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The ongoing decade has been featured by an impressive rise of research focused on
systems affected by a chiral spin ordering. The spin chirality lies in a basis of many
intriguing phenomena among which the topological Hall effect (THE) attracts a special
attention. THE stems from an induced asymmetry of electron motion when the carrier
interacts with non-collinear magnetic ions shaped as chiral spin triads or forming large-
scale spin textures, such as magnetic skyrmions. The phenomenon is believed to be
adjusted soon for the purposes of purely transport detection of chiral spin order in solids,
numerous experimental observations of THE have been recently reported indicating its
persistance in a variety of material systems. This talk covers the microscopic physics of
the topological Hall effect as well as its experimental perspectives and unsolved issues.

Depending on the character of carrier spin dynamics coupled to a chiral magnetization
field different symmetry regimes of the topological Hall effect are possible [1]. For a slow
spin dynamics THE is described in terms of the adiabatic Berry phase viewed as an
effective magnetic field acting on electron orbital motion and having opposite sign for
spin up and spin down electron states. In this case the spin Hall effect takes place
and the emergence of transverse drop of voltage happens only if there is a finite spin
polarization of the electron gas. On the contrary, in case of a fast electron spin dynamics
the processes of spin-flip scattering come to the fore leading to the charge Hall effect
in absence of a transversal spin separation. In this regime the THE resistivity remains
nonzero even for totally unpolarized carriers. Naturally, as the spin dynamics undergoes
a transition the symmetry crossover between two regimes of THE occurs, which has
prominent consequences on its behavior [2], such as the oscillation of Hall resistivity with
increase of a spin texture size, or its non-monotonic dependence on the Fermi energy.

It is still challenging to access the nontrivial mechanics of the topological Hall effect
in experiments, as typical materials reported to exhibit THE give little control over the
electron gas spin polarization and the parameters of chiral spin textures. To overcome
these obstacles we put forward the concept of the investigation of THE in semiconductor-
based systems allowing for a flexible control over band parameters and giving access
to non-equilibrium spin transport, we also discuss a number of microscopic mechanisms
behind the emergence of chiral spin order in magnetic semiconductors.
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