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beam direction

source point

Coordinate system used to describe the beam propagation from the x-ray
source through optics to sample
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acceptance window

Source, transmission functions and acceptance
windows are approximated by Gaussian
functions
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transformation matrix acceptance window
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Source
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[(x,x")=exp[-(x/os+ x'*a2)/2]
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Souirce

The coordinate transformation from source to sample is
y, =1 L1 Ty

The acceptance windows of the components are given at the entrance side of the
components. They have to be transformed into the sample position and it is therefore

convenient to do the matrix multiplication from the right side to the left of the product

sample(xx yy Aﬂ“/i)_lﬂ A, R..RF



The total number of photons @ at the sample position per second (the flux) is

D = j | e IX0X dydy d (AZ / 2)
The general form for the intensity distribution at the sample position is:

| = KoL, (X)), (y, Yy ,ALT A)

we assume the distribution of photons in position-angle space in the vertical and horizontal
direction to be independent. This is an assumption usually used in beamline analysis. Due to this
the transformations can be described by 3 x 3 matrices for position-angle-wavelength in the
scattering plane of the monochromator crystals and 2 x 2 matrices for position-angle in the
perpendicular plane. The spatial distribution of the beam can be calculated by integration of the

wavelength and angle parameters:

[(x,y) = KoJ 1, (p,y' AN (x,x')d(dA/ )y dx’

sample



Schematic design of the PSA computing toolbox

setup of
command file

Mathematica




Schematic design of the ID02 beamline at
the ESRF
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Phase Space Analysis

File: 111diatbl.dat

Graphical user interface (GUI) showing a selection of optical components for the ID2 SAXS beamline. Phase
space diagrams were calculated by PSA. Note the change of scales between different PS-diagrams. (units: x,y:
mm; xX’,y’:Rad)
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ID2 undulator input parameters in the GUI icon



Comparison of phase space analysis (PSA) and ray-tracing (SHADOW) results
of the ID02 beamline

Optical Flux X y X’ y’ AMA
Element (f\/\/hm) (f\/\/hm) (f\/\/hm) (f\/\/hm) (f\/\/hm)
*ph/s[10%3] [mm] [mm] [urad] [urad] *[109]
Source PSA 2615 102 021 613 295 9283
SHADOW 2,618 1,02 0,21 61,2 29,4
Slit 1 PSA 2,134 1,49 0.68 493 233 9.28
SHADOW 2,373 1,55 0,73 48,0 24 5
Si-111 PSA 0.807 153 0.65 493 19.6 0,128
Mono SHADOW 0,877 1,59 0,74 47.8 23,8
Mirror PSA 0.807 163 0.69 66,9 25.0 0,128
SHADOW 0,859 1,69 0,80 70,4 26,8
slit 2 PSA 0.782 126 0.54 56,5 20.9 0,117
SHADOW 0,822 1,50 0,69 69,5 25,0
slit 3 PSA 0.782 0,53 047 56,3 20.6 0,441
SHADOW 0,799 0,55 0,22 69,7 24,7




Comparison of beam sizes in horizontal and vertical
direction, respectively, calculated by PSA (lines) and
experimental values (triangles) for the ID02 beamline.
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Intensity distribution calculated at 55 m from the source point (guard slits of SAXS end station)
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