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Interplay between strain and magnetism at the nanoscale:
3D imaging with coherent X-ray beams

Physical properties of materials depend not only on their intrinsic properties, but also on their
microstructure. Magnetic properties are no exception. For instance, dislocation cores in NiO have
been found ferromagnetic while the rest of the crystal in antiferromagnetic [1]. Similarly, elastic
strain can modify the magnetic order [2]. The purpose of the project is to explore experimentally the
microscopic mechanisms of these phenomena. A particular focus will be put on microcrystals grown
by solid-state dewetting, such as Ni, Co [3] and FeRh [4] (Figure 1). We will use synchrotron
radiation, and in particular techniques based on X-ray coherence [5], to image in 3D and with
nanoscale resolution the lattice strain [6,7] (Figure 2) and the magnetic texture [8] (Figure 3) in
crystals hosting magnetic order. The characterisation in 3D of the crystal microstructure and of the
magnetic texture will allow correlating them, to better understand how they interact.

The PhD project will tackle all steps of the investigation: conception, growth and characterisation of
samples, synchrotron measurements, data analysis and interpretation of the results. The work will
be done in close collaboration with researchers from SIMaP, Institut Néel and ESRF, and possibly
other partners.
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Figure 1: Crystals obtained by solid-state dewetting. (a) Ni (b) Co (c) FeRh. A stacking fault is
visible on the top facet of the Co crystal. The Ni and Co crystals were prepared in our lab [3]; the
FeRh crystal is taken from [4]. Scale bars: 1 um (a & b), 0.5 um (c).

Ilg) = |FT|plrjexp(—ig.ulr)]

diffraction
pattern /(q)

BSe retrieval

- eléctronic c density
Figure 2: Prmaple of Bragg Coherent Diffractive Imagmg, adapted from [6&7].
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Figure 3: Vectorial magnetic nanotomography based on Fourier-transform holography, adapted
from [8].



