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Abstract. The van der Waals magnetic semiconductor CrSBr combines multistable magnetic order with strong light—
matter coupling, enabling optical access to a rich and reconfigurable layered magnetic domain structure. A purely optical,
non-destructive, and non-contact readout of layered magnetic configurations is realized here by magneto-reflectance mea-
surements and interpreted using an optical multilayer model. The magnetic state is tunable by applied magnetic fields and
by interfacing CrSBr with the antiferromagnet MnPSs. Applying an external magnetic field along the easy axis drives the
hysteretic antiferromagnetic—to—ferromagnetic transition, which is not universally binary but instead develops through a
cascade of intermediate magnetic configurations whose multiplicity and stability scale systematically with layer thickness
and can be tailored by magnetic interfaces. The intertwined optical and magnetic properties of CrSBr provide a readout
mechanism for information encoded in and processed through its magnetic configuration that is compatible with modern on-
and off-chip photonic and electronic technologies. These properties identify CrSBr as a promising platform for intelligent
matter and for spin-optoelectronics, in particular for neuromorphic architectures that can learn and evolve in response to
changing environments.
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1 Introduction

In magnetic systems, the combination of reconfigurability and hysteresis is particularly appealing because it enables
both writing and storage of information. Antiferromagnets (AFM) offer ultrafast dynamics and multistability,
whereas ferromagnets (FM) provide robust binary states but may suffer from magnetostatic crosstalk [1, 2, 3].
Optically accessible AFM-derived states therefore open routes towards robust memory functionalities, spin-driven
optoelectronics, and neuromorphic architectures. More broadly, materials that can learn, process, store, and
distribute information through interactions with their environment are discussed in the context of ‘intelligent
matter’ [4]. However, although multistability and memory are intrinsic to many magnetic systems with long-range
order, direct and universal readout of reconfigurable magnetic states remains challenging.

In this context, 2D van der Waals (vdW) magnets provide an exceptional platform for reconfigurable long-
range magnetic order. Their magnetic properties are governed by highly anisotropic intra- and interlayer exchange
interactions, while weak interlayer vdW bonding enables efficient tuning of interlayer coupling, electronic structure,
and magnetic order through stacking, electrostatic gating, strain, and interfacial engineering [5, 6, 7, 8, 9, 10, 11,
12, 13, 14]. This unusual combination of magnetic tunability and structural flexibility makes 2D vdW magnets
highly attractive for next-generation information technologies.

Among 2D vdW magnets, CrSBr stands out as an environmentally stable magnetic semiconductor that com-
bines ferromagnetic interaction within each layer with antiferromagnetic correlation between adjacent layers [15].
Consequently, magnetic order directly reshapes both the underlying electronic structure and the excitonic response
[16, 15, 17, 18]. Excitons are Coulomb-bound electron-hole pairs that interact strongly with light through their
dynamic dipole and thus provide a direct route to optical readout and information transfer [19, 20, 9, 21, 22, 23].
In CrSBr, reflectance offers direct access to these magnetic configurations through the excitonic dielectric response,
providing a particularly direct optical readout of the underlying layer-resolved magnetic order.

Here, we establish CrSBr as a naturally reconfigurable magneto-optical metamaterial that enables deterministic
optical readout of layer-resolved magnetic domain structures and their switching through metastable intermediate
states. Applied magnetic fields and interfacial coupling provide deterministic routes to stabilize, suppress, or
reshape optically readable intermediate magnetic states, as demonstrated here interfacing CrSBr with the Néel-
type antiferromagnetic vdW material MnPS3.

