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Altermagnets has been recently proposed as a new class of collinear magnets. While 
their magnetic lattice is that of an antiferromagnet, altermagnets exhibit physical prop-
erties usually associated with ferromagnets such as spin polarized bands, anomalous 
Hall effect or linear (odd) magneto-optical effects. 

I will present an elementary introduction to altermagentism using RuO2 and MnTe as 
example materials. I will show recent numerical simulations predicting sizeable x-ray 
magnetic circular dichroism (XMCD) in MnTe and discuss its origin, which differs from 
the usual understanding of XMCD in ferromagnets.
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Altermagnetism is a recently identified magnetic symmetry class combining characteristics of con-
ventional collinear ferromagnets and antiferromagnets, that were regarded as mutually exclusive, and
enabling phenomena and functionalities unparalleled in either of the two traditional elementary mag-
netic classes. In this work we use symmetry and ab initio theory to explore X-ray magnetic circular
dichroism (XMCD) in the altermagnetic class. Our results highlight the distinct phenomenology in
altermagnets of this time-reversal symmetry breaking response, and its potential utility for element-
specific spectroscopy and microscopy in altermagnets. As a representative material for our XMCD
study we choose ↵-MnTe with the compensated antiparallel magnetic order in which an anomalous
Hall e↵ect has been already demonstrated both in theory and experiment. The predicted magnitude
of XMCD lies well within the resolution of existing experimental techniques.

Recent theoretical studies have identified magnetic
crystals with unconventional characteristics. On one
hand, the crystal symmetries generate a compensated
antiparallel magnetic order. On the other hand, they
enable time-reversal (T ) symmetry breaking linear re-
sponses, such as the anomalous Hall e↵ect (AHE) [1–10]
or charge-spin conversion e↵ects [2, 11–16], and strongly
spin-polarized electronic band structures [2, 3, 6, 8, 16–
23]. Theoretical predictions have gone beyond the pre-
viously established notion in which these T -symmetry
breaking phenomena originate from a magnetization in
ferromagnets, or from a non-collinear order of spins on
certain lattices of magnetic atoms [1]. Ab initio cal-
culations in RuO2 or MnTe have identified large non-
relativistic spin splittings in the band-structure reaching
an ⇠ eV scale [2, 3, 9, 17]. In contrast to ferromagnets,
and in line with the vanishing net magnetization in these
compensated collinear magnets, the sign of the spin split-
ting alternates across the band structure. The alternat-
ing spin polarization in both real-space crystal structure
and momentum-space electronic structure suggested the
term altermagnetism [2, 16].

Prompted by the theory predictions, the AHE has al-
ready been experimentally observed and ascribed to the
altermagnetic order in RuO2 or MnTe [9, 24]. The pre-
dictions of strong spin currents, opening the prospect of
robust writing and readout mechanisms in stray-field-free
ultra-fast memory devices [2, 12, 15, 16, 25], have been
supported by initial experiments in RuO2 [26–28].

In this Letter we focus on the X-ray magnetic circu-
lar dichroism (XMCD) at the Mn L2,3 edge and demon-
strate that, apart from the ferromagnetic or non-collinear

FIG. 1. Mn moments mA and mB in ↵-MnTe structure (with
Te octahedra) for the studied Néel vector L orientations. The
mirror plane M discussed in the text is marked in blue. While
in the right panel M is an element of the magnetic symmetry
groupk, in the left panel it is MT which leaves the system
invariant.

order [29, 30], it can also originate from the collinear al-
termagnetic order. Both AHE, the transverse electric-
current response to an applied electric bias, and XMCD,
the di↵erence between absorption of left and right cir-
cularly polarized X-rays, are given by the Hall vector
h = (�zy,�xz,�yx); here �ij = ��ji are the antisymmet-
ric components of the (frequency dependent) conductiv-
ity tensor [1, 29]. AHE and XMCD are, therefore, gov-
erned by the same symmetry principles. Microscopically,
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