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Introduction Model system

Theoretical study of geometrically frustrated quantum spin models attracts a great deal of research interest [1-6], because - ‘v JI ®@c=12
the Intriguing physical phenomena such as an existence of reentrant phase transitions [1], macroscopically degenerate = e, H e 5=172

spin-liguid ground states [2], the existence of quantum plateaus [3,4], quantum ‘“order-from-disorder effect” [5,6], or . 9 V
enhanced magneto-caloric effect [3] can be observed in these systems. Recently, geometrically frustrated ,,triangles-in- \‘ Oy
triangles® structures described within the framework of classical Potts and Ising models have been studied from a /S,I\S‘Y_A.
percolation viewpoint as well as from the viewpoint of their critical behaviour [8-12]. lesm .
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- - Schematic representation of the triangle-hexagon
Motivation lattice described by the Ising-Heisenberg model

The present study Is devoted to a theoretical investigation of geometrically frustrated spin-1/2 Ising-Heisenberg model on a triangle-hexagon planar lattice, which Is
schematically depicted in the above figure. The considered magnetic structure of consists of smaller triangular-shaped entities embedded in elementary unit cells of a
simple triangular lattice. The main goal of this study Is to investigate magnetic and thermodynamic properties of the model under consideration.

Model system and its Hamiltonian Ground-state phase diagram
4
The Hamiltonian of the spin-1/2 Ising-Heisenberg model on a triangle-hexagon lattice can be written as a sum of cluster _
Hamiltonians, where each cluster Hamiltonian contains all the interaction terms associated with k-th Heisenberg trimer 3| e ]
N 3 3 I
H :ZHk Hk :_‘JH Z[A(Sli(,islz(,i+l_I_Sky,iSky,i+1)+SI<Z,iSI<Z,i+1]_JI Zskz,i6kz,i < 2+ DP -
k=1 1=1 1=1

A=T14k4 /2 dy.

Above, §f{ and o, (o =X,y,z; i =1,2,3) label spatial components of the spin-1/2 operator, the parameter J, represents the
Ising-type Interaction between the nearest-neighbour Ising and Heisenberg spins and the parameter J, labels the XXZ

. : . . : .. _ _ _ _ CFP
Heisenberg interaction bewteen the nearest-neighbour Heisenberg spins in the inner triangles, A is an exchange anisotropy 5 | Ju/ A =0
and relations S;, =S,; and o, = o, are implied for convenience. -1 0 , /1|J| 2 3
H I
. . Ground-state phase diagram in the form of the
The star-triangle transformation i

frustration ratio vs. the exchange anisotropy

Exact analytical solutions of the Ising-Heisenberg model under investigation can be obtained using the generalized star-triangle mapping transformation [13,14],
which enables one to derive all the basic thermodynamic properties from the known exact results for the corresponding spin-1/2 Ising model on a triangular lattice

[15,16]. The physical meaning of this algebraic transformation [13,14] lies in removing all interactions associated with the Heisenberg spins from the k-th inner
triangle and replacing them with new effective interactions between the outer Ising spins c.
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Ground-state phases Limiting case (A<1):
Disordered spin-liquid phase (DP): Classical ferromagnetic phase (CFP): Quantum ferromagnetic phase (QFP): i K T 1
. . . a I — = \ -
(G <s;>]=[o;01 [<&;>;<s;>]=[1/2;1/2] [(65); <S§>]=[1/2;1/6] oo 3 2i|L+V3+4243)12)
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Critical behaviour Temperature dependence of specific heat Spontaneous magnetization
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Finite-temperature phase diagram in the form of Typical temperature dependences of the specific heat for two different values of Thermal dependence of the total magnetization normalized
critical temperature vs. frustration ratio dependence. the exchange anisotropy A and various values of the frustration ratio J.,/ |J | with respect to its saturation value for A=2.0.
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