These combined properties make CrSBr promising for spin-optoelectronics and, more broadly, position it as a
platform for intelligent matter with clear potential for neuromorphic functionality.
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Figure 1: Intermediate magnetic states in 3L CrSBr and their modification by interfacial coupling
to MnPS;. (a) Optical micrographs and schematics of the investigated 3L CrSBr regions before and after
MnPS3 capping. During the transfer of the MnPS3 flake, the underlying CrSBr flake tore, resulting in MnPS3-
capped and uncapped, spatially separated CrSBr regions. The square, triangle, and circle denote the corresponding
regions/configurations and are used consistently throughout all panels of the figure. (b) Representative reflectance
spectra R/Rop measured at zero magnetic field from the marked regions. (c) Field-dependent evolution of the
reflectance spectra R/ Ry of the 3L flake before capping. (d) Representative spectra of distinct magnetic signatures
recorded at selected external magnetic fields. In bare 3L CrSBr, the intermediate magnetic state (iMS) is identified
by a spectrally distinct response between the AFM and FM limits. Two characteristic spectra are resolved within
the intermediate-state field window, indicating a nontrivial optical response of the trilayer in the iMS regime. (e)
Field-dependent evolution of the reflectance spectra R/Ry of the 3L flake after MnPS3 capping, recorded in the
uncapped, separated region (upper panel, red circle) and in the capped region (lower panel, black square). After
capping, the iMS signatures disappear and no distinct intermediate-state window remains, indicating a strong
interfacial modification of the trilayer magnetic response.

2 Results

The reconfigurable magnetic states of CrSBr are studied systematically by magneto-reflectance measurements on
thin CrSBr films interfaced with collinear Néel-ordered antiferromagnetic MnPS; (Fig. 1) and for various CrSBr
thicknesses (Fig. 1-4). Unless noted otherwise, all measurements are performed with the external magnetic field
applied along the in-plane easy axis of CrSBr, i.e. the crystallographic b direction, at a cold-finger temperature
of approximately 4 K. The heterostructures are prepared by micromechanical exfoliation and dry transfer onto
standard Si/SiOq substrates with a 100 nm oxide thickness.

Figure 1 introduces the investigated trilayer regions before and after MnPS3 capping and defines the symbols
used to label the corresponding sample areas and magnetic configurations. It compares the optical and magneto-
optical response of the CrSBr flake before and after MnPS3 capping.

In the trilayer limit, the magneto-reflectance data resolve the characteristic intermediate-state (iMS) regime
that appears between the AFM and FM configurations [Fig. 1(c)], consistent with previous reports on 3L CrSBr
[9]. Figure 1(d) shows representative spectra of the AFM, FM, and intermediate-state responses observed along
the transition. A closer inspection reveals that the 3L intermediate-state window contains two distinct non-
additive optical signatures, denoted iMS; and iMSs, which cannot be explained by simple AFM/FM averaging.
In particular, iMS, is characterized by a single spectral feature at an energy between the AFM and FM limits.
While iMS; may be viewed as a superposition of an AFM-like contribution and iMS,, the very occurrence of iMSs
is nontrivial and cannot be accounted for by simple AFM/FM averaging. The existence of these two distinct
intermediate spectra points to a discrete step-by-step switching process, which is captured below by an optical
multilayer model in terms of nearly layer-resolved magnetic reconfiguration.

The intermediate-state response is strongly modified by MnPS3 capping, revealing the sensitivity of the trilayer
iMS to interfacial coupling. A comparison of the magneto-reflectance spectra of bare and MnPS3-covered CrSBr
[Fig. 1(e)] shows that the layer-by-layer reorientation is significantly altered by the magnetic interface. Bare
3L CrSBr exhibits a hysteretic AFM-to-FM transition with a well-resolved intermediate-state region. In the
capped region, by contrast, the characteristic iMS signatures are no longer resolved and the distinct intermediate-
state window disappears, indicating that interfacial coupling suppresses the iMS response observed in bare 3L
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Figure 2: Thickness dependence of field-driven optical switching in CrSBr. (a,b) Magneto-reflectance
spectra R/Ry with B applied along the easy b-axis for a 20nm thick CrSBr flake. The reflectance ratio R/ Ry is
color-coded. Magnetic-field up- and down-sweeps, By, and Bgown, are shown. Vertical dashed lines separate the
AFM, iMS, and FM regimes and indicate the critical switching fields B, and B.. (c) Integrated R/Ry reflectance
ratio in the AFM exciton range (1364.1-1365.3 meV) for the 20 nm flake, shown for up- and down-sweeps. The
shaded regions mark the iMS windows. (d) Magnetic-field window AB of the iMS phase as a function of layer
thickness for up- and down-sweeps. (e) Number of steps in the iMS regime as a function of layer thickness for
up- and down-sweeps. Full symbols stem from reflectance and open symbols from PL measurements. Panels (d,e)
summarize the systematic thickness dependence of the intermediate-state regime.

