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Report:

This experiment was a continuation of MI-1384. 

The purpose of these experiment is to develop a new 3D and vectorial tomography technique for magnetism,
based on Fourier-transform holography (FTH). FTH is now a well established technique for magnetic imaging
in 2D, in which a projection of the magnetisation vector along the beam axis is measured. In FTH, a reference
wave is used to encode the phase of the object of interest. The reference wave is created by drilling a smal
aperture traversing the sample support. Small circular holes are the usual choice for the reference, but other
shapes can be used. Slits are convenient and allow tilting the sample to measure various projections of the
magnetisation (Figure 1). By using a pair of orthogonal slits, we can tilt the sample around 2 axes and measure
a set of projections probing all 3 three components of the magnetisation. A 3D and vectorial image of the
magnetisation can then be computed [1].

Figure 1: Principle of dual-axis magnetic tomography by Fourier-transform [2].

During MI-1384, we did not have enough time to record sufficient data for a 3D reconstruction, because:



- we tested several samples to find a magnetic texture interesting for 3D reconstruction
-  the sCMOS camera  used to  record the  data  was progressively  stained by water  droplet,  corrupting  the
holograms, which in turn compromised the quality of the reconstructed direct-space images.

For  this  continuation  experiment,  we  chose  to  focus  on  teardrop-shape  samples  in  permalloy,  because
micromagnetic  simulation  suggested  that  they  should  host  a  complex  3D  magnetic  texture  spanning  all
orientations of the magnetic moment (Figure 2). In addition, these samples are expected to be suitale for the
excitation of Winter magnons, i.e. spin waves propagating in a domain wall. Here a well-defined domain wall
links the central  core to the tip apex. These Winter  magnons could be probed by FTH in a  pump-probe
experiment.

Figure 2: Expected magnetic texture (red arrows) of the teardrop sample. The grey colourscale encodes the 
horizontal component of the magnetisation.

5 devices were prepared in a single sample. We focused on one of them (Figure 3&Figure 4).



Figure 3: SEM view (back side) of the device (sample+references) measured by FTH.



Figure 4: SEM view (front side) of the teardrop measured by FTH.

We were able to measure 2 sets of projections for 2 orthogonal azimuths of the sample (Figure 5&Figure 6).
We have therefore a complete dataset for a 3D reconstruction. However, the stain problem on the sCMOS
camera  remained  a  problem,  such  that  the  quality  of  the  final  dataset  seems  insufficient  to  allow a  3D
reconstruction. This is still under investigation.



Figure 5: Projections of the magnetic texture at azimuth 0°.”t” is the tilt angle.



Figure 6: Projections of the magnetic texture at phi=90°. ”t” is the tilt angle.

The magneti texture looks interesting and quite different from the simulations. As predicted, the magnetisation
curls around a central vortex core, which is linked by a domain wall to the tip apex. However, the domain
displays a series of segments of magnetisation alternating up and down. Our recent simulations show that this
structure could be stabilised by a moderate perpendicular magnetic anisotropy (5.10⁴ J/m³).

Figure 7: Micromagnetic simulation of a permalloy teardrop with perpendicular magnetic anisotry. Left: Mx 
component (in-plane horizontal); right: Mz component (out-of-plane).
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As said above, the data were more and more contaminated by dark spots due to water condensing on the
detector chip. Its origin remains unclear. The work-around startegy was to interrupt the experiment to “bake”
the chip at 30-40 °C for a few hours. This procedure allowed to get rid of most of the stains.

Figure 8: Zoom on a scattering pattern showing the contamination (dark spots) of the holograms.

References

1. https://gitlab.com/magtopy/magtopy  
2. Di Pietro Martinez et al, Phys. Rev. B, accepted, arXiv:2212.10183 (2023)
3. J.M. Winter, Phys. Rev. 124, 452 (1961).

https://arxiv.org/abs/2212.10183
https://gitlab.com/magtopy/magtopy

