Polarized Cathode Production
Highlights from PSTP



GaAs growth developments

InAlGaAs/AlGaAs
Approach to reduce alloy disorder and improve uniformity
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M. Stutzman (UCSB) reported on growth of InAlGaAs/AlGaAs (as opposed to p-doped
AlGaAs) — possibly a new source of high-polarized beam with ‘tunable’ bandgap, and
possibly easy to make commercially



GaAs growth developments
3 Activation to NEA

Lifetime monitored at respective threshold photon energies

Gallium Nitride (GaN)

Can be grown in hexagonal Wurtzite or cubic zinc-blende orientations
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Just like GaAs! Non-Degenerate Valence Band! GaAs activated in same chamber, monitored at 780 nm

for reference (factors of 20 & 12 lifetime difference)

Results
S. Levinson (Cornell): Reported results of GaN cathode. —— 1

Possiblity to have very high polarization, but very narrow /\\—\"\a _

laser response curve.
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NEA Cathode Developments
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= Various activation recipes were compared to Cs-0,
* Overall, Cs-O, produced the highest QE while
Cs-Sb had the worse
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* Including O, in the activation improved QE of
Sb containing recipes
= The QE was monitored over time to determine
robustness
+ All Sb activations outperformed pure Cs-O, and 10°

pure Cs-Sh had the longest lifetime £

= Co-deposition of Cs-Sh-O finds a happy middle g
ground @
10x Improved lifetime over Cs-O activation. o

¢+ 10x improved QE over Cs-Sb activation at
bandgap
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M. Andorf (Cornell):
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Determining optimal Sb-based recipe (similar to Hiroshima/Nagoya)
High-current tests at their local gun
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N. Kurichiyanil, Doctoral dissertation (2017),

Darmstadt:
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N. Kurichiyanil et al, Journal of Instrumentation 14 P08025 (2019),
https://doi.org/10.1088/1748-0221/14/08/p08025

Finds increased lifetime with Li-enhanced
activation, trying to replicate results now
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EIC Cathode Developments

EIC Wien Filter Design

GaAs with 2D protection layer

Wet transfer of Graphene

As cap layer

Parameter Value

Bunch charge 7-14nC
Energy 320 keV.

(== L 45.92 cm
Ey 1.44 MV/m

/electrode

iron core
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Feedthrough 505 kV each

> Successful growth of SL-GaAs with CsO
activation layer underneath the graphene.

Schematic of the graphene transfer on GaAs
> Similar activation of bulk GaAs was performed.
We obtained better results on SL-GaAs with a

cap layer.

»> Graphene protection layer makes the GaAs cathode less susceptible to heating.

» Can sustain coarse vacuum environment with the protection layer. Meaning vacuum
I transfer of activated GaAs is a possibility. \

Z [m]
E field variations at central location (< 1%)

> Well matched E and B field achieved
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J. Biswas reported improved cathode lifetime with the addition
of a protective graphene layer

2nd GaAs cathode

Cathode operates with reasonably stable
QE (0.08% -> 0.04% over the week)
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Characterize the cathode’s performance for e

various voltages (200 — 700 kV) — emittances
~0.6 - 0.8 um for 100 pC per bunch
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Right part of the profile is distorted by the
nonlinearities in the beam transport.

Real beam image shows
QE dead spots ~ res.
100 um

Not so uniform QE map

k? Brookhaven

National Laboratory

Y. Jing: reported using GaAs in RF gun. Low bunch
charge (0.9 pC) but reasonably stable operation




Recent Activation Test at HU



Cs-Te Deposition Test

Working with new student (M. Isobe) -
Trying to replicate results from
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