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Fig. 3 Phase-contrast methods in the hard X-ray region: (a) two-
beam interferometry, (b) analyzer-based method for detect-
ing refraction, (c) propagation-based method for detecting
Fresnel diffraction.
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Fig. 6 Image processing flow of the fringe-scanning method: (a)
moiré fringe pattern, (b) fringe pattern deformed by sam-
ple, (c) differential phase image, (d) phase tomogram.
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Fig. 7 Image processing flow of the Fourier-transform method: (a)
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transform of (a), (c) Extraction of the 1st order, (d) argu-
ment of the inverse Fourier transform of (c), (e) phase
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Fig. 8 Operation of Talbot interferometer with hard X-rays, show-
ing moiré fringe visibility as a function of the distance be-
tween the gratings.
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Fig. 9 X-ray phase tomography with Talbot interferometry and
synchrotron radiation. (a, b) rabbit liver with VX2 cancer,
(c, d) mouse tail (joint).

2 mm

Fig. 10 Series of phase tomograms of a living red maggot (fishing
worm) obtained with Talbot interferometry and white syn-
chrotron radiation.
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Fig. 11 Phase-sensitive X-ray microscopes developed by combining
a normal X-ray imaging microscope with (a) an X-ray Tal-
bot interferometer and (b) a single phase grating.
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Fig. 12 Phase tomogram of PS/PMMA /PB polymer ternary blend
obtained with the configuration of Fig. 11(a). Phase sepa-
ration structure is revealed. Black area in the sample cor-
responds to voids.

Fig. 13 Result obtained with the configuration of Fig. 11(b). (a)
magnified self-image, (b) twin-featured image obtained
through the fringe-scanning method, and (¢) phase image
generated from (b). The sample is Siemens star pattern (1
um-thick Ta).
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Fig. 14 X-ray Talbot-Lau interferometer, which functions with a
normal X-ray generator.
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Fig. 15 Visibility reduction of moiré fringes by melamine sponge
(a) and visibility image (b).
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Fig. 16 Three-mode image generation from a fringe-scan data with
an X-ray Talbot-Lau interferometer: (a) absorption image,
(b) differential phase image (refraction image), and (c)
visibility image of a cherry.
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X-ray phase imaging based on Talbot effect

Atsushi MOMOSE Graduate School of Frontier Sciences, The University of Tokyo
5-1-5 Kashiwanoha, Kashiwa, Chiba 277-8561, Japan

Abstract Thanks to the development of synchrotron radiation and digital imaging technology, the field of
highly-sensitive X-ray imaging (X-ray phase imaging) based on X-ray phase information has been growing
since the early 1990s. Because weakly X-ray absorbing objects, such as polymers and biological soft tissues,
can be imaged, its progress has attracted attention. In this article, X-ray phase imaging methods are briefly in-
troduced, and a novel method using an X-ray Talbot interferometry is intensively reviewed. This method is
characteristic of its simple configuration consisting of transmission gratings, enabling various imaging applica-
tions. The possibility of its practical applications should be emphasized because the method can be implement-

ed with a normal X-ray generator.
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