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Photo Injector Test facility at DESY, Zeuthen site 

=> 7 MeV/c =>22 MeV/c 

Gun: 1.3 GHz, 1.6 cells, normal conducting copper cavity.  
CDS: 1.3 GHz, 14 cells, normal conducting copper cavity.  

• Test bed for the FLASH and the European XFEL injectors: 
• Conditioning and operation of the gun cavities 
• Characterization of the gun cavities, e.g. in terms of emittance of electron beam 

TDS 
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Gun and laser setup corresponding to E-XFEL 
commissioning parameters 

Parameter XFEL injector, 
nominal 

XFEL, 
commissioning 

PITZ setup 

RF gun gradient 
Peak power 

60 MV/m 
6.5 MW 

50…53 MV/m 
4.5…5.0 MW 

53 MV/m 
5.0 MW 

RF pulse length 650 us 650 us ~ 650 us 

Repetition rate 10 Hz 10 Hz 10 Hz 

Cathode laser (temporal) Flattop (2/20\2ps) Gaussian (~13ps FWHM) Gaussian (~12ps FWHM) 

Bunch charge 
Beam slice emittance (undulators) 

0.02 – 1 nC 
0.4 – 1 mm mrad 

0.1 – 1 nC 
e.g. < 1 mm mrad @ 0.5 nC 

0.1 – 1 nC 

For injector startup 500 pC bunch charge was chosen and emittance requirement is < 1 mm mrad 

Transverse laser profile 

x, mm 

y,
 m

m
 

Temporal laser profile 
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Emittance measurements setup at PITZ 

Optimization loops: 
• Emittance vs. charge 

• Emittance vs. laser spot size 
• Emittance vs. gun phase 

• Emittance vs. main solenoid 
current 

Normalized projected emittance is measured using single slit scan technique 

correction factor ( >1 ) introduced to correct 
for low intensity losses from beamlet 

measurements => conservative estimation 

100% RMS emittance 

𝒙′𝟐  
~ 𝒙𝒙′  

𝒙𝟐  

EMSY1 (z = 5.3 m) Beamlet collector screen 
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More realistic beam dynamics simulations 

• Better modeling but keeping 2D 
symmetry as required by 
simulation tool 

• Directly plug in measured 
transverse profile into 
simulations 

Measured laser 
transverse distribution 

Uniform laser distribution 
for simulations until now 

New approach: Core + Halo 
generation for simulations 

*All axes are in mm, range [-1.1;1.1] 

* * * 

Uniform core Gaussian transition 
Rc = 0.516 mm sigH = 0.079 mm 

CH (core + halo) radial profile 
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Emittance vs. laser spot size for 500 pC beams  

European XFEL commissioning phase requirements on 
emittance are fulfilled. 

E-XFEL requirement 
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RMS laser spot size on the cathode, mm 

Measurement

Simulation, Core+Halo laser

Simulation, Uniform laser
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Gun phase w.r.t. MMMG phase, deg 

Measurement

Simulation, Core+Halo laser

Emittance vs. gun launching phase for 500 pC beams 

*MMMG – Maximum Mean Momentum Gain  
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Gun phase w.r.t. MMMG phase, deg 

Measurement

Simulation, Core+Halo laser

Emittance vs. gun launching phase for 500 pC beams 

*MMMG – Maximum Mean Momentum Gain  

3 measurements 
within 4 days 

ZOOM 
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Emittance for different charges 

Commissioning: 

Nominal: 
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Summary and outlook 

• European XFEL commissioning requirement on emittance is fulfilled 
• Emittance measured for various bunch charges, gun operated at 53 MV/m, 

Gaussian laser temporal profile with FWHM of 11-12 ps 
• More realistic beam dynamics simulations: transverse laser shape 

modeling using core + halo  better agreement between measurements 
and simulations 

• Ongoing development beyond the European XFEL specifications: 
photocathode laser system which will be able to generate 3D-ellipsoidal 
laser pulses   first photo electrons produced. 

1 nC simulations 
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Thank you for attention! 
Interesting posters of PITZ group: 

• H. Huck “First Results of 
Commissioning of the PITZ 
Transverse Deflecting Structure” 
MOP039 

• J. Good “New Ellipsoidal Laser at 
the Upgraded PITZ Facility” TUP034 

• M. Bakr “Beam Dynamics 
Simulations for the Upgraded 
PITZ Photo Injector Applying Various 
Photocathode Laser Pulse Shapes” 
TUP065 

• P. Boonpornprasert “Numerical 
Simulations of a Sub-THz Coherent 
Transition Radiation Source at 
PITZ” MOP033 


