Hamiltonian of the quantum and classical XYZ model with a
single ion-anisotropy term

This text is part of Ref.[1] and section 2 of Ref.[2].
The Hamiltonian of the spin-S XYZ quantum periodic chain with N sites reads

N
H = > [J.SES5, + J,SU8Y, + J.SiS5,
=1

— WSI+D'(S), (1)

where S « € {x,y,z}, are the spin matrices at the i-th site, the J! are the exchange
interaction couplings between first neighbors, and A’ is the external magnetic field along
the z-axis. We also include the single ion-anisotropy D’ parallel to the external magnetic
field.

In order to render the thermodynamic functions to be finite, even in the classical limit
(S — o), we define a scaled spin operator s with unitary norm[3] as s = S//S(S + 1).
In order to write explicitly the effect of the anisotropy in the x and y directions in relation
to the X XZ model[3], we rewrite the hamiltonian (1) in terms of the spin operators s?

and st = L(s;’:lzz'sjy), with j =1,---, N,
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The relations among the constants in hamiltonians (1) and (2) are: J = (5/2)(S+1)(J.+
T, 6= (Jo— TN /(T+T), A= 2T /(. + J)), h=/S(S+ )i and D = S(S+1)D".

The classical version of the hamiltonian of the anisotropic XY Z chain with unitary
spin-S, as shown in Eq.(2) of Ref. [1], is

N N
H = Z Hi;\ = Z{Jmsfsfﬂ + Jysisl  + J.sisiy
i=1 i=1
—hs? + D(s7)%}, (3)
where

= sin(6;) cos(¢;), s! =sin(b;) sin(¢;),
= cos(6;); (4)
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0; and ¢; are the polar and azimuthal angles, respectively, of the classical spin §;; N is
the number of sites in the periodic chain; h is the magnitude of the external magnetic
field along the z-axis and D is the single-ion anisotropy parameter. The constants J,, J,
and J, give the strength of first-neighbour interactions between the spins components.
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