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The interaction of spins localized within the band-inverted heterojunc-
tion with the Weyl excitations is shown to differ significantly from the usual
s—d interaction. The indirect exchange interaction is long-range and anti-
ferromagnetic. The magnitude of interaction decreases with the distance as
R-3 . The effective interaction depends on the parameters of electron en-
ergy spectrum and parameters of the heterojunction as well. It consists of
anisotropic Heisenberg term and of pseudodipole terms.

PACS numbers: 73.20.Dx, 75.30.Et, 75.30.Ηx

The investigation of indirect exchange interaction in semiconduction is of
great importance because of the problem of determination of magnetic phase stuc-
ture of semimagnetic semiconduction at low temperatures.

The formulas of effective interaction are known for three-dimensional crystals
such as metals (RKKY), direct-gap [1], indirect-gap [2], small-gap and zerogap
[3-5] semiconductors. The indirect interaction is responsible for the existence of
ferromagnetic and spin-glass states in metals and IV-VI semimagnetic semicon-
duction [6-8].

In the present paper we examine the interaction of magnetic atoms in in-
verted heterojunction, i.e. in such a case when heterojunction is formed of small-gap
semiconduction with mutually inverted bands (for instance, PbTe/Pb 1-x Snx Te
with x > 0.36). It was shown in [9-11] that in this case the carriers are localized
in the neighborhood of the interface, and the energy spectum of these excitations
is gapless, Ε(k) = ±υk. This property of the spectum is of crucial importance
because, as it follows from the general reasons, the interaction of magnetic impu-
rities via zerogap electron excitations should be long-range. In order to make the
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details of this mechanism clear the calculations are required taking into account
particularities of the interband and spin-orbit couplings, which are characteristic
of the energy spectum of IV-VI semiconductors.

The initial Hamiltonian of electrons belonging to one of L-valleys is written
in the basis of wave functions L±6, L±6 [12]:

where | Δ | is half-width of the gap, υ/h is the interband matrix element of the
velocity operator, k± = kx ± iky , z-axis is directed along the unit vector n which
points to a given L-extremum of the Brillouin zone. For simplicity the Hamiltonian
is taken to be isotropic.

The choice of the basis suggests the following form of the s-d coupling for
an impurity spin Si situated at R:

where g 1 and g2 are the matrix elements of s-d coupling.
We can transform (1) to the usual form of the Dirac Hamiltonian by unitary

transformation U = diag(1, 1, i, —i):

Correspondingly, instead of (2) we get

Let a junction be situated at z = 0. The inverted heterojunction can be
modeled [9] by considering Δ = Δ(z) with sgn(Δ(z)) = -sgn(Δ(-z)). For k x =
ky = 0 the Hamiltonian (3) has two eigenfunctions corresponding to localized
excitations

where A is for normalization.
Using (5) as a new basis for (3), we obtain
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and

where

The Hamiltonian (6) describes ga p less Weyl particles with Ε(k) = ±υk.
Let us consider the interaction of two magnetic impurities situated at the

junction plane. In the loop approximation we have

where G0 is the Green function of Hamiltonian (6) in ε, R representation.
After calculating (9) we obtain

where ξ = R/R, C0 and C1 are the following constants, which we calculated
numerically

and J0 (x), J1(x) are the Bessel functions.
The expression (10) takes into account only the contribution of one L-valley.

The summation over all the valleys is performed by assuming that the z = 0 plane
lies in (111) crystallographic plane. We get finally

where t = g2/g1. Thus, the effective interaction consists of XXZ-Heisenberg terms
and of a pseudodipole one (the last term in (13)). The interaction depends on the
distance between the impurity spins as  R 3 .

The energetically favorable magnetic ordering can be determined by com-
paring the energy gains for different mutual orientations of spins: (a) they are
perpendicular to the junction plane, (b) they lie in the plane with Si , S2 be-
ing perpendicular to ξ,and (c) they are collinear withξ. It appears that when
0 < g2/g1 < 2.46 the ferromagnetic ordering is energetically favorable with both
spins directed along ξ. In other cases the ground state corresponds to the ferro
magnetically ordered pair of spins directed perpendicular to the junction plane.
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