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1. Introduction

Altermagnetism is a newly discovered magnetic phase, characterized by nonrelativistic spin splitting that has been experimentally observed. Here, we introduce a

framework dubbed “spin-orbital altermagnetism” to achieve spin-orbital textures in altermagnetic materials. We identify two distinct classes of spin-orbital altermagnetism:

intrinsic and extrinsic. The intrinsic type emerges from symmetry-compensated magnetic orders with spontaneously broken parity-time symmetry, while the extrinsic type

stems from translational symmetry breaking between sublattices, as exemplified by the Jahn-Teller-driven structural phase transition. In addition to directly measuring the

spin-orbital texture, we propose spin conductivity and spin-resolved orbital polarization as effective methods for detecting these altermagnets. Additionally, a symmetry-

breaking mechanism induces weak spin magnetization, further revealing the peculiar feature of spin-orbital altermagnetism. We also utilize the staggered susceptibility to

illustrate a potential realization of this phase in a two-orbital interacting system. Our Letter provides a new platform to explore spin-orbital locked physics, extending the

materials classes that may display complex spin textures from the standard 4d − 5d compounds to 3d compounds.
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Mean-field Hamiltonian

3. Spin-orbital texture and spin-resolved orbital weight

Spinless includes the Jahn–Teller effect and orbital hybridization

4. Staggered susceptibility and phase diagram
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Recent studies have drawn growing attention on nonrelativistic odd-parity
magnetism in the wake of altermagnets. Nevertheless, odd-parity spin
splitting is often believed to appear in noncollinear magnetic
configurations. Here, using symmetry arguments and effective model
analysis, we show that Floquet engineering offers a universal strategy for
achieving odd-parity magnetism in two-dimensional (2D) collinear
antiferromagnetism under irradiation of periodic driving light fields such as
circularly polarized light (CPL), elliptically polarized light (EPL), and
bicircular light. The symmetry requirements and three distinct lattice models
of potential candidates are established. Strikingly, the light-induced odd-
parity spin splitting can be flexibly controlled by adjusting the crystalline
symmetry or the polarization state of incident light, enabling the reversal or
conversion of spin splitting. By combining first-principles calculations and
Floquet theorem, we present illustrative examples of 2D collinear
antiferromagnetic (AFM) materials to verify the light-induced odd-parity
magnetism. Our Letter not only offers a powerful approach for uniquely
achieving odd-parity spin splitting with high tunability, but also expands
the potential of Floquet engineering in designing unconventional
compensated magnetism.

Phys. Rev. Lett. 136, 126703 (2026)

The schematic of three material candidate categories of 𝑓-wave spin
splitting: hexagonal lattice with Néel-type magnetic configuration
(Category-I), AFM bilayers composed of FM monolayers. (Category-II),
AFM bilayers composed of Ferrimagnetic monolayers (Category-III).
CPL induced f-wave spin splitting in representative materials, i.e., AFM
MnPS₃ monolayer (Category I), AFM FeCl₂ bilayer (Category II), and
AFM NiRuCl₆ bilayer (Category III). (a)–(c) The side-view and bird-view
of crystal structure and magnetic order of AFM MnPS₃ monolayer, AFM
FeCl₂ bilayer, and AFM NiRuCl₆ bilayer. (d)–(f) The spin-resolved band
structures (curves in red solid represent the spin-up state) along high-
symmetry lines of the AFM MnPS₃ monolayer, AFM FeCl₂ bilayer, and
AFM NiRuCl₆ bilayer under irradiation of CPL with a light intensity of
eA₀/ℏ = 0.3 Å⁻¹ and the photon energy of this light ℏω = 10 eV. The
light irradiation preserves the spin degeneracy along the high-symmetry
line Γ-M while lifting the degeneracy at other arbitrary k-point. (g)–(i) The
spin-resolved isoenergy surfaces with f-wave spin splitting.
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A hexagonal lattice model with Collinear AFM order and NN-hopping (w/o SOC).

Lattice model under Floquet light field (CPL circularly polarized light)
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