al., Phys. Rev. D 101, 094513 (2020)

Sea Asymmetry
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W/Z Boson Production STAR, PHENIX 18    points
Jets STAR, PHENIX 61    points
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Gluon Helicity

Jets provide most 
direct constraints on 
gluon distribution

Deep Inelastic Scattering COMPASS, EMC, HERMES, SLAC, SMC 365  points
Semi-Inclusive DIS COMPASS, HERMES, SMC 231  points
W/Z Boson Production STAR, PHENIX 18    points
Jets STAR, PHENIX 61    points
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Ajet
LL ∼ (Δg)2 + ΔqΔg + . . .

Positivity constraints rule 
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Gluon Helicity

LQCD data does not rule out 
negative gluon, but leads to 

wild behavior for  at large ΔΣ x

ℳ(ν, z2
3) = ∫

1

0
dx x sin(xν)δg(x) (LO)
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⃗p + ⃗p → π± + X Charge ordering:

If Δg > 0 : Aπ+

LL > Aπ0

LL > Aπ−

LL

Consistent with DSSV14 analysis (which 
included 210 GeV data) with Δg > 0

Gluon Helicity
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JAM Prediction⃗p + ⃗p → π± + X
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JAM Prediction

It is inconclusive whether 
data can distinguish 

between two solutions

⃗p + ⃗p → π± + X

Gluon Helicity
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Direct sensitivity to the sign of !Δg

χ2 = 4.7

χ2 = 12.6

2.8σ

Potential issues at PT < 10

May be aided by isolation cut

Gluon Helicity
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Gluon Helicity

Negative solution 
(blue) strongly violates 

physical limit.  
Positive solution 

(black) far less so.
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Blank
Future Experiments

⃗l + ⃗N → l′￼+ h + X

 for JLab

 for EIC

ℒ = 86 fb−1

ℒ = 10 fb−1

JLab22 has stronger 
distinguishing power due 

to more evolution and 
access to smaller x

EIC asymmetry is small due to 
scaling behavior of unpolarized 

cross section
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Future Experiments

ΔGtrunc = ∫
1

10−4

dxΔg(x)

⃗l + ⃗N → l′￼+ X
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Conclusions and Outlook

Current JAM analyses have two gluon solutions

Future data from 
the EIC and JLab 
should provide 

new information

Nonzero sea asymmetry
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σ = ∑
ij

Hij ⊗ fi ⊗ fj + 𝒪(1/Q)

Experimentally measured 
cross-section

“Hard part” (process dependent)

Cross-section at parton level


Calculated in perturbative QCD

“Soft part” (process independent)

Describes internal structure
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Now that the observables have been calculated…

TheoryData
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Now that we have calculated …χ2(a, data)
Likelihood Function
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Now that we have calculated …χ2(a, data)
Likelihood Function

Bayes’ Theorem
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Parameter Space

Maximum 

Likelihood

Maximum 

Likelihood

Maximum 

Likelihood

σ̃ = σ + N(0,1) α Uncorrelated 
Uncertainties

DR

Replica Data

Pseudo-Data

Original Data
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Future Experiments

Large impact on  predicted, 
especially below 

Δg
x ≈ 0.01

Sensitivity of  to A1 Δg

⃗l + ⃗N → l′￼+ X
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Positivity


