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•Review of the Floettmann model
•Effective electron affinity due to the rf field
à kinetic energy of emitted electron

•Analysis of the measurement
•Summary



2

P I T Z
Photo Injector Test 

Facility ZeuthenMeasurement setup

Jang-Hui Han (DESY) Erice, Italy, October 2005

PITZ

Test facility for electron source of FELs
⇒ 1 mm mrad @ 1 nC

with stable operation

Extensive R&D on photoinjectors
in parallel with TTF operation

1.5 cell rf cavity operated with 1.3 GHz
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• The normalized rms emittance for a transverse direction, here x-direction, is 
defined as

• There is no correlation between the coordinate and momentum of the 
emitted electrons
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• The thermal emittance is determined by the kinetic energy distribution of 
emitted electron.

• For an electron with momentum p, the transverse 
momentum px is given as
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• The rms value of the transverse momentum
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• Since the emitted electron is non-relativistic, the momentum can be written as
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• Assuming that the electrons are emitted isotropically, the thermal emittance
is  

where rrms is a generalized coordinate for a transverse direction, i.e. either 
xrms or yrms.
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From R. A. Powell et al., PRB 8, 3987 (1973)

0.55 eV
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electron affinity increase 
due to contamination of 
the surface

electron affinity decrease 
due to the Schottky effect

0.2 eV

κ : factor of contamination
βph: field enhancement factor
Eemit: electric field at the moment 

when electron is emitted

maximum density state (0.75 eV from CBM)

kinetic energy of emitted electron
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C. I. Coleman, Appl. Optics 17, 1789 (1978)

κ = 2.2, βph = 4
G = 11.7, Γ = 0.59 

⇐ E = Emax sin φ
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From W. E. Spicer, PR 112. 114 (1958)
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<theoretical estimation>
1. xrms of the laser spot
2. Eemit (rf field at the emission) 
à effective electron affinity
à Kinetic energy of emitted electron

<measurement>
1. xrms of the beam at slit position
2. xrms of the beamlet 1.01 m downstreamà pn,rms

3. normalization with βγ
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<Assumptions !>
1. Homogeneous QE
à Transverse laser profile 

= initial transverse profile of the electron beam
2. Correct model for Ekin

Mo plug

Cs2Te film
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slit.meas
rftherm

measmeas εεεε

therm
theory

therm
meas  εηε =

η: discrepancy parameter between the measurement and the theory
might be from
imperfection of the model,
roughness and non-uniform QE of the cathode surface, 
rf jitter (rf power, rf phase … ), laser jitter (position, intensity)
measurement error of the laser spot size    

rfε : originated from the finite size of the beam under the rf field
ß can be found with a simulation using the corresponding machine 
parameters

: emittance from the real beam qualitytherm
measε

therm
theoryε : theoretical value expected by the Floettmann model
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sys.error
slit.measε : originated from the systematic error of slit measurement 

- relative motion among the measurement components
- interaction between the slit and the beam
- finite size of the slit opening and the pixel of the CCD
~ 0.2 mm mrad is assumed in this analysis

~40 beam train ×50 frames

Electron beam
beamlet

slit

screen

CCD



11

P I T Z
Photo Injector Test 

Facility Zeuthen
Analysis of measurement (III)

Jang-Hui Han (DESY) Erice, Italy, October 2005

~0.68 mm mrad (rrms = 0.55 mm)
at PITZ1 & VUV-FEL (TTF2) 
operating condition
Eemit ~ sin 35° x 42 (MV/m)

~ 24 MV/m

laser spot size ~ 0.55 mm
bunch charge ~ 3 pC
η = 1.34
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⇐ E = Emax sin φ
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PITZ1 & VUV FEL
Max. gradient : 42 MV/m

European XFEL
Max. gradient : 60 MV/m

0.68 eV
0.80 eV
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• The kinetic energy of emitted electron varies with the applied 
rf field strength at the cathode.

• The parameters in the Schottky effect have been found with 
bunch charge measurement vs. rf gradient.

• Between the measured and the theoretical thermal 
emittances, a discrepancy of 34% exists. 
This discrepancy must be understood.

• In parameter optimization for the electron beam of the XFEL, 
the electron affinity variation due to the  rf field strength has 
to be considered.


