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Intensity Frontier
• 3D imaging of the nucleon
• Nucleon spin
• Gravitational Form Factors
• Beyond-the-Standard Model Searches

• Small Asymmetries
• Small Cross Sections
• Multidimensional Binning 
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Intensity Frontier

ℒ(max):1039 𝑐𝑚−2𝑠−1

Polarization: 85%
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Jefferson Lab
Hall D

Hall A

Hall C

Hall B
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Jefferson Lab
Hall D

Hall A

Hall C

Hall B
High Luminosity

𝐿 ~ 1037 − 1039 𝑐𝑚−2𝑠−1
Large Acceptance

Full azimuthal 𝜙 coverage+
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SoLID (Solenoidal Large Intensity Device)

High Luminosity
𝐿 ~ 1037 − 1039 𝑐𝑚−2𝑠−1

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

Large Acceptance
Full azimuthal 𝜙 coverage+

Fully utilize Jlab 12 GeV Upgrade
– Precision 3D imaging of the   nucleon in the valence quark region 
– Beyond Standard Model searches
– Exploring the origin of the proton mass and gluonic force in the non-perturbative regime 
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SoLID (Solenoidal Large Intensity Device): Hall A

CLEO-II Magnet in Test Lab 8



• GEMs (Gas Electron Multipliers)
• Cherenkov counters (LG and HG)

• Advanced photon detectors 

• Shashlik EM calorimeters
• Baffles (PVDIS) 

• Reduce photon

• LASPD (Scintillator Pad)
• Photon rejection

• SoLID detector technology has been 
tested thoroughly
•  Pre R&D beam tests to test to ensure 
• Upcoming tracking beam test in Hall C

SoLID Detectors

9



SoLID Experimental Program

SIDIS J/𝛹PVDIS
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SoLID Experimental Program
Established Physics Program

❑ SIDIS
▪ SIDIS with Transversely Polarized 3He(E12-10-006)
▪ SIDIS with Longitudinally Polarized 3He(E12-11-007)
▪ SIDIS with Transversely Polarized Proton (E12-11-108)

❑ PVDIS 
▪ PVDIS (E12-10-007)

❑ J/𝛹
▪ J/𝛹 (E12-12-006)

❑ 6 Approved Run Group Experiments 
▪ SIDIS Dihadron with Transversely Polarized 3He 
▪ SIDIS in Kaon Production with Transversely Polarized  1H  & 3He
▪ Target SSA Measurements in DIS with Transversely Polarized  1H  & 3He
▪ Measurement of Deep Exclusive 𝜋- Production using a Transversely 

Polarized 3He 
▪ TCS with circular polarized beam and unpolarized LH2 target

SIDIS J/𝛹PVDIS
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SoLID Experimental Program

SIDIS J/𝛹PVDIS

Evolving Physics Program
❑ SIDIS

▪ SIDIS with Transversely Polarized 3He(E12-10-006): A rating
▪ SIDIS with Longitudinally Polarized 3He(E12-11-007): A rating
▪ SIDIS with Transversely Polarized Proton (E12-11-108): A rating

❑ PVDIS 
▪ PVDIS (E12-10-007): A rating
▪ BNSSA (E12-22-004): A- rating
▪ PVEMC (E12-22-002): C2 

❑ J/𝛹
▪ J/𝛹 (E12-12-006):  A rating

❑ GPD
▪ Double DVCS (DDVCS): A rating

❑ 6 Approved Run Group Experiments 
▪ SIDIS Dihadron with Transversely Polarized  1H  
▪ SIDIS in Kaon Production with Transversely Polarized Proton & 3He
▪ Target SSA Measurements in DIS with Transversely Polarized 1H & 3He
▪ Measurement of Deep Exclusive 𝜋- Production using a Transversely 

Polarized 3He 
▪ TCS with circular polarized beam and unpolarized LH2 target

6 A rated and 1 A- rated experiments 
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SoLID Experimental Program: SIDIS
• Decades of DIS experiments have given us a precise one-

dimensional picture of the nucleon in terms of PDFs that 
depend only on x
• This integrates over the transverse motion of partons. 

• The nucleon is a three-dimensional object

𝑙 + 𝑁 → 𝑙′ + 𝑋
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SoLID Experimental Program: SIDIS
• Semi-inclusive Deep Inelastic Scattering

• Access transverse structure through TMDs
• Partonic motion and spatial distributions in transverse direction
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SoLID Experimental Program: SIDIS
SIDIS with Transversely Polarized 3He(E12-10-006) 
SIDIS with Transversely Polarized Proton (E12-11-108) Transversity, Sivers, & Pretzlosity TMDs 

At leading twist there are 8 TMDs

AUT(𝜙h, 𝜙S) =
1

Pt,pol

N↑ − N↓

N↑ + N↓

= AUT
Collins sin(𝜙h + 𝜙s) + AUT

Pretzlosity
sin(3𝜙h − 𝜙s) + AUT

Sivers sin(𝜙h − 𝜙s)

