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Abstract

As accelerators and electron microscopes become more advanced, high-performance photocathodes are required. In
particular, CsK,Sb photocathode is of interest because of its low emittance, excitability in visible light, and high quantum
efficiency (QE). Two challenges with CsK,Sb photocathodes are (1) the lack of a universal deposition recipe to achieve
crystal stoichiometries and (2) their high susceptibility, which restricts their operation pressure to ultrahigh vacuum and
leads to a short lifetime and low extraction charge. To resolve these issues, it is essential to understand the elemental
compositions of deposited photocathodes and to correlate them to active pressures and lifetimes. Here, we report depth
profiles for potassium cesium antimonide photocathodes, investigated using synchrotron radiation x-ray photoelectron

spectroscopy, and their active pressures.
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Figure 1: (a) photograph and (b) schematic of the vacuum
suitcase used to transport alkali antimonide photocathodes
from the deposition chamber to a synchrotron facility for
elemental depth profiling. Insets show the sample banks
that go inside of the vacuum suitcase. The location for
NEG pump is shown with an arrow.
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Figure 2: (a) The QE of alkali antimonide photocathode
thin films with 532 nm excitation during deposition. The
films were deposited using our conventional K-deficit
recipe of sequential deposition via thermal evaporation. (b)
Depth profile of the deposited film measured using SR-
XPS. (c) SR-XPS spectra used to obtain depth profile.
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Figure 3: (a) The QE of alkali antimonide photocathode
thin films with 532 nm excitation during deposition. The
films were deposited using the excess potassium recipe of
sequential deposition via thermal evaporation (Seq-ep
method). (b) Depth profile of the deposited film measured
using SR-XPS. (c) SR-XPS spectra used to obtain depth
profile.
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Figure 4: Oxygen exposure-dependent measurement
results of QE with 532 nm excitation for alkali antimonide
photocathodes deposited using our Seq-ep (filled red
circles) and conventional (open black squares) methods.
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Figure 5: Illustration of the different elemental

compositions of alkali antimonide photocathode thin films
revealed by SR-XPS depth profiling.

HiEE

The authors acknowledge Dr. Jinlin Zhang of Los
Alamos National Laboratory (LANL) and Mr. Yang Hyun
Auh of Texas A&M University for their support in
preparation of graphene-coated substrates and SR-XPS
data analysis, respectively. The work was financially
supported by JSPS KAKENHI Grant Number
JP21K17994 (Grant-in-Aid for Young Scientists). The
work was also financially supported by the High Energy
Accelerator Research Organization (KEK), Japan, for the
Japanese team, and the U.S. Department of Energy Office
of Science for the U.S. team under the U.S.-Japan Science
and Technology Cooperation Program in High Energy
Physics and JSPS KAKENHI grant numbers JP23K04578
and JP17KKO0125. DFT calculations were supported by the

347 -



Proceedings of the 22nd Annual Meeting of Particle Accelerator Society of Japan
August 6 - 8, 2025, Tokyo

PASJ2025 WEPO051

LANL Laboratory Directed Research and Development
(LDRD) Program through Directed Research (DR) project
“Cathodes and Rf Interactions in Extremes (CARIE)”
(Project #20230011DR).

S5 MR

[11 H. N. Chapman et al., “Femtosecond X-ray protein
nanocrystallography”, Nature 470, 73—77 (2011).
doi:10.1038/nature09750

[2] M. P. Minitti et al, “Imaging molecular motion:
femtosecond X-ray scattering of an electrocyclic chemical
reaction”, Phys. Rev. Lett. 114, 255501 (2015).
doi:10.1103/PhysRevLett.114.255501

[3] S. Boutet et al, “High-resolution protein structure
determination by serial femtosecond crystallography”,
Science 337, 362-364 (2012).
doi:10.1126/science.1217737

[4] G. Margaritondo, P. R. Ribi, “A simplified description of X-
ray free-electron lasers”, J Synchrotron Radiat. 18, 101-108
(2011). doi:10.1107/5090904951004896X

[5] Z. Huang, K. J. Kim, “Review of x-ray free-electron laser
theory”, Phys. Rev. Accel. Beams 10, 034801 (2007).
doi:10.1103/PhysRevSTAB.10.034801

[6] R. Akre et al., “Commissioning the Linac Coherent Light
Source injector”, Phys. Rev. Accel. Beams 11, 030703
(2008). doi:10.1103/PhysRevSTAB.11.030703

