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A run group experiment run in conjunction with 
SoLID 3He SIDIS experiment:
• E12-11-007: Single and Double Spin 

Asymmetries on Longitudinally Polarized 3He 
(neutron): 
• Approved number of PAC days: 22.5 days (11 

GeV) & 9.5 day (8.8 GeV)
• Reviewed and endorsed by the SoLID 

collaboration in Feb 2026
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Structure of nucleons

• The nucleon is a dynamical 
QCD system which consists of 
quarks and gluons.
• What is the origin of the 

nucleon sea?
• What is the flavor dependence 

of the sea quarks?
• How much do the antiquarks 

contribute to the nucleon spin?
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SEAQUEST Results: Unpolarized Light Sea

• SeaQuest results show that 
nature prefers 𝑑̅ > $𝑢 in the 
proton.
• This flavor asymmetry cannot 

be explained by gluon splitting, 
a non-perturbative mechanism 
is needed.
• The results are consistent with 

various models, including 
meson cloud and statistical 
model. PRL 136, 171901 (2026)
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Unpolarized ⇆ Polarized Sea connection

4

• Various models of the 
nucleon proposed to 
understand the non-
perturbative nature of 
the nucleon.
• Some describe the 

unpolarized structure 
very well.

• They have vastly 
different 
predictions for 
Δ"𝑢 𝑥 − Δ𝑑̅ 𝑥 . Adapted from J-C Peng, 

Eur.Phys.J.A18:395-399,2003
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LQCD and Model Predictions

Soffer,  Bourrely,  Nucl. Phys A 991 
(2019) 121607

Kumano, Miyama, Phys. Rev. D 
65, 034012

Constantinou etal, Prog.Part.Nucl.Phys. 121 (2021) 
103908
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LQCD

• As Lattice QCD calculations became more reliable, there is 
more demand for precise experimental data.
• The difference in the two LQCD results reflect some of 

the systematic uncertainties in the calculations.



Existing measurements
• HERMES and COMPASS had 

reported their measurement on 
the Δ"𝑢 𝑥 − Δ𝑑̅ 𝑥  using SIDIS.
• Both results have modest 

uncertainties.
• Measurements at RHIC using W 

production provide some 
constraints at low x.
• High precision data is essential 

to map down the contributions 
and the difference in helicity 
PDFs.
• Particularly at modest 𝑥, where the 

current data is sparse.
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SIDIS with SoLID on polarized 3He
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• This run group proposal will run in conjunction 
with approved SoLID3He SIDIS experiment.
• 3He target can act as an effective polarized 

neutron target.
• The spin of the two protons largely canceled, and 

less likely to contribute to spin asymmetries.
• When combined with proton data can provide flavor-

separated spin observables.
• The forward angle detectors cover the polar 

angle from 6.6 to 12 degrees while the large 
angle side covers 13 to 22 degree.
• Allows access to moderate 𝑥 (~0.1-0.5) region.
• Offers a powerful opportunity to determine the 

polarized sea flavor asymmetry.



Addition to E12-11-007 

• E12-11-007 mainly focuses on 
measuring the double spin 
asymmetry 𝐴"#

$%& '!('" and the 
beam single spin asymmetries 
𝐴)"
&*+ ,'!

• Related to the “Worm-gear” 
TMDs, 𝑔!" and ℎ!#$ .

• This proposal would extend it 
to include the helicity PDF 𝑔-"  
through measuring the double 
spin asymmetry 𝐴""
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• We propose to measure the double spin 
asymmetry 

• With 22.5 PAC days and 11 GeV beam energy, 
we expect the statistical error on the ratio to 
be well within 1%.
• At Leading Order, assuming factorization

• By measuring both the 𝜋% and 𝜋&, we can 
also provide information on the flavor 
dependence.
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Proposed Measurements: Double Spin 
Asymmetries with 𝑒↑ "He↑, 𝑒#𝜋± 𝑋



Impact on global PDF analysis
• JAM QCD global analysis framework

• Next-to-leading order
• With positivity constraint
• Including data from:

• World data on DIS and SIDIS
• Jet production in polarized pp collisions
• W/Z boson production at RHIC
• (And 𝑒!𝑒" and Drell-Yan for the FF and 

unpolarized PDFs)
• With (red) and without (blue) SoLID 

SIDIS 𝐴!!  pseudo data 
• SoLID’s polarized ³He SIDIS data 

will directly constrain the difference 
between Δ"u − Δ𝑑̅ in the 
intermediate-x region.
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Impact on global PDF analysis

• The impact study also 
shows that this 
measurement will 
significantly reduce the 
uncertainties of  Δ𝑑 
and Δ𝑑̅.
• Strong constraints on 

nonperturbative origin 
of sea quark.
• Allow better 

understanding of the 
decomposition of the 
nucleon spin.