AUT
Collins ∝  h1⨂H1

⊥

AUT
Pretzlosity

∝  h1T
⊥ ⨂H1

⊥

AUT
Sivers ∝  f1T

⊥ ⨂D1

Target Single Spin Asymmetries (unpolarized e- and ⟂polarized target)
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SoLID Experimental Program: E12-10-006

• 4-D Mapping of asymmetries with precision!
• Binning - Δz = 0.05, ΔPT= 0.2 GeV, Δ Q2 = 1 GeV2 

• more than 1400 bins in (x,Q2, PT , & z)
• Constrain models and forms of TMDs, Tensor charge 
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SoLID Experimental Program

SIDIS J/𝛹PVDIS
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SoLID Parity Violation DIS Program

• Parity Violating DIS on Isoscalar Deuteron
• Precision determination of electroweak parameters
• Beyond-the-Standard Model (BSM) physics search
• Search for CSV at quark level
• Search for quark-quark higher twist effects

• Parity Violating DIS on Proton Target
• Hadronic physics →   𝑑/𝑢 measurement

• Parity Violating EMC Effect
• Isospin dependence of the EMC effect by the use of neutron-rich isotopes

• Beam-Normal Single Spin Asymmetry using SoLID PVDIS Configurations
• High luminosity 

• 𝐿 ~ 1037 − 𝟏𝟎𝟑𝟗 𝑐𝑚−2𝑠−1

• Large acceptance + full azimuthal coverage
19



Parity Violation DIS

𝛾

e e’

EM Interaction
Parity conserving
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Parity Violation DIS

Z0

e- e’

Weak Interaction
Parity violating

cobalt-60

Experimental Confirmation
• Chien-Shiung Wu: 1957

• 𝛽 decay of cobalt-60 :60Co → 60Ni + e- + ഥ𝜈e 

• Placed in magnetic field + cooled
• Spin of 60Co aligned with magnetic field
• Electrons emitted preferentially in direction opposite 

nuclear spin 21

https://en.wikipedia.org/wiki/Cobalt-60


Comparison of results with SU(2)✕U(1) theories
1. Weinberg-Salam (solid line)
2. Hybrid (dashed line)

1979 Nobel Prize (Glashow, Salam, Weinberg) ”Unification of the 
weak & electromagnetic forces”

𝛾

e e’

Z0

e- e’

EM Interaction
Parity conserving

ᐩ

Weak Interaction
Parity violating
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SLAC E122

𝐴𝑃𝑉 =
𝜎𝑅 − 𝜎𝐿

𝜎𝑅 + 𝜎𝐿



Parity Violation DIS

𝐴𝑃𝑉 =
𝜎𝑅 − 𝜎𝐿

𝜎𝑅 + 𝜎𝐿

In DIS regime, the asymmetry can be expressed as:

𝐴𝑃𝑉 = −
𝐺𝐹𝑄2

4 2𝜋𝛼
[𝑎1(𝑥) + 𝑎3(𝑥)𝑌]

𝑎1 𝑥 = 2𝑔𝐴
𝑒 𝐹1

𝛾𝑍

𝐹1
𝛾 , 𝑎3 𝑥 = 𝑔𝑉

𝑒 𝐹3
𝛾𝑍

𝐹1
𝛾  ,  𝑌 =

1−(1−𝑦)2

1−(1+𝑦)2

𝐹1
𝛾

𝑥, 𝑄2 =
1

2
෍ 𝑄𝑞𝑖

2 𝑞𝑖 𝑥, 𝑄2 + ത𝑞𝑖 𝑥, 𝑄2 ,

𝐹1
𝛾𝑍

𝑥, 𝑄2 = ෍ 𝑄𝑞𝑖
 𝑔𝑉

𝑖 𝑞𝑖 𝑥, 𝑄2 + ത𝑞𝑖 𝑥, 𝑄2 ,

𝐹3
𝛾𝑍

𝑥, 𝑄2 = 2 ෍ 𝑄𝑞𝑖
 𝑔𝐴

𝑖 𝑞𝑖 𝑥, 𝑄2 − ത𝑞𝑖 𝑥, 𝑄2

vector and  axial coupling of the electron or quark of flavor i  

• 𝑔𝐴𝑉
𝑒𝑢 = 2𝑔𝐴

𝑒𝑔𝑉
𝑢 = −

1

2
+

4

3
sin2 𝜃𝑊

• 𝑔𝑉𝐴
𝑒𝑢 = 2𝑔𝑉

𝑒 𝑔𝐴
𝑢 = −

1

2
− 2 sin2 𝜃𝑊

• 𝑔𝐴𝑉
𝑒𝑑 = 2𝑔𝐴

𝑒𝑔𝑉
𝑑 ≈ −

1

2
+

2

3
sin2 𝜃𝑊

• 𝑔𝑉𝐴
𝑒𝑑 = 2𝑔𝑉

𝑒 𝑔𝐴
𝑑 ≈

1

2
− 2 sin2 𝜃𝑊

1. PVDIS Asymmetry is sensitive to both 𝑔𝑉𝐴
𝑒𝑞

 and 𝑔𝐴𝑉
𝑒𝑞

2. PVES (elastic) Asymmetry only sensitive to 𝑔𝐴𝑉
𝑒𝑞
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PVDIS Isoscalar Deuteron

