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Linear magneto-birefringence as a probe
of altermagnetism

Check for updates

V. Sunko1 & J. Orenstein2,3

Altermagnetsareaclassofmagnets thatexhibit non-relativistic spinsplitting (NRSS)ofelectronicbands in
the absence of net magnetization. Their potential to generate large spin polarization without spin-orbit
coupling has created strong interest in probes that access the underlying order parameter directly. In this
Perspective, we show that linear magneto-birefringence (LMB) provides a natural and broadly applicable
route to detecting altermagnetic order. Building on the correspondence between the momentum-space
structure of NRSS and the ferroic ordering of magnetic multipoles in real space, we demonstrate how d-
waveandg-waveNRSStexturesyielddistinctLMBresponses.Wepresentasymmetry-based framework
that identifies the optical geometries and field configurations required to isolate specific multipole
components, enabling domain imaging and providing benchmarks for theoretical models of LMB.

There is growing interest in materials that exhibit non-relativistic spin
splitting (NRSS) of electronic bands without a net magnetization1–7, called
altermagnets. The promise ofNRSS lies in its potential to generate large spin
splittings, comparable to the electronic bandwidth, without relying on spin-
orbit coupling (SOC) or ferromagnetic order. This makes altermagnets
attractive for spintronics applications where large spin polarization and fast
control are essential.

Altermagnetism has been predicted in a variety of magnetic
structures6,8–10, making unambiguous characterization of the symmetry of
the ordered state challenging. The task is further complicated by the pre-
sence of domains related by time reversal symmetry (TRS) or point group
symmetries11,12. As the desired properties of altermagnets, such as direc-
tionally dependent spin current, average out inmultidomain samples, there
is a premium on spatially resolved probes of altermagnetic domains.

Optical techniques are well-suited for detection of altermagnetic order
and domain imaging as they are spatially-resolved probes of symmetry
breaking. While the magneto-optical Kerr effect (MOKE) and circular
dichroism (CD) have been used for detecting altermagnetism11–15, this
approach has clear limitations. Firstly,MOKE andCD are not allowed in all
altermagnets. Second, both effects require SOC, which is conceptually at
odds with the defining feature of altermagnets: their ability to generate spin
splitting without SOC.

Fortunately, MOKE and CD are not the only optical probes of TRS-
breaking in antiferromagnets (AFMs). Since the 1970s, it has been under-
stood from a symmetry perspective that certain AFMs may exhibit optical
anisotropy that grows linearly with magnetic field (refs. 16,17, and refer-
ences within). This linear magneto-birefringence (LMB) effect has been
detected in a number of materials which we now understand to be alter-
magnets, such as MnF2

18,19, CoF2
20, CoCO3

21 and hematite22. Recently, a

general symmetry-based connection between altermagnetism and LMBhas
been pointed out23, LMB has been evaluated in a specific microscopic
model24, and related transport phenomena were discussed25–27. Similar
effects also influence the ultrafast response of altermagnets28–32.

The goal of this Perspective is to clarify the links between the family of
LMB effects and altermagnetic order. As background we review the corre-
spondence between thewavevector-dependence of theNRSS and the ferroic
ordering of multipoles of real space magnetization density, originally dis-
cussed in refs. 33,34. We then describe how the various multipoles can be
detected throughmeasurements of the birefringence induced by amagnetic
field, or through the combined application of strain and magnetic field.
Following this largely theoretical discussion, we concludewith a description
of the experimental scheme for performing sensitive, spatially resolved
measurements of LMB phenomena.

Magnetic multipoles and altermagnetism
It has been shown that non-relativistic spin splitting (NRSS) inmomentum
space is directly linked to the ferroic order of magnetic multipoles33, which
are a basis for constructing Landau free energy functionals and predicting
altermagnetic observables34,35. Intuitively, this connection arises because
bothNRSS textures andmagneticmultipoles report on the symmetry of the
magnetization density, in momentum and real space, respectively.

We first define real-space magnetic multipoles. The magnetization
density μ(r) can be formally expressed as an expansion in powers of riwhose
coefficients are given by,

Mijk...l ¼
Z

V
μiðrÞ rjrk . . . rl d3r; ð1Þ
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whereMijk...l is amultipole of rank equal to the number of indices i, j, k,…, l
and μi(r) is the magnetization density along direction i = x, y, z. Each real
space multipole has a momentum-space partner, with the real and
momentum space multipoles transforming the same way under symmetry
operations of the crystal. As shown in refs. 33,36,37, the mapping between
momentum- and real-space multipoles is straightforward, as long as
multipoles are parity-even: replace factors of kwith r. This simple mapping
does not hold for parity-odd multipoles, because odd powers of r and k
transform differently under time reversal symmetry.

