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Comment on “Moriya’s Anisotropic Superexchange
Interaction, Frustration, and Dzyaloshinsky’s Weak
Ferromagnetism”

In a recent Letter [1], Shekhtman, Entin-Wohlman,
and Aharony have shown that the single-bond anisotropic
superexchange interaction [2] does not provide anisotro-
py, and that frustration is a necessary condition for yield-
ing weak ferromagnetism in La;CuQ4. Their arguments
have been based entirely on the single-band Hubbard
model. In this Comment, we would like to point out that,
in a realistic model with multiorbitals on the ligand oxy-
gen ions, the interaction between the two spins on the
neighboring Cu ions is already anisotropic, and that this
single-bond anisotropy, rather than frustration among the
bonds, is in fact the origin of the weak ferromagnetism in
La,CuOs.

A relevant model, which one starts with, must contain
in-plane oxygen orbitals coming into play due to lattice
distortions. Let us write the one-hole Hamiltonian

H= g, XY e RI)pLRDpas(RY)

+RZR,ZZ [6,(R —R")dS (R)pne(R") +H.c.]

+ X XY {dIR)IIC,(R—R) 6loepry(R)+H.c}

R=R' n oo’

1)

in an extended notation of Ref. [1]. R runs over the Cu
sites and R’ runs over the O sites. dJ(R) creates a hole
with spin o in the ground-state 34 orbital at site R, and
pis(R’) creates a hole with spin o in the in-plane oxygen
2p, (n=x,y,z) orbital at site R’, where the z axis is tak-
en perpendicular to the CuO; plane. It is then proved, by
following a recipe of Ref. [1], that the one-bond part of
the Hamiltonian (1) is isotropic only if C,(R—R')/
b,(R—R') is independent of n, i.e., in this case the uni-
tary transformation of operators
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transforms the one-bond Hamiltonian into the isotropic
one, where ¢ denotes a unit vector in the direction of
C,(R;—R")/b,(R;—R’), and R; and R, are the neigh-
boring Cu sites between which the O site R’ locates. In
the real situations, however, C,(R;—R')/b,(R;—R")
cannot be independent of n. We thus have an anisotropic
single bond. In Ref. [3], we have derived the full spin
Hamiltonian including the oxygen 2p, orbitals and found
that, in the low-temperature orthorhombic phase of
La;CuQy,, the single-bond anisotropy is characteristic of

the weak-ferromagnetic spin canting.

Shekhtman, Entin-Wohlman, and Aharony [1] argued
that their Hamiltonian can be mapped onto the Dzy-
aloshinsky thermodynamic potential via Egs. (12a) and
(12b) of Ref. [1], and thus the weak-ferromagnetic or-
dered state is realized in the presence of the frustration.
We have reexamined the ground-state spin structure of
the system by a finite-size exact diagonalization tech-
nique [3]. It is found that for their Hamiltonian (i.e., in
the system without the effect of the 2p, orbitals), the
frustration works to suppress the correlation for the uni-
form magnetization rather than to raise it. Thus, the
ground state of this two-dimensional quantum system
seems not to follow the behavior suggested in Ref. [1].
However, for the Hamiltonian including the 2p,-orbital
contribution, a strong enhancement of the correlation for
the uniform magnetization is observed, which straightfor-
wardly leads to the emergence of the weak ferromagne-
tism. The single-bond anisotropy due to the oxygen mul-
tiorbitals is thus essential. The frustration among
different bonds seems insufficient. The weak ferromagne-
tism recently observed in the low-temperature tetragonal
phase of Lay;—,Nd,CuO4 [4] can also be explained in
terms of the single-bond anisotropy due to the 2p,-orbital
contribution [3]; it should be noted that the frustration
among different bonds has no possibility for yielding the
weak ferromagnetism in this phase [5].

Finally, let us note that our arguments are not only
relevant for the La;CuOjy-type crystals, but are to imply
generally that when one studies the magnetism which
arises from spin-orbit coupling under distorted lattices, it
is of essential importance to examine contributions from
multiorbitals of the ligand ions.
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