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Abstract. The recent start of the European X-ray Free-Electron Laser (EuXFEL) provides a
unique pulsed X-ray source of high spectral brilliance and high photon flux at a high repetition
rate and opens the possibility for new scientific opportunities. However, the EuXFEL beam has
a high peak power that is converted into a high cyclic thermal load on the optical elements,
such as mirrors and monochromators, and is impossible to fully mitigate within the pulse train
pattern. In the single crystal based X-ray monochromators, the increase of temperature leads
to deformation of the crystal structure which affects the rocking curve and consequently the
performance of these devices and the quality of the transmitted X-ray beam. To address
the increase of temperature, we propose the use of a diamond channel-cut monochromator
as an alternative to the current silicon monochromators. In this work we present the design
and parameters of the diamond monochromator, heat load simulations and the surface and
crystalline quality characterisation. The heat load simulations indicate a high performance of
the monochromator under the pulse train of the EuXFEL and the characterisation demonstrates
high crystal quality and its functionality as a double crystal monochromator.

1. Introduction

The European XFEL (EuXFEL) generates X-ray pulses of femtosecond duration and high pulse
energy. Its bunch pattern can deliver up to 2700 pulses within 600 µs, which is called the pulse
train, at 10 Hz repetition rate [1]. This pulse structure provides high photon fluxes at MHz
repetition rate; however, the high peak power is also converted in extreme high thermal load
on the optical components, which is impossible to mitigate within the pulse train period, and
consequently have their performance reduced.

Currently, in the hard X-ray regime at EuXFEL, cooled double Si(1 1 1) monochromators are
used and it was reported a decrease of a factor of 2 in the monochromator transmitted intensity
after around 150 pulses [2]. The intensity decrease results from the accumulated heat in the
first crystal, which causes variations in the lattice structure and consequently changes in the
diffraction profile like broadening of the rocking curve and shift of the central wavelength.
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5. Conclusions and Outlook

We presented the design and parameters of a diamond channel cut monochromator that could
be an alternative to the current Si monochromator used in EuXFEL. The channel cut design
ensures high mechanical stability while diamond has higher thermal conductivity and resilience
to high thermal loads. The DCCM was designed to operate in an energy range of 5 - 25 keV,
depending on the beam size, and could be suitable for FXE, MID and HED instruments of the
EuXFEL. The FEA simulations predict a high efficiency of the beam transmission at high heat
loads. At 300 K without cooling is expected a transmission of up to 65 pulses with a decrease
of 50% of the intensity. At 100 K high transmission (>50%) is predicted within the entire pulse
train. These estimates should be confirmed with a proof of principle experiment at EuXFEL
foreseen. The metrology characterisation showed some features in the surface, which can be
improved with the polishing and the X-ray measurements demonstrated the high crystal quality
and the functionality of the DCCM as a monochromator.
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