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Jefferson Lab
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§ CW electron beam
§ Emax = 12 GeV 
§ Polmax ~ 90%
§ High intensity tagged photon beam at 

9 GeV
§ Experiments at ultra-high luminosities, 

up to 1039 e-nucleons /cm-2/ s-1

B
A

C

D

§ Beam delivered  to the 4 halls simultaneously at different 
energies and currents 

• Explore the fundamental nature 
of confined states of quarks and 
gluons → Non-perturbative 
regime of QCD

• Discover evidence for physics 
beyond the standard model
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Today and Tomorrow
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Hall B: CLAS12
Hall A: HRSs

Hall C: HMS-SHMS Hall D: GlueX
The 12 GeV Experimental Program is in full swing

Stage -1:  2x1035cm-2 s-1
3 years
Stage -2: > 1037cm-2 s-1
7-10 years

33 Experiments completed out of 91 approved
Luminosity Upgrade

Hall A: SBS & BB

MOLLER

SoLID e- g

CPS

KLF
NPS

~8 years at ~30 weeks/year
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• CEBAF has been 
delivering the world’s 
highest intensity and
highest precision multi-
GeV electron beams 
for more than 25 years

CEBAF & Jefferson Lab 

Jones et al., PRL 84, 1398 
(2000)-
Punjabi et al., PRC 71, 055202 
(2005)
Gayou et al., PRL 88, 092301 
(2002)
Puckett et  al., PRL 104:242301 
(2010)

Andivahis et al., PRD 50, 5491 
(1994)
Christy et a., PRC 70, 015206 
(2004)
Quattan et al., PRL 94, 142301 
(2005)

• Jefferson Lab re-wrote the 
textbook of the proton and 
neutron form factors

- Double polarization 
experiments only possible 
with high intensity, high 
polarized beam
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Energy Upgrade: the ‘Big Picture’
quark-gluon dynamics 

• precise measurements to validate the 
theoretical assumptions

• an energy upgrade:
- deeper access to quark-gluon dynamics
- opening new opportunities on studies of 

the charm sector 
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Novel permanent magnet              
technology used for 

power and cost savings

CEBAF FFA Upgrade – ‘Currently under Study’

650 
MeV  

Courtesy Alex Bogacz

• Starting with 12 GeV CEBAF as a baseline

• NO new SRF (1.1 GeV per linac)

• New 650 MeV recirculating injector

• Remove the highest recirculation pass (Arc 9 
& A) and replace them with two FFA arcs 
including time-of-flight chicanes

• Recirculate 4+4 times to get to about 18 GeV

TO
F

TOF

TO
F

TOF

Pass Arithmetic:  5 -1 + 4 + 3 = 11

• Install a secondo pair of FFA arcs ‘on the floor 
below Arc 9&A

• Recirculate 3 times to get about 24 GeV

Pass Arithmetic:  5 -1 + 6 = 10

• Recirculate 4 + 6 times to get to about 22 GeV



77

Stephen Brooks
BNL

January 2022

Multi-Energy Beam Dynamics in FFA Arc
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Future Opportunities at CEBAF

https://indico.jlab.org/event/520/

https://indico.knu.ac.kr/event/566/

https://www.ectstar.eu/workshops/opportuniti
es-with-jlab-energy-and-luminosity-upgrade/

OBJECTIVE:

• Higher energy
• Positron beam
• High Luminosity

gather theorists and experimentalists to discuss 
the physics opportunities and technical options 
for each of the possible upgrade scenarios: 
energy, positron, luminosity

Progress in Particle and Nuclear Physics: 
In Press 
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Hadron Spectroscopy with 
a CEBAF Energy Upgrade

The Next Generation of 3D 
Imaging

Physics Beyond the 
Standard Model

• Working on a white paper document

High Energy Workshop Summer Series 2022
Probe the science that would be opened 
up by a 20+ energy electron beam 
• initially utilize largely existing or already-

planned Hall equipment
• leverage the unique capabilities of luminosity 

and precision possible at JLab in the EIC era

1. flagship measurements that can be done only 
with 20+ GeV (uniqueness) 

2. flagship measurements with 20+ GeV that can 
extend and improve the 11 GeV 
measurements, (enrichment)

3. measurements with 20+ GeV that can set the 
bridge between JLab12 and EIC 
(complementarity)

J/Psi and BeyondScience at Mid x: Anti-
shadowing and the Role of 
the Sea

https://www.jlab.org/conference/hews22#
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Hadron Spectroscopy
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- Photoproduction provides an 
alternative mechanisms to study 
such states

- Initial simulations from GlueX and 
CLAS12 demonstrate the 
capabilities of the existing detectors 
to measure these reactions 

CEBAF @ 20+ GeV : XYZ states  & other charmonia can be studied
- Tetraquark candidates observed in 

