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Half-metals are rather unusual and promising materials. The Fermi surface of a half-metal is com-
pletely spin-polarized. Namely, electronic states with only one spin projection value reach the Fermi
energy. States with the other spin projection are pushed away from the Fermi level. This makes half-
metals useful for spintronics. Typically, half-metallicity arises in strongly correlated electron systems,
or when localized magnetic moments are present. Here, we demonstrate that doping a density-wave
insulator even in the weak-coupling limit may stabilize new types of half-metallic states, such as spin-
valley half-metal and charge-density wave (CDW) half-metal [1].

Our analysis is based on a simple model Hamiltonian describing charge carriers belonging to two
bands: electron band a and hole band b with parabolic dispersion law and spherical Fermi surface
pockets (or valleys). If the valleys nest well (that is, the Fermi momentum of electrons a equals that of
holes b), the electron-electron repulsion generates spin- or charge-density wave state.

If charge is added or removed from such a system, the situation becomes less clear-cut: several
states with close energies are competing. Such possibilities as incommensurate density wave, elec-
tronic phase separation, stripes, etc. are discussed in the theoretical literature. We demonstrate that
yet another type of many-body state is available. In the doped system, the two-valley Fermi surface
emerges. One valley is electron-like. It is composed mostly of states of band a with spin σ. Another
valley is hole-like, composed predominantly of states of band b with spin σ′. These Fermi surface val-
leys have half-metallic character: the states in band a with spin −σ, as well as states in band b with
spin −σ′, do not reach the Fermi level and have no Fermi surface.

Depending on the parameters, the spin polarizations of the electron-like valley and hole-like valley
may be parallel (σ = σ′) or antiparallel (σ = −σ′). The former case is similar to the usual half-metal:
quasiparticles at the Fermi surface are completely spin-polarized. In addition, the system exhibits a
finite CDW order parameter. For this reason, we refer to such a state as the CDW half-metal. When
σ = −σ′, the total spin polarization averages to zero. It is proven, however, that in this situation, the
so-called spin-valley polarization is nonzero. Thus, the state is called the spin-valley half-metal. The
specific features of these half-metallic states are discussed.

In particular, we analyze spin and spin-valley currents in such systems. Due to the nontrivial polar-
ization of charge carriers at the Fermi surface, the charge transport should exhibit unusual character-
istics. Namely, we demonstrate that the electric current can be accompanied by the transfer of spin or
of the spin-valley quantum number. Such effects could be of interest for spintronics and pave the way
to spin-valley-tronics [2]. We also discuss possible specific features of superconducting states in such
novel semimetals. Here, we are dealing with a two-component superconducting order parameter (one
component is related to the electron band and another – to the hole one). The allowable symmetry of
the order parameter is the p wave.
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