Hamiltonian of the quantum XXZ model with a single
ion-anisotropy term

This text is part of section 2 of Ref.[1].

The Hamiltonian of the anisotropic spin-S X X7 with a single-ion anisotropy term
and in the presence of an external magnetic field,

N
H=> J(S;,Sin1), — WS; +D(S}). (1)

=1

We use the notation: (S;,S;11)a = SFSF, + S/SY,, + AS?S?7 . Here, S, S/ and S7?
stand for the spin-S matrices in the #th site of the chain and norm /S(S +1); N is
the number of sites in the periodic chain; J’ is the exchange integral; A is the anisotropy
constant in the z-direction; A’ is the external magnetic field in the z-axis and D’ is the
single-ion anisotropy parameter.

We define a rescaled spin operator s = S/1/S(S + 1). This rescaled spin operator
has unitary norm for all values of S. Rewriting the Hamiltonian (1) in terms of s and
redefining the parameters J = S(S +1)J', h = /S(S+ 1)) and D = S(S + 1)D’, we
obtain

N
H=> " J(sisi11)5 — hsj + D(s7)". (2)

i=1

This also describes the dynamics of the X X Z model of a spin of unitary norm and (25+1)
z-components. We continue to use the notation: (s;,s;11)a = s7s? + s¥s!,; + Asisi,,.
Here, s7, s! and s? stand for the spin-s (s = 1/2,1,3/2,---) rescaled matrices in the i-th
site of the chain; N is the number of sites in the periodic chain; and A is the anisotropy
constant in the z-direction.

The Helmholtz free energy of the classical version of the hamiltonian (2) is obtained by
taking the limit S — oo in the (-expansion of the Helmholtz free energy of the quantum

hamiltonian (2).
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