B decays, e+e- colliders
- Significant theoretical interest and 

progress, but internal structure not 
yet understood

- Never direcly produced using 
photon/lepton beams

𝜸𝒑 → 𝑱𝝍𝝅!𝒏

Full CLAS12 signal 
MC simulation

D. Glazier
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J/y and y’ photoproduction

11L. Pentchev

Golden processes to pin down: 
a) existence/confirmation of pentaquark resonances 
b) nucleon structure (mass, gluon distribution…)

S. Joosten
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3D Imaging: Enhancement of Q2 & PT range
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CLAS12

CLAS22

• Q2 evolution studies possible
• More cleanly separate pure twist-2 CFFs
• Significantly increase of the relevant Q2 range for the Qn scaling test – Not yet proven at 

12 GeV 

• Larger PT range and high luminosity is the key for a better 
insight into the problem
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Gluon polarization
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• Polarized jet data cannot discriminate between >0 & <0 solutions

Gluon polarization still elusive in the 
valence region

• First simultaneous global QCD analysis (JAM Coll.), including data 
from unpolarized and polarized hadron collisions (STAR&PHENIX)

• In the large PT region: solid theoretical framework based on the 
collinear factorization (For 0.1<x<0.3 phase space with large PT )

Accessing Gluon Polarization 

arXiv:2201.02075v2

N. Sato, paper in preparation

PRELIMINARY

Z=0.2 Z=0.5
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SIDIS at Large x

14 H.Avakian/A. Bacchetta

X=0.3

EIC 5x41

<latexit sha1_base64="yizizTzWkatMlR3qPPHVm+2baS4="></latexit>

F sin(�1��2)
LU sin��

<latexit sha1_base64="JzdgZwl5VYxo2Qxg93t1Mtr1ea0=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjKljHVXFMRFFxXsA9qhZNK0jc0kQ5IRytB/cONCEbf+jzv/xrQdQUUPXDiccy/33hPGnGmD0IeTW1ldW9/Ibxa2tnd294r7By0tE0Vok0guVSfEmnImaNMww2knVhRHIaftcHI599v3VGkmxa2ZxjSI8EiwISPYWKl11U/r9Vm/WELuedVHyIPIRQtY4pV9v+JBL1NKIEOjX3zvDSRJIioM4VjrrodiE6RYGUY4nRV6iaYxJhM8ol1LBY6oDtLFtTN4YpUBHEplSxi4UL9PpDjSehqFtjPCZqx/e3PxL6+bmGE1SJmIE0MFWS4aJhwaCeevwwFTlBg+tQQTxeytkIyxwsTYgAo2hK9P4f+kVXY93y3fVEq1iyyOPDgCx+AUeOAM1MA1aIAmIOAOPIAn8OxI59F5cV6XrTknmzkEP+C8fQKI3I8e</latexit>

FLL

EIC 18x275

CLAS12
CLAS24

SIDIS at Large x : JLab domain! 

x-section from Bacchetta et al, 1703.10157

• At large x fixed target experiments are sensitive to 
ALL Structure Functions

• For EIC, observables surviving the e→1 limit (FUU, FUL, 
Transversely pol. FUT)
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Anti-Shadowing

• Region extremely interesting, near-equally 
dominated by valence quarks, sea-quarks, 
and gluons → many many models!!

~22 GeV

• Anti-Shadowing is the least studied nuclear 
structure function effect exp.   
• flavor and spin dependence essentially uncharted 
• no tagged measurements

What is needed

• High precision →  high luminosity
• e-A (x, Q2) range accessible 
• Ability to change targets quickly,…
• Pol./unpol. mapping across A, N, Z, 
• Nuclear tagging → links between nuclear dynamic 

& quark structure

ALL Possible @ Jlab 22 GeV

JLab at ~22 GeV is an anti-shadowing regime machine !

• The transition between shadowing and the EMC 
regimes → a testing ground for different 
descriptions
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Physics Beyond the Standard Model

16

L. Gan

p0 Primakoff production off an electron target: eliminate nuclear bkg



17

Many more…
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• Electroproduction of N* resonances with increased Q2 range to 
explore emergence of hadron mass

• DDVCS for direct probe of GPDs away from the x=±𝜉 line.

• Parity-violating DIS for unambiguous access to Strange Quark

• Hadron Formation using Nuclei

• Nuclear forces at extreme dynamics: investigation of Nuclear 
Repulsive Core 

• Search for sub-GeV dark scalars and pseudoscalars

• …..
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Science at the Luminosity Frontier: JLab at 22 GeV

18

Next Workshop : Jefferson Lab – January 23-25, 2023
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• CEBAF 22 GeV upgrade capitalizes on existing investments
• Scientific program with existing Hall equipment
• Leverage new FFA accelerator technology with resistive 

magnets

• Strong science case for JLab energy upgrade in development
- Unique measurements at the luminosity frontier
- Complementary to EIC
- Leverages precision capabilities of Jefferson Lab

• Support for energy upgrade development
- Users
- Lab support, including LDRD investment
- DOE encouragement to develop the science reach and 

technical aspects of an upgrade

Conclusions


