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(Brief) Outline



Overview of SoLID
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High Luminosity 
1037-39 /cm2/s

[ >100x CLAS12 ][ >1000x EIC ]

Large Acceptance
Full azimuthal 𝜙 coverage➕

SoLID will maximize the science from the 
12 GeV Upgrade of CEBAF

Research at SoLID will have a unique capability to 
explore the QCD landscape 

while complementing the research of other key 
facilities
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SoLID (Solenoidal Large Intensity Device)
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SoLID Requirements
● High 

○ Luminosity (1037-1039)
○ Background
○ Radiation
○ Data rate

● Low systematics
● Large scale

Leveraging Modern Technology
● GEM detectors 
● Pipeline DAQ 
● Shashlik electromagnetic calorimeter
● Baffles
● Data analysis (e.g. machine learning)

○ Jlab Data Science group

SoLID (Solenoidal Large Intensity Device)



J / Ѱ PVDISSIDIS
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Three Pillars of the SoLID Program



J / Ѱ PVDISSIDIS
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Three Pillars of the SoLID Program

J Arrington et al 2023 J. Phys. 
G: Nucl. Part. Phys. 50 110501

https://iopscience.iop.org/article/10.1088/1361-6471/acda21/pdf
https://iopscience.iop.org/article/10.1088/1361-6471/acda21/pdf


J / Ѱ PVDISSIDIS
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Three Pillars of the SoLID Program



1. Parity Violating DIS on Isoscalar Deuteron
a. Precision determination of electroweak parameters
b. Beyond-the-Standard Model (BSM) physics search

2. Parity Violating DIS on Proton Target
a. d/u measurement

3. Parity Violating EMC Effect
a. Isospin dependence of the EMC effect by the use of 

neutron-rich isotopes
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SoLID PVDIS Program



1. Parity Violating DIS on Isoscalar Deuteron
a. Precision determination of electroweak parameters
b. Beyond-the-Standard Model (BSM) physics search

2. Parity Violating DIS on Proton Target
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Paul Sauder (PAC 50)

SoLID PVDIS Program



Overview of PVDIS with SoLID
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𝛾0
Z0

k’= (E’,k’)k= (E,k)

P= (M,0) P= (M,0)

In Deep Inelastic Scattering regime

➕
Isoscalar Deuteron Target

12

+

SoLID PVDIS Program: Isoscalar Deuteron



❖ Dominant Uncertainties: experimental systematics
➢ Beam polarimetry: 0.4%
➢ Q2 determination: 0.2%
➢ Radiative corrections: 0.2%

❖ Able to measure Apv to sub-percent level precision

Fitting Apv (with the functional form)

                → sin2θw(Q2)

❖ 120 days  
❖ 50 𝜇A (beam current) 
❖ 85% (beam polarization)
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SoLID PVDIS Program: Isoscalar Deuteron



❖ Full exploration of BSM physics 
➢ need lepton-lepton or lepton-quark interactions 

SoLID PVDIS

Simultaneous fit of 
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SoLID PVDIS Program: Isoscalar Deuteron



PDF Uncertainty Study with PVDIS
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1. Generate Pseudo data
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General Procedure



Where
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Parity Violating Asymmetry (SM) 



❖ GEMC simulation: 50 µA e− beam incident on 40cm liquid deuterium target
❖ Scale by trigger efficiency
❖ DIS kinematic cut: W > 2
❖ Acceptance cut for nominal target position (z = 10cm): 22° < θ < 35°

18Rates (Hz)

Event Simulation



Total Uncertainty
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Estimating Uncertainties 
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Estimating Uncertainties 



❖ Statistical uncertainty

→
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Beam polarization = 85%
120 days

❖ Experimental systematic uncertainties

Uncertainties: Statistical and (Experimental) Systematics 
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Estimating Uncertainties 



❖ PDF uncertainties were determined following the prescription of each PDF set
❖ Hessian PDF Sets

❖ Replica PDF Sets
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 Accounted for both diagonal 
and off-diagonal elements 
of PDF uncertainty

PDF Uncertainty Matrix

PDF Uncertainties 



1. Generate Pseudo data

2. Preform 𝜒2 minimization

Where 
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Fitting Procedure
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PDF Grids Used
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CJ15nlo

Results (a selected subset) 

