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Generic photo injector design
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Optimization of the XFEL photo injector

ASTRA simulations
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Photo injector layout and PITZ setup
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Photo-Injector Test Facility at Zeuthen (PITZ)
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Photo Injector Test Facility at Zeuthen (PITZ)
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test facility for FELs: FLASH, XFEL

= small transverse emittance (1 mm mrad @ 1 nC)
= stable production of short bunches with small energy spread
= further studies: dark current, QE, BBA, thermal emittance, ...

+ detailed comparison with simulations
extensive R&D on photo injectors in parallel to FLASH operation
test and optimize rf guns for subsequent operation at the FLASH and XFEL
test new developments (laser, cathodes, beam diagnostics)



Diagnostics at PITZ1
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PITZ1 benchmark problem

Simultaneous simulations of a set of the consistent beam measurements (night shift
17.08.2004):

»Stable machine run (phase drift within <1 deg, cathode laser profiles, measured
emittance)

»Several measurements (laser+electron beam) have been done:

*Phase scan ~1nC, ICT1
*Phase check (several beam size measurements at screen_PP vs. SP Phase)
*Momentum measurements for

v'SPPhase=Phi0+10 deg,

v'SPPhase=Phi0+3 deg (x2),

v'SPPhase=Phi0+5 deg
*Emittance measurements for

v'(SPPhase=Phi0+10 deg) * (Imain=318.5A),

v (SPPhase=Phi0+3 deg, SPPhase=Phi0+5 deg) x(Imain=322;324;326:328;330;332A)
*Some stability studies (charge,position)
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PITZ1 benchmark problem

Measurements

VAN

Beam measurements Auxiliary measurements
to be simulates to be used for input

*Bunch charge vs. rf phase Cathode laser transverse

intensity distribution
sLongitudinal momentum
«Cathode laser temporal

_ distribution
Beam size vs. rf phase

Bunch charge stability

.Beam size vs. solenoid

«Cathode laser position stability
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PITZ1 benchmark problem: Phase scan

Bunch charge vs. rf gun launch phase measured with ICT
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PITZ1 benchmark problem: Reference rf phase check

Reference phase ~ rf gun launch phase of maximum momentum gain

5

rms size, mm

SP Phase, deg

SPV=33 (5.2MeV/c)
Imain=320A
Ibuck=24A

Screen 3 (z=2.628m)
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Reference rf phase simulations

Measurements+Simulations
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PITZ1 benchmark problem:
Longitudinal momentum measurements
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PITZ1 benchmark problem:
Emittance measurements using slit scan technique
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PITZ1 benchmark problem:
Emittance measurements. Beam size at screens 2 (EMSY) and 3
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PITZ1 benchmark problem:
Emittance measurements for SP Phase=Phi0+5deg, Imain=326A

n

n __ . n __ ! n _ n
&y _ﬂy'xrms'xrms’ gy _ﬂy'Yrms'Yrms Ecag = E€x €y

Screen 2(EMSY) 5:

B 25

Q E2o0
£

E15

1.0

05

0.0 ? i i
320 322 324 326 328 330 332 334
Imain, A

X-beamlets: X=-0.7-Xrms; 0; +0.7-Xrms

Y-beamlets: Y=-0.7-Yrms; 0; +0.7-Yrms




PITZ1 benchmark problem: Cathode laser. Transverse

1.5 mm diaphragm:
Xrms=0.54mm
Yrms=0.57mm

=} - N w N w » ~

Virtual cathode (CCD camera)
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PITZ1 benchmark problem: Cathode laser. Temporal
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PITZ1 benchmark: Stability
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PITZ1 Benchmark Problem: EM Fields

Main Solenoid Calibration
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Possible sources of errors and discrepancies

RF Phase drift and jitter

Reference phase determination

Cathode laser power and position jitter

Field balance (FB=Ecath/Efullcell)

Solenoid calibration

Cathode laser measurements

Beam size measurements using YAG screens

Influence of the beam line components (i.e.vacuum
mirror), misalignment of the components (i.e. DDC)
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Conclusions

A set of consistent beam measurements has been
proposed as a benchmark for the theoretical understanding
(PITZ1 benchmark problem):

» implies simultaneous simulation of measured charge,
momentum, beam size at different positions, emittance
(beamlet size)

» effects during emission (Schottky, space charge, etc) seem
to be of importance for accurate simulations of beam
dynamics in photo injector

= various measurements of projected values simulated
simultaneously should provide more reliability for simulated
slice parameters of the electron bunch
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http://www-zeuthen.desy.de/~kras/PITZProblem.html/PITZbenchmark.html
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