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Outline

ÅIntroduction. Electron source characterisation

ÅElectron beam production

ÅOngoing  projects ðlocal, national and international 
collaborations

ÅPerspective projects

ÅConclusion 
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Ultimate challenges to electron 
sources

Beam Parameter FEL  (NLS) ERL  (Cornell, Berlin)

Beam energy, MeV 1- 10 1- 10

Maximum bunch charge, nC 1 0.1

Bunch transverse emittance, mm · mrad 0.5 1.0

Maximum bunch repetition rate, MHz 1 1300

Average current, mA 1 100

Peak current at FEL, kA 1 -

Bunch duration, ps 20 20
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Production of electron beams

Å Emission of electrons

Å Modulation (if required)

Å Acceleration

Å Emittance compensation (if required)

Å Bunch compression (if required)

Å Acceleration in the booster (if required)
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Cathode

Anode

Booster acceleratorBuncher

Emittance compensation scheme



Electron emission

ÅThermo cathodes

ÅPhotocathodes

ÁMetal photocathodes

ÁIII- V semiconductor (GaAs) ðhigh Q.E., low 
emittance, high repetition rate, high average 
current 

Á(Multi)Alkali ðfast response time, decent Q.E., high 
robustness, low emittance

ÅField emission cathodes

B.L. Militsyn, High Performance electron sources, CI SAC 

meeting, 2 November 2009, Daresbury,
5/27



Thermionic Emitters

Grid modulated  6mm LaB 6 emitter High voltage modulated single 

crystall CeB 6 emitter
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FELIX/FELICE facility, Rijnhuizen, The Netherlands

Radiation sorce ELBE, FZD, Dresden

http://www.rijnhuizen.nl/en/felix
http://www.fzd.de/db/Cms?pNid=584


Physics of photoemission from  
GaAs 

Photoemitters. Negative Electron 
Affinity GaAs photocathode

Ultimate brightness and emittance 
of the emitted electrons
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Pulse charge, nC 1
Repetition rate, MHz 1
Average current, mA 1

For a Cs2Te photocathode with QE=1% at =̡ 266 nm

Wavelength, nm 266
Pulse shape Flat top
Maximum rise time, ps 2
Pulse length, ps 20

Laser pulse energy, mJ 0.47
Average laser power, W 0.47
Photocathode sensitivity, mA/W 2.1

Photoemitters. Driving Laser for the 
photocathodeinjectors
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Photoemitters. Time response
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Ḑata from The University of Mainz: 

ȩxperiment, diffusion model

i̧f  dÒLe- thermalization length
ñhotò photo-electrons increase 

transverse energy spread
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Photoemitters. Ultrafast GaAs 
photocathodes
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Q.E. spectra and energy of emitted 
electrons spectra of ultrafast GaAs 
photocathode.



Photoemitters. Ultrafast telluride 
based photocathodes

Zone structure of Cs 2Te Spectrum of photoemission 
from Cs2Ne
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Ultrafast antimonide based 
photocathodes
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