The relation between altermagnetism and multipoles now
becomes transparent: NRSS corresponds to a pattern of magnetiza-
tion density in momentum space, which can be uniquely mapped to a
real-space pattern of magnetization density of the same symmetry.
For example, in a d-wave altermagnet magnetization density in
momentum space is given by μl(k) ∝ kikj, which corresponds to the
real-space octupole of magnetization density μlrirj

33. A g-wave pattern
whose momentum space magnetization takes the generalized form
μl(k) ∝ kikjkpkq, corresponds to the fifth rank multipole μlrirjrprq,
called triakontadipole38.

The four panels of Fig. 1 illustrate thismapping for d-wave and g-wave
altermagnetic order. For each, we show a planar and a bulk example, fol-
lowing the notation of ref. 4: “planar” indicates that the splitting is even in kz,
and “bulk” indicates that it is odd. For example, sub-panels a(ii) and a(iii) of
Fig. 1 depict the spin-up and spin-down Fermi surfaces (in orange and blue,

respectively) for a d-wave altermagnet whose NRSS is described by the
dispersion,

E ± ðkx; kyÞ ¼ ak2 ± bðk2x � k2yÞ;

where k2 ¼ k2x þ k2y , and ± denotes the two spin branches. The spatial part
of the associated real-spacemultipole is obtainedby replacing kx and kywith
x and y, yielding (x2 − y2), shown in Fig. 1a(i).

Note that we have not specified a spin quantization axis, reflecting the
absence of spin-orbit coupling (SOC) in the nonrelativistic limit. In real
materials, SOC is always present and selects a preferred spin axis. For clarity,
we adopt an informal but intuitive notation in which we write multipole
moments in the form,Mα;β, whereα= x, y, z specifies the spin quantization
axis and β is a form factor. For example, an octupolarmomentwith β= x2−
y2 is given by,

Mα;x2�y2 ¼
Z

V
μαðrÞðx2 � y2Þ d3r: ð2Þ

For a more formal notation and tensor decomposition of magnetic octu-
poles we refer the reader to ref. 39, and references therein.

Optical probes of multipolar order
Having introduced the connection between altermagnetic order and mag-
netic multipoles, we turn to the detection of multipolar order using optical
probes. At our disposal are several experimental control parameters: the
electric field of the light wave (Ei), an external magnetic field (Hi), and
uniaxial strain (δij, instead of more common ϵij to avoid confusion with the
dielectric tensor). The key is to identify which combinations of these fields
share the symmetry of the multipolar order parameters of interest.

To that end, we note that ri transforms like the electric field Ei; the
product rirj transforms like the strain tensor δij; and the magnetic field Hi

transforms like themagneticmoment μi. These correspondences allowus to
systematically construct combinations of experimentalfields that transform
under the same irreducible representations as the relevant magnetic mul-
tipoles (seeTable 1). Because the free energymust remain invariantunderall
symmetry operations of the parent (paramagnetic) space group, it can only

Fig. 1 | Momentum-space spin textures and corresponding real-space magnetic
multipoles. Examples of non-relativistic spin-splitting (NRSS) patterns classified as
(a, c) d-wave and (b, d) g-wave, in both planar and bulk forms. Panels (a, b) show
“planar” structures, where spin-splitting does not change sign with kz, and panels
(c, d) show “bulk” structures, where spin-splitting changes sign with kz. For each
structure we show: (i) spatial components of the real-spacemagnetic multipole, with

orange and blue corresponding to enhanced density of opposite magnetization sign;
(ii) spin-resolved Fermi surfaces in the kx-ky plane, with orange and blue corre-
sponding to electrons of opposite spin-polarization; and (iii) spin-resolved Fermi
surfaces in the kx-kz plane. For each multipole, we list its real space representation
and energy dispersion in k-space. The arrows represent magnetic moments for
illustrative purposes; in reality, the spin quantization axis may be in any direction.