[7] P. G. O’Shea, “High-brightness rf photocathode guns for
single pass X-ray free-electron lasers”, Nucl. Instrum.
Methods Phys. Res., Sect. A 358, 36-39 (1995).
doi:10.1016/0168-9002(94)01501-5

[8] T. Srinivasan-Rao, J. Fischer, T. Tsang, “Photoemission
studies on metals using picosecond ultraviolet laser pulses”,
I Appl. Phys. 69, 3291-3296 (1991).
doi:10.1063/1.348550

[9] E. Anjum et al., “Fabrication and characterization of silver
polycrystalline photocathode”, Optik 269, 169906 (2002).
doi:10.1016/j.ijle0.2022.169906

[10] V.G. Dmitriev, G. G. Gurzadyan, D. N. Nikogosyan,
“Handbook of Nonlinear Optical Crystals”, (Springer-
Verlag New York, 1995).

[11] L. Guo et al., “NEA surface activation of GaAs
photocathode with different gases”, Surf. Sci. 664, 65-69
(2017). doi:10.1016/j.susc.2017.06.001

[12] N. Nishimori et al., “Operational experience of a 500 kV
photoemission gun”, Phys. Rev. Accel. Beams 22, 053402
(2019). doi:10.1103/PhysRevAccelBeams.22.053402

[13] M. Akemoto et al., “Construction and commissioning of the
compact energy-recovery linac at KEK”, Nucl. Instrum.
Methods Phys. Res., Sect. A 877, 197 (2018).
doi:10.1016/j.nima.2017.08.051

[14] N. Chanlek et al., “The degradation of quantum efficiency
in negative electron affinity GaAs photocathodes under gas
exposure”, J. Phys. D: Appl. Phys. 47, 055110 (2014).
doi:10.1088/0022-3727/47/5/055110

[15] S. H. Kong et al., “Fabrication and characterization of
cesium telluride photocathodes: A promising electron
source for the Los Alamos Advanced FEL”, Nucl. Instrum.
Methods Phys. Res., Sect. A 358, 276 (1995).
doi:10.1016/0168-9002(94)01279-2

[16] D. Filippetto, H. Qian, F. Sannibale, “Cesium telluride
cathodes for the next generation of high-average current
high-brightness photoinjectors”, Appl. Phys. Lett. 107,
042104 (2015). doi:10.1063/1.4927700

[17] D. P. Juarez-Lopez et al., “Photocathodes for the electron
sources at FLASH and European XFEL”, 2024 J. Phys.:
Conf. Ser. 2687 032009 (2024).
doi:10.1088/1742-6596/2687/3/032009

[18] J. Feng et al., “Near atomically smooth alkali antimonide
photocathode thin films”, J. Appl. Phys. 121, 044904 (2017).
doi:10.1063/1.4974363

[19] E. Wang et al., “Long lifetime of bialkali photocathodes
operating in high gradient superconducting radio frequency
gun”, Sci. Rep. 11, 4477 (2021).
doi:10.1038/s41598-021-83997-1

[20] L. Guo et al., “Rugged bialkali photocathodes encapsulated
with graphene and thin metal film”, Sci. Rep. 13, 2412
(2023). doi:10.1038/s41598-023-29374-6

[21] F. Zhou et al., “Commissioning of the SLAC Linac
Coherent Light Source II electron source”, Phys. Rev. Accel.
Beams 24, 073401 (2021).
doi:10.1103/PhysRevAccelBeams.24.073401

[22] F. Zhou et al., “Overview of CW electron guns and LCLS-
II RF gun performance”, Front. Phys. 11 (2023).
doi:10.3389/fphy.2023.1150809

[23] L. Guo et al., “Graphene as reusable substrate for bialkali
photocathodes”, Appl. Phys. Lett. 116, 251903 (2020).
doi:10.1063/5.0010816

[24] M. Ruiz-Osés et al., “Direct observation of bi-alkali
antimonide photocathodes growth via in operando x-ray
diffraction studies”, APL Mater. 2, 1201 (2014).
doi:10.1063/1.4902544

[25] P. Michelato et al., “Multialkali Thin Photocathodes for
High Brightness Guns”, 4th European Particle Accelerator
Conf., London, UK, pp. 1456-1458 (1994).

- 348 -



	1. はじめに
	2. 結果と考察
	3. まとめ

