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coupling due to the new stacking configuration,15 but, where
strong uniaxial anisotropy exists within the plane, a significant
variation in easy magnetization axes between the two layers is
also introduced. Importantly, in the extreme (orthogonal)
configuration, any Heisenberg-type interlayer exchange that
exists between twisted layers will be “turned off” when spins
are pinned along their respective easy axes, only becoming
active when spins begin to rotate, such as in a domain wall or
across a gradual spin canting transition. However, orthogonally
twisted interfaces [sketched in Figure 1a] may introduce non-
Heisenberg exchange pathways [e.g., Dzyaloshinskii−Moriya
interactions (DMI)], where any nonzero interactions may
enable new magnetic phases or behaviors to be sustained at the
twisted interface, perhaps occurring preferentially across
switching transitions where spins realign or domain walls form.

To explore this model of orthogonal anisotropy, this work
investigates orthogonally twisted stacks of the magnetic
semiconductor CrSBr,16,17 an A-type antiferromagnetic
(AFM) semiconductor,14,18 where each layer is ferromagnetic
(FM), with strong uniaxial in-plane anisotropy giving an easy
axis along the crystal b-direction. Recent work using
“orthogonally twisted bilayers” demonstrated complex mag-
netic switching behavior via magneto-resistance measure-
ments.19 While these electrical measurements (averaged over
the whole device) are suggestive of complex domain wall
movement related to orthogonal stacking, their microscopic
origin remains ambiguous. In particular, an open question is
whether these steps are tied to intrinsic exchange interactions
in the orthogonal structure or extrinsic strain and stacking
defects. Understanding the relative contributions of these
effects is critical in the future design of related devices. As such,
it is critical to understand how these magnetic structures form
on the nano/micron scale, especially given that stacking
disorder is a known problem for vdW assemblies.20 The

conditions under which a magnetic coupling exists across the
twisted interface is also a critical question in the context of the
recent demonstration of nonvolatile magnetic memory
exploiting a misalignment of CrSBr anisotropy axes and
negligible coupling between the layers at zero field.21

Here, we image the magnetic switching behaviors in
orthogonally twisted CrSBr stacks using a cryogenic widefield
nitrogen-vacancy (NV) center microscope22 [Figure 1b],
which offers rapid, quantitative magnetic imaging at a
submicron resolution.23 Visualizing domain formation and
propagation allows us to confirm the behaviors observed
originate in the twisted region and assess the impact of
conflating factors such as stacking-induced strain, which can be
highly sample-dependent. Furthermore, the technique allows
the extraction of vector information,24 yielding insight into the
interactions behind the global properties of devices by
separating the contributions from the constituent layers.
Using these techniques we explore a range of orthogonally
twisted samples made of different numbers of layers: 1L(FM)-
1L(FM), 2L(AFM)-2L(AFM), 3L(FM)-2L(AFM), where the
magnetic ground state in zero magnetic field is indicated in
parentheses (FM means there is one uncompensated magnetic
layer, whereas AFM is fully compensated). The interlayer
dipolar coupling in these structures varies from strong (FM-
FM) to vanishing (AFM-AFM), allowing us to systematically
isolate the role of interlayer exchange interaction in modifying
the magnetic behavior of orthogonally twisted stacks.

RESULTS AND DISCUSSION
We begin with the orthogonally twisted bilayer (1L-1L)
configuration investigated by Boix-Constant et al.,19 see optical
image Figure 1c. In general, both constituent monolayers are
expected to exhibit net magnetization lying along their
respective easy axes (which we refer to as b and b′, see Figure

Figure 1. FM switching in an orthogonally twisted FM-FM bilayer. (a) Schematic of two monolayers of 90° twisted CrSBr flakes. (b)
Schematic of the widefield NV microscopy setup (see SI Section S1.A). (c) Optical image of an encapsulated 90° twisted stack of two CrSBr
monolayers. (d) Sketch of measurement and analysis procedure used throughout the paper. A magnetic image recorded through NV
magnetometry (far left) is converted to components Bx, By, Bz through Fourier methods. These component images are then fed into an
untrained physically informed neural network (uPINN) to reconstruct the easy-plane magnetization, Mx (left) and My (right). (e) A series of
Mx images (monolayers highlighted with dashed lines) collected after initializing along the x-direction as shown in (d) and then increasing B
in the opposite direction, showing the FM flipping transition. Domains are seen to nucleate in the twisted region before spreading to the rest
of the flake. f Mx hysteresis loop for the twisted and bare regions indicated taken from e and extended data.
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1a), resulting in complex magnetic stray field images. To
facilitate interpretation, we employ an untrained physically
informed neural network approach25,26 [Figure 1d]; first we
convert the single-sensor magnetic field image into the field
components (e.g., Bx, By, Bz)