Work done by Alex Emmert
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Results (a selected subset) 



Proton measurement
❖ Lack of free neutron target 

➢ Nuclear corrections in the deuteron (large uncertainties)
➢ Measurement of d/u → challenging at high x

❖ BoNuS (Barely Off-Shell Neutron Structure)
❖ MARATHON (Ratio of A=3 mirror nuclei)
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SoLID PVDIS Program: Proton



Proton measurement
❖ Lack of free neutron target 

➢ Nuclear corrections in the deuteron (large uncertainties)
➢ Measurement of d/u → challenging at high x

❖ BoNuS (Barely Off-Shell Neutron Structure)
❖ MARATHON (Ratio of A=3 mirror nuclei)
❖ SoLID PVDIS on the Proton

➢ d/u obtained free nuclear effects
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SoLID PVDIS Program: Proton



❖ SoLID: A large acceptance device which can handle very high luminosity 
➢ Full exploitation of JLab12 potential &  push the limit of the luminosity frontier 

❖ PVDIS with SoLID: High rated physics program (A rating)
❖ SoLID has rich and vibrant science programs: SIDIS, PVDIS and J/ψ production

➢ The SoLID program continues to grow
■ Beam-Normal SSA, Approved PAC 50 (2022)
■ PVEMC with SoLID, Conditionally Approved PAC 50 (2022)

❖ NSAC Long Range Plan: Recommendation 4: “Opportunities to advance discovery”
➢ “These projects include the 400 MeV/u energy upgrade to FRIB (FRIB400), the Solenoidal Large Intensity 

Device (SoLID) at Jefferson Lab, etc…”
❖ PDF uncertainties appear manageable, but….

➢ Different assumptions in PDF sets
➢ How reliable?
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Summary and Outlook



Thank You
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SoLID: PVDIS Configuration

❖ 2 GeV2 < Q2 <10 GeV2

❖ 0.3 <  xBjorken< 0.7
❖ Scattering angle ~22° to ~35° 
❖ Acceptance ~ 40%
❖ Luminosity ~ 1039 cm-2s-1

❖ Momentum resolution ~ 2%
❖ Polar angle resolution ~ 1mrad
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SoLID SIDIS Program
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J Arrington et al 2023 J. Phys. 
G: Nucl. Part. Phys. 50 110501

https://iopscience.iop.org/article/10.1088/1361-6471/acda21/pdf
https://iopscience.iop.org/article/10.1088/1361-6471/acda21/pdf


SoLID J / Ѱ Program

γ p → p′ J/ψ(e- e+) 
❖ Precision measurement of J / Ѱ production at threshold 

that probes the gluon field
❖ Understand origin of proton mass through measurements 

of near-threshold photo-production and 
electroproduction of J / Ѱ 34

J Arrington et al 2023 J. Phys. 
G: Nucl. Part. Phys. 50 110501

https://iopscience.iop.org/article/10.1088/1361-6471/acda21/pdf
https://iopscience.iop.org/article/10.1088/1361-6471/acda21/pdf


SoLID PVDIS Program

1. Parity Violating DIS on Isoscalar Deuteron
a. Precision determination of electroweak parameters
b. Beyond-the-Standard Model (BSM) physics search

2. Parity Violating DIS on Proton Target
a. d/u measurement

3. Parity Violating EMC Effect
a. Isospin dependence of the EMC effect by the use of 

neutron-rich isotopes

Precision: sub-1% over wide kinematic range
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SoLID Magnet
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Nuclear Science Outlook

Long Range Plan Science Questions

1. Quantum Chromodynamics
2. Nuclear Structure and Nuclear Reactions
3. Nuclear Astrophysics
4. Fundamental Symmetries
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Recommendation 1: “Continuing effective operation of the national user facilities 
ATLAS, CEBAF, and FRIB, …”

Recommendation 4: “Opportunities to advance discovery”

✓ “These projects include the 400 MeV/u energy upgrade to FRIB (FRIB400), the Solenoidal 
Large Intensity Device (SoLID) at Jefferson Lab, etc…”

Recommendation 3: “We recommend the expeditious completion of the EIC 
as the highest priority for facility construction”

✓ The Science Questions: “Carrying out a targeted program of experiments,..., that reaches for 
physics beyond the Standard Model…”


