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Abstract 
 

Off-axis electron holography is a powerful technique for recording the phase 
shift of a high-energy electron wave that has passed through an electron-
transparent specimen in the transmission electron microscope. The phase shift 
is, in turn, sensitive to the electrostatic potential and magnetic induction in the 
specimen, projected in the electron beam direction. We are currently working 
on several model-based approaches that can be used to provide quantitative 
interpretations of phase images recorded using off-axis electron holography. 
 
I will first show how iterative fitting of specimen thickness, specimen tilt, 
absorption, image spread and electron optical aberrations can be performed by 
comparing experimental high-resolution phase and amplitude images of two-
dimensional WSe2 with simulations on an absolute scale. The simulations are 
based on scattering potentials derived from density functional theory and 
include bonding effects, which are found to be necessary to achieve 
quantitative agreement. By removing residual aberrations from the 
experimental phase and amplitude images and comparing them with 
simulations, a quantitative description of the atomic structure of the material, 
including the detection of changes in electrostatic potential associated with 
individual structural defects and dopant atoms, becomes possible. 
 
I will then describe a model-based approach to magnetic vector field 
tomography, which involves using an iterative reconstruction algorithm to 
recover the three-dimensional magnetization distribution in a specimen from a 
series of magnetic phase images recorded using off-axis electron holography 
as a function of sample tilt angle. The initially ill-posed problem is replaced by a 
least-squares minimization problem. First order Tikhonov regularization is 
applied and a mask is used to localize magnetized objects. All measures are 
combined into a cost function, whose minimization is facilitated by conjugate 
gradient methods. Sources of magnetization outside the field of view are 
accounted for by introducing buffer pixels and a confidence array is used to 
exclude other identifiable artefacts from the reconstruction. Encouraging 

experimental results have been obtained from studies of magnetic skyrmions * 
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* The research leading to these results 

has received funding from the European 
Research Council under the European Union's 
Seventh Framework Programme (FP7/2007-
2013)/ ERC grant agreement number 320832. 
We are grateful to Z.-A. Li, M. Riese, M. Farle, 
N. Kiselev and S. Blügel for ongoing 
cooperations and contributions to this work. 
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