24 and then the neural network
reconstructs the source magnetization within the easy plane by
fitting the reconstructed magnetic fields.27 Through this
analysis, we can obtain spatially resolved information about
magnetization direction and magnitude, details which are
typically invisible to transport-based measurements. In
particular, in Figure 1d we can see that by decomposing the
reconstructed magnetization along the x and y axes we can
begin to separate magnetic contributions from the individual
flakes. We can see that in this case the reconstructed My image
spuriously incorporated some features from the Bz image,
however in practice we can reduce our sensitivity to such
factors by masking appropriately.26

To assess the evolution of the magnetization we first
initialize one of the flakes with a large positive field (B = 260
mT). Next, we apply negative field pulses of increasing
magnitude to flip the magnetization and measure at a low,
noninvasive measurement field of B ≈ 5 mT. We note that the
magnetic field is applied approximately along the desired b-axis
of the targeted flake (matching the x-axis in Figure 1d) with a
z-component (polar angle θ = 54.7°) which is required for
matching the orientation of the NV sensor. Using this
protocol, we increased the B field along the b-axis of the
“aligned” flake, corresponding to the a′-axis of the “non-
aligned” flake [Figure 1e]. In this case, fields weaker than the B
= −65 mT shown in Figure 1d do not perturb the initialized
state. We observe that domain switching within the aligned
flake preferentially occurs in the twisted region before
propagating stepwise through the rest of the flake. In Figure
1f we summarize the results of the sweep by recording the
average reconstructed magnetization values in the “twisted”
and “bare” monolayer regions, where the twisted region
experiences a sharp transition at B = −75 mT and the bare
region experiences a slower smooth transition.

An intriguing interpretation of the reduced switching field
within the twisted region is that an interlayer exchange
interaction lowers the energy for domain wall nucleation.
Indeed, this interpretation is supported by the observation that
the domain border in Figure 1e is collinear with the b′ axis.
Still, we must consider extrinsic effects. We do not observe
weakened magnetism (a lower magnetic moment or increased
inhomogeneity) within the twisted region that could indicate
structural damage caused by the stacking. Local dipolar fields
from defects below our spatial resolution could result in a local
reduction in the switching energy cost but would not
preferentially affect the twisted region over others. Likewise,
stacking-induced strain would unlikely be purely limited to the
twisted region as each layer/process will introduce inhomoge-
neous strain including the double encapsulation of hBN and
thus cannot explain the overall difference in magnetic behavior.
The role of edge fields cannot be discounted given the shape
and size of flakes in the twisted stack, and domain nucleation
does correlate with the edge of the orthogonal flake. However,
an exchange interaction could produce a local reduction in the
energy cost for nucleating a domain wall with a helicity that
matches the sign of the exchange interaction with the
orthogonal flake.

In Supporting Information section S4.B we explore these
ideas further by initializing the top flake in a multidomain state

prior to sweeping through the bottom flake’s flipping
transition. In this case, where additional net stray fields are
minimized, we see that the magnetization flip proceeds
similarly and domains in the top flake are even seen to expand
past the transition. These results support the suggestion from
previous work19 that a nontrivial interaction exists between the
two flakes in such a configuration, and we will further explore
this hint of exchange-driven FM reversal later. However, due to
the range of effects possibly involved we will aim in the
following to examine these factors in turn.

We now investigate whether the interaction between
orthogonally twisted layers can be similarly exploited to locally
induce new switching behaviors in AFM flakes comprising an
even number of layers, which are appealing to incorporate into
devices since they naturally minimize stray field.21 We start
with a 3L(FM)-2L(AFM) stack shown in Figure 2a, and focus

on the metamagnetic phase transition between the AFM 2L
configuration (i.e., the zero-field ground state) and a forced
FM configuration observed when appreciable fields are applied
along the b-axis (overcoming the interlayer AFM coupling to
switch the antialigned layer). Using the directional information
present in our measurements, we separate the magnetization

