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Polarized GaAs Photocathode
. Obtaining high efficiency of polarized electron sources is a priority 

task, especially for the upcoming Electron-Ion Collider to be able 
to reach the luminosity needed to reach its physics goals

. The simulations should enable simultaneous prediction of QE and 
polarization

. Example of data (M. Poelker, private communication)

Experimental measurements of QE and P for NEA GaAs 
as a function of a photoexcitation energy. 
Characteristically, the methods and techniques commonly 
used to increase QE lead to the depolarization of electrons 
and, vice versa, highly-polarized electron sources have 
low QE.
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Simulations for bulk GaAs: Band Structure
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Simulations for bulk GaAs: 3 Step Model
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Bulk p-doped NEA GaAs: Simulation Results

Oksana Chubenko’s PhD Thesis, GWU (2018)

ONLY ONE free parameter to fit:
electron affinity (.05 / .1 / .2 eV)
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COMSOL: Surface Acoustic Waves in Photocathodes

. Surface Acoustic Waves (SAW) affect dynamics of charge carriers in GaAs
. Previously demonstrated experimentally in application of photodetectors, 

C. Rocke, et al., Phys. Rev. Lett. 78, 4099 (1997).
. Implications for photocathodes discussed in A. Afanasev and 

R.P.Johnson, PAC 2011, New York. NY, paper THP199
. COMSOL simulations show spatial separation of electrons and holes in GaAs

due to piezoelectric fields, and lifetime extension of electrons by an order of
magnitude
. Simulation results reported in B. Dong et al., Surface Acoustic Wave 

Enhancement of Photocathodes, Proc. IPAC2018, Vancouver, BC, 
Canada, doi:10.18429/JACoW-IPAC2018-THPMK007.
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SAW in Photocathodes: Simulation Results

SAW is generated by applying RF voltage to inter-digital transducers (IDTs)
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SAW in Photocathodes: Simulation

• QE is predicted to increase without loss of spin polarization
• Simulation results warrant prototype development (joint GWU-MuPlus project)
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Proposed Modeling and Experiment for Nanostructured
Spin-Polarized GaAs Photocathodes

(SBIR proposal pending with DOE NP)

• Inspired by JLab recent results (S. Zhang, P3 talk #19, Monday afternoon) 
• Euclid/GW/UArk/Jlab collaboration
• Proposed: Model, measure, and study optimization of QE, P, lifetime
• Enhanced QE and ion damage tolerance likely

X. Peng, J. Zou, M. Poelker, M. Stutzman, S. Zhang, and D. Manos, "Negative Electron Affinity Gallium Arsenide 
Photocathodes Based On Optically Resonant Nanostructure," Proc. IPAC18, Vancouver, Canada, THPMK111 (2018)
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Summary and Upcoming Work
. Predictive Monte Carlo model developed for both QE and polarization in 

GaAs with one adjustable parameter (Chubenko, Afanasev)
. Next: Fine tuning depolarization mechanisms

. Completed COMSOL simulations for electron transport in GaAs 
photocathode with dynamic piezoelectric fields from surface acoustic 
waves; predict x10-20 extension of electron transport lifetimes without 
depolarization (Dong, Zaghloul, Afanasev, Johnson)
. Next: model electron energy distribution after transport, hence QE

. Nanostructured GaAs photocathodes for enhanced QE and ion damage 
tolerance (Euclid, Jlab, U Ark)
. Next: Apply QE and polarization model to 3D nanostructure


