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Fig. 1 (Color online) (Left) Scattering image with conventional
X-rays. (Right) Speckle image with coherent X-rays. The
black region is the area covered with a beamstop.
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Fig. 2 (Color online) Schematic view of X-ray Photon Correlation
Spectroscopy. As the sample changes its structure, speckle
intensity changes accordingly. Consequently, by analyzing
the temporal fluctuation, information about the dynamics is
obtained.
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Fig. 3 (Color online) Conceptual views on scattering of X-rays by
particles. Coherent X-rays are scattered by (A) single parti-
cle, (B) two identical particles and (C) multiple particles.
(D) Group of coherent X-rays is scattered by multiple parti-
cles.
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Fig. 4 Concept of correlation function. van Hove correlation func-
tion, G(r, t) intermediate scattering function, F(q, ) and
dynamic structure factor, S(g, w).
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Fig. 5 (Color online) (Left) Intermediate scattering function. The
inset time represents the time interval between the mixing of
nanoparticles and rubber and XPCS measurements. (Right)
Dependence of v on the waiting time ¢,, since the mixing of
samples. The difference in symbol represents that in the sam-
ple types. The line indicates the best-fit result for a sample
(circles) obtained using a power function (v~t;,05).
Reprinted with permission from Ref. 28. Copyright (2010)
American Chemical Society.
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Fig. 6 (Color online) XPCS result of styrene-butadiene rubber
filled with carbon black: (A) Volume resistance of sample.
Low resistance for the samples with a high volume-fraction
indicates that the nanoparticles are percolated in rubbery
materials. (B) Dependence of (rq) ~! on the sample temper-
ature. (C) Schematic view of sample structure.4
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Fig. 7 Examples of two-time correlation function. (A) Temporary-
evolving dynamics during cross-linking process of rubberss,
(B) intermittent dynamics of stretched rubber.
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Fig. 8 (Color online) Intensity correlation function of silica filled
rubber under uniaxial elongation measured with heterodyne
XPCS.
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Current status and future of X-ray photon corre-
lation spectroscopy

Yuya SHINOHARA Department of Materials Science and Engineering, The University of Tennessee,
Knoxville 1 Bethel Valley Road, Oak Ridge, TN 37830 U.S.A.

Abstract X-ray Photon Correlation Spectroscopy (XPCS) is a technique for measuring microscopic dynam-
ics using coherent X-rays. In this review, the principles and the prospect of XPCS is briefly

described.
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