Figure 2. AFM switching in an AFM-FM orthogonally twisted
stack. (a) Optical image of the sample with the two flakes outlined.
(b) Example magnetic image recorded at an applied field 270 mT
along b, past the AFM-to-FM phase flip transition of the aligned
flake, and reconstructed magnetization components Mx and My. (c)
Series of images collected upon increasing fields. Phase flips in the
AFM flake are seen to nucleate in the twisted region. (d) Mx
hysteresis taken from the series in c and extended data from the
regions indicated. The different hysteresis gaps, ΔB = 51(28) mT
for the bare region, ΔT = 32(15) mT for the twisted region, were
determined by a Lorentzian fit of the difference between sweep
directions (see SI Section S2.B). Inset: Reconstructed My
component in the twisted region, showing slight hysteresis. (e)
Micromagnetic simulations of the net magnetization in the twisted
region for the sweep in (d), showing qualitative agreement with
experiment.
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belonging to each flake, shown in the forced FM case in Figure
2b. As before, the magnetization is relatively uniform in the
saturated state, indicating good overall structural integrity of
the flakes despite the stacking process. To directly probe the
magnetism across the transition of interest we adapt our
experimental protocol to measure at a given field B rather than
cycling between separate measurement and pulse fields (we
retain this measurement scheme for the remainder of the
manuscript).

Starting from the compensated configuration of the 2L flake
(zero net Mx) and sweeping through the AFM-to-FM phase
transition [Figure 2c], we again see that the phase switching
selectively nucleates in the twisted region before spreading to
the entire flake. The average Mx magnetization within the
twisted and bare regions [Figure 2d] shows that the hysteresis
loop is narrower (twisted width ΔT = 32(15) mT vs bare width
ΔB = 51(28) mT) for the twisted region. This is accompanied
by a stronger saturation magnetization in the twisted region,
which can be explained by a partial canting of the 3L flake
toward the applied field. In the inset to Figure 2d we show that
the 3L flake is similarly hysteretic across the bilayer spin-flip
transition. In principle, this observation supports the presence
of an interlayer exchange interaction across the twisted
interface. Here, this interaction gives rise to a collective
magnetic transition extending across both flakes, in which the
spin-flip of the AFM bilayer is coupled to a reorientation of the
FM 3L flake. These results are in qualitative agreement with a
micromagnetic simulation incorporating an interflake exchange
coupling.

Beyond this proposed interlayer exchange interaction, AFM
switching might also be affected by contributions from dipolar
coupling and strain. To disentangle these effects, we next
image an orthogonally twisted 2L(AFM)-2L(AFM) stack
[Figure 3a] that minimizes the net dipolar fields emitted in
the magnetic ground state. To quantify strain, we perform
Raman spectroscopy [Figure 3b] and use the known
relationship between strain and the P3 Raman line28 which
is separated from the layer-dependent shifts of other Raman
lines.29 Our twisted stack shows significant strain in the twisted
region, presumably from a combination of a frustrated stacking
pattern and the stacking process itself. We did not observe any
large topographical detects in atomic force microscopy that
could account for the strain observed in the Raman data (see
SI Section S4.A). Increasing B across the AFM-to-FM
transition of the top flake, we observe that FM domains
nucleate in the twisted region first (Figure 3c). Given the
correlation with the higher strain region, we cannot rule out
that the reduced switching field in this sample could be
dominated by local strain. Likewise, upon decreasing B the
flake switches back to the AFM configuration at significantly
lower fields in the twisted region compared to bare 2L region
(Figure 3d), by an average of 50−100 mT as shown in the
hysteresis loop (Figure 3e). Interestingly, in Figure 3d we
observe strong FM domains persisting down to an applied field
of just B = 5 mT (over an order of magnitude below the bare
case), which may be attributed to localized structural defects or
magnetic interactions that weaken the AFM interlayer coupling
within the 2L flake.

To develop a deeper understanding of the origin of the
spatial variation of the switching field, we performed
micromagnetic simulations30−32 of this twisted stack using
the known properties of CrSBr17 in the same fashion as in ref
27, using strain inferred from the Raman map as an input (see

SI Section S3 for more details). The simulations suggest that
the reduced switching field and extended hysteretic gap are
governed by the combination of strain-induced softening of the
interlayer exchange interaction28 and dipolar coupling between
the twisted flakes. As such, we conclude that unlike the FM
switching case of Figure 1 which suggests an interlayer
exchange between the twisted layers, strain and dipolar
coupling are likely to play a dominant role in explaining
these AFM switching results. For applications relying on full
magnetic compensation and negligible coupling within AFM-
AFM stacks,21 minimizing strain will therefore be of para-
mount importance.