Table 1 | Even-parity magnetic multipoles, associated non-
relativistic spin-splitting (NRSS) patterns, and symmetry-
allowed combinations of external fields that couple to them in
the free energy

NRSS Multipole Coupling fields

s-wave μi Hi

d-wave μirjrk EjEkHi, δjkHi

g-wave μirjrkrlrm EjEkElEmHi, δjkδlmHi, δjkElEmHi

s-wave pattern corresponds to ferromagnetic order. The multipoles are found by integrating the
quantities in the table over the volume, as defined in Eq. (1).
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contain terms in which the order parameter couples to combinations of
externalfieldswithmatching symmetry. For example, in the caseof ad-wave
altermagnet the free energy, Fd, has terms,

Fd ¼ F0
d þ aMijkEjEkHi þ bMijkδjkHi; ð3Þ

where F0
d is the part of the free energy that is independent ofMijk. For a g-

wave altermagnet we have:

Fg ¼ F0
g þ aMijklmEjEkElEmHi þ bMijklmEjEkδlmHi þ cMijklmδjkδlmHi;

ð4Þ
with F0

g denoting part of the free energy that is independent ofMijklm. Note
that the free energy of a strained g-wave altermagnet has the same term
proportional to EjEkHi as the free energy of a d-wave altermagnet.

This construction of the free energy directly identifies experimental
probes sensitive to each multipole, providing a framework for their detec-
tion. For example, the piezomagnetic effect, whereby an applied strain
induces a magnetization and associated phenomena, has been discussed in
the context of d-wave altermagnetism and magnetic octupoles33,40–45.
Inspection of Eq. (3) makes this association transparent:

Mi �
∂Fd

∂Hi
/ Mijkδjk ð5Þ

whereMi is the i-component of the magnetization.
Here, we focus on the optical response embodied in the dielectric

function, ϵ(ω). While we cannot compute the frequency dependent
response from the free energy, the symmetry constraints are independent of
frequency: if a tensor component is allowed at ω = 0, it is allowed at ω ≠ 0.
The static dielectric tensor is given in terms of the free energy by,

ϵjk
ϵ0

� 1 ¼ χjk ¼
∂Pj

∂Ek
¼ ∂2F

∂Ek∂Ej
; ð6Þ

where Pj is the j-th component of polarization, χij the electronic suscept-
ibility and ϵ0 is the vacuumpermittivity. The couplingof thedielectric tensor
to the multipolar order appears in the terms in Eqs. (3) and (4) that are
second order in the electric field. Below, we provide some specific examples
showing how the symmetry of multipolar order can be identified by mea-
surements of the dielectric tensor.

Octupoles: linear magneto-birefringence
Based on the free energy associated with octupole order (Eq. (3)), we find a
contribution to the dielectric tensor of the form

ϵjk ¼ ϵ0jk þ aMijkHi; ð7Þ

where ϵ0jk denotes the zero-field component of the dielectric tensor. As the
multipolemoments are symmetric under permutation of the spatial indices
j, k, . . . l (see Eq. (1)), they contribute to the symmetric part of the dielectric
tensor (ϵjk = ϵkj). As we discuss more fully below, the symmetric part of ϵjk
manifests as optical birefringence. For ϵxx =− ϵyy, the principal axes of the
birefringence align with the x and y axes, while for ϵxy = ϵyx they are rotated
by 45∘ from x and y. The contribution to the symmetric part that is linear in
field iswhatwehave referred to as the linearmagneto-birefringenceorLMB.

The LMB effect, likeMOKE and RCD, is an unambiguous indicator of
broken time-reversal symmetry. This follows from Onsager’s reciprocity
relation, which stipulates that if a system is time-reversal-invariant then
ϵjk(H) = ϵkj(− H). Applying this condition to Eq. (7) gives,

ϵ0jk þMijkHi ¼ ϵ0kj �MikjHi ¼ ϵ0jk �MijkHi; ð8Þ

where the last equality follows becauseMijk ¼ Mikj by definition. There-
fore, time-reversal symmetry forbids a linear dependence of the symmetric

part of the dielectric function on magnetic field, in other words the LMB
effect.

In the following, we show, through a few examples, how the symmetry
of the multipolar order can be distinguished by its contribution to the
dielectric tensor.We leave the field orientation index α unspecified for now;
it corresponds to the direction of magnetic moments in the material. While
not essential for the conceptual discussionhere, it is important for thedesign
of experiments,where adirectionof themagneticfieldneeds tobe chosen. In
the following, we discuss two specific examples of octupoles.

Example 1:Mα;x2�y2 multipole
As a first example, consider the Mα;x2�y2 octupole (Eq. (2)). The corre-
sponding free energy is,

Fd1 ¼ F0
d1 þ aMα;x2�y2 ðE2

x � E2
yÞHα; ð9Þ

which leads to the dielectric tensor components,

ϵxxðHÞ ¼ ϵ0xx þ aMα;x2�y2Hα; ϵyyðHÞ ¼ ϵ0yy � aMα;x2�y2Hα: ð10Þ

In the presence of a magnetic field, the Mα;x2�y2 octupole modifies the
anisotropy between the diagonal components of LMB, ϵxx− ϵyy; we call this
effect the diagonal LMB.

