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High degree of spatial coherence and extreme peak power belong to the most important properties 
of X-ray FEL radiation that give access to pioneering experiments in a wide range of scientific 
fields. Preservation, tailoring and control of the XFEL radiation properties are crucial tasks of the 
photon transport system and are mostly defined by the properties of the optical elements 
incorporated into the beamlines. One of the most challenging problems is the choice of materials 
that combine high perfection with stability under extreme heat load and electromagnetic fields 
imposed by the full XFEL beam flux. At the moment, diamond crystals appear to be the best choice 
for application as windows and monochromators for hard X-ray radiation. 

In this experiment, we investigated the possible impact of the imperfections in state of the art 
synthetic diamond crystals on the hard X-ray radiation wavefronts of diffracted beam in Laue 
diffraction geometry. The goal was to characterize diamond crystals for optical elements for use in 
a double-Laue monochromator for hard XFEL beamlines. Synthetic diamond crystal plates of type 
HTHP IIa from different manufacturing companies, Sumitomo (Japan), Element Six (De Beers), 
and TISNCM (Russia) were studied. The thickness of the plates varies from 88 µm to 1 mm, the 
surface orientation (100) and (111). The degree of structure perfection of all the crystals had been 
preliminary approved using the X-ray topography methods.  

A characterisation of the wavefronts with a grating X-ray interferometer [1] was performed at 
beamline P10 (PETRA III), at photon energy E = 24 keV. The symmetrical diamond (220) 
reflection, set in horizontal reflection plane, was used for all samples. The phase and analyser 
gratings pitches (p1 = 3.981 µm, p2 = 2.000 µm, distance between gratings corresponds to 
11th Talbot order) were chosen to compensate wave front curvature radius 88 m corresponding to 
the source distance. The 2D-images were recorded with the PCO Edge camera, effective pixel size 
0.6 µm. 

The grating rotation scans [2] show that the direct beam  wavefront radius of curvature in horizontal 
direction was 89.5 m, which is quite close to the expected source distance of L = 88 m. The 
wavefront radius of curvature in vertical direction was measured as -281 m. 

 

Figure 1: Direct beam: Moiré pattern generated by the superposition of the interference pattern, as produced 
by two identical pairs of one-dimensional gratings. In both directions, high contrast of fringes was observed. 

The tilt of the vertical Moiré fringes with respect to the horizontal ones is due to changing of wavefront 
curvature caused by the Si (111) beamline DCM.  



 

 

 

Figure 2: Maps of differential phase along vertical direction (top) and the corresponding intensity 
distribution (bottom) of a sample area containing dislocation. Horizontal (220) reflection in Laue geometry 

at the diamond (100) plate of 154 µm thickness.  

The first results on thin crystals show that the low-frequency diffracted beam wavefront distortions are less 
than 0.4 µrad in defect-free areas. Diamond crystals of such quality can be used as XFEL monochromators, 
but impact of heat load on wavefronts should be also investigated. The data evaluation is on the way.  
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