CrSBr. This behaviour is consistent with interfacial pinning and proximity-induced modifications of the magnetic
energy landscape. Thus, while the existence of an iMS in 3L CrSBr is known, our measurements show that
interfacial coupling can substantially reshape and, in this case, fully suppress the optically resolved intermediate-
state response. The trilayer therefore represents the ultrathin limit of the broader behaviour developed below for
thicker flakes, where discrete layer-resolved AFM/FM configurations give rise to optically resolvable intermediate
states.

For thicker flakes, we focus on uncapped CrSBr with seven layers or more, where the intermediate-state regime
evolves into a richer, thickness-dependent cascade of configurations. Figure 2 summarizes this behaviour using a
representative 20 nm flake together with the systematic thickness dependence of the number of switching steps
and the iMS field window.

A few discrete jumps appear in the magneto-reflectance spectra [Fig. 2(a,b)| for a 20nm thick CrSBr flake
consisting of 25 layers, assuming a monolayer thickness of dy, & 0.78 nm [24, 25|. Importantly, these jumps are
observed for both magnetic-field up- (a) and down-sweeps (b), but their number, position, and spectral evolution
differ markedly between the two sweep directions. Both the energy and the reflectance ratio at a given energy are
highly sensitive to the different iMS states. The integrated reflectance ratio in the energy range of the exciton in
the AFM state for the 20 nm CrSBr flake is shown in Figure 2(c) for magnetic-field up- (black) and down-sweeps
(red). The iMS window is marked for both traces by the shaded area. While the overall iMS signatures emerge
in both up- and down-sweeps, the integrated reflectance ratio R/Ry, the number of steps, and the magnetic-field
window AB depend strongly on the sweep direction and hence on the path of the magnetic phase transition.

This sweep-direction dependence is also reflected in the critical fields B, and B, which exhibit the well-known
hysteresis for switching along the magnetic easy axis [26, 27, 9, 28]. The critical fields separate the iMS region
from AFM and FM configurations, respectively, and define the iMS window through AB = B/, — B.. The iMS
region reveals numerous intermediate states and pronounced hysteresis between up- and down-sweeps, resulting
in a substantially wider magnetic-field window for the up-sweep than for the down-sweep, AB., > ABjown-
The reduced AB and lower critical fields for the down-sweep are consistent with the hysteretic behaviour of
magnetization along the easy axis.

By comparing samples of different thicknesses, we find that the observed magnetic-field-dependent trends are
universal and become more pronounced with increasing layer number and hence thickness, as summarized in Figure
2(d,e) and Supplementary Fig. 3. In particular, both the number of steps in the iMS regime and the magnetic-field
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Figure 3: Comparison of experimental and simulated spectra for 25-layer CrSBr. (a) Schematic dielec-
tric profiles for AFM, iMS, and FM configurations, illustrating alternating AFM and FM layers in the magnetic
multilayer stack. (b) Experimental magneto-reflectance spectra R/Ry for selected magnetic-field values with the
field applied along the CrSBr easy axis, where 0T and 0.5T correspond to AFM and FM order, respectively,
and intermediate fields correspond to iMS configurations; traces are offset for clarity. (c¢) Simulated magneto-
reflectance spectra obtained from the TMM for AFM, FM, and representative iMS configurations with increasing
FM content (given in %). Simulations are based solely on earm(w), epm(w), and the layer thickness, and are not
fitted to the experimental data.

window AB increase with thickness. These systematic trends point to an increasing multiplicity and stability of
metastable intermediate configurations with thickness.

The evolution of the spectra in the iMS configuration is consistent with field-driven multi-step, layer-resolved
switching between AFM and FM order [15, 29]. While previous magneto-optical studies described the transition
in terms of gradual conversion toward the FM state and coexistence of AFM- and FM-like spectral signatures
[30], here we show that the intermediate spectra can be understood as fingerprints of discrete metastable layered
AFM/FM configurations. In this scenario, the homogeneous AFM or FM vdW stack transforms into a multilayered
out-of-plane magnetic-domain system with AFM and FM sub-stacks of variable thickness.

