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= US Department of Energy, 12 GeV electrons, recirculating linear accelerator

= Up to 90% polarization from DC photoemission source
p p

= Electron currents to 200uA beam (CW) to four experimental halls
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DC Photoemission Source
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! GaAs e Polished high voltage electrodes
14 layers[ = e Strained superlattice GaAs/GaAsP photocathode
GaAsP e Electron beam polarization ~90%
Strained | e Residual gasses ionized, limit operational lifetime
Superlattice
Photocathode e Base pressure approaching XHV: P ~ 2x1012 Torr

GaAs
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lon back-bombardment leads to QE reduction
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These ions may strike the photocathode,
generate secondary electrons or x-rays,
and desorb gas from surfaces; all leading
to a reduction of the photocathode
quantum efficiency (QE).
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Mitigating ion back-bombardment
Work of J. Yoskowitz (Old Dominion University) IPAC’21

Electron bunch generated every 0.66 ns
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CEBAF Injector Vacuum sxstem

Unique Elements Quarter Cryomodule g
* Gun
* UHVion pump controllers Capture wo

 Y-Chamber Buncher
 Wien Filters
 Pre-Buncher

* Choppers Y LN - W A
e Buncher A f”»;. g > =

* (Capture ‘ Ph U i

* Quarter Cryomodule asc pgraae

Choppers,

— . & 43 / e = chopping
N ” 2 o e - Pre-Buncher chamber,
2N i P 3;;;/w en F|Iters slits

I = 7 Phase 1 Upgrade

Y-chamber
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Yacuum ImErovements: AIPINJ Ehasel

~ e Gun Chamber not
| ' changed

 NEG tube: One BPM
added, new NEG
coating

e Y and Laser
Chambers:
NEG coated

e Y chamber:
4x UHV 1400 ZAO
pumps installed
(Replacing 2x
Capacitorr 100)
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NEG coatings

~ * Inhouse Ti-Zr-V NEG coating

. Sputter deposition, Kr,
without magnetron

* Freestanding, 1solated “basket” |
of twisted NEG wires

— Dense, Columnar structure
* Up to 5 pum thick
~ « Small pump speed (0.05 L/s/cm?) .

- * Barrier to outgassing §

J. Vac. sc;#hnol. A 36, 031603 (2018)

S4700 15.0kV 12.4mm x2.50k SE(V)
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Charge lifetime measurement
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Daily measurement of

* Quantum Efficiency (QE)
= electrons out/photons in

* Charge delivered
Charge lifetime

Q= Qoet/T

Quantifies gun performance
« Cathode quality
* Vacuum

« HYV field emission

« Biased anode efficacy
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Gun Lifetime
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Ion pump power supply power supply failure

— JLab-made UHV ion pump power supplies
https://doi.org/10.1063/1.3215609
Common 12V power source
» stopped working correctly Dec 14
» Values did not trip alarms
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Chopping system
| \
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Custom feedthrough
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Molflow+ Simulations

- laradient
o e L.
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Shiow: |.F'ressure [mbar] :|
DP Load from chopper
DP =1x10"19 mbarL/scm?
upgrade X -»\’/-:'_l
NEG coated NEG /
Modern NEG PUmps
modules

« Beamline components moved for better spin management, beam dynamics

Additional NEG pumps at crosses and Y chamber
« Beamline components heat treated when possible
— 400°C for 24 hours
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Measurement vs. Simulation
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Pressure (mbar)
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What’s next?

« Higher Voltage Gun: better beam optics, better lifetime

e Continue beamline upgrades: Add NEGs at each cross
* New cryomodule
— Remove warm RF capture

— Increase quality of first accelerator cavity |

-
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Gun uEgrade

Current gun:130 kV, 15” (38cm) diameter
New gun: 200 kV, 18 (46cm) diameter

NEG coated, heat treated,
New NEGs with less particulates

Cleanroom assembly

\;_4;\ ;::,:; = — /- i e ; | " : "‘, ;' ’ O :‘,'A " .
= = 1 e m’l - Y
g A

J. Vac. Sci. Technol. A 36, 031603 (2018)
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Next generation NEG pumps

WP1250 ST707 pumps o
Metallic particulates | minimal pa
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Modeling driven improvements
 Wes e Pumping between gun and y
chamber: only NEG coating

* Model suggests adding additional
holes to support tube will improve
vacuum 1n critical gun region
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3D model: higher conductance suEE()rt
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Electrostatic Models: Dr. Gabriel Palacios Serrano
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Phase 2 imErovements

* Adding NEG pumps
at each cross

e Upgrading DP can
NEG pumps to ZAO

« Upgrading to modern
commercial
controllers

 Particulate control
during installation
near cryomodule
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Summarz

e Improved beamline vacuum -> improved photocathode lifetime

— Jon pumps need power!

— Vacuum degradation in beamline leads to bad lifetime

* Measured pressures ~ consistent with model

— New Gun, model driven upgrades

— Continue heat treating and adding pumps
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Polarized electron source

I
HV chamber

Loading
chamber

Puck (Mo) Ring (Ta)

Puck Key (female)
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Polarized Electron Sources : Quest for Perfection!

Bulk GaAs Strained GaAs  Superlattice GaAs
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Ion back-bombardment
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