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Photo Injector Test facility at DESY, Zeuthen site

RFgun: L-band (1.3 GHz) nc (copper) 
standing wave 1½-cell cavity 
Peak rf power: up to 7MW
Ez@cathode: > 60MV/m 
Photo cathode (Cs2Te) QE~0.5-20%

Cathode laser 257nm ~20ps (FWHM )

Bunch charge up to 5nC



Typical characteristic measurement at 
a photo injector: emission curve –
accelerated bunch charge as a function 
of the photocathode laser pulse 
energy (~input charge at the cathode)

1nC 
experimen-

tally 
optimized 
emittance

Linear part: QE-
limited emission

Saturation due to the space charge-
limited emission charge losses at 
the photocathode due to a partial 
virtual cathode formation during 

emission process

Emission curves measured at PITZ (red 
curve) compared to the simulation 
results from ASTRA (green, blue and 
magenta curves) 

Emission curves



PPhotocathodes inside the high gradient RF gun

Field penetration depth
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The field penetrates the entire depth of the semiconductor 
film <0.1μm



CCharge balance in a semiconductor film

The electron exit rate is determined 
by the magnitude of the electric field

The rate of positive charge inflow is 
determined by the difference in carrier 
concentrations (Fick law)

eEtv
m gradj v eD n

The diffusion coefficient D is related 
to the mobility of charge carriers μ by 
the Einstein relation
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Photocathode laser pulse temporal profile



Radial charge distribution in the photocathode



Emitted charge temporal profile 



PPositive charge temporal profile in a semiconductor film

reduction parameter
e tQ Q



Old model

New model



EEmission curves
Typical characteristic measurement at 
a photo injector: emission curve –
accelerated bunch charge as a function 
of the photocathode laser pulse 
energy (~input charge at the cathode)

1nC experi-
mentally 

optimized 
emittance

Linear part: QE-
limited emission

Saturation due to the space charge-
limited emission charge losses at 
the photocathode due to a partial 
virtual cathode formation during 

emission process

X - SUMA 
simulation

-
once fitted 

for one 
point of 

the 
emission 
curve 
fixed as a 
material 
constant



SUMA simulation



S. Rimjaem, F.Stephan, M.Krasilnikov et al. Nuclear 
Instruments and Methods in Physics Research A 671 
(2012) 62–75

Emittance experimental curves and SUMA simulation



EEmittance variation along the gun length



EEmittance and energy spectrum at the output of the gun



BBunch and fields in the gun



BBunch and fields in the gun



• A new model of the photoemission from a semiconductor photocathode in a space
charge dominated regime was proposed and implemented in SUMA code

• It implies a finite rate of the positive charge flow in the photocathode film which
(partially) compensates the space charge field of the emitted electrons

• The new model was applied to the experimental data at the PITZ RF photogun
operated in a space charge dominated regime corresponding to the high brightness
performance of the photoinjector

• The results show better agreement of the newly proposed model with
experimental data than the old model

• Further investigations are ongoing..

Conclusions



TThanks for attention !
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