A representative multilayer domain configuration is schematically shown in Figure 3(a). We emphasize, however,
that many additional configurations with multiple AFM/FM interfaces are possible. In the iMS regime, the
layered magnetic domain structure is directly linked to an optical multilayer system and can be viewed as a
reconfigurable layered optical metamaterial. As a result, different magnetic configurations give rise to distinct
optical fingerprints, which provide direct access to the layer-by-layer spin reconfiguration and allow one to trace
the controlled manipulation of layered magnetic domains and the emergence of metastable reconfigurable states.

The microscopic origin of the sensitivity of the optical spectra to the long-range magnetic order and hence the
out-of-plane domain structure in the iMS is the magnetization-dependent spatial extent of the relevant electronic
states. In antiferromagnetic alignment, the electronic wave-functions, and thus the exciton, are confined to a
single monolayer due to suppressed interlayer hopping because of opposite spin-orientation in adjacent layers.
The dielectric response of the exciton is therefore monolayer-like, and the exciton energy is higher due to the
higher single-particle energy [31]. In the ferromagnetic configuration, parallel spin alignment permits interlayer
tunneling, delocalizing the electronic and hence excitonic states across ~ 5 layers and lowering their energies [31].
For ferromagnetic stacks thinner than these 5 layers, the exciton energy is expected to lie between the monolayer-
like AFM and bulk-FM limits due to quantum confinement. This magnetization dependence of the excitonic
resonance translates directly into a change of the complex dielectric function, i.e. earm(w) # erpm(w), and thereby
modifies the propagation and interference of light in the multilayer stack.

In multilayer CrSBr flakes such as the 20 nm sample shown in Figure 2, which consists of 25 individual layers, the
iMS regime is particularly rich. An analogous behaviour is observed for thicker flakes as well (see Supplementary



Information). Successive subsets of layers can flip nearly independently from AFM to FM or vice versa, giving
rise to many possible layered magnetic-domain configurations and turning the system into an optical analogue of
an artificial superlattice [32, 33, 34, 35, 36].

With a direct bandgap of around 1.3 €V and an unusually high refractive index near its excitonic resonances, even
tens-of-nanometers-thick CrSBr flakes exhibit pronounced interference effects dictated by van der Waals stacking
rather than external nanofabrication [37, 38, 39]. Previous studies have identified several excitonic resonances in
CrSBr, including energetically close-lying bulk excitons and a surface-confined state [22], although their microscopic
origin remains under active discussion. These resonances are sharp and carry strong oscillator strength, which
leads to efficient coupling to light. As a result, the optical spectra of multilayer CrSBr are shaped not only by
the intrinsic excitonic response, but also by light-guiding and interference within the layered crystal. In thicker
stacks, this interplay can even lead to hybridized modes commonly described within a polaritonic framework [37].
Excitonic resonances in multilayer CrSBr are therefore not observed in isolation, but in a form modified by the
dielectric environment and optical interference within the stack.

The optical response becomes particularly sensitive to magnetic order when individual layers switch between
AFM and FM alignment. In the spectral range of interest, the dielectric response of CrSBr is dominated by a
single extremely strong and sharp resonance that shifts by about 20 meV between the AFM and FM states. An
external magnetic field applied along the easy axis therefore does not merely shift an excitonic resonance, but
modifies £(w) and thereby the light-guiding properties of the magnetic layer stack.

The modified dielectric response reconfigures the propagation and interference of light in the multilayer stack.
The number of interfaces, together with the AFM/FM layer sequence in the iMS, determines the reflectance
and PL response (see SI, Figure S5), giving rise to several distinct resonances. This layer sequence depends on
magnetic field, sweep direction, and thickness. In other words, the cascade of abrupt changes in the optical spectra
corresponds to a discrete reconfiguration of the layered magnetic domain structure. The optical response therefore
provides a direct fingerprint of the magnetic configuration. Moreover, the reflectance measurements serve as a
sensitive readout of the field-written iMS state, allowing one to infer whether switching starts from the top, bottom,
or inner part of the stack.

