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Spin-Polarized Electron Beams



Spin-Polarized Electron Beams
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ﬁ\luclear/HEP Physics

» Deep inelastic scattering
» Parity violating experiments
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Applications

@ectron Microscopy \

» Image magnetic structure of
surface
» Study spin-orbit interactions

of all Quarks

k Angular Momentum

1. D. Geesaman et al. The 2015 Long Range Plan for Nuclear
Science.

2. El Gabaly et al. PRL 96, 147202 (2006)



Spin-Polarized Electron Beams
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Goals for Sources

L >90% spin polarization

[ Spin orientation reversibility

L mA-scale current delivery

U Low emittance and energy spread
O Long operational lifetime

- J

1. D. Geesaman et al. The 2015 Long Range Plan for Nuclear
Science.

2. N'diaye, A.T. & Quesada, A. Spin-Polarized Low-Energy Electron
Microscopy (SPLEEM). In Characterization of Materials. 2012.




Spin-Polarized Electron Beams

~ N\ / Sources Used \

lonization/Fano Effect

Polarize alkali atoms
(PEGGY) or use circularly

K / polarized light (Fano)

Goals for Sources \ /~

>90% spin polarization

Spin orientation reversibility

X mA-scale current delivery

X Low emittance and energy spread
Long operational lifetime

- J

1. D. Geesaman et al. The 2015 Long Range Plan for Nuclear

Science.

2. N'diaye, A.T. & Quesada, A. Spin-Polarized Low-Energy Electron \

Microscopy (SPLEEM). In Characterization of Materials. 2012. 3
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Spin-Polarized Electron Beams
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Goals for Sources

>90% spin polarization

Spin orientation reversibility
mA-scale current delivery

Low emittance and energy spread
X Long operational lifetime

- J

1. D. Geesaman et al. The 2015 Long Range Plan for Nuclear
Science.

2. N'diaye, A.T. & Quesada, A. Spin-Polarized Low-Energy Electron
Microscopy (SPLEEM). In Characterization of Materials. 2012.

/ Sources Used \

/ | Photocathode

GaAs Cathode

Cs:GaAs photocathode excited

\with circularly polarized light




GaAs Photocathodes
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GaAs Photocathodes

Since the 1980s, GaAs
photocathodes have been the
state-of-the-art spin-polarized
electron source, used at
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Top of Valence Band Photoemission
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* GaAs requires activation to achieve Negative Electron Affinity (NEA) — polarized
electrons can then be emitted from the bottom of the conduction band.
* Depositing a layer of Cs or Cs-O is the traditional method of activation.




Alternative NEA Coatings: Cs-Te
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Alternative NEA Coatings: Cs-Sbh-O
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Alternative NEA Coatings: Cs-Sbh-O
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Alternative NEA Coatings
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Beyond GaAs: New Materials

* Is 1t possible we can find an alternative to GaAs that 1sn’t so sensitive?

« Two examples being studied:
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Beyond GaAs: New Materials

* Is 1t possible we can find an alternative to GaAs that 1sn’t so sensitive?
« Two examples being studied:

Alkali Antimonides: A family of robust bulk visible
light photoemitters
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Beyond GaAs: New Materials

* Is 1t possible we can find an alternative to GaAs that 1sn’t so sensitive?

« Two examples being studied:

Alkali Antimonides: A family of robust bulk visible GaN: Wide Bandgap analog of GaAs
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Alkali Antimonides for polarized photoemission

« Alkali antimonides have cubic crystal structure, are visible light photoemitters, and generally
more rugged than GaAs.

« Problem: All alkali antimonides used in accelerators to date have been polycrystalline (at
best)---No hope of nano-engineering.

12



Alkali Antimonides for polarized photoemission

« Alkali antimonides have cubic crystal structure, are visible light photoemitters, and generally

more rugged than GaAs.

« Problem: All alkali antimonides used in accelerators to date have been polycrystalline (at
best)---No hope of nano-engineering.

« However, recent measurement suggests polarized photoemission is possible:
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PHYSICAL REVIEW LETTERS 129, 166802 (2022)
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Polarization inferred from degree of circular polarization of
cathodoluminescence (CL). Observed similar levels of CL
polarization as unstrained GaAs---- polarized electrons!

Very promising result! Future study should include direct

polarization measurement (eg. Mott scattering). 19



Single-Crystal Alkali Antimonides

« Atomically Ordered growth of alkali antimonides: paves the way for nanolayering.
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GaN as a Spin-Polarized Source

Conduction
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First results with GaN
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GaN Photocathode Lifetime

Lifetimes monitored at respective photon
energy corresponding to emission
threshold

GaAs activated in same chamber, monitored at 780
nm for reference

/B-GaN'’s threshold lifetime was 15 times longer than GaAs’s

W-GaN'’s threshold lifetime was 38 times longer than GaAs’s
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Model

Fo

* Initial excited spin polarization from cubic 0.5 ' ' K»
GaN approximated with model by D’yakonov

and Perel

« Excited distribution peaks at 50% maximum,

as expected

+ Mixing of split-off band with light and heavy 2 _ |

hole bands
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SOVIET PHYSICS JETP VOLUME 33, NUMBER 5 NOVEMBER, 1971

I\/I O d e I SPIN ORIENTATION OF ELECTRONS ASSOCIATED WITH THE INTERBAND

ABSORPTION OF LIGHT IN SEMICONDUCTORS

Theoretical Excitation
Theoretical Photoemission

M. I. D’YAKONOV and V. I. PEREL’
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Model

Since the spin-orbit splitting is so small, need
to consider measuring spectrum with incident

light spectra

Calculate effective polarization based on the

light bandwidth

Ni(A,B) = f (A, A, B)N.(A')QE(L")dA’

Gaussian light
spectrum with
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bandwidth (B)
and center at
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Model

Theoretical Excitation

Theoretical Photoemission

Theory Sampled with 1.4 nm BW light
¢ 1.4nmBW Data

Measurements confirm bandwidth limit
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Our 1.4 nm bandwidth measurements may be close to the theoretical maximum.
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Conclusion
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Bonus Slides



Spin Polarized Photoemission
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