We note that for the bilayer switching transition of the
bottom flake (shown in SI Figure S10), where strain is less
significant, we observe a narrowed hysteresis loop more similar
to the behavior seen for the AFM switching transition shown
in Figure 2. The similarity between the AFM-AFM and AFM-
FM scenarios in this case may point to an interfacial exchange
effect rather than dipolar fields.

Figure 3. AFM switching in an AFM-AFM orthogonally twisted
stack. (a) Optical image of an orthogonally twisted 2L(AFM)-
2L(AFM) stack. (b) Strain in the twisted stack measured through
shifts in the P3 Raman line (see SI Section S4.A). (c) In-plane
magnetization images with an increasing field across the AFM-to-
FM transition. (d) In-plane magnetization images with a
decreasing field across the FM-to-AFM transition, with a persistent
FM domain at B = 5 mT. (e) Magnetic hysteresis loop for both the
twisted and bare regions as indicated. (f) Micromagnetic
simulations of the sweep, including strain inferred from the
Raman measurement in the twisted case. Several iterations of the
simulations are plotted for statistics. No exchange coupling across
the twisted interface is included here (see SI Section S3).
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Finally, we return to FM switching, by considering the
2L(AFM)-3L(FM) stack from Figure 2 to investigate the effect
of an orthogonally twisted AFM flake on the flipping transition
of the FM 3L. In this case, the range of interactions introduced
by the orthogonal stack may be expected to complicate domain
nucleation and reorientation (as we saw in Figure 1), allowing
states not supported in the pristine material to be maintained
even down to zero field. Magnetic images recorded across the
3L flipping transition are shown in Figure 4a. The
reconstructed My magnetization in the bare 2L region is seen
to gradually cant toward the applied field, while domains form
around 220 mT in the 3L as its magnetization switches. The
transition appears complete at 280 mT. However, curiously, we
see that upon increasing the applied field further (500 mT)
and reducing back to a field strength accessible to our NV

microscope (300 mT) the magnitude of the magnetization is
reduced.

The full set of data from which these images were taken is
summarized in Figure 4b. Due to the canting of the 2L flake,
we normalize the average My magnetization measured in the
twisted region by subtracting the average in the bare region
(the pink and gray regions in the inset schematic, respectively).
In the case of the twisted flakes being totally uncoupled, we
would expect to recover a square hysteresis loop typical of a
hard ferromagnet. Instead, we observe an approximately 2-fold
increase in net magnetization as the 3L flips, before it reduces
back to the standard monolayer magnetization as the field is
increased further. This region of excess My magnetization,
which we dub an “overshoot” due to its tendency to return to
the monolayer value at higher fields, is accompanied by a spike
in net Mx magnetization, which is otherwise zero within error
(Figure 4c). This directionally resolved data implies that the
excess magnetization originates from the reorientation of spins
within the bilayer at the twisted interface toward its a′ axis,
leading to an increase in My and a loss of full Mx compensation.
Simplified sketches of the proposed magnetic structure in the
2L flake before and after this transition are inset in Figure 4c.

We can see concretely that the dominant component of the
overshoot magnetization originates in the 2L flake by reducing
the applied field from a maximum of 280 mT, just before the
peak in net magnetization, to near zero field. This data is
plotted as the purple and orange points in Figure 4b,
corresponding to the average normalized magnetization in
the regions highlighted in the rightmost inset schematic. As the
field is lowered, two distinct, oppositely oriented domains
emerge (see exemplary images in Figure 4d), indicating that
the 3L flip is not complete until we move past the overshoot.
We attribute the excess magnetization (with a hysteretic width
Δ ∼ 65 mT) to a partial 2L flipping transition similar to that
observed in Figure 3. Altogether, the data in Figure 4 provides
further evidence of FM exchange interactions across the
twisted interface. The co-occurrence of the bilayer reorienta-
tion with the 3L flipping transition is suggestive of the
overshoot magnetization being driven by the formation of
domain walls within the 3L flake. We propose that the spin
alignment within domain walls formed in the 3L flipping
transition, which would align to the b-axis of the orthogonal
flake, may locally enhance the coupling between the layers and
result in additional magnetic alignment of the orthogonal flake.
For instance, in line with the simulations from Boix-Constant
et al.,19 a significant DMI could drive spins in the bilayer
toward the intermediate a-axis. Once the 3L magnetization
saturates, the magnetic frustration is broken and the bilayer’s
evolution with field proceeds as a smooth canting as if it were
isolated from the 3L flake.

