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For the case of two dimensions, the Kramers–Moyal equation for x-ray gratings could therefore be expressed as:
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This kind of diffusion in multiple directions is ideal for modelling a directional and/or irregularly shaped x-ray dark field
signal, but first we will start by looking at a single spatial axis, to understand the effects.

The case of one dimension corresponds to the Fokker-Plank equation (Eqn. 4), but in the context of an x-ray wavefield,
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To model a type of grating based imaging, we can then set the intensity that lands on the sample to a sinusoid. This describes
the intensity as would be seen behind a gratng or grid, which can specified with period p, amplitude a and mean intensity b,
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Given that any other illumination (e.g. a square wave behind a sharp grid) could be formed using a Fourier series, the
choice of a sinusoidal illumination is generally useful. In the figures below, we have chosen a ⇡ 1

4 and b ⇡ 1
2 , which is a

realistic illumination. This is realistic in that these numbers represents a sinusoid that reached from 0 to 1, which has then been
smoothed to a visibility of 0.5.

1.2.1 Diffusion effects
A reduction in illumination visibility
Looking first at an object with scattering properties, but no phase properties, so f=0, we can take a Taylor approximation for
the propagation to z = D, so that Eq. 6 becomes
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If we consider an area where the diffusion properties do not vary quickly with x (so that D can be moved outside of ∂ 2

∂x2 )
equation 6 simplifies to:
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This describes a decrease in the amplitude of the sinusoid, and hence the visibility of the sinusoid, as seen in Fig. 2 a),
which is indeed the signal which is collected in dark field imaging. A more significant effect will be seen for a larger diffusion
coefficient D, larger propagation D and a small grid period p, as expected.

Modelled using a dark field coefficient
It is interesting to have a way to characterise the diffusion characteristic that is consistent with the Kramers-Moyal model. To
reach this, we can look at the original differential equation (Equation 6) without phase effects, f=0. This gives:
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If we have any periodic illumination (Eqn. 7), and we consider an area over which the diffusion/scattering is not changing
significantly with x (so that D can be moved outside of ∂ 2

∂x2 ), then equation 10 must satisfy:
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This differential equation can be solved as

I(x,z) = I(x,z = 0)e
� Dz

p2 , (12)

which matches the ‘linear dark field co-efficient’ of D/p2 seen in Lynch et al.
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at a range of world-class facilities

SPring-8 Synchrotron in JapanThe Australian Synchrotron The Munich Compact Light Source

We developed the 
‘single-grid’ and 
‘speckle-tracking’ 
methods of x-ray 
imaging, and are 
examining how the 
x-rays self-interfere 
as they propagate.

We also apply these new x-ray imaging methods to solve real-world problems

Lung cancer diagnostics

Monitoring delivery of treatments 
attached to magnetic nanoparticles 

Tracking treatment 
deposition in the 

lungs using phase 
contrast CT for 3D 

visualisation

Understanding the 
anatomy of animals 

like the Honey 
Possum

Inhaled 
particles Airway surface liquid
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Measuring treatment effects 
on the airway surface

Inside airway

Airway
Airway surface liquid

Find out more at: xrayimagingmonash.wordpress.com


