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

A Managed for DOE by Jefferson Science Associates, LLC
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A Jefferson Lab by the numbers:
~ 800 employees

i 1,694 Active Users worldwide

I 26 Joint faculty with 12 universities

I 731 PhDs granted to-date (175 in progress)
I 184 patents (28 license agreements)
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Location and History

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

A 1984-1987 i funding, selection of SC RF, start of construction
A 1995 i start of CEBAF operation at 4 GeV
A 20007 CEBAF reached 6 GeV

A2017 i completlon of 12 GeVupgradevprOJect ~Fort Monroe. 20min drive froJLab
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Our mission is
to understand
the subatomic
constituents of
protons and
neutrons and

the force that 7 \nacs . —
holds them 3. RECIRCULATION ;
togetheri the  AR°S ‘
strongest force

In the Universe

A CEBAF Upgrade completed in September 2017
CW electron beam

E.. =12 GeV
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Pol .. ~ 90%
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A Physics Operation
0 4 halls running simultaneously since January 2018
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CEBAF World-leading Capabilities
A Nuclear experiments at ultra-high luminosities, up to 103°
electrons-nucleons /cm?/ s

>\

World-record polarized electron beams
Highest intensity tagged photon beam at 9 GeV

\ >\

A Unprecedented stability and control of beam properties C
Excellent for low energy Standard Model tests

Ability to deliver a range of beam energies and currents to
multiple experimental halls simultaneously
FFA Workshop 4
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o Polarized injector o ; , st St B G
= . -~ ©® ' CEBAF at Jefferson Lab
The injector produces polarized electron ,
beams for the experiments ; 4 Circumference of the tunnel is 1.4km

9 Linear accelerators 1497 MHz 9 Central Helium Liquefier @ Recirculation magnets

Straight sections have 25 cryomodules  CHL keeps SRF cavities at 2K temperatur¢ Dipoles and quadrupole magnets to focus
each. Beam travels up to 5.5 passes and steer beam as it pass along each arc
through linacs to get to 12 GeV
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©
e Experimental Hall A R ;
. . -~ ©® | CEBAF at Jefferson Lab
Two High Resolution Spectrometers for .
precise measurements of nuclei inner ; \__/ Circumference of the tunnel is 1.4km

structure

@ Experimental Hall B e Experimental Hall C 6 Experimental Hall D
CEBAF Larch Acceptance Spectrometer High Momentum Spectrometer measures Equipped with SC magnet and detector
(CLAS12) surrounds the target to nuclei structure at high energy and high  to study strong force that binds quarks
measure many angles simultaneously beam current together
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CEBAF Accelerator i Technical Scop

.P“P Al

> T -
~500 Large Dipoles powered by >40 HVPS

e
e

16 RF Deflectors for Extracting Beams 418 Klystrons for 52.25 Cryomodules

>800 Beam Position Monitors H|gh Power Exp Hall Beam Dump

A Capable of delivering 4 independent CW polarized electron beams simultaneously to experiment Halls.
A Over 7 km of beamline ~800 BPMs, 60 harps, 150 viewers, and 7 synchrotron light monitors.

A >580,000 data channels on a distributed network of over 600 local computers with 200 kHz data rate.
September 27, 2022 FFA Workshop 7



CEBAF Halls and Experiments

Hall D (Glue X)

Hall C (HMS and SHMS)
September 27, 2022 FFA Workshop 8 _@Zon Lab



CEBAF 12 GeV Science is Exciting and Impactful

Current CEBAF Experiment Schedule

Experimental Hall A FY-2022 FY-2023 FY-2024 FY-2025 FY-2026 FY-2027 FY-2028
SBS Form Factors (GhMN) [ B
SBS Nucleon Form Factors (GEN) [
SBS Nucleon Form Factors (GEP) and (GEN Recoil Polarization) [
SBS Deep Inelastic Experiments (Tagged DIS or SIDIS) =
MOLLER engineering run [
MOLLER — e —

MOLLER installation L

| Does not include SolLID

Experimental Hall B

HPS - low energies [l
electrons feo rinos
3D Imaging - pola 18D I
Nuclear Experiments - Hadronization + Color Transparency [ ]
3D Imaging - protons & nuclel | N |
3D Imaging - proton e—
3D iImaging - deuteron m
Polarized & Tagged EMC Effect T e
3D Imaging - transverse polarized I ]
SID1S with three-body nuclel [ ]

Experimental Hall C

Plon Form Factor & pvmpP [ O —1
CaFe, % =1 quarks & Light-Nuclel EMC Effect | W |
LAD = Bound Neutron Structure |
LIT Separations in SIDIS ]
MPS - DVCS scaling & SIDIS Basic Cross Sections I
NPS - Wide-Angle Compton Scattering: Cross Sections and Polarization I
NP5 - Timelike Compton Scattering with Transverse Polarized Target | I—
Tensor Polarized Deuterium - Spin Structure | —

Transvarsely Polarized Proton: Compton Scattering [ —

Experimental Hall D

eta Primakoff Experiment  [Jl
MNuclear Photoproduction =

Pion Polarizability IR
Rare Eta Decay & GlueX Phase 1) (w, DIRC) Y A R
RoenT ] e 3
e e emeamem —
Other
CEBAF Improvement Plan ] [ ] /1 | — [ |
Scheduled Accelerator Down — [—]
CAL 2022 CAL 2023 CAL 2024 CAL 2025 CAL 2026 CAL 2027 CAL 2028
: ’
57 approved experiments now, =8 years at ~30 weeks per year, more PAC’s to come
QCD Town Meeting 2022: The Jefferson Lab 12 GeV Program 14 Jim Napolitano, Temple University, 24 Sept 2022