CONCLUSIONS
Utilizing widefield NV center microscopy we have explored the
evolution of magnetization in orthogonally twisted CrSBr
stacks. The presence of two distinct easy axes in the
constituent flakes in this hybrid configuration, combined
with the nontrivial interaction between layers at the twisted
interface allows diverse magnetic textures to be sustained.
Crucially, the vector information inherent in our measure-
ments can isolate the behaviors of individual flakes based on
their respective easy axes in the regime where they are not
strongly coupled, and evidence a realignment of spins at the
twisted interface where there is strong coupling. We have

Figure 4. FM switching in an AFM-FM orthogonally twisted stack.
(a) Series of reconstructed My images collected with increasing
applied field along the y-axis for the AFM-FM stack shown in
Figure 2a. (b) Summary of the full measurement series from which
the images in (a) are sourced, showing reconstructed My
magnetization in the twisted region (pink region in left-hand
schematic). The average magnetization is normalized against the
average in the bare bilayer (My

ref from the gray region in
schematics) so as to subtract the contribution of bilayer canting.
Purple and orange traces show a separate set of data where the
field is reduced from a maximum value of 280 mT, corresponding
to the peak of the “overshoot” and partial 3L flipping. These traces
show the average magnetization in the respective regions in the
right-hand schematic. Symbols correspond to the images from (a)
and (d) as indicated. (c) Average reconstructed Mx magnetization
from the same data set. Inset schematics show the inferred
evolution of the bilayer sublattices. (d) Exemplary images from the
sweep obtained upon reducing from a maximum of 280 mT with
schematics of the inferred magnetic orientation of the constituent
sublattices (middle). Magnetisation values have been inverted here
to facilitate easier comparison with (a).
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found that metamagnetic phase transitions from AFM to FM
can be locally dominated by strain, which is important for
future transport devices that will need to either have extremely
uniform flakes or be on a small enough scale that strain is near
uniform across the device junction. In contrast, we found that
FM domain reversal enhances interlayer exchange coupling
during this transition, inducing magnetic reorientation in the
nonaligned flake. While contributions from uncompensated
dipolar interactions and highly localized strain cannot be
discounted in all scenarios, the totality of our results suggests
that interfacial exchange plays a role across magnetic switching
transitions.

Since significant magnetic coupling does not appear to
extend beyond these switching transitions where many domain
walls are present, our findings are compatible with the results
of Chen et al.,21 who required minimal coupling near zero field
to achieve nonvolatile memory. A question that remains,
however, is whether conditions causing the formation of
antiferromagnetic domain walls in even-layered stacks could
lead to effects analogous to those we have observed, with
implications for the all-antiferromagnetic tunnel junction.

Twisted homostructures of CrSBr have a complex electronic
landscape33 and exhibit nontrivial coupling mechanisms that
can lead to interesting physics, e.g., spin-hall like effects.34

While heterostructures containing CrSBr exhibit a vast range of
physical phenomena from charge-density-waves,35 highly
polarized single photon emitters,36 and confined surface
plasmon-polaritons.37 All these effects are manifestations of
interactions that depend on parameters like exchange
interaction, twist angle, surface doping, etc. Importantly, all
of these parameters can vary across a device, thus it is
important to spatially resolve how these devices behavior to
better understand the underlying mechanisms.

Further work including spatial imaging of magnetization in
twisted devices with smaller twist angles and eventually moire ́
lattices, where interlayer exchange interactions are expected to
be more significant, is important to develop a robust
understanding of magnetic textures in this material. Addition-
ally, imaging at the atomic scale may be important to
understand subtle effects in the orthogonal configuration,
where the orthorhombic CrSBr lattice could lead to variable
stacking order and geometric frustration.

