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The successful operation of modern FEL sources is strongly supported by dedicated instrumen-
tation for photon and electron beam diagnostics. In many cases, proven techniques applied at
synchrotron facilities can be transferred, but usually require further development due to different
parameters of the machines, e.g. intensity. In contrast to synchrotrons, the coherent radiation pro-
duced in an (unseeded) FEL typically has statistical fluctuations of vital beam parameters such as
photon energy, pulse energy, spectral width etc. from pulseto pulse, so the related diagnostics has
the crucial requirement to provide single pulse-resolved information.
For the European XFEL, instrumentation for X-ray photon beam diagnostics is developed by Work
Package 74, making a large set of devices available for full characterization of the photon beam.
We plan to employ a multi-channel time-of-flight photoemission spectrometer observing photoe-
mission from a rare gas, which will allow for non-intrusive,online (i.e. during user operation), sin-
gle pulse-resolved measurements of the photon spectrum and(as a future option) polarization[1].
The development for XFEL is based on a design by P04 group at PETRA III, where its outstanding
capabilities have been demonstrated at several beamlines.
A high degree of automation is crucial for a diagnostics device, as it is intended to support exper-
imentalists and machine operators. To this end, a precise characterization of devices is of special
importance. The experiments we report here were performed at beamline BW3 (DORIS III) and
aimed at a precise determination and minimization of environmental effects on the efficiency of
the eTOF spectrometer, including e.g. the alignment of spectrometers with respect to the photon
beam. The expected effects on the transmission, energy resolution, and dispersion relation of the
analyser were determined in detail, providing valuable input to designing a strategy for beam-based
self-alignment of the spectrometer under normal operatingconditions.
In addition, the design of the spectrometer allows for applying an E-field gradient parallel to the
spectrometer axis in the interaction region with the beam, so the position of the beam is directly
encoded in the measured flight time of electrons with a known kinetic energy. This approach was
tested successfully, in particular with high kinetic energy electrons, where flight time differences
as a function of beam position under normal conditions become too small to be evaluated and
transmission does not provide the required spatial resolution.
Further measurements were performed in order to optimize the electron-optical performance of the
retardation potential applied in the flight tube with the goal to achieve best energy resolution. Sim-
ulations were used to obtain voltage settings for particular kinetic energies. The performance with
numerous parameter sets was confirmed during the experiment, ruling out environmental effects
such as residual magnetic fields. Furthermore, it could be demonstrated how these settings can
be generalized to arbitrary kinetic energy, preserving energy resolution and transmission without
running the elaborate simulation. This feature is of high importance for operation at XFEL.EU, as
arbitrary kinetic energies from a wide range of< 100 eV to several keV will have to be determined
with good resolution.



The settings and strategies analysed here were successfully applied during subsequent Auger spec-
troscopy from N2O in the kinetic energy range from 360..380 eV[2]. Followingthis confirma-
tion, future simulations will be employed to expand the applicability to the total required energy
range. Hereby, a much more efficient use of beamtime during planned experiments with hard X-
ray sources will be possible. With the experiments during this project, an essential step towards
gas-based spectroscopy of XFEL pulses was made, paving the road for our future extensions of this
device.
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