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The development of technologies based on X-ray phase-contrast imaging (PCI), 
is presented as one of the most promising methods of medical diagnostics.

The main problems in area of early 
diagnosis and medical imaging: 

 reducing the radiation dose;
 increase of spatial resolution; 
 increase of contrast for soft 

tissue imaging.

Problem of soft tissues imaging of human body: early cancer diagnostic;
cardiovascular diseases; neurological diseases; respiratory diseases. 

Motivation

The improvement of medical diagnostic and imaging methods is one of the 
most urgent problems. In this area wide use has been found for X-rays due 
to their peculiar interaction with biological tissues, in particular, the high 
penetration capability. 
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From synchrotrons to conventional sources
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X-ray phase contrast imaging, initially developed using the high intensity of synchrotron 
sources, should be adapted for use with conventional X-ray sources. 

X-ray image formation in partially coherent radiation is of interest, especially in the 
context of the use of compact sources

Reviews

The main types of compact X-ray sources: 

 Microfocus X-ray tubes; 

 Compton backscattering sources; 

 Sources using accelerated ion beams; 

 Sources using transition radiation;

 Laser-plasma sources…
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X-ray sources based on compact accelerators

Development of X-ray phase contrast methods based on compact accelerators for use in medicine
and materials science.

Peculiarities  &  Differences 

Proton beam (2 MeV) Electron beam (20-50 MeV) and laser pulse

Isotropic radiation of characteristic line Narrow radiation of hard photons

Continuous regime Pulsed regime of laser system

Intensity is limited by the beam current High flux of radiation

IAP NASU X-ray source ThomX ICS source at IJCLab
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Phase-contrast X-ray imaging

Phase-contrast X-ray imaging (PCI) is a general term for different technical methods 
that use information concerning changes in the phase of an X-ray beam that passes 
through an object in order to create its images. 

the phase shift

an exponential decay factor decreasing 
the amplitude of the wave

  4k  2k
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The solution of the direct problem of forming an X-ray phase contrast image 
is proposed as a way to find answers to a number of topical issues of practical 
implementing phase contrast on compact radiation sources.

PCI propagation-based method 

O. Lebed, French-Ukrainian workshop (memory of M.F. Shulga), 2025           PCI in partially coherent X-ray



7

Formation of X-ray phase contrast image by propagation-based method

Modeling based on Fresnel-Kirchhoff theoryTest object: three-dimensional, multilayer, 
optically inhomogeneous, arbitrary shape

Contours of image 
at different angles 
allow to reconstruct 
the object shape
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PCI images of the six-layer object



Partially coherent radiation
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The terms of mutual intensity and complex degree of coherence of radiation are widely used to 
description of the case of partially coherent radiation.

According to the key Van Zittert–Zernike theorem, 
the mutual intensity for points on the observation 

plane 𝑃1 and 𝑃2, irradiated by an incoherent source 𝜎:
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Intensity propagation of partially coherent radiation

𝐽 𝑃1, 𝑃2 = 𝜎׬ 𝐼 𝑆
exp 𝑖𝑘 𝑅1−𝑅2

𝑅1𝑅2
𝑑𝑆.

Here 𝑅1 and 𝑅2 are the distances from the point  𝑆 on 
the source surface to the observation points 𝑃1 and 𝑃2, 
𝐼(𝑆) is the surface intensity density of the source.

𝐼 𝑃1,2 = 𝐽 𝑃1,2, 𝑃1,2 = න
𝜎

)𝐼(𝑆

𝑅1,2
2 𝑑𝑆

The complex degree of coherence of radiation:

𝜇 𝑃1, 𝑃2 =
1

)𝐼(𝑃1 𝐼 𝑃2
න
𝜎

𝐼 𝑆
exp 𝑖𝑘 𝑅1 − 𝑅2

𝑅1𝑅2
𝑑𝑆 ,

𝐼(𝑄) = ඵ )𝐼(𝑃1 𝐼 𝑃2 𝜇 𝑃1, 𝑃2
exp 𝑖𝑘 𝑅1 − 𝑅2

𝑅1𝑅2
𝐾1𝐾1

∗𝑑𝑃1𝑑𝑃2

Coherence degree of homogeneous source

Coherence degree of Gaussian source



Phase contrast imaging in partially coherent radiation
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Phase contrast images of the object at
a distance 𝟏. 𝟓 𝒎 from the screen for
wavelength 𝟎. 𝟏𝟓 𝒏𝒎:

a) R = 1m, ρ = 0 𝛍𝒎;

b) R = 1m, ρ = 2.5 𝛍𝒎;

c) R = 5.6m, ρ = 2.5 𝛍𝒎.
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Summary
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 The development of technologies based on X-ray phase-contrast 

imaging is presented as one of the most promising methods of medical 

diagnostics.

 X-ray phase contrast imaging should be adapted for use with 

conventional X-ray sources. Particularly X-ray sources based on compact 

accelerators and image formation in partially coherent radiation are of 

interest.

 Solution of the direct problem of forming an X-ray phase contrast image 

is a way to practical implementing phase contrast on compact radiation 

sources.
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Thank you for attention! 


