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Rotational band approximation (RBA) is valid for quantum antifer-
romagnetic Heisenberg model on finite bipartite lattices. It assumes that
for lower energy levels Ey,in(S) &~ ¢S(S + 1). It’s known that increasing
number of lattice unit cells or introducing geometric frustration deterio-
rate this approximation, but it’s not well understood how critical number
of elementary cells or frustration strength depends on lattice structure.

Usage of eigendecomposition of exchange parameter matrix J allows
us to write Heisenberg Hamiltonian in the following form

H= Z Ji;SiS; = Z Al Z vv1;8:S5, (1)
=1

(i,9) (i,4)

where A\; and v; are eigenvalue and corresponding eigenvector of J.

We show that for d-regular bipartite expander graphs (namely bipar-
tite double covers of strongly regular graphs) of any size RBA is valid at
least for ground state energy Fj in second order of perturbation theory
in spectral parameter 6 = Ag/d, where A; is second largest eigenvalue of
J.

For this type of lattices energy of ground and lower excited states of
antiferromagnetic Heisenberg model with S = const is accurately pre-
dicted by spin wave theory. We use the fact that spin wave energy and
wavefunctions can be expressed as functions of A\;, v; and that eigenvec-
tors v; have definite lattice symmetry to perturbatively study influence
of uniform frustration J — J 4+ «(J —dI) and approximate critical value
of frustration parameter o, that corresponds to quantum phase transi-
tion.



