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Fig. 1. (a)—(c), (d)—(f) The side view of the crystal structure, spin charge density, and spin-polarized band structure of monolayer
and bilayer V,SeTeO (Te -Te interface), respectively; (g) schematic illustration of a PT-symmetric antiferromagnet, the unit cell is

divided into upper and lower layers by the C plane containing the inversion center; (h) the upper and lower layers exhibit opposite

altermagnetic spin splittings, resulting in at least two-fold degenerate energy bands for the P7-symmetric antiferromagnet.
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Fig. 2. (a) Sliding energy barrier of AA-stacked bilayer V,SeTeO (gray/blue balls represent interlayer AFM/FM; orange represents
energy minimum); (b) energy difference vs. sliding along [100] (red solid) and [110] (blue dashed); (c) lateral sliding map
(positive/negative represent interlayer FM/AFM); (d)—(g) band structures for AA, A'B, AB', AB stackings under interlayer AFM;

(h)—(k) same under interlayer FM.
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Fig. 3. (a) Schematic illustration of bilayer V,SeTeO with AB, A'B;, and A'B, stackings, the A'B; and A'B, stackings are obtained
by sliding the AB stacking along the 2~ and y-axis directions, respectively, both slides induce spontaneous valley polarization with
opposite signs; (b) schematic diagram of the anomalous valley Hall effect in hole-doped A'B; and A'B, stacked bilayers, holes are

denoted by the “+” symbol, and upward/downward arrows represent spin-up/spin-down carriers, respectively.
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Fig. 4. (a), (b) Band structures of AA stacking under ~2% and 2% uniaxial strain along the x-direction, respectively; (c¢) schematic
illustration of valley splitting induced by uniaxial strain; (d), (e) band structures of AA stacking under external electric fields of
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splitting.
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duction and valence bands as a function of electric field E; (d) the nodal loop at E = 4+0.2 V/A (color map denotes the local band

gap distribution at the crossing of two bands).
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Multi-field regulation of hidden altermagnetism and the
associated valley and spin splittings in bilayer V,SeTeO"
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Abstract

Hidden altermagnetism, characterized by zero net spin polarization but non-zero local spin polarization in
two subsystems related by spatial inversion, has recently emerged as a promising route for spintronic and
valleytronic applications. Here, using first-principles calculations, we systematically investigate the electronic
structure, magnetic properties, and multi-field tunability of hidden altermagnetism in PT -symmetric bilayer
V,SeTeO. We show that the bilayer with a Te-Te interface, possessing PT symmetry, is energetically most
stable and exhibits hidden altermagnetism with an overall spin-degenerate band structure, while each individual
layer displays pronounced local spin splitting. By applying interlayer sliding, we find that the A’B; and A’ B,
stacking configurations induce spontaneous valley polarizations with opposite signs, reaching a valley splitting of
35.5 meV at the valence band maximum, which enables a switchable anomalous valley Hall effect. Furthermore,
uniaxial strain along the in-plane direction effectively tunes the valley splitting in the AA stacking, achieving a
maximum of 102 meV under 2% compressive strain. In contrast, a perpendicular electric field linearly modulates
the spin splitting at both the valence and conduction band edges (up to ~80 meV at 0.06 V/A), and at higher
fields (up to 0.2 V/A) it drives the system into a nodal-loop semimetallic state protected by mirror symmetry.
Additionally, when spin—orbit coupling is included, an in-plane magnetization along the x or y direction breaks
the M,,T symmetry and induces a weak valley polarization of approximately 8-10 meV, whose sign can be
reversed by switching the magnetization direction. Our results establish bilayer V,SeTeO as a versatile platform
for the multi-field control of hidden altermagnetism and provide concrete strategies for designing low-power,

non-volatile valleytronic and spintronic devices.

Keywords: hidden altermagnetism, bilayer stacking, multi-field regulation, valley splitting and spin splitting,

anomalous Hall effect, first-principles calculations
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