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Helimagnets host p-wave magnetism that arises without spin-orbit coupling and with zero net magnetization. This review aims to
understand the p-wave magnetism of helimagnetic order through simple models. An electron traversing a spin helix experiences the
rotating local spin axis as a non-inertial reference frame, and the local spin rotation that unwinds this frame leaves behind a spin-
dependent effective gauge field. In a continuum model we introduce the gauge field and derive a minimal Hamiltonian that exhibits p-
wave magnetism. In a tight-binding model of a helimagnetic chain, we show that the gauge field is expressed as a spin-dependent
phase in hopping process. In particular, the same minimal Hamiltonian is obtained even for incommensurate helices with an arbitrary
spin rotation angle, and p-wave magnetism emerges accordingly. We then survey several candidate materials of p-wave magnets and

introduce MnAu,, proposed as a room-temperature metallic p-wave magnet.
Keywords : p-wave magnetism, helimagnet, model calculations, first-principles calculations
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Fig. 1. (Color online) Schematic illustration of the effective gauge
field A generated by the twist in spin space. (a) and (b) show that
the spin coordinate frame of an electron rotates counterclockwise
(clockwise) as the electron moves along the +z (—z) direction on the
helimagnetic structure. Adopted from Ref. [15].
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Fig. 2. (Color online) Effective gauge field in the two-site model. An
electron hopping between two local moments A/, and A, which are

tilted by an angle ¢, acquires a phase exp[$%S:¢} whose sign

depends on the hopping direction.
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3 commensurate helimagnetic chain. (a) Crystal and magnetic structure. ¢ and ¢

denote the lattice constants of the magnetic supercell and the primitive cell, respectively. The rotating arrows indicate the magnetic moments. Band
structures in the (b) folded and (c) unfolded Brillouin zones. The line width denotes the magnitude of <S:>, and red (blue) indicates a positive

(negative) sign. Adopted from Ref. [15].
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Fig. 4. (Color online) Metallic p-wave magnetism in helimagnetic MnAu,. (a) Crystal and magnetic structures. Purple and yellow spheres
represent Min and Au atoms, respectively. Blue arrows denote the magnetic moments of Mn. &; and g, are the unit vectors of the supercell and the
primitive cell, respectively. (b) Band structure with <S:> in the Brillouin zone of the magnetic supercell. (c) Unfolded band structure. The N
and I'-N lines are related by time reversal combined with a twofold rotation about the helical axis, and the I'-X line is chosen to show that the spin
texture vanishes in the k£, = 0 plane. The tilde denotes k-points in the unfolded Brillouin zone, and the asterisk denotes k-points with the sign of k.
reversed. (d) Fermi surfaces with <S__> textures on several planes of the primitive Brillouin zone. The top-right panel is the (—110) vertical plane,

2z

and the bottom panels are the k. = —=—,0, and i—” planes. The color scheme is the same as in Fig. 3. Adopted from Ref. [15].
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