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Integration of the Two-Dimensional Power Spectral D ensity into Specifications for 
the X-ray Domain—Problems and Opportunities 

 
W. R. McKinney, M. R. Howells,  V. V. Yashchuk 

 
Lawrence Berkeley National Laboratory, Berkeley, California 94720 

 

An implementation of the two-dimensional statistica l scattering theory of Church 

and Takacs for the prediction of scattering from x- ray mirrors is presented with a 

graphical user interface.  The process of this deve lopment has clarified several 

problems which are of significant interest to the s ynchrotron community.  These 

problems have been addressed to some extent, for ex ample, for large 

astronomical telescopes, and at the National Igniti on Facility for normal incidence 

optics, but not in the synchrotron community for gr azing incidence optics.  Since 

it is based on the Power Spectral Density (PSD) to provide a description of the 

deviations from ideal shape of the surface, accurat e prediction of the scattering 

requires an accurate estimation of the PSD.  Specif ically, the spatial frequency 

range of measurement must be the correct one for th e geometry of use of the 

optic—including grazing incidence and coherence effec ts, and the modifications 

to the PSD of the Optical Transfer Functions (OTF) of the measuring instruments 

must be removed.  A solution for removal of OTF eff ects has been presented 

previously, the Binary Pseudo-Random Grating. Typic ally, the frequency range of 

a single instrument does not cover the range of int erest, requiring the stitching 

together of PSD estimations.  This combination gene rates its own set of 

difficulties in two dimensions.  Fitting smooth fun ctions to two dimensional 

PSDs, particularly in the case of spatial non-isotr opy of the surface, which is 

often the case for optics in synchrotron beam lines , can be difficult. The 

convenient, and physically accurate fractal for one  dimension does not readily 

transfer to two dimensions. Finally, a completely s tatistical description of 

scattering must be integrated with a deterministic low spatial frequency 

component in order to completely model the intensit y near the image. An outline 

for approaching these problems, and our proposed ex perimental program is 

given. 
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Figure 1. Graphical Interface for the Scattering Pr ogram 
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