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Jefferson Lab Today - a Cornerstone of Hadron Physics Research 

A Facility at the LUMINOSITY Frontier
(up to 1039 cm-2 s-1 )

World-Class Electron Beam
CEBAF accelerator provides a precision, 12 GeV continuous electron beam 

with:

Å High Intensity

Å High Polarization

Unique Experimental Facilities
CEBAF supports 4 experimental halls with:

Å State-of-the-art detectors

Å Versatile experimental setups

Å Advanced targets, data acquisition

V Explore the fundamental nature of confined states 
of quarks and gluons  Non-pQCD

V Explore hadronic structure and interactions in nuclei
V Discover evidence for physics BSM

Hall A Hall CHall B Hall D
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https://puckett.physics.uconn.edu/2021/08/02/sbs-installation-in-hall-a-at-jefferson-lab-july-2021/
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CEBAF probes nucleon valence structure with unparalleled precision

Fraction of nucleon momentum

Physics with CEBAF at 12 GeV and Future Opportunities

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

ÅElectrons are a ópureô probe ïpoint-like, 

electromagnetic interaction

Å Partonic structure in the valence region 

defines the hadron baryon number, 

charge, flavor content, total spin,é

ÅHow does this happen? What is the 

mechanism? Are there thresholds?

Å At CEBAF energies, we probe nucleon 

structure in the non-perturbative regime

Å Large x, low Q2 evolves to low x, high 

Q2 via pQCD, extract PDF,TMD,GPD 

shape and strength from data

Å Precision measurements (2D,3D) in the 

valence regime require high luminosity, 

and are the unique purview of JLab, 

providing overlap with EIC into the low x 

region

https://inspirehep.net/literature/1981751


! ŦŜǿ ǎŜƭŜŎǘŜŘ ǊŜǎǳƭǘǎΧΦ
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ÅHow are quarks distributed in 
the nucleon?

ÅWhat are the mechanical 
properties of the proton?

ÅHow big is the proton? 

ÅWhat is the spectrum of 
excited hadrons? 
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How are the quarks distributed in the nucleon?
The SBS Form Factor Program (completed August 2025)

ÅElectric and magnetic form factor measurements (6 separate experiments) give 
distribution of charges and currents inside the nucleon.
o Differing approaches to QCD predict different behavior at high momentum transfer Q

ÅSBS will provide Form factors at highest Q2 measured to date

o Largest GEMs in the world running at 10 MHz/cm2

o Highest figure-of-merit optically pumped polarized 3He target 
(neutron surrogate) ever deployed

2021
2025 ςrunning complete!

Two new 
Super BigBite
Spectrometers 

(SBS) 
weighing ~50 
tons each with 

43,000+ 
detector 
readout 

channels



SBS Physics: Extending Q2 Range of Nucleon Form Factors
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Å Map transition to perturbative regimeτrunning of dressed quark mass function
Å Imaging of the nucleon charge and magnetization densities in impact-parameter space in the infinite momentum frame
Å Combined data allows flavor separation for large range of Q2
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SBS Physics: Extending Q2 Range of Nucleon Form Factors
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How are quarks distributed in the proton?
A 2D and 3D question

Phys. Rev. Lett. 128, 132003 (2022)

Example of a SoLIDSIDIS measurement: huge 
error improvement (TMD)

2D

3D

High luminosity is critical to measure the typically small 
cross sections at large x (2D), and to isolate individual 
kinematic dependencies (3D)
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ñThe D-term is the last unknown fundamental global property of 

the protonò é. and of any other particle or nucleus. 

It can be probed in a tensor interaction. 

vector

axial

tensor 938.27208816(29)

2.7928473446(8)

What are the mechanical properties of the proton? 

9
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From particle tomography to gravitational structure  

Deeply Virtual Compton Scattering 
(DVCS) is a suitable probe of 

gravity-like properties of particles! 

4 chiral even GPDs describe soft part. GPD H is 
essentialto access gravitational form factor D(t).

hard scattering

soft part 

p

p

factorization x =

xB

2 - xB

The2gfield couples to the EMT the same 
way as gravity does, but with many orders of 

magnitude greater strength.

G p         p

p

p

J=2

ɾ

ɾv

ɾɾp         p

p

p

J=2

https://arxiv.org/pdf/hep-ph/0210165

M.V. Polyakov, Phys.Lett.B 555 (2003) 57-62

GPDs and strong forces inside nucleons and nuclei. 
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https://arxiv.org/pdf/hep-ph/0210165
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DVCS Unpolarized Cross-Sections

H.S. Jo et al., Phys.Rev.Lett. 115 (2015)

11
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The pressure distribution inside the proton

Repulsive pressure near center
p(r=0) = 1035 Pa 

Confining pressure at r > 0.6 fm

Atmospheric pressure:  105 Pa

Pressure in the center of neutron 

stars Ò 1034 Pa 
V. Burkert, L. Elouadrhiri, F.X. Girod

Nature 557 (2018) no.7705, 396-399

World data
CLAS data

CLAS12 proj .

