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Fig. 1 (Color Online) Non-destructive techniques for observing three-dimensional internal structures of samples opaque

to visible light®.
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Fig. 2 (Color Online) Experimental setup of millisecond-order X—
ray CT using white synchrotron radiation at BL28B2 of SPr-
ing-8 (side view)6®),
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Fig. 3 Phase tomograms of pieces of wood obtained by millisecond-order synchrotron tomography with sample rota-
tion. (left) Phase tomograms reconstructed from projection images obtained by Fourier transform method (up-
per left: axial plane, lower left: sagittal plane, upper right: coronal plane, measurement time: 8.9 ms). (right)
Phase tomograms reconstructed from projection images obtained by fringe scanning method (upper left: axial
plane, lower left: sagittal plane, upper right: coronal plane, measurement time: 4.4 ms).
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Fig. 4 Phase tomograms of 3/32-inch diameter polypropylene
(PP) sphere obtained with high-speed sample rotation
(measurement time: 2.0 ms). (a) Phase tomogram recon-
structed by the filtered back-projection (FBP) method. (b)
Phase tomogram reconstructed by a total-variation (TV)
regularization method based on compressed sensing.
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Fig. 5 (Color online) Example of results of 4D X-ray tomography of tensile fracture of tire rubber (temporal resolu-

tion: 10 ms).
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Fig. 6 (Color Online) (Left) Principle of multibeaming. (Middle) Photo of multi-beam optics. (Right) Result of
proof-of-concept of 3D CT reconstruction (sample: 50 um-diameter tungsten wire, measurement time: 1 ms)27,
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Fig. 7 (Color online) Fabrication process of multi-blade crystals by microfabrication technology?®).
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Fig. 8 (Color online) 4D X ray tomography of tungsten wire with diameter of 50 um being slowly bent (temporal reso-

lution: 8 ms; every 4,000 ms for three figures)3?.
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Fig. 9 (Color online) (right) Tensile fracture tester incorporated in

the multibeam optical system and (left) CT reconstruction
results (3D rendered image) of voids created during the ten-
sile fracture process of tire rubber.
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Abstract Millisecond-order temporal-resolution synchrotron X-ray tomography is a new approach to cap-
ture instantaneous phenomena in the 4D (three-dimensional+time) world in which we live. By
taking advantage of its ability to acquire statistical data on 4D phenomena in nonequilibrium sys-
tems at high throughput, a new frontier of ‘“‘nonequilibrium materials informatics’’ based on big
data analysis can be seen in the near future. In this paper, we introduce the significance of the mil-
lisecond-order synchrotron radiation tomography that the authors have pioneered, the history and
current status of its development, and the future prospects that have emerged from this develop-
ment.
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