See 2022 TowHall Meeting on Hot & ColQCD, Sep 235, 2022, https://indico.mit.edu/event/538
September 27, 2022 FFA Workshop 9 _@Zon Lab



https://indico.mit.edu/event/538/
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A Cut and cover tunnel construction
A Tunnel is below water table

A Construction started

A Good ground water protection

Jefferson Lab
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CEBAF Construction
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Tunnels before hardware installations Arcs in 6 GeV era (four beamlines)

September 27, 2022 FFA Workshop 1 .Lgtf/egon Lab



CEBAF three halls era

6 GeV era configuration 0.6 GeV linac
(20 cry omodules\
1497 MHz

67 MeV injector
(2 1/4 cryomodules)
1497 MHz ¥

Gain switched RF separators
diode lasers 499 MHz
499 MHz. /ﬁ
A= 120°

Pockels cell@

Gun Double sided

septum
September 27, 2022 FFA Workshop 12 .Lgtf/egon Lab



Dump

: : : Synchrotron Light Monitor
CEBAF Injector 6 GeV era configuration y /,g
hopper 1/4 Cryo Cryomodules /
Suras Prebuncher Buncher Capture T N”"” MM
; : Bun ct’en th | > B Injection Chicane
PCup A1 A2 - FC#1 SavityD " W FCH2. VWV WV
Gun#3 /\ > eV bump
B \ 45 MeV Dump/Spectrometer
DC light, most beam
thrown away
C A
RF cavity
(499 MHz)
Beam
RF cavity
o Prebuncher
Chopper #1 Lens Master Slit Lens Chopper #2
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CEBAF load-lock polarized gun

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

A 499 MHz is a subarmonic of the
fundamental accelerator operating
frequency 1497 MHz

A During threehall operations, three
separate 499 MHz lasarne for each
hallt are used to generate three
interlaced electron beams

A Continuous Wave Beam for Physics

A Pulsed beam for optics tuning

100KV gun (circa 2007). Lifetime limited to 30C. Path to higher lifetime and beam quality higher voltage

September 27, 2022 FFA Workshop 4 .!gﬁﬂgon Lab



CEBAF polarized source and performance evolution

100 - L
o DRSS SRS S SRR = A Technology advances for e-beam polarization
X 80 - —— == = Improvements
5 ¢ - T " Bulk GaAs
< Strained GaAs
z 40 j Strained Superlattice GaAs/GaAsP
O 20 - Strained Superlattice i Distributed Bragg
u Reflectors
gk
L 0
1995 2000 2005 201 2015 2020 A Polarization above 85%
Bulk GaAs Strained GaAs Strained W SSL-DBR .
£ = A Electron gun design also advanced
B A New experiments demanded longer lifetime
of cathodes and new design of guns
30 mA/W | mA/W 5 mA/W 30 mA/W ILC played a stimulating role for development

of new | LC/ CEBAF Al nvert

P.. 35% 35% 75% S

~ 30pA  100pA 50uA  100pA

1995 1998 1999 2000 2004 2017
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CEBAF Inverted Gun

. “Inverted” Gun

Present Ceramic

* Exposed to field emission
» Large area

* Expensive (~$50k)

Medical x-ray
technology

New Ceramic
» Compact

‘“$5k ﬂh——kf__

,
; /
= d |
L s nnnnnssnas,
S

New design

neg modules

0 ]

A Inverted CEBAF/ILC Gun#1 installed at

_ _ CEBAF, July 2009
Move away from “conventional” insulator used on most GaAs photoguns today — A iah | hiaher lifeti
expensive, months to build, prone to damage from field emission. ng ervo tage’ igher i etime

A 200 kV for CEBAF, 350 kV for ILC

= 55|
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CEBAF Diagnostics

A Synchrotron Light monitors
A BPMs

A Beam size wire monitors

A Pathlength monitors

A Beam Loss monitors

A Etc.
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CEBAF Tune Beam

A Continuous Wave Beam for 1497 MHz micro pulses
Physics \H;m
A Pulsed low power beam for M \ |\ 60 Hz
accelerator optics tuning | 'U‘ |"\} il | J
A The 250 ns pulse width at 60 N i \I\ |
Hz provides a 1.5% duty cycle T Jﬁ/
A Nominal pulse height is 4 mA Tune-Mode Macro Pulses
A Beam power is 720 W for a 12 16.67 ms
GeV beam at this duty factor (60 Hz)
A The 4 s trailing pulse is for 250 ps 190 e
measuring linac BPM orbits
and linac arrival time Tune Mode Beam | 499 MHz
(
)

September 27, 2022 FFA Workshop 18 .;gf_f/egon Lab



CEBAF SRF cavities and cryomodules

A Cryomodule types
~ C207 has four pairs of C20 5-cell cavities
C50 71 improved performance C20
C100 17 eight 7-cell cavities assembled in string
A Installed during 12 GeV upgrade, use higher power klystrons
C7571 upgraded C20 with new cell shape, ingot Nb, enhanced cleanness & magnetic hygiene
A Being implemented now, to increase and maintain the energy

September 27, 2022 FFA Workshop 19 J)gtggon Lab