Transfer-matrix method (TMM) simulations validate this interpretation by showing that the abrupt changes
in energy and intensity arise from modified light propagation and interference within the magnetic-field-induced
layered domain structure. In Figure 3, measured (b) and simulated (c) reflectance spectra are compared side-by-
side for a 25L-CrSBr stack. We compare spectra for a sequence of field-written configurations, starting from the
AFM state, passing through representative iMS configurations with increasing FM fraction, and ending in the FM
state. The simulations reproduce the key experimental features.

The TMM simulations are based on a minimal model using a single Lorentzian oscillator in ¢(w), representing
the main excitonic resonance, whose frequency redshifts abruptly when the system transitions from AFM to FM
order, in agreement with experiment and theory [15, 31]. We neglected the contribution of high-lying excitons to
the dielectric function €(w) because they lie far outside the investigated spectral range and preliminary tests showed
that their contribution is negligible in the TMM. Accordingly, we restrict the model to a single well-established
excitonic resonance in e(w) within the spectral range of interest. We find that between the pure AFM and FM
situation in the stack, the simulated spectra evolve from a single mode into a ladder of modes.

The magnetic-field-driven rearrangement of the layered magnetic domains is accompanied by abrupt changes
in the optical modes due to altered light propagation and interference conditions. Upon approaching either the
fully AFM or fully FM state, the rich spectrum collapses back to a single feature. We deliberately choose not to
fit complete, parameterized dielectric functions to the data, as the large number of available parameters allows a
plethora of possible solutions. Instead, our approach makes clear that just the interference effects between layers
with €4pps and epps are sufficient to explain the main experimental features, without having to invoke additional
excitonic species.

The grey vertical lines shown in the experimental and simulated spectra in Figures 3(b,c) mark the exciton
energies in the AFM and FM phases, making it explicit that the observed mode shifts follow the exciton’s magnetic
response.

We now address the ultrathin limit of CrSBr, where the intermediate-state regime approaches its lower thickness
boundary. We illustrate this regime using a 7-layer CrSBr film with a thickness of approximately 5.5nm, as
determined by atomic force microscopy. As shown in Fig. 4(a,b), the magneto-reflectance spectra evolve very
differently for up- (a) and down-sweeps (b) in this ultrathin regime. During the up-sweep, the system exhibits the
established transition from AFM through iMS to FM order, with two critical fields, B, and B, separating distinct
spectral regimes. In contrast, the down-sweep reveals only a single critical field, B, = B, consistent with a direct
transition from FM to AFM. In other words, the up-sweep is consistent with layer-by-layer switching through
an iMS, whereas the down-sweep points to a direct transition without layered domain formation. Representative
experimental reflectance spectra for AFM, iMS and FM states are shown in Figure 4(c). In the iMS range of
the up-sweep, we observe the coexistence of spectral signatures belonging to excitons in both antiferromagnetic
(AFM) and ferromagnetic (FM) configurations, as well as an additional resonance located energetically between
them.

The additional mode, marked by an asterisk in Figure 4(c), can only be reproduced in the TMM by introducing
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Figure 4: Magneto-reflectance investigation for 7-layer CrSBr as the lower limit for layered-magnetic
domain formation. Magneto-reflectance spectra R/ Ry for a 7L-CrSBr flake; (a) up-sweep, By, (b) down-sweep,
Baown- Vertical dashed lines indicate critical switching fields. (c) Selected reflectance spectra for AFM, iMS and
FM state for up-sweep. The asterisk (*) marks an additional resonance that appears only within the intermediate-
state window for B,p. (d) Simulated magneto-reflectance spectra using the TMM for pure AFM, pure FM and
iMS (4L FM, 1L AFM, 2L FM) configuration depicted at the right.

