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Jefferson Lab Overview

q Top Missions:
ü Explore hadronic structure and interactions in nuclei (EMC, SRC, Hypernuclei, etc.)
ü Discover evidence for physics BSM (PVDIS, beam-dump experiments)
ü Explore the fundamental nature of confined states quarks and gluons (from 1D to 3D, Exotic Hadrons)

q Features: High luminosity (1039 cm-2s-1); polarized beam & targets; high-precision detectors; four halls 
operation simultaneously; 10.6GeV/c for Hall A&B&C, 12GeV/c (to ~8GeV photons) for Hall-D

3D Nucleon 
Structure

Hadron & 
Cold Matter

Transverse Structure 
of Hadrons

Longitudinal 
Structure of Hadrons

Low-Energy Test 
of Standard Model Hadron Spectra as 

probes to QCD

q JLab kinematic probe partonic structure 
in valance quark region (non-pQCD)

Prog. Part. Nucl. Phys.127 (2022) 103985

EicC
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Overview of Nucleon Structure Study

d2 𝑟! 

d2 𝑘! 

Parton Distribution Functions, 
f1u(x), g1u(x), h1u(x)

Form Factors GE(Q2), GM(Q2)

3D 1DWp
u(x, 𝑘!,rT )  
Wigner 

distributions

5D

ψ(𝑥⃗, 𝑘, 𝑡)

Generalized Parton 
Distribution (GPD)

Transverse Momentum 
Distribution (TMD)

d2 𝑘! 

d2 𝑟! 

High-Energy 
Probes

See X.D. Ji’s talk 
on Wednesday
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Form-Factors
q e/p & e/n elastic scattering cross-sections:

q Form-factors link to charged distributions:

Most recent global analysis: Z. Ye, J. Arrington, R. Hill, G. Lee, Phys. Lett. B777, 8-15 (2018) 

q Precisely measured since 1950s

q Focus now: protons FFs at very high-Q2 &low-Q2 (radii), neutron-FFs

q Newly extracted  proton FFs up to 4.1GeV2 

from old Hall-C data
q Updated global fits underway based on newest 

neutron FF results from Tritium@Hall-A

PRL132, 162501 (2024)

arXiv:2501.18443

PRC 112, 035205 (2025)
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Form-Factors
q Hall-A SBS aim to measure FF at high-Q2

q Data partially taken (Aug 2025);

q New FF data to be taken in 2028

SBS Preliminary

SBS

HRS-LHRS-R

BigBite
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Proton Charged Radius

HyCAL

GEM (123x105cm)

Xiong, et. al. Nature 575, 47–150 (2019) [JLab]q Proton charged radius can be 
extrapolated via low-Q2 FF data

q PRAD-I result conformed a smaller 
radius 

q PRAD-II aims for completely resolving proton radius puzzle (running now!)
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PRL135 (2025) 15, 151902

Parton Distribution Function (PDFs)
q DIS cross-section to  F2, hence to PDF sum:

q 𝑅 = ⁄𝜎! 𝜎", link to mass/high-twist/PT-motion, Rosenbluth separation 
needed; Small at Q2>10GeV2 or x>0.5 

q 2D (effective “n”) need high-precision for nuclear-correction (incl. R)

q Measure R in SIDIS 𝛑 cross-section (E12-06-104/E12-24-001):

ü Could be big and flavor-dep.

ü Diff. from DIS

ü Difficult in Rosenbluth separation

ü completed run in 2025-2026@ Hall-C

ü More R measurements in 2026/2027 

q Hall-C E12-10-002 experiment recently extract ⁄𝜎# 𝜎$ at large x
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PDFs in Nuclei
q 1D Partonic Structure in heavy nuclei shows EMC effect

§ 40 years of puzzle waiting to be answer 

q Quark PDFs in light nuclei (A=3) is also likely to be modified 

PRL135, 062502 (2025)

q Flavor-dependent EMC effect: which quark is modified more?
ü Second generation Tritium experiment: SIDIS w/ CLAS12
ü Beam-Time request submitted in 2026 PAC

New Tritium Target
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PDFs in Nuclei