Example 2:Mα;xy multipole
Next, we consider the Mα;xy octupole, which can be obtained from the
Mα;x2�y2 octupole by a rotation of 45∘ around the z axis, and is found in
MnF2

33. Applying the same approach as above, we find:

Fd2 ¼ F0
d2 þ aMα;xyExEyHα; ð11Þ

which gives the fiels linear contributions:

ϵxyðHÞ ¼ ϵ0xy þ aMα;xyHα; ϵyxðHÞ ¼ ϵ0yx þ aMα;xyHα: ð12Þ

In this case themagneticfieldmodifies the off-diagonal anisotropy;we call it
the off-diagonal LMB.

Example 3:Mα;zx multipole
Finally, consider the Mα;zx octupole, which yields the following contribu-
tion to the dielectric tensor,

ϵxzðHÞ ¼ ϵ0xz þ aMα;zxHα; ϵzxðHÞ ¼ ϵ0zx þ aMα;zxHα: ð13Þ

Conceptually, this case is similar to the previous examples. However, since
Mα;zx couples to ϵxz, it cannot be detected by a normally incident wave
propagating along z. This limitation can be overcome in one of two ways:
either by performing the experiment at oblique incidence, or by reorienting
the sample to expose the zx face. This example highlights the importance of
careful experimental geometry design in detecting magnetic multipoles.

Triakontadipoles: strain linear magneto-birefringence
Triakontadipoles in g-wave altermagnets give rise to higher-order terms in
the free energy (Eq. (4)), which in turn generate higher-order contributions
to the dielectric tensor,

ϵjk ¼ ϵ0jk þ aMijklmElEmHi þ bMijklmδlmHi: ð14Þ

In the absence of strain, the lowest-order optical effect arising from the
multipole is a dielectric tensor term proportional to the magnetic field and
two powers of the electric field. It could be detected through third-harmonic
generationunder an appliedmagneticfield. To remainwithin thedomainof
linear optics, we focus on the second term in Eq. (14), which shows that g-
wave altermagnets produce a response proportional to both strain and
magnetic field. Unlike electric fields of the light wave, strain cannot be freely
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rotated in experiments: each strainorientation typically requires a separately
prepared sample. The form of the multipole determines which strain
orientations should be used. We illustrate this with two examples.

Example 1:Mα;x4�6x2y2þy4 multipole
First we consider the planar g-wave multipole shown in Fig. 1b. By
inspection, we find the combination of strain and fields that couples linearly
to the multipole:

Fg1 ¼ F0
g1 þ bMα;x4�6x2y2þy4 ×

ðδxx � δyyÞðE2
x � E2

yÞ � 4δxyExEy

h i
Hα:

ð15Þ

By comparing Eq. (15) with the free energy of d-wave altermagnets, Eqs. (9)
and (11), we see that (δxx − δyy) strain induces diagonal LMB, while δxy
induces off-diagonal LMB.

Example 2:Mα;xzðx2�3y2Þ multipole
Next, we consider the bulk g-wave multipole shown in Fig. 1d. Two strain
components that couple to Mα;xzðx2�3y2Þ are δxz and (δxx − δyy). The cor-
responding free energy is:

Fg2 ¼ F0
g2 þ bMα;xzðx2�3y2Þ 2δxz E2

x � E2
y � E2

2

� �h i
Hα

þb0 Mα;xzðx2�3y2Þ 2ExEz δxx � δyy �
δxxþδyy

2

� �h i
Hα;

ð16Þ

where E2 ¼ E2
x þ E2

y . At normal incidence, with fields in the xy plane,
diagonal LMB is induced only by δxz, while δxx − δyy induces off-diagonal
LMB in the xz plane. Direct detection of the bulk g-wave response requires
engagingwith all three spatial directions, x, y, and z, either through strain or

electric fields in the light wave. This makes experimental detection more
challenging than in the planar examples.

We note that if we were to rotateMα;xzðx2�3y2Þ by 90
∘ about the x axis,

we obtain the Mα;yzðy2�3x2Þ, which is active in, for example, MnTe34. The
corresponding free energy can be found by replacing x→ y and y→− x in
Eq. (16). It has been recognized that strained MnTe gives rise to a large d-
wave spin-splitting46, consistent with our analysis.

Measurement of linear magneto-birefringence
We focus on measurements of the linear optical response at normal-
incidence. The observables are the reflection and transmission matrices (R,
T), which can be obtained from ϵ(ω, q = 0) via the Fresnel equations.
Symmetry-allowed terms in ϵ yield analogous terms in thematricesR andT
as well. Since NRSS is especially relevant in metals, we focus here on the
reflection geometry depicted inFig. 2a, but the conclusions are valid for both
experiments.