EXPERIMENTAL SECTION
Experimental Setup. The experimental setup is illustrated in the

main text Figure 1b. The cryogenic widefield NV microscope was
integrated into a closed-cycle cryostat with a base temperature of 4K
(AttoDry1000) with a 1-T superconducting vector magnet (Cry-
omagnetics). Optical control was performed with a 532 nm
continuous wave laser (Laser Quantum Ventus 1 W), coupled to a
single-mode fiber and a 60 mm collimation lens at the output of the
fiber was used to adjust the beam size at the sample. The laser was
controlled by an acousto-optical modulator (AAOpto MQ180-G9-
Fio) and is directed into the cryostat with a dichroic beam splitter,
where it passes through a low-temperature microscope objective
(Attocube LT-APO/VISIR/0.82). The NV PL is collected by path
which contains a 4f lens configuration and is separated by the dichroic
mirror and a 731/137 nm band-pass filter, before being focused (300
mm tube lens) onto a water cooled sCMOS camera (Andor Sona).

Diamond Samples. The diamond samples were 4.4 × 4.4 mm
high-pressure high-temperature, (001)-oriented diamond slabs with a
thickness of 50 μm (Delaware Diamond Knives), with both sides
polished to a roughness of <5 nm. These diamonds contain
approximately 80 ppm nitrogen, which is thus the dominant source
of spin dephasing in the NV ensembles. The diamonds were

implanted with C atoms at 100 keV, with fluence 1e12 cm−2 to create
NV ensembles with an N-to-NV yield of approximately 10%38 and
were cut into 2.2 × 2.2 mm chips.

To form the NV layer the diamonds were annealed in a vacuum of
≈ 10−5 Torr following sequence:39 at 6 h at 400 °C, 6 h ramp to 800
°C, 6 h at 800 °C, 6 h ramp to 1100 °C, 2 h at 1100 °C, 2 h ramp to
room temperature. After annealing, the plates were acid cleaned (15
min in a boiling mixture of sulfuric acid and sodium nitrate). Under
typical experimental conditions these diamond sensors have sub-10
μT/Hz1/2 sensitivity per diffraction-limited pixel.38

An Al/Al2O3 (80/80 nm) layer was deposited onto the surface of
the diamond sensor chips to protect the CrSBr samples from laser
illumination and to maximize the laser intensity at the NV layer.

Synthesis of CrSBr Bulk Crystals. Large single crystals of CrSBr
were grown using a chemical vapor transport reaction described in
Scheie et al.40

Fabrication of Twisted CrSBr Samples. CrSBr nanoflakes,
consisting of 1−3 layers, were obtained by mechanically exfoliation
from high-quality single crystals. These nanoflakes were placed onto
285 nm SiO2/Si substrates and examined using optical microscopy to
determine the number of layers through their optical contrast (see SI
Section S2.A).

Typically, CrSBr nanoflakes have a ribbon shape, with the long
direction corresponding to the a-axis and the short direction to the b-
axis. Nanoflakes in proximity to the selected one were also used as
references to verify the crystalline orientation. After determining the
flakes and crystalline orientations the heterostructures were assembled
using a standard pick-up method with PDMS/polycarbonate (PC),
with the typical error in achieving the desired 90° misalignment
estimated at below 1°. Subsequently, the assembled heterostructure,
with PC on top, was transferred onto a diamond substrate with the
CrSBr axes aligned with a diamond ⟨110⟩ axis within the 3° miscut
tolerance set by the manufacturer. A fast-dried PMMA layer was then
spin-coated onto the top of the PC to encapsulate the entire device.
This final step also prevents contamination of the heterostructure by
avoiding the use of solvents to remove the PC layer. All procedures
were performed in an argon glovebox with H2O and O2 levels below
0.1 ppm.

Neural Network Reconstruction. The reconstruction of the
magnetization from the magnetic field was performed by using a
physically informed neural network following the method of Dubois
et al.25 and modified to fit both the Mx and My simultaneous.27 Briefly,
our magnetic field images are transformed into Bxyz using the well-
known Fourier transformation method.24 These three magnetic field
components are then fed into a U-net convolutional neural network
that splits into two channels at the central node to allow for a
sufficient deviation of the reconstructions. The output magnetization
images have a mask applied to zero magnetization contribution
outside the flake and are transformed back into magnetic fields using
the well-posed transformation. The mean-square error of the
transformed magnetic field and the experimental magnetic fields are
computed and the neural network weights are updated accordingly.

We note that we have a systematic reduction in the magnetization
due to a nontrivial point spread function that results in an
underestimation of the magnetic field.41 However, this reduction is
consistent across the images and thus does not change the
interpretation of the magnetization dynamics.
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