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Jefferson Lab
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ÅJefferson Lab by the numbers:
~ 800 employees

ï1,694 Active Users worldwide

ï26 Joint faculty with 12 universities

ï731 PhDs granted to-date (175 in progress)

ï184 patents (28 license agreements)

ÅJefferson Lab was created to build and operate the 
Continuous Electron Beam Accelerator Facility (CEBAF), 
a unique user facility for Nuclear Physics

ÅManaged for DOE by Jefferson Science Associates, LLC



Location and History

ÅThomas Jefferson National Accelerator Facility, or 
JLab, is located in Newport News, Virginia, next to 
many historical landmarks

Å1984-1987 ïfunding, selection of SC RF, start of construction

Å1995 ïstart of CEBAF operation at 4 GeV

Å2000 ïCEBAF reached 6 GeV

Å2017 ïcompletion of 12 GeV upgrade project
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Fort Monroe. 20min drive from JLab



Á CEBAF Upgrade completed in September 2017
o CW electron beam

o Emax = 12 GeV

o Imax = 90 mA

o Polmax ~ 90%

B

A

D
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Á Physics Operation

o 4 halls running simultaneously since January 2018

Á Nuclear experiments at ultra-high luminosities, up to 1039

electrons-nucleons /cm2/ s 

Á World-record polarized electron beams 

Á Highest intensity tagged photon beam at 9 GeV

Á Unprecedented stability and control of beam properties Č

Excellent for low energy Standard Model tests

Á Ability to deliver a range of beam energies and currents to 

multiple experimental halls simultaneously

CEBAF World-leading Capabilities

1. INJECTOR

2. LINACS

3. RECIRCULATION 

ARCS

1
2

2

3
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Å Located in Newport News (VA) ïIn operation since 1995

Jefferson Labôs Scientific Mission

Our mission is 
to understand 
the subatomic 
constituents of 
protons and 
neutrons and 
the force that 
holds them 
together ïthe 
strongest force 
in the Universe

Our primary 
research tool is 
CEBAF - a 
superconducting 
high-energy 
electron particle 
accelerator
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1 Polarized injector

The injector produces polarized electron 
beams for the experiments

CEBAF at Jefferson Lab

2 Linear accelerators 1497 MHz

Straight sections have 25 cryomodules 
each. Beam travels up to 5.5 passes 
through linacs to get to 12 GeV 

3 Central Helium Liquefier

CHL keeps SRF cavities at 2K temperature

4 Recirculation magnets

Dipoles and quadrupole magnets to focus 
and steer beam as it pass along each arc

Circumference of the tunnel is 1.4km
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5 Experimental Hall A

Two High Resolution Spectrometers for 
precise measurements of nuclei inner 
structure

CEBAF at Jefferson Lab

6 Experimental Hall B

CEBAF Larch Acceptance Spectrometer 
(CLAS12) surrounds the target to 
measure many angles simultaneously

7 Experimental Hall C

High Momentum Spectrometer measures 
nuclei structure at high energy and high 
beam current

8 Experimental Hall D

Equipped with SC magnet and detector 
to study strong force that binds quarks 
together

Circumference of the tunnel is 1.4km



CEBAF Accelerator ïTechnical Scope

>800 Beam Position Monitors

52-1/4 Cryomodules with 418 SRF Cavities to Accelerate Electrons in CEBAF ~500 Large Dipoles powered by >40 HVPS
>2800 Magnets to Focus and Steer Beam

16 RF Deflectors for Extracting Beams

Å Capable of delivering 4 independent CW polarized electron beams simultaneously to experiment Halls.

Å Over 7 km of beamline ~800 BPMs, 60 harps, 150 viewers, and 7 synchrotron light monitors.

Å >580,000 data channels on a distributed network of over 600 local computers with 200 kHz data rate.

418 Klystrons for 52.25 Cryomodules
High Power Exp Hall Beam Dump

September 27, 2022 FFA Workshop 7



CEBAF Halls and Experiments
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Hall D (Glue X)

Hall C (HMS and SHMS)Hall B (CLAS12)

Hall A

Hall A (HRS, SBS)



CEBAF 12 GeV Science is Exciting and Impactful
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See 2022 Town Hall Meeting on Hot & Cold QCD, Sep 23-25, 2022,  https://indico.mit.edu/event/538/

https://indico.mit.edu/event/538/


CEBAF Construction
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ÅConstruction started ~1987
ÅCut and cover tunnel construction
ÅTunnel is below water table 
ÅGood ground water protection



CEBAF Construction
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Tunnels before hardware installations Arcs in 6 GeV era (four beamlines)
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CEBAF three halls era

6 GeV era configuration
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Dump

6 GeV era configurationCEBAF Injector

RF cavity
(499 MHz)

RF cavity
(499 MHz)

5 MeV Dump

DC light, most beam 

thrown away

Three RF-
pulsed lasers

Pre-buncher
added



CEBAF load-lock polarized gun
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100kV gun (circa 2007). Lifetime limited to 30C.  Path to higher lifetime and beam quality ïhigher voltage

ÅLaser light that shines on the Gallium 
Arsenide photocathode is RF pulsed at 499 
MHz and creates an RF microstructure on 
the electron beam

Å499 MHz is a sub-harmonic of the 
fundamental accelerator operating 
frequency 1497 MHz

ÅDuring three-hall operations, three 
separate 499 MHz lasersτone for each 
hallτare used to generate three 
interlaced electron beams

ÅContinuous Wave Beam for Physics
ÅPulsed beam for optics tuning



CEBAF polarized source and performance evolution
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ÅTechnology advances for e-beam polarization 
improvements

̇Bulk GaAs

̇Strained GaAs

̇Strained Superlattice GaAs/GaAsP

̇Strained Superlattice ïDistributed Bragg 
Reflectors

ÅPolarization above 85%

ÅElectron gun design also advanced

ÅNew experiments demanded longer lifetime 
of cathodes and new design of guns 

̇ILC played a stimulating role for development 
of new ILC/CEBAF ñInverted gunò



CEBAF Inverted Gun
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Å Inverted CEBAF/ILC Gun#1 installed at 

CEBAF, July 2009

Å Higher voltage, higher lifetime

Å 200 kV for CEBAF, 350 kV for ILC



CEBAF Diagnostics

ÅSynchrotron Light monitors

ÅBPMs

ÅBeam size wire monitors

ÅPathlength monitors

ÅBeam Loss monitors

ÅEtc. 
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Beam viewer



CEBAF Tune Beam

ÅContinuous Wave Beam for 
Physics

ÅPulsed low power beam for 
accelerator optics tuning

ÅThe 250 ms pulse width at 60 
Hz provides a 1.5% duty cycle

ÅNominal pulse height is 4 mA

ÅBeam power is 720 W for a 12 
GeV beam at this duty factor

ÅThe 4 ms trailing pulse is for 
measuring linac BPM orbits 
and linac arrival time
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CEBAF SRF cavities and cryomodules

ÅCryomodule types
̇C20 ïhas four pairs of C20 5-cell cavities

̇C50 ïimproved performance C20

̇C100 ïeight 7-cell cavities assembled in string
ÅInstalled during 12 GeV upgrade, use higher power klystrons

̇C75 ïupgraded C20 with new cell shape, ingot Nb, enhanced cleanness & magnetic hygiene
ÅBeing implemented now, to increase and maintain the energy
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C20 SRF cavity pair

7-cell SRF cavity for C100