The symmetric part of the reflectivitymatrix at zero appliedfield canbe
parametrized as,

Rs ¼ rs01þ δrs
cosð2ϕ0Þ sinð2ϕ0Þ
sinð2ϕ0Þ � cosð2ϕ0Þ

� �
; ð17Þ

where δrs is the magnitude of the optical anisotropy and ϕ0 denotes the
orientation of principal optical axes. The state of polarization of incident
light in the laboratory frame is given by ðcosðφÞ; sinðφÞÞ, with φ the polar-
ization angle. Both rs0 and δrs may be complex and while different mea-
surement schemes probe Reðδrs=rs0Þ and Imðδrs=rs0Þ, the same symmetry
principles apply to both. For illustrative purposes we focus on Reðδrs=rs0Þ,
which determines the rotation of linear polarization upon reflection from a
birefringent medium. The rotation angle, θ, depends on φ and vanishes

Fig. 2 | Linearmagneto-birefringence in reflection
geometry. a Reflection geometry for measuring
birefringence and linear magneto-birefringence
(LMB) at normal incidence: linearly polarized light,
with polarization angle φ, is focused onto the
material; upon reflection, the polarization is rotated
by an angle θ. b Birefringence signal: polar plot of θ
vs. φ, where nodal directions indicate the principal
optical axes (ϕ0 = 0). c Field-linear modification of
birefringence: (i) diagonal LMB with unchanged
axis orientation (ϕH = ϕ0); (ii) off-diagonal LMB
with axis rotation by π/4 (ϕH = ϕ0 + π/4). For
illustrative purposes, magnetic field is pointing
along z on panel (a), assuming magnetic moments
along z. The other panels remain valid for all
orientations of magnetic fieldHα, as long as the field
is parallel to magnetic moments.
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when φ aligns with the principal axes, i.e. at φ = ϕ0 and φ = ϕ0 + π/2.
Measurements of θ that reveal both the magnitude and orientation of the
birefringence can be performed using a balanced detection scheme as
described in e.g. ref. 47. Figure 2b shows a polar plot of the balanced detector
output (proportional to θ) as a function ofφ, where the nodes correspond to
the optical axes.

A nonzero LMB effect appears as a modulation of the reflectivity
matrix that is linear in applied magnetic field,

RsðHαÞ ¼ Rsð0Þ þ βαHα

cosð2ϕHÞ sinð2ϕHÞ
sinð2ϕHÞ � cosð2ϕHÞ

� �
; ð18Þ

where Hα is the field along direction α and βα is a material-specific
coefficient. Polar plots of the component of the detector output that is linear
in Hα are shown in Fig. 2c. Panel 2c(i) illustrates diagonal LMB, where the
field modulates the amplitude of the birefringence while the orientation of
the fast and slow axes remains the same as in zero-field (ϕH = ϕ0). Referring
to the Example 1 considered above, this observation would indicate
Mα;x2�y2 multipolar order.Alternatively, for off-diagonal birefringence (ϕH
=ϕ0+ π/4) the field rotates the principal optical axes (Fig. 2c(ii)), consistent
with the Mα;xy multipolar order considered in Example 2 in Section
“Octupoles: linear magneto-birefringence”. LMB can be detected either by
measuring linear dichroism as a function of static magnetic field18–22, or by
detecting the changes in linear dichroism that are synchronous with an
oscillating magnetic field47,48.

Finally, we note that in altermagnets, LMBcan appear in the absenceof
zero-field birefringence. In that case panels in Fig. 2c illustrate the total
birefringence in an applied magnetic field.

Outlook
We have outlined a correspondence between NRSS and LMB: each NRSS
pattern is associated with a specific geometry of LMB. However, the con-
verse is not true: observation of LMB does not uniquely point to a NRSS
pattern, as the effect could also arise due to relativistic spin-orbit coupling
(SOC). Let us consider a concrete example. MnTe is a g-wave altermagnet,
so our analysis shows that strain induces LMB. However, already the
magnetic point group ofunstrainedMnTe,m0m0m, allows for LMB; indeed,
the piezomagnetic effect, which shares the symmetry of LMB, has been
observed49. The apparent discrepancy arises because of SOC: in the absence
of SOC, g-waveNRSSwould generate LMBonly in strainedMnTe, but SOC
enables additional effects50, including LMB in the unstrained material. We
note that in the presence of SOCoctupolar order can also induceMOKE51,52,
which has been seen in some altermagnets11–15, as well as non-collinear
magnetic structures53.