an additional intermediate resonance; for thicker films, by contrast, the experimental spectra are well captured
using only AFM and FM layers. The required intermediate resonance must therefore lie energetically between
the AFM and FM excitons. This is consistent with quantum confinement, which increases the exciton energy of
FM regions thinner than 5layers and drives it toward the AFM limit in the monolayer case. In thicker films,
FM domains thinner than about five layers are expected to be energetically unfavorable. In the few-layer limit,
however, this thickness dependence can no longer be neglected. Accordingly, a metastable iMS configuration in 7L
CrSBr consisting of two FM sub-stacks separated by a single AFM layer, as sketched in Figure 4(d), can account
for the observed spectra. Other microscopic origins, such as additional excitonic species, cannot be fully excluded,
but they neither explain the reproducible absence of this additional resonance in the magnetic-field down-sweep
nor are they supported by existing theory [31]. The asymmetry between up- and down-sweeps may additionally
be linked to reduced exciton localization in the FM state, which may favor a direct FM-to-AFM transition in the
7L limit.

This thin-layer confinement picture may also provide a natural framework for understanding the trilayer iMS
spectra in Figure 1. In particular, the two distinct spectral signatures observed in the 3L intermediate-state window
are consistent with different layer-resolved configurations: one shows two features, compatible with a 2L+1L-like
response, whereas the other is dominated by a single intermediate-energy feature, consistent with a 2L-like optical
response and a third, effectively silent layer. Here, “silent” does not imply the absence of magnetic order, but rather
that the corresponding layer remains magnetically active while not giving rise to a distinct separately resolved
optical feature in the measured reflectance. Within the TMM, this phenomenology is captured by an effective
2L-like optical response, i.e. the spectrum is well reproduced without an additional separately resolved optical
contribution from the third layer. Such behavior can arise because, in the thin-layer limit, the exciton energy
depends sensitively on both the effective magnetic thickness and the local magnetic configuration [15, 31]. This
interpretation is consistent with the existence of magnetically nonuniform configurations and phase boundaries in
atomically thin CrSBr [40, 25].

The optical response of CrSBr under an external magnetic field applied along the easy axis can be understood
within a unified magnetic multilayer picture. Field-driven layer-by-layer switching generates metastable AFM /FM
stacks with distinct optical fingerprints governed by the magnetization-dependent dielectric response. Within this
framework, the TMM reproduces the magneto-reflectance spectra across different thicknesses without invoking
additional excitonic species, while the ultrathin limit reveals that quantum confinement must be taken into account



for very small FM sub-stacks. This establishes optical reflectance as a direct probe of layer-resolved magnetic
reconfiguration in CrSBr.

The resulting tunability of the optical response makes CrSBr a naturally reconfigurable magneto-optical platform
in which metastable magnetic configurations can be accessed and read out optically. Beyond magnetic-field control,
interfacial coupling and other external stimuli could offer additional routes for manipulating these states. These
properties make CrSBr promising for spin-optoelectronics and, more broadly, position it as a platform that fulfills
key requirements for intelligent matter and offers clear potential for neuromorphic functionality.

3 Methods

3.1 Sample preparation.

CrSBr flakes were mechanically exfoliated from bulk crystals onto Si substrates with a 100-nm SiO5 layer. Flake
thicknesses were verified by atomic force microscopy (AFM). In the 3L case, the CrSBr flake was capped with a
thick MnPSj3 flake that was mechanically exfoliated and dry-transferred.

3.2 Optical measurements.

All experiments were performed at 4 K in a closed-cycle cryostat equipped with optical access and superconducting
magnets. The detection polarization axis was aligned along the crystallographic b-axis of CrSBr, which exhibits a
strong optical response, while the orthogonal axis (a) yields negligible signal. PL was excited with a continuous-
wave 532-nm laser. Reflectance spectra were acquired using a laser-driven broadband white-light source. Both PL
and reflectance were collected in a backscattering geometry with linear polarization selection and dispersed in a
spectrometer.

3.3 Magnetic field configuration.

Magnetic fields were applied along the easy axis of CrSBr (b-axis), with values up to 0.5 T. The step size in magnetic
field was 0.002 T. For comparison, measurements were also performed with the field along the intermediate a-axis,
up to 3T, confirming the expected anisotropy; these data are provided in the Supplementary Information.

3.4 Data analysis.

Spectra were background-corrected and normalized to a reference signal from the bare substrate.