12
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Shear Stress on quarks in proton

13

Shear stress r2sQ(r) 

systematic error band 

cQSM
this result

Shear stress at r = 0.6 fm: 

4pr2s(r)= 0.238GeV/fm

~38 103 Newton 

4 metric tons
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Normal & Tangential Stress on Quarks

Normal stress: Fn= 4pr2[2/3 s(r) + p(r)]  Tangential stress: Ft= 4pr2[-1/3 s(r) + p(r)]  

Tangential stress changes 
direction near r ~ 0.45 fm

Normal stress is positive at all r

Burkert, et al., Colloquium: 
Gravitational form factors 
of the proton. Reviews of 
Modern Physics95, 041002 
(2023)

Similar gluonic force 
distributions, obtained 
from J/yҦ ˃Ҍҍ˃photo 
production,
and comparisons to L-QCD 
submitted to PRL (Joosten 
et al.,J/y-007 
Collaboration)

14

https://www.osti.gov/biblio/2274730


15CEBAF Ops Review, June 25-27, 2024

NEUTRON DVCS WITH CLAS12 CENTRAL NEUTRON DETECTOR

Á CLAS12: A. Hobert et al. "First Measurement of Deeply Virtual Compton 

Scattering on the Neutron with Detection of the Active Neutron,ñ Phys. Rev. 

Lett. 133, 211903 (Nov. 2024), 

https://doi.org/10.1103/PhysRevLett.133.211903

News release and wide media coverage

Beam-spin asymmetry for 

nDVCS versus ūfor bins in -t

sin ūamplitude of ALU as 

function of Q2, xB and -t

https://doi.org/10.1103/PhysRevLett.133.211903


16CEBAF Ops Review, June 25-27, 2024

DVCS and (Transition) GPDs Generalization of GPDs to N Ÿ ȹ processes 

First Measurement of Hard Exclusive -́ȹ++Electroproduction 

Beam-Spin Asymmetries off the Proton

PRL 131, 021901,11 July 2023 

ep Ÿ eô p ˊ -(ˊ +) 

Í 3D structure on resonances 

Í Access to d-quark content 
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How big is the proton?

ÅElastic scattering at very low momentum transfers

ÅFinding agrees with the revised value for the Rydberg 

constantðone of the most accurately evaluated fundamental 

constants in physics

ÅPRad-II experiment will yield a 2.5x more precision: confirm 

the smaller radius ïcurrently preparing experiment to run

Proton Gluonic Radius Measurement:

Å Inner gluon Rms: 0.52 +/-0.03 fm

Å Duran et al ñDetermining the gluonic 

gravitational form factors of the proton,"

Duran et al, Nature 615, 813 (2023)

Proton Charge Radius Measurements:  

0.831+/-0.014 fm, 

Xiong et al.,Nature 575, 147 (2019)
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PREX and CREX ςhow large are nuclei?

APV  (ppm)

624 10~10~ --³
+

-
= QA

LR

LR
PV

ss

ss

Electroweak  asymmetry  in elastic   
electron-nucleus scattering:  Extract Rn

How thick is the neutron skin? 

Implications for the EOS of neutron matter ς
thus for understanding neutron star skins

48Ca

PREX: Phys. Rev. Lett. 126, 172502 (2021) ~400 citations 

CREX: Phys. Rev. Lett. 129, 042501 (2022) ~200 citations 

CREX
data

PREX data

48Ca :   thin skin
208Pb :  thick  skin

Extracted neutron 

skin of 48Ca 

(CREX) is thin 

compared to the 

prediction of most 

models, while that 

of 208Pb (PREX) 

is thick, yet both 

consistent with a 

number of density 

functional models 
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What is the Spectrum of excited hadrons?

19

A dedicated GlueX program 

GlueX-III approved in July!

Exotic mesons are particles that have quantum numbers not 

possible in the quark model. The a2(1320) is a benchmark to 

validate the GlueX experimental setup and analysis techniques 

before moving on to searches for exotic hybrid mesons.
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Charmoniumproduction in Hall D GlueX

ÅProduction of ὐȾ‪has implications on 
proton structure and existence of 
pentaquarks
Å Two GlueX publications with σππtotal citations

ÅNext publications ïanalysis in progress
Å First measurement of the photoproduction cross section of 
… and … (based on existing data through 2020)

Å Upper limit on production of open charm  Ὀᶻɤ to 
constrain production models and validate proton structure 
interpretation

ÅThe plan for GlueX-III
Å 200 days approved by PAC 52 with ñAò scientific rating

Å Large sample of polarized ὐȾ‪to understand production 
mechanisms and validate data interpretations
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Jefferson Lab Tomorrow

e- @ 22 GeV

A

B

C

D

e+ @ 12 GeV

KLF: High Intense Kaon beam

BDX: Beam Dump Exp.