While this ambiguity may complicate the interpretation of LMB
experiments, it also points to a path toward realizing the full potential of
LMB as a probe of altermagnetism. Disentangling the roles of non-
relativistic and relativistic mechanisms requires a combined theoretical and
experimental effort that goes beyond purely symmetry-based reasoning,
since symmetry alone cannot reveal the microscopic origin of LMB. We
propose that progress can be achieved through joint theory-experiment
studies of the LMB spectrum. By measuring and comparing LMB spectra
across materials with distinct multipolar patterns and comparing them to
first-principles calculations, spectral signatures unique to NRSS could be
established. Our analysis provides the foundation for this effort: in d-wave
altermagnets, LMB can arise without SOC, whereas in g-wave cases, it
depends on SOC.

Even before a microscopic understanding is established, LMB already
serves as a symmetry-guided and experimentally accessible probe of alter-
magnetism, with immediate utility for domain imaging and manipulation.

Data availability
No datasets were generated or analyzed during the current study.

Received: 20 November 2025; Accepted: 18 May 2026;

References
1. Hayami, S., Yanagi, Y. & Kusunose, H. Momentum-dependent spin

splittingby collinear antiferromagnetic ordering. J. Phys. Soc. Jpn.88,
123702 (2019).

2. Yuan, L.-D., Wang, Z., Luo, J.-W., Rashba, E. I. & Zunger, A. Giant
momentum-dependent spin splitting in centrosymmetric low-z
antiferromagnets. Phys. Rev. B 102, 014422 (2020).

3. Yuan, L.-D., Wang, Z., Luo, J.-W. & Zunger, A. Prediction of low-Z
collinear and noncollinear antiferromagnetic compounds having
momentum-dependent spin splitting even without spin-orbit
coupling. Phys. Rev. Mater. 5, 014409 (2021).

4. Šmejkal, L., Sinova, J. & Jungwirth, T. Beyond conventional
ferromagnetism and antiferromagnetism: a phase with nonrelativistic
spin and crystal rotation symmetry. Phys. Rev. X 12, 031042 (2022).

5. Šmejkal, L., Sinova, J. & Jungwirth, T. Emerging research landscape
of altermagnetism. Phys. Rev. X 12, 040501 (2022).

6. Bai, L. et al. Altermagnetism: exploring new frontiers in magnetism
and spintronics. Adv. Funct. Mater. 34, 2409327 (2024).

7. Cheong, S.-W. & Huang, F.-T. Altermagnetism classification. npj
Quantum Mater. 10, 38 (2025).

8. Guo, Y. et al. Spin-split collinear antiferromagnets: a large-scale ab-
initio study.Mater. Today Phys. 32, 100991 (2023).

9. Wan, X., Mandal, S., Guo, Y. & Haule, K. High-throughput search for
metallic altermagnets by embedded dynamical mean field theory.
Phys. Rev. Lett. 135, 106501 (2025).

10. Gao, Z.-F. et al. AI-accelerated discovery of altermagnetic materials.
Natl. Sci. Rev. 12, nwaf066 (2025).

11. Amin, O. J. et al. Nanoscale imaging and control of altermagnetism in
MnTe. Nature 636, 348–353 (2024).

12. Yamamoto, R. et al. Altermagnetic nanotextures revealed in bulk
mnte. Phys. Rev. Appl. 24, 034037 (2025).

13. Hubert, M. et al. Anomalous spectroscopical effects in an
antiferromagnetic semiconductor: the case of magneto-optical Kerr
effect. Phys. Status Solidi 262, 2400541 (2025).

14. Hariki, A. et al. X-ray magnetic circular dichroism in altermagnetic
alpha-MnTe. Phys. Rev. Lett. 132, 176701 (2024).

15. Galindez-Ruales, E. et al. Revealing the altermagnetism in hematite
via XMCD imaging and anomalous Hall electrical transport. Adv.
Mater. 37, e05019 (2025).

16. Eremenko, V. V. & Kharchenko, N. F. Magneto-optics of
antiferromagnets. Phys. Rep. 155, 379–401 (1987).

17. Kharchenko, N. F. The linear magneto-optic effect as a manifestation
of a higher order magnetoelectric effect. Ferroelectrics 162, 173–189
(1994).

18. Kharchenko, N. F., Miloslavskaya, O. V. & Milner, A. A. Odd magnetic
dichroism of linearly polarized light in the antiferromagnet MnF2. Low.
Temp. Phys. 31, 825–830 (2005).