3.5 Modeling.

The multilayer optical response was simulated with the transfer-matrix method (TMM). AFM- and FM-aligned
layers were assigned distinct dielectric functions, eapym(w) and epp(w), each containing a single Lorentz oscillator;
background indices and oscillator strengths were fixed to the same value. The only free parameters were the
resonance energies in the AFM and FM cases, which were extracted by fitting the low-field (AFM) and high-field
(FM) reflectance spectra of the thick flake, respectively. To capture the few-layer regime, we introduced an explicit
thickness dependence of the FM exciton energy, EXM(IV), which decreases with the ferromagnetic slab thickness
N and saturates for N > 5 monolayers (bulk-like limit). The exact values for EXM(IV) and other parameters used
for calculations are given in the supplementary information, along with a comparison to a simplified model in
which the exciton energy is taken to be thickness-independent. Both reproduce the emergence of multiple modes
and their abrupt field-induced rearrangements.

We did not model the magnetization dynamics. Instead, we assumed that the ferromagnetic phase fraction in
the stack increases monotonically with the applied field.

Supplementary Information

See Supplementary Information for additional methods, figures, and tables.
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Supplementary Information:
Optical Readout of Reconfigurable Layered Magnetic Domain Structure in CrSBr
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Figure S1: Comparison between three different approaches to the construction of the dielectric function used in
the calculations, along with the subsequent result of the model. In each column: the top row shows the dispersion
of the refractive index n(F); the middle row shows the energy of the excitonic resonance depending on the number
of layers, all other than energy parameters of the excitonic resonance used to the construction of the dielectric
function are the same. The bottom row shows the normalized reflectance R/Rq for exemplary configurations
of AFM/FM stacks with different FM content (given in %). First approach (a) is differing only the monolayer
exciton energy (AFM state) and FM state (the number of layers > 2). Even with this simple model we can observe
characteristics of the intermediate AFM /FM stack — occurrence of more features in the spectrum and blueshifts.
(b) The second approach with additional intermediate energy for thin layers (2-3L); The approach presented in
(¢) was used in the main paper.
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Figure S2: Left: calculated reflectance spectra for flakes of 7 ML, 25 ML, and 300 ML thickness. Spectra are shown
for the pure AFM (top), FM (bottom) and intermediate states between. For 7ML, the sequence corresponds to
one AFM layer sandwiched between two ferromagnetic layers with thickness of 4 (top) and 2 (bottom). For 25 ML
and 300 nm, representative mixed configurations are presented. The content of the FM layers is increasing from
top (AFM) to bottom (FM) of the graphs.
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Figure S3: Integrated signal for the AFM exciton range vs. applied magnetic field of different direction (increasing
— black and decreasing — red) for different thicknesses of the flakes for photoluminescence and reflectance scans.
Such integrated intensity can give information about number of switches in the intermediate magnetic state region
and the range of the magnetic field of such.
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Figure S4: Integrated signal for the AFM exciton range vs. applied magnetic field of different direction (increasing
— black and decreasing — red) for a 20 nm flake: reflectance (a) and photoluminescence (b). Underneath measured
data in faint lines is presented the graph (c) which represents the number of AFM layers obtained from the model.
That suggests that in the calibrated system the intermediate state can be read out without direct fitting.
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Figure S5: Comparison between photoluminescence (a,b) and reflectance (c,d) scans for a 20nm sample for in-
creasing (left) and decreasing (right) external magnetic field. On the right-hand side panels exemplary spectra
taken from the increasing scans are presented both for reflectance (e) and photoluminescence (f). Scans in the
same direction of the magnetic field give complementary PL and reflectance spectra.
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Figure S6: Magneto-reflectance spectra R/Ry of a 150nm thick CrSBr flake as a function of magnetic field
B applied along the easy b-axis and photon energy. Left and right panels show the field up- and down-sweeps,
respectively, as indicated by the arrows. Vertical dashed lines mark the boundaries between the AFM, intermediate-
state, and FM regimes. The maps reveal a pronounced hysteretic evolution with multiple intermediate spectral
rearrangements between the AFM and FM limits.
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