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Approach to X-ray Photonics
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As theoretically predicted in [1] and experimentally
demonstrated in [2], X-rays travelling through a deformed
periodic medium undergo unexpectedly large beam transla-
tions (>100 pm), due to the presence of Berry curvatures [3]
in both real and reciprocal space. These curvatures, associ-
ated with the parametric dependence of the propagating elec-
tromagnetic wave packet on its position and wavevector, are
respectively due to the crystal deformation and to the lattice
periodicity, which introduces a band structure (i.e., it opens
a band gap) in the photon dispersion relation. More pre-
cisely, it is the coupling between real- and reciprocal-space
curvatures that leads to the acquisition of a non-negligible
Berry phase by the X-ray wave packet. This extra phase
strongly affects X-ray propagation, eventually giving rise
to the observed beam translations. In this work (see Fig.
1) [4], the strain modulation required to induce the Berry-
phase effect was obtained by pairing the lattice expansion
observed upon H irradiation of GaAsN [5] with the spatially
selective hydrogenation technique described in, e.g., [6]. By
performing a series of X-ray transmission experiments on
purposely fabricated, ordered GaAsN/GaAsN:H dot arrays,
we consistently measured beam translations in excess of 100
pm, while also revealing a clear dependence of the observed
translation on the dot size. These experimental results were
compared with an extensive numerical analysis of the prop-
agation of X-rays in the deformed lattice, based on the di-
rect computation (via FEM calculations) of the deformation
landscape within the sample [4]. These results open new, en-
ticing prospects for the realization of tailor-made X-ray pho-
tonic structures, interesting for applications in pump-and-
probe experiments and in X-ray interferometry.
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Fig. 1. (a) Measured X-ray translation in a GaAsN:H/
GaAs dot array. Both the diameter (w) and the edge-to-
edge spacing (a) of the mask employed to create the array
control H diffusion were set to 1 pm in the displayed sam-
ple. The X-ray translation is monitored as the sample is
rotated around 6g, the Bragg angle corresponding to the
(004) direction of GaAs. (b) Schematic view of the mask
deposited on the sample prior to H irradiation (w = 0.2,
0.5, and 1 pm in this work). (c) Spatial distribution of the
unpassivated N concentration (z.¢) in the epilayer’s plane
(100 nm above the substrate), as obtained via FEM cal-
culations. (d) Sketch of the hydrogenated sample in the
plane cutting across the mask. The substrate is displayed
in green, whereas the hydrogenated and H-free regions
are shown in red and blue, respectively. (e) Histogram
of the computed distribution of Agcry, the point-by-point
deviation (in the growth direction) of the speed of propa-
gation for X rays travelling through the sample (in units
of vy, the group velocity of the X rays in the material).
Agerry 8 also displayed as a function of the rotation of
the sample around fg, for ease of comparison with the
measured X-ray translation. (f) Same as (e), only in this
case the contributions of the three sample regions iden-
tified in (d) are displayed in different false color scales,
consistent with the colors used in (d)



