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Quantum materials are in the center of academic research due to their potential on resolving the ever-increasing demand in
energy-efficient and high-speed microelectronic devices. In that respect, transition metal (TM) oxides, for which the partially filled
d shell of the TM element leads to a wide range of unusual properties, are of particular interest. Their properties could in principle
be tuned with the controlled interplay of several degrees of freedom like lattice, orbital, charge, and spin. Among the plethora of
candidate compounds under investigation, nickel oxide (NiO) has become a major focus since the experimental evidence of ex-
citonic excitations involving Ni d electrons [1, 2].

The nature of the non-dipolar d-d excitations has previously been studied in single crystal NiO using two different theoretical
bases to interpret nonresonant inelastic X-ray scattering experiments, which are appropriate to provide a spatially-average re-
sponse with high momentum resolution [1, 2]. Electron energy-loss spectroscopy (EELS) in an electron microscope is a unique
tool allowing access to such excitations at high spatial resolution, down to the scale of atomic columns in crystals. The technique
was previously employed to demonstrate its viability to detect d-d excitations in NiO at the nanoscale [3]. Nevertheless, d-d ex-
citations have thus far been probed only in pristine NiO, and it is of interest to understand their evolution in imperfect crystals,
and specifically at defects.

To reach this goal, we use high energy-resolution (monochromated) EELS coupled to aberration-corrected scanning transmis-
sion electron microscopy (STEM) in a Nion HERMES instrument, equipped with a Nion monochromator and aberration-
corrector, a high-stability Nion Iris EEL spectrometer fitted with a Dectris Ela direct electron detector. NiO thin films were grown
by pulsed laser deposition and molecular beam epitaxy on Yttrium stabilized zirconia substrates and cross-section lamellae were
prepared by focused ion beam milling in a Hitachi Ethos NX5000. Due to the lattice mismatch, the films present a high density of
dislocations close to the interface, which induces a strong and localized structural distortion of the NiO lattice (Fig. 1a).

In this work, we combine monochromated low-loss and core-loss EELS analysis at atomic resolution to study the effect of the
structural distortion around dislocations on the electronic structure of NiO. We also investigate the non-dispersive nature of the
d-d excitations by mapping the electronic band-structure using a slit as the spectrometer entrance aperture. Here, the Ni-L,5 fine
structures are only weakly sensitive to the distorted environment, while the O-K near-edge fine structures are not as sharp as in
pristine areas and do not contain the ferromagnetic signature previously reported [4] (Fig. 1b). On the other hand, spectral var-
iations of the d-d excitations can be detected around the dislocations as compared to the bulk (Fig. 1c), which suggests a comple-
mentary perspective to core-loss EELS to explore the complex interplay between the atomic and electronic structure of NiO. This
is of particular interest given the intrinsic complexity to reproduce both O-K and Ni-L,3 edges in distorted environments from
single-electron or multielectronic calculations, contrary to interband excitations like d-d transitions. Based on these results,
the link between structural distortion and low energy excitations will be discussed. This investigation brings light on the behavior
of excitonic excitations around defects in a prototypical quantum material like NiO [5].
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Fig. 1. a) STEM-HAADF images of the NiO thin film illustrating the periodic array of dislocations, indicated by the white arrows. b) O-K and Ni-Ly3
near-edges fine structures in the bulk of the film and in the vicinity of the dislocations. ¢) Evidence of d-d excitations (black arrows) in the bulk of the NiO
film with and without background extracted.
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