
24.09.2019  |  Tobias Eggert  |  TU Darmstadt  |  AG Enders  |  PSTP 2019 1

Tobias Eggert, Joachim Enders, Yuliya Fritsche

Cryogenic GaAs cathodes development
for improved lifetimes

supported by DFG (GRK 2128) and BMBF (05H18RDRB1)



24.09.2019  |  Tobias Eggert  |  TU Darmstadt  |  AG Enders  |  PSTP 2019 2

Motivation

ILC positron beam plan
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• Need of very expensive undulator!
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Motivation

ILC polarized positron source

50 MeV 

Acceleration

Beam catcher

Experiment

Polarized

source

Target

250 GeV 
Acceleration

20 µA e+ @ > 50% polTarget

250 GeV 

Acceleration

• Cheap & compact setup

• Conversion Efficiency <10-3

• Need of high power (20 mA) polarized electron beam

• Charge lifetime ~1 week → ≈ 10 000 C (Darmstadt: 10 C)  
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Principle of generating polarized electrons
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Principle of generating polarized electrons

substrat

GaAs
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Principle of generating polarized electrons
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Negativ electron affinity



24.09.2019  |  Tobias Eggert  |  TU Darmstadt  |  AG Enders  |  PSTP 2019 9

Cathode lifetime

Charge-free lifetime Charge lifetime

Vacuum lifetime:
Better vacuum
conditions

Field emission:
Electrode design

Particle losses:
Small emittance

Ion back 
bombardment:
Better vacuum 
conditions

cathode

+ + + 

- - -
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Cathode lifetime

J. Phys. D: Appl. Phys. 47 (2014) 055110
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Better vacuum conditions with cryopumping

Honig, Hook, Vapor pressure data for some common gases
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Source Design

100 mm

10 pC

10 mA
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Expected vacuum conditions

c(Tin): sticking-factor
A: area
Tout: gas temperature
m: gas mass

5 K:   > 18000 l/s

7 K:   > 15000 l/s 

12 K:   > 8900 l/s
for Hydrogen

5 K:    > 5.1 x 10-4 

7 K:   > 6.2 x 10-4

12 K:   > 1.0 x 10-3 
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Prevacuum Simulations

5 K:   2.5 x 10-15 mbar

7 K:   3    x 10-15 mbar

12 K:   5    x 10-15 mbar 
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Experimental setup at Photo-CATCH in Darmstadt

hydrogen cleaning 
chamber

electron 
source

cryo source

preperation
chamber

load-lock chamber
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Current state and outlook

• Design outer chamber

• Modification of Photo-CATCH

• Commissioning of the source

• Cryocooler

• Design of inner chamber

• Ordered inner chamber 

• Test stand for setup is available

To DO

Done
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Thank you for your attention

I lost an

Electron.

Oh no,

are you positive?
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10 μA
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Original Design
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Original Design
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Ion back bombardment
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Ongoing Design Studies

100 mm
35 mm
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Beam Simulation Parameters

Charge: 1⋅10-11 C

Sigma: 0.05 ns

Cutoff length: 0.2 ns

Offset: 0.2 ns

Distance: 1ns

Current: 1 mA



24.09.2019  |  Tobias Eggert  |  TU Darmstadt  |  AG Enders  |  PSTP 2019 25



24.09.2019  |  Tobias Eggert  |  TU Darmstadt  |  AG Enders  |  PSTP 2019 26



24.09.2019  |  Tobias Eggert  |  TU Darmstadt  |  AG Enders  |  PSTP 2019 27

≈ 20 mA

average current
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Cryopumping

• Expensive

• No constant pumping speed

• If surface is full with sorbed material no pumping effect 

➜ use  <10-11 mbar “prevacuum”

• Even at p < 10-12 mbar, outgassing of surrounding walls results in particles inside the 

chamber

• Particles need time to “find” a pump

➜ Let the chamber be the pump

• nearly infinite pumping speed for all gases except H2 and He

• H2  pumping speed > 10 000 l/s He pumping speed > 1000 l/s

Disadavantages

Adavantages
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Thermal behavior of GaAs

1.3 W laser power

Philipp Herrmann, Optimierung der Wärmeleitung von 
Photokathoden für die Hochstrom-Elektronenquelle von 

MESA,Diplomarbeit, Johannes Gutenberg-Universität Mainz

Sturge, M. D., Phys. Rev. 127, 3 (1962) 768.
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ILC Specifications 
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Ionisation cross section

PMS.IITK.ERNET.IN, Collisional processes in plasmas