PRAD-GEM

LAD

or

Modified in Medium Modified in SRC

q Tagged DIS w/ D2 using LAD @ Hall-C
ü LAD to detect high-P spector proton
ü Completed in mid 2025; Analyzing data now

q EMC link to the SRC? 

q Tagged DIS w/ He4 using ALERT@CLAS12,Hall-B
ü ALERT to detect low-P spectator proton
ü Measure EMC@10.6GeV & SRC@6.6GeV
ü Completed in late 2025; Analyzing data now

ALERT Recoil Detector
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TMDs
8 Quark-TMDs (leading twist)

q Transverse Momentum Distribution Functions (TMDs) 
ü 3D parton distribution in spatial space in momentum space

ü Link to spin and orbital angular momenta

ü 8 Leading Twist TMD, many more high-twist 

q Semi-Inclusive Deep Inelastic Scattering (SIDIS)
ü Beam &/ Target spin asymmetries link to TMD modules 
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ü TMD & Fragmentation Function needed to decoupled
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TMDs w/ CLAS12

PRC, 112, 055202 (2025)
q 10.6 GeV SIDIS in kaon production w/ polarized beam @CLAS12

Twist-3 Boer-Mulder

ü Map out z and PT dependent in 𝐹!%
&'()

q 10.6 GeV SIDIS in di-pion production w/ polarized beam @CLAS12
ü extract di-hadron fragmentation function & twist-PDF

Twist-3

DiFF
arXiv:2602.1471

q Future SIDIS w/ high-power polarized He3@CLAS12 
    (see Xiaqing Li’s talk on Monday 5pm)
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TMDs w/ SBS
qFuture SBS SIDIS E12-09-018 w/ polarized He3 & new RICH
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GPDs
q Generalized Parton Distributions (GPDs) 

ü 3D parton distribution in spatial space

ü 8 leading-twist GPDs

q Ji’s Sum-Rule link GPD to nucleon spin:

8 Quark-GPDs (leading twist)

∫
+

−
+⋅=

!

!

""
" #$%&&'#%&&'(

)
! ξξ !"!#!$!% &'&'

&' (X. Ji, PRL 78, 610 (1997)

q GPDs (in fact, Compton form-factors) are measured by exclusive processes:

Deeply Virtual Compton Scattering
(DVCS) 

𝑒 + 𝑁 → 𝑒! + 𝑁 + 𝛾

Timelike Compton Scattering
(TCS)

−+ ++→+ !!""γ

Deep Virtual Meson Production
(DVMP)

𝑒 + 𝑁 → 𝑒! + 𝑁! +𝑀𝑒𝑠𝑜𝑛

Double-DVCS (DDVCS)

−+ +++→+ !!"#"# !

See X.D. Ji’s talk on Wednesday
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GPDs /CLAS12

ØALERT measured DVCS/DVMP in He4 
• 1 GPD in He4 (coherence DVCS)
• Nuclear-GPD in He4 (incoherence)
• RG-L (w/ tagged DIS & SRC)
• Completed in 2025, analyzing now

Phys. Rev. Lett.133, 211903 (Nov. 2024),

arXiv:2503.18152

ØFirst Neutron DVCS with CLAS12 central neutron detector

ØGlobal GPD analysis to extract proton property
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https://arxiv.org/abs/2503.18152


GPDs w/ in Hall-C
qPionLT/KaonLT Experiment in Hall C (completed in 2018):

(𝑒 + 𝑝 → 𝑒! + ⁄𝜋" 𝐾" + ⁄𝑛 Λ) 

PLB 872, 140094 (2026)

ü DVMP w/ 𝛑+/K+to improve GPD models

ü First extract of Q2-depdt of ⁄𝜎!" 𝜎*  in asymmetries

qNPS Experiments (1st part completed in 2024):

DVMP- 𝛑0 Preliminary

NPS Calorimeter

NIM 1086 (2026) 171323

1.3%/sqrt(E)!
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GlueX in Hall-D
PRL 134 (2025) 201903, q A(𝛄, J/𝜓 p)X reaction below threshold

§ Modified of form factors & glue-density in nuclei due to SRC?

q Next: 
ü JEF & PrimeX-eta

ü KLF

JEF ECAL
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Future Upgrade-muCLAS12
Ø  CLAS12 luminosity to be upgraded to 1037 cm-2s-1.

