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Photo Injector Test facility at DESY in Zeuthen

RF Gun
L-band (1.3 GHz) 1.6-cell copper cavity
Ecath ≥ 60 MV/m  7 MeV/c e-beams
650 µs ×10 Hz  up to 45 kW av. RF power
Cs2Te PC (QE~5-10%)  up to 5 nC/bunch
Solenoids for emittance compensation

PITZ Beam Line 3.0

U
V

Laser

The PITZ gun copies are in use at 
the European X-ray Free Electron 
Laser (E-XFEL) and the Free 
electron LASer in Hamburg 
(FLASH).
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Standard Operation Conditions at PITZ for the E-XFEL Working Points 
(RF: 6.5 MW × 650 µs)
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 Cathode drive laser intensity      

Beam Extraction at Cathode 
Strongly Influenced by 
Space Charge Effects!
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Best Emittance Experimentally Demonstrated Using Space-Charge Dominated Beams
Measured Transverse Phase Spaces and Beam Profile @ Injector Exit

ઽܖ,ܠ ≈ ૙. ૠ૛	ܕܕ	܌܉ܚܕઽܖ,ܡ ≈ ૙. ૟૙	ܕܕ	܌܉ܚܕઽ࢔,ܠઽܖ,ܡ ≈ 0.66 mm mrad

Case BCase A

NB: quadrupoles at gun exit applied in Case A for compensating beam asymmetries 

ઽܖ,ܠ ≈ ૙. ૡ૛	ܕܕ	܌܉ܚܕઽܖ,ܡ ≈ ૙. ૡ૝	ܕܕ	܌܉ܚܕઽ࢔,ܠઽܖ,ܡ ≈ 0.83 mm mrad
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Beam Dynamics: Charge Packet Creation in Simulations at E-XFEL Working Points
Directly plugging experimental parameters in simulations,
1 nC can not be extracted       500 pC can be extracted
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Case A

Case B

Cathode drive laser intensity↑

Cathode drive laser intensity↑

Advanced beam dynamics modeling required, 
especially for the transient process of space-charge 
dominated photoemission in the gun!

Conventional beam dynamics 
needs improvements
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THPO116
Space-Charge Dominated Photoemission in High 
Gradient Photocathode RF Guns

 What is the physics behind?
 How to model transient photoemission?

 How to consider it in beam dynamics simulations?
What is the effect on e.g., intrinsic emittance?

PITZ Collaboration Meeting • 2017 Summer
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