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Photocathodes for Bright Beams

Normalized brightness is defined by:
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I — Beam Current: Quantum Efficiency,
laser fluency, lifetime

MTE — Mean Transverse Energy:
Intrinsic Momentum spread + roughness +
laser heating + ...
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Photocathodes with high QE and low MTE
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Photocathodes for Bright Beams

Goal: Photocathodes with high QE and low MTE J
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Candidates: (Bi)Alkali antimonides thin films (Cs3Sb, K2CsSb, NayKSb...)
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Goal: Photocathodes with high QE and low MTE (Mean Transverse
Energy) J
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Photocathodes for Bright Beams

Goal: Photocathodes with high QE and low MTE (Mean Transverse
Energy) J

Photocathode Photocathode

High MTE Low MTE
EHS
One solution: Flat and ordered films
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Deposition System— Molecular Beam Epitaxy (MBE)

Thin films can be
obtained in our
system

heater
Substrate
Photocathode film:
<10 nm thickness
I
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Light source @ ‘&«

Elena Echeverria July 22/2023

CBB Annual Meeting 7



Overview

© Quantum Efficiency (QE)

Elena Echeverria July 22/2023

CBB Annual Meeting 8



Quantum Efficiency (QE)

in situ most used technique to define the cathode growth

—— Photocurrent (nA)
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Spectral Response
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Oxidation Experiments

Oxidation Experiments

[N N )

g Light
[CARCICAY)
g;% ;@@
© © 0 ©

Photocathode

o
HiS
T
(9]
%]
(%]
o
H
[N

Quantum Efficiency

_ F — Cs35b ]
Average e of - CsSbfit
EQE = - st CsSb#2fit 1
Incident photons O . T Cs3Sbfit 1
4 Cs-K-Sb |
b L L ] PRSI TN ISR R BT Y
0 5 10

15 20 25 30
Oxygen Dose (L) @

Elena Echeverria July 22/2023

CBB Annual Meeting 11



Overview

© RHEED (Reflection high energy electron diffraction)

Elena Echeverria July 22/2023

CBB Annual Meeting 12



RHEED
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Reflection high energy electron diffraction

RHEED — Crystal Structure

Source Electron Gun

Energy || 1 keV<E<30 keV
Depth surface

Angle < b°

Electron gun Filu

phosphor screen

https://doi.org/10.1117/12.2585204 S
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RHEED
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RHEED — Diffraction Patterns
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Ichimiya & Cohen (2004) Reflection High-Energy Electron Diffraction @ &
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RHEED — More Diffraction Patterns

Direct space Reciprocal space RHEED
pattern
(a) flat and single- t
crystalline surface spes
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(b) flat surface with
small domains
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https://phas.ubc.ca/~berciu/ TEACHING/
PHYS502/PROJECTS/RHEED.pdf @
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@ XPS (X-ray photoemission spectroscopy)
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XPS — Elemental composition/chemical state of elements

Analyzer for
kinetic energies

F. Moller

Photon Source
+ X-ray tube
< UV lamp

AG Jacobs
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Saarland University
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XPS — Elemental composition/chemical state of elements

Analyzer for
kinetic energies

Photon Source
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Two types of spectra are collected

urveys or Wide Scans
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In the case of Cesium Antimonide

CsSb vs Cs3Sb “Bulk” vs Surface (CsSb,)
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© MTE (Mean Transverse Energy)
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MTE (Mean Transverse Energy)

@ Quantifies the angular spread of the electron beam coming off from
the cathode

@ Along with the spot size of the photoemitting laser, limits the beam
brightness

Photocathode

Low MTE @ &

Elena Echeverria July 22/2023

CBB Annual Meeting 21



Overview

n?l!t.
e

Solenoid o
w/ quad
correctors

Screens

Elena Echeverria July 22/2023

CBB Annual Meeting 22



X-y components of the momentum

An aperture scan is used to record the beam image on a screen to subse-
quently recover the transverse phase space of the emitted beam
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From here, the emittance is measured and therefore the MTE is calcu-
lated
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Overview

Phase Space Images
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Taken from William Li, Theme 1 meeting, April 4th 2022 S ki
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Spectral Response
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Thanks! Questions?
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