𝐴𝑃𝑉 =
𝜎𝑅 − 𝜎𝐿

𝜎𝑅 + 𝜎𝐿

In DIS regime, the asymmetry can be expressed as:

𝐴𝑃𝑉 = −
𝐺𝐹𝑄2

4 2𝜋𝛼
[𝑎1(𝑥) + 𝑎3(𝑥)𝑌]

𝐴𝑃𝑉,(𝑑)
𝑆𝑀 =

3𝐺𝐹𝑄2

10 2𝜋𝛼
2𝑔𝐴𝑉

𝑒𝑢 − 𝑔𝐴𝑉
𝑒𝑑 + 𝑅𝑉𝑌 2𝑔𝑉𝐴

𝑒𝑢 − 𝑔𝑉𝐴
𝑒𝑑

For an Isoscalar Deuteron Target, APV reduces to

𝐴𝑃𝑉,(𝑑) at high x
1. Independent of pdfs, x  W
2. Well-defined SM prediction for Q2 & y

Simultaneous fit of 2𝑔𝐴𝑉
𝑒𝑢 − 𝑔𝐴𝑉

𝑒𝑑  and 2𝑔𝑉𝐴
𝑒𝑢 − 𝑔𝑉𝐴

𝑒𝑑   
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SoLID Experimental Program: Near Threshold J/psi

SIDIS J/𝛹PVDIS

Evolving Physics Program
❑ SIDIS

▪ SIDIS with Transversely Polarized 3He(E12-10-006): A rating
▪ SIDIS with Longitudinally Polarized 3He(E12-11-007): A rating
▪ SIDIS with Transversely Polarized Proton (E12-11-108): A rating

❑ PVDIS 
▪ PVDIS (E12-10-007): A rating
▪ BNSSA (E12-22-004): A- rating
▪ PVEMC (E12-22-002): C2 

❑ J/𝛹
▪ J/𝛹 (E12-12-006):  A rating

❑ GPD
▪ Double DVCS (DDVCS): A rating

❑ 6 Approved Run Group Experiments 
▪ SIDIS Dihadron with Transversely Polarized  1H  
▪ SIDIS in Kaon Production with Transversely Polarized Proton & 3He
▪ Target SSA Measurements in DIS with Transversely Polarized 1H & 3He
▪ Measurement of Deep Exclusive 𝜋- Production using a Transversely 

Polarized 3He 
▪ TCS with circular polarized beam and unpolarized LH2 target

6 A rated and 1 A- rated experiments 
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SoLID Experimental Program: Structure of the Proton

𝑟𝐸
2 = −

6

𝐺𝐸(0)
ቤ

𝑑𝐺𝐸

𝑑𝑄2
𝑄2=0
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SoLID Experimental Program: Near Threshold J/psi
Structure of the Proton

Gravitational Form Factors

Matrix element of the QCD energy-momentum tensor 

𝛾, 𝛾*

𝐴𝑞,𝑔(𝑡),𝐵𝑞,𝑔(𝑡),𝐶𝑞,𝑔(𝑡),and 𝐶 ̄𝑞,𝑔(𝑡) are the quark and gluon GFFs of the nucleon 
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SoLID Experimental Program: Near Threshold J/psi

Precision at high t critical constrain extrapolation uncertainties 
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Summary and Conclusion
• SoLID: A large acceptance device which can handle very 

high luminosity to allow full exploitation of JLab 12 GeV 
potential 

• SoLID has a rich and vibrant science program 
• 7 SoLID experiments approved by PAC 

• high rating ( 6 A, 1 A-) 

• 2023: Long Range Plan, SoLID highlighted, one of the 
recommendations 

• 2024: Facility Review: Ready to Launch 
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Thank You
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SoLID PVDIS: Deuteron

• Dominant uncertainties: experimental systematics

• Able to measure Apv to sub−percent level precision

32

Polarimetry 0.4

Q2 0.2

Radiative Corrections 0.2

Event Reconstruction 0.2

→ sin2θw(Q2)



Parity Violation DIS

𝛾

e e’

Z0

e- e’

EM Interaction
Parity conserving

Weak Interaction
Parity violating

𝐴𝑃𝑉 =
𝜎𝑅 − 𝜎𝐿

𝜎𝑅 + 𝜎𝐿

APV is due to the interference between 
electromagnetic and weak interaction 

𝜎𝑅 ∝ 𝑀𝐸𝑀 + 𝑀𝑍
𝑅 2

𝜎𝐿 ∝ 𝑀𝐸𝑀 + 𝑀𝑍
𝐿 2

   𝐴𝑃𝑉~
𝑀𝑍

𝑅−𝑀𝑍
𝐿

𝑀𝐸𝑀

ᐩ
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