19. Higuchi, T. & Kuwata-Gonokami, M. Control of antiferromagnetic
domain distribution via polarization-dependent optical annealing.
Nat. Commun. 7, 10720 (2016).

20. Kharchenko,N. F., Eremenko, V. V. &Belyǐ, L. I. Loweringof theoptical
class of an antiferromagnetic crystal, induced by a longitudinal
magnetic field. JETP Lett. 28, 351 (1978).

21. Kharchenko, N. F., Eremenko, V. V. & Tutakina, O. P. Light
birefringence bilinear in the ferromagnetic and antiferromagnetic
vectors in cobalt carbonate. JETP Lett. 27, 466 (1978).

22. Merkulov, V. S. & Rudashevskil, E. G. Linear magnetic
birefringence of hematite in the vicinity of the Morin temperature.
JETP 53, 81 (1981).

23. Kimel, A. V., Rasing, T. & Ivanov, B. A. Optical read-out and control of
antiferromagnetic Néel vector in altermagnets and beyond. J. Magn.
Magn. Mater. 598, 172039 (2024).

https://doi.org/10.1038/s41535-026-00901-8 Perspective

npj Quantum Materials | (2026) 11:74 5

www.nature.com/npjquantmats


24. Vila, M., Sunko, V. & Moore, J. E. Orbital-spin locking and its optical
signatures in altermagnets. Phys. Rev. B 112, L020401 (2025).

25. Zyuzin, V. A. Linear magnetoconductivity in magnetic metals. Phys.
Rev. B 104, L140407 (2021).

26. Vorobev, D. L. & Zyuzin, V. A. d-wave Hall effect and linear
magnetoconductivity in metallic collinear antiferromagnets. Phys.
Rev. B 109, L180411 (2024).

27. Sunko, V. et al. Linear magnetoconductivity as a probe of time-
reversal symmetry breaking. Phys. Rev. B 112, 134407 (2025).

28. Disa, A. S. et al. Polarizing an antiferromagnet by optical engineering
of the crystal field. Nat. Phys. 16, 937–941 (2020).

29. Fu, P.-H., Mondal, S., Liu, J.-F. & Cayao, J. Light-induced Floquet
spin-triplet Cooper pairs in unconventional magnets. SciPost Phys.
20, 059 (2026).

30. Fu, P.-H., Mondal, S., Liu, J.-F., Tanaka, Y. & Cayao, J. Floquet
engineering spin triplet states in unconventional magnets. Phys. Rev.
Lett. 136, 066703 (2026).

31. Weber, M. et al. Ultrafast electron dynamics in a planar d-wave
altermagnet. Newton 1, 100266 (2025).

32. Zhou, Z., Sharma, S. & He, J. Ultrafast all-optical control of
magnetization in the g-wave altermagnet CrSb. Phys. Rev. B 113,
064434 (2026).

33. Bhowal, S. & Spaldin, N. A. Ferroically orderedmagnetic octupoles in
d-wave altermagnets. Phys. Rev. X 14, 011019 (2024).

34. McClarty, P. A. & Rau, J. G. Landau theory of altermagnetism. Phys.
Rev. Lett. 132, 176702 (2024).

35. Schiff, H., McClarty, P., Rau, J. G. & Romhányi, J. Collinear
altermagnets and their Landau theories. Phys. Rev. Res. 7, 033301
(2025).

36. Hayami, S., Yatsushiro, M., Yanagi, Y. & Kusunose, H. Classification
of atomic-scale multipoles under crystallographic point groups and
application to linear response tensors. Phys. Rev. B 98, 165110
(2018).

37. Watanabe, H. & Yanase, Y. Group-theoretical classification of
multipole order: emergent responses and candidate materials. Phys.
Rev. B 98, 245129 (2018).

38. Verbeek, X. H. et al. Nonrelativistic ferromagnetotriakontadipolar
order and spin splitting in hematite. Phys. Rev. Res. 6, 043157 (2024).

39. Urru, A. &Spaldin, N. A.Magnetic octupole tensor decomposition and
second-order magnetoelectric effect. Ann. Phys. 447, 168964 (2022).

40. Naka, M., Motome, Y., Miyazaki, T. & Seo, H. Nonrelativistic
piezomagnetic effect in an organic altermagnet. J. Phys. Soc. Jpn. 94,
083702 (2025).

41. Lei, B. et al. Shear-strain-induced switchable spin splitting and
piezomagnetic properties in altermagnetic materials. Front. Phys. 20,
064204 (2025).