7/8/26 11



Systematic Uncertainties (Experimental)
• Due to the rapid helicity reversal of the 

beam at 30 Hz, we expect the systematic 
uncertainty on the raw asymmetry due to 
normalization errors, and detector 
efficiency to largely cancel out in the ratio.
• The main source of uncorrelated 

experimental systematic uncertainty is 
expected to be from the random 
coincidence, which simulations suggest to 
be around 1%.
• The relative uncertainties on polarimetry 

are 3% for the target, and 2% for the beam 
polarization, based on previous 
experiments.
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Theoretical uncertainties

• Hadron Mass Corrections
• Small kinematic shifts in 𝑥' and 𝑧(; partly cancel in ALL asymmetries.

• Higher Twist Corrections
• <5% effect at 𝑄)	~	2	GeV).

• Vector Meson Contamination
• Exclusive rho mesons may affect large-z, but our choice of kinematics 

should minimize the effect.
• Early studies suggest the effect is small.

• Nuclear corrections in 3He treated for neutron extraction
• Radiative correction
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Nuclear corrections

• The effects on nuclear correction in3He is estimated by comparing 
the fit performed using effective polarizations and a prediction 
using nuclear smearing.
• The expected overall effect is less than 8%, and is much smaller 

compared with the projected statistical uncertainty of the 
asymmetry.
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Radiative corrections
• The radiative correction effects on the 

double spin asymmetry ALL are 
estimated with a traditional approach, 
with a tuned version of PYTHIA with 
RADGEN.

• The main uncertainties arise in the 
high-z, near the exclusive regions, 
though in our kinematics, 
contamination from exclusive channels 
is estimated to be less than 3%.

• A joint QCD-QED factorization is 
currently being developed. 
• Currently limited to LO, with NLO in the 

works.
• Difference in both methods will be 

compared and contrasted as part of 
future theoretical work. 
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SoLID collaboration review
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• Extensive recommendations and comments were given in the July 2025 SoLID review
• Committee: Haiyan Gao, Mark Jones, Zein-Eddine Meziani and Xiaochao Zheng (chair)

1. Comparison with Hall C A1n and CLAS12 proposal E12-09-007
• A leading order projection is also added to the revised proposal to address suggestions 

for a more traditional “data point” presentation of “projected results”
2. New theoretical developments on the systematics studies

• Recent developments regarding QED radiative effects in SIDIS was added to the revised 
proposal.

3. Several comments on the organization of the text.
• They were also addressed in the revised proposal.

The revised proposal was reviewed in the February 2026 by the collaboration, and found the 
comments were thoroughly addressed, and recommends approval.

• Committee: Paul Souder (chair), Zhiwen Zhao, Chao Peng and Mark Jones 



PAC Review Comments
• PT dependence of the asymmetry

• This proposal focuses on the PT integrated asymmetry.
• Some small model uncertainties will be introduced due to the finite acceptance.

• Radiative corrections
• The joint QED and QCD factorization framework is still being developed.
• And it is currently limited to leading-order only.
• Work is ongoing to extend to NLO, and to understand the difference between traditional 

and joint factorization framework .
• Fragmentation function uncertainties

• The pion FF should be relatively well understood, should have small impact on the light 
quarks.

• The impact study performed under the JAM framework uses projected pion 
measurement and includes the uncertainties from the fragmentation functions. 

• Future SoLID Kaon SIDIS data could be useful to constrain FF uncertainties.
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The full comments and response are listed 
in the backup slides



Summary

• The polarized light quarks at intermediate 𝑥 (0.1-0.5) are of great 
interest.
• With high luminosity and large acceptance, SoLID will provide 

much needed SIDIS data  for constraining the flavor-separated 
helicity PDFs, especially for the down-quark sector.
• This run group proposal was reviewed and endorsed by the SoLID 

collaboration.
• The JAM impact study suggests significant impact on global 

analysis, particularly on the 𝑑 and 𝑑̅ quark.
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backup
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Joint QED and QCD factorization

• Limited to Leading order only, 
with work on NLO in progress
• The results suggest the effect 

is most significant at large 𝑥.  
and small 𝑧/. 
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Comparison with other experiment

• An impact study was 
performed by including the 
preliminary results from JLab 
Hall C 11 GeV A1n experiment 
in the baseline
• This does not qualitatively 

change the impact of the 
SoLID data
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Leading order extraction

• By assuming 𝑥 − 𝑧 factorization

• Here, only the projected 
uncertainties from CLAS12 
proposal is used as the proton 
data
•  From the leading order 

projection, the solid data will 
have a significant impact on the 
flavor separated PDF.
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Kinematic coverage
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PAC comments
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PAC comments
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PAC comments
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PAC comments
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PAC comments
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PAC comments
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PAC comments
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