Development of the computer simulation of one dimensional phase-contrast imaging technique using the ThomX beam.
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Розробка комп'ютерного моделювання одномірної фазово-контрастної візуалізації використовуючи ThomX промінь.
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In 1895 Wilhelm Röntgen discovered X-ray, six years later he got the first Nobel Prize. For today, X-ray has found many applications in various fields. For instance, in medical uses it is an essential part for treatment and diagnostic. 

As known that one of the primaries features of cancer, liver fibrosis and other of such diseases is the soft tissue seal. Due to this fact many techniques are targeted to determine the different of properties between healthy and affected areas of the body. For further successful treatment it is very important to determine the physiological changes in the early stages of the disease. Among the non-invasive methods most promises visualization technique in precise results is a X-ray phase contrast imaging [1]. 
Conventional radiology is based on absorption effects, which depend only on the imaginary part of the refractive index ([image: image2.png]


 if the refractive index is written as [image: image4.png]n=1-—d+if



). This technique shows excellent results where highly absorbing structures such as bones are embedded in relatively weakly absorbing material like soft tissue of the human body. However, in case when difference between absorption cross-sections are very low, contrast is relatively poor[2]. Phase Contrast Imaging (PCI) works when the difference in the d value between object and surrounding background results in a phase shift between the waves transmitted through and outside the object Due to this phase shift we can observe as well waves interfere [3].

For today, Laboratoire de l'Accélérateur Linéaire (Orsay, France) is preparing for the final stage before the start of conceptually new x-ray source ThomX project. The principle of operation of this facility is based on the inverse Compton scattering. Acceleration of electrons goes up to energies of 50-70 MeV and in the opposite direction to the beam is directed coherent photons with energy of 1 eV (LASER). After the collision due to the Compton backscattering photons change frequency and energy to 40-80 keV of X-ray. This facility allows to get a large x-ray flux up to [image: image6.png]1018



ph/s. This X-ray source can be used in various applications. One of the main uses of ThomX is medical visualization by PCI.
For calculating the ability of PCI was written the program which simulates propagation of photons through the sample. It has been done in programming language Delphi 7. The program allows to vary source-sample-detector distances, change linear dimension and the refractive index of the sample. The obtained results allow us to define clearly the edges and it indicates the possibility of better diagnosis even with small size of interested region. Using Monte Carlo generator, data were obtained, which has been plotted by ROOT (object-oriented program developed by CERN) a histograms of energy on the coordinate plane of the detector at different parameters. It's allowed to predict the future experimental results, contrast and visibility of the object bounds are really perfect. The main problem is the ability of the detector's permit, but using different sample-detector distances provides the way to improve the quality of the screen image.
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