SoLIDÅPrecision nucleon 3D 

imaging 

ÅOrigin of the proton 

mass and  gluonic 

force 

ÅBSM searches  & 

nucleon structure

ÅStrangeness Spectroscopy

ÅSearch for light dark 

matter particles

ÅUltra-precise 

measurement of 

the weak charge 

of the electron

ÅSensitive to BSM 

physics

High luminosity 

(10 37- 1039 cm- 2s -

1) + large 

acceptance

MOLLER

ÅIntense 

secondary m 

and nbeams

ÅHypernuclearSpectroscopy



MOLLER : improve Q W(e) by a factor of 5

JLab Measurements

Only e -e measurement: 

SLAC E158

MOLLER: Precision Electroweak Physics
- probes BSM in the multi TeVrange through Parity Violation

Look for tiny but measurable deviations from precisely calculable predictions for SM processes

Search for new flavor diagonal neutral currents

ÅUnique (purely leptonic) new physics reach

ÅSpecialopportunity with Jefferson Labhigh luminosity

ŭ(sin2ɗW) = ± 0.00023 (stat.) ± 0.00012 (syst.)

~ 0.1%

Construction and 
assembly 
underway

Installation in 
Hall A to begin in 
~2months

~1.5 year 
installation 



SoLID: Three major physics programs 

üSoLIDwas highlighted in the 2023 DOE Long Range Plan in 
recommendation 4 and throughout the document

üThree main physics programs:
üSIDIS
üValence quark tomography with precision in 4D

üPrecision J/‪production near threshold 
üOrigin of proton mass

üPVDIS
üTest of Standard Model
üSearch for new physics

Maximizethe sciencereturn of the 12-GeVCEBAFupgrade by
combining high luminosity and large acceptance



SoLID fully enables CEBAF 12 GeV at the intensity frontier

24

SoLIDWhitepaper Published in: J.Phys.G50 (2023)
Highlights of SoLIDscientific programs and instrumentation

Risk-reducing R&D continues!

Electromagnetic Calorimeter Prototype for 
the SoLIDProject at Jefferson Lab
TIPP, SPRINGER NATURE (2018)

ÅThe SoLID science program was endorsed by the 

2023 NSAC Long Range Plan (Recommendation 

#4) as one of the projects "that lay the foundation 

for the discovery science of tomorrow". SoLID is 

mentioned positively over 25 times in the Plan.

ÅNucleon spin, proton mass, BSM experiments 

require precision measurements of small cross 

sections and asymmetries, combined with multiple 

particle detection

ÅThere is a critical need for a high luminosity 1037-

1039 cm-2s-1 and large acceptance working in 

tandem ïtakes full advantage of Jefferson Lab 

capabilities 

Magnet testing
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S&T Mission Committee Meeting | January 26, 2024

Hall B CLAS12 @ High Luminosity

Opportunities for new, low - rate reactions 

(like DDVCS)

Gain time for long remaining physics program

Phase-1 Upgrade: ~2*1035cm-2s-1with charged particle reconstruction efficiency > 85% 

Å Improve FD Tracking with AI and Denoising

Å New, fast ɛWELL tracker in front of R1 DC 

Prototype testing 

Å Various resistive layer layouts 

Å Capacitive sharing X-Y-U strip readout 

Å Thin gap 

Software development 

Å Implementation in GEMC

Hit and track reconstruction algorithm in a high-rate environment 

Å Validation with test measurements 

Å Largest ɛRWELL build so far

tracking detectors with high particle 

rates



Hall C
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e-
g

CPS

NPS

HMS-SHMS Å Rich program with nucleon and 
nuclei targets using baseline HMS-
SHMS  and NEW equipment 

HKS+HES

LAD

Å Move to Hall C SBS/BB experiments that did not run in Hall A 

FY23 FY29

We are here
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Study of the isospin 
dependence in medium-mass 
hyperisotopes, ɽ interactions in 
nuclear matter, and more!

Hypernuclear
Physics in Hall C



K-Long Facility:  Spectroscopy in KLONGbeam 
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Compton Photon Source (CPS): Engineering design 
is advanced 

Be target for KL production:
Engineering design is (nearly) 
complete 

KL beam

Å Realization on - going
Å Big overhead: requires about 2 years for installation and >1 year for 

de-installation
Å Schedule under discussion 

ÅComprehensive studies of strange 
baryons and mesons with a KL 
beam at Hall D
ÅUnique opportunities in the 

hadron spectroscopy field

28



CEBAF e+ and 22 GeV accelerator design
Å Increase the energy without additional RF

Å Increase the number of recirculation passes with Fixed Field Accelerator 
(FFA) technology
Å Remove the highest recirculation pass (Arc 9 & A) and replace them with two compact FFA arcs 

Å Include time-of-flight (TOF) Splitter bend systems.

Å New 650 MeV recirculating injector

Focusing Magnet BF

Defocusing Magnet BD

S. Brooks

650 MeV Recirculating Injector

Permanent Magnets for FFA arcs

FFA arc

FFA arc

29


