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Abstract

We use series expansion methods to investigate a novel quantum spin-1/2 antiferromagnet, the "Union-Jack” lattice.
Previous work has considered the Nédl phase, which is the ground state for small frustration. The present paper deals
with the canted phase. Results are obtained for total and staggered magnetizations and for the two branches of magnon
excitations. The results are consistent with a single quantum phase transition at J,/J; 0.64 between Néel and

canted phases, with no intermediate "spin liquid" phase.

Introduction

The physics of 2-dimensional quantum antiferromagnets on frustrated lattices is surprisingly rich, and not fully
understood. There has been much study in recent year of the J;-J, square lattice [1,2] (a model for Li,VOSQO,), the
anisotropic triangular lattice [3] (a model for Cs,CuCl,), and the Shastry-Sutherland model [4] (a model for
SrCu,(BO3),). These are shown in Figure 1.

Fig. 1. Various frustrated antiferromagnets in 2-dimensions,
with competing interactions J; (solid lines) and J, (dashed lines).

When the nearest neighbour interaction J; is dominant these systems have a Néel ordered ground state modified by
quantum fluctuations. This will be destabilized by increasing the frustrating second neighbour interactions and Néel
order will vanish at aquantum phase transition point. For large J, the ground state may show columnar order, spiral
order or dimerization, depending on the model. All models show indications of an intermediate phase, sometimes
referred to as a spin liquid, with no long range magnetic order.

To investigate this class of magnetic systems further we have introduced [5,6] another frustrated lattice, the "Union-
Jack" lattice (Fig. 1). Thismodel will again exhibit Néel order for small J,. A semiclassical treatment [5] indicated that
the Néel phase would be stable to (J,/J;). ~ 0.84, where a first-order transition occurred to a canted ferrimagnetic
phase. A more reliable series study of the Néd phase showed a phase transition at (J./J;). ~ 0.645, apparently of
second order. The present work uses series methods [ 7] to investigate the canted phase in more detail.

Method and Results
The Hamiltonian of our model is
H=J S S +J, S S
(i) (k)
where the § are spin-1/2 operators and the summations are over the two types of bonds of strengths J; and J. It is
convenient to introduce =J,/J; and set J;=1.

The classical ground state in the canted phase is shown in Fig. 2, with the canting angle given by g = cos *(1/2a).

To compute series expansions it is necessary to rotate the local spin axes so that all spins lie in the local z-direction.
Thisyields atransformed Hamiltonian H=Hy+ 4V, with
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H,=cosq §°S"+acos2qg S°S°
{if) (k)

V=1 [(reosg)(§'S +§7S)- (- cosa)(§'S +§S )]
(i)

+%a< 14+ cos20)(S'S +S/S)- (1- cos20)(S 'S +S 5 )

Fig. 2. Spin configuration in the canted phase.

We now take Ho as the unperturbed Hamiltonian and treat V by high-order linked-cluster perturbation theory [7] to
order 2. The series are then evaluated at =1 by Padé and integrated differential approximant methods. The canting
angle can be determined in various ways. In practice we chose it by requiring that a certain magnon energy vanish, as
discussed below. The ground state energy wes found to be relatively insensitive to the precise value of .

Fig. 3. Net magnetization (a) and x-component of staggered magnetization (b), in the canted phase, the solid lineisthe
results of the linear spin-wave theory.

We now turn to a selection of the results. In Fig. 3 we show curves of net magnetization and one component of the
staggered magnetization versus a. The former would