42. Chakraborty, A. R., Schmalian, J. & Fernandes, R. M. Magnetic-field-
tuned randomness in inhomogeneous altermagnets. Phys. Rev. B
112, 035146 (2025).

43. Sun, J., Du, Y. & Kan, E. Symmetry-breaking magneto-optical effects
in altermagnets. Nano Lett. 25, 14960–14966 (2025).

44. Khodas, M., Mu, S., Mazin, I. I. & Belashchenko, K. D. Tuning of
altermagnetism by strain. Phys. Rev. B 113, 104422 (2025).

45. Takahashi, K., Steward, C. R. W., Ogata, M., Fernandes, R. M. &
Schmalian, J. Elasto-Hall conductivity and the anomalous Hall effect
in altermagnets. Phys. Rev. B 111, 184408 (2025).

46. Belashchenko,K.D.Giant strain-inducedspin splittingeffect inMnTe,
a g-wave altermagnetic semiconductor. Phys. Rev. Lett. 134, 086701
(2025).

47. Sunko, V. et al. Spin-carrier coupling induced ferromagnetism and
giant resistivity peak in EuCd2P2. Phys. Rev. B 107, 144404 (2023).

48. Donoway, E. et al. Multimodal approach reveals the symmetry-
breaking pathway to the broken helix in EuIn2As2. Phys. Rev. X 14,
031013 (2024).

49. Aoyama, T. & Ohgushi, K. Piezomagnetic properties in altermagnetic
MnTe. Phys. Rev. Mater. 8, L041402 (2024).

50. Fernandes, R. M., de Carvalho, V. S., Birol, T. & Pereira, R. G.
Topological transition from nodal to nodeless Zeeman splitting in
altermagnets. Phys. Rev. B 109, 024404 (2024).

51. Chen, H., Niu, Q. & MacDonald, A. H. Anomalous Hall effect arising
from noncollinear antiferromagnetism. Phys. Rev. Lett. 112, 017205
(2014).

52. Suzuki, M.-T., Koretsune, T., Ochi, M. & Arita, R. Cluster multipole
theory for anomalous Hall effect in antiferromagnets.Phys. Rev. B 95,
094406 (2017).

53. Higo, T. et al. Large magneto-optical Kerr effect and imaging of
magnetic octupole domains in an antiferromagnetic metal. Nat.
Photonics 12, 73–78 (2018).

Acknowledgements
We thank Nicola Spaldin and Marc Vila for valuable discussions. J.O.
received support from the Quantum Materials (KC2202) program under the
U.S. Department of Energy, Office of Science, Office of Basic Energy
Sciences, Materials Sciences and Engineering Division under Contract No.
DE-AC02-05CH11231, and the Gordon and Betty Moore Foundation's
EPiQS Initiative through Grant GBMF4537 to J.O. at UC Berkeley.

Author contributions
V. S. conceived of the Perspective and prepared the figures, J.O. and V.S.
performed the analysis and wrote the manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to
V. Sunko.

Reprints and permissions information is available at
http://www.nature.com/reprints

Publisher’snoteSpringerNature remainsneutralwith regard to jurisdictional
claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License,
which permits any non-commercial use, sharing, distribution and
reproduction in any medium or format, as long as you give appropriate
credit to the original author(s) and the source, provide a link to the Creative
Commons licence, and indicate if you modified the licensed material. You
do not have permission under this licence to share adapted material
derived from this article or parts of it. The images or other third party
material in this article are included in the article’s Creative Commons
licence, unless indicated otherwise in a credit line to thematerial. If material
is not included in thearticle’sCreativeCommons licenceandyour intended
use is not permitted by statutory regulation or exceeds the permitted use,
you will need to obtain permission directly from the copyright holder. To
view a copy of this licence, visit http://creativecommons.org/licenses/by-
nc-nd/4.0/.

© The Author(s) 2026

https://doi.org/10.1038/s41535-026-00901-8 Perspective

npj Quantum Materials | (2026) 11:74 6

http://www.nature.com/reprints
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
www.nature.com/npjquantmats

	Linear magneto-birefringence as a probe of altermagnetism
	Magnetic multipoles and altermagnetism
	Optical probes of multipolar order
	Octupoles: linear magneto-birefringence
	Example 1: M ,x2-y2 multipole
	Example 2: M ,xy multipole
	Example 3: M ,zx multipole
	Triakontadipoles: strain linear magneto-birefringence
	Example 1: M ,x4-6x2y2+y4 multipole
	Example 2: M ,xz(x2-3y2) multipole

	Measurement of linear magneto-birefringence
	Outlook
	Data availability
	References
	Acknowledgements
	Author contributions
	Competing interests
	Additional information