§ DC to muRWELL trackers
§ Add forward trackers
§ JLab to be MPGD Center in U.S.

ØEnable the Doubly-DVCS measurements

200 days to distinguish models at small-t region
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Future Upgrade-SoLID
ØThe Solenoidal Large Intensity Device SoLID):

ühandle 1037-1039 cm-2 s-1 luminosities 
ü full 2𝛑 azimuthal acceptance; 
üPolarized p&n targets.

Z. Ye et al., PLB 76, 91 (2017)

CLEO Magnet @ JLab

ECAL (SDU&THU)

ØProvide 4D/5D mappings of TMD & GPD; PVDIS for d/u & BSM
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Future Upgrade-22GeV

ü Expands DIS to higher Q2

ü Enlarge phase-space for TMD/GPD
ü From valance quarks to sea 

ü Crosses charm threshold, gluonic GFFs and XYZ states 
ü EIC Synergy

arXiv:2601.05773Eur. Phys. J. A (2024) 60:173

q Impact on Nucleon Structure:

q  Fixed Field Alternating (FFA) gradient arcs to 
      increase energy to 22 GeV

Collins SSA (SoLID@22GeV)

20/23

https://arxiv.org/abs/2601.05773


Near-Term Plans
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FY24 Run (75.2%)

q Successful CEBAF Operation in FY25 (22w Physics+2w Restore, >85% & 3000+hrs)

Run 2025
Run length, 
weeks

22+2

Average Run 
Reliability 

86.7%

Total 
Delivered 
Beam Hours

3,249

q Overcame longest government Shutdown

q Management Changes & Contract with SURA (06/01/2026)

Mike Spata 
(ACC)

Douglas Higinbotham 
(PHY) 

q Staff Scientists layoffs (~7%)

q Transition to more applied tasks (e.g. HPDF)

q Budget cuts & AI GENESIS Initiative
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D. Higinbtoham (Jan. 2026 Hall-A Collaboration Meeting)

MOLLER

PRAD-II&X17

SIDIS LT&R

JEF

K-LONG

SoLID?
ü  

ü  

ü  
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Summary

qCurrent Status: Jefferson Lab retains its preeminence at the intensity frontier, successfully 

navigating the transition from 1D collinear densities to precision 3D tomographic 

measurements.

qThe Science Pipeline: Emergent data from Hall-A (MARATHON, SBS), Hall-B CLAS12, 

and Hall-C (KaonLT, NPS, LAD) are resolving fundamental inquiries regarding the d&u

PDF , the origins of the EMC effect,  and explore TMD & GPD.

qThe Future Outlook: muCLAS12, SoLID, and 22 GeV upgrade before EIC.
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Backup
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JLab Future?
q JLab Operation while constructing EIC:

§ Complete approved experiment à 2030~2035?
§ If SoLID approved à 2035~2040?
§ If Positron and/or 22GeV à 2045?

arXiv:2401.16223
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Quark PDFs at High-x

MARATHON, PRL128, 132003 (2022)

q Precision measurements of the F2n/F2p ratios to extract d/u at xà1; 
ü Test QCD models!

q Hall-A MARATHON utilized mirror 3H and 3He targets (done in 2017)

q Hall-B detector recoil proton from eD scattering 

(BoNUS+CLAS); 

q New data in 2020 w/ BoNUS12 + CLAS12 

àpublished soon

Preliminaryq Future: PVDIS w/ SoLID
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Meson Structure in Hall-C

q Rosenbluth Separation: fix Q2 and x, measure 𝜖
§ In SIDIS, fix z and PhT as well!
§ High-precision needed in beam-energy, spectrometer’s 

momentum and angle!

(𝑒 + 𝑝 → 𝑒! + ⁄𝜋" 𝐾" + ⁄𝑛 Λ) 
q Partonic structure in meson: critical to understand EHM 

mechanisms
ü Sullivan process to scattering meson cloud 
ü L/T separation from KaonLT dataàKaon FF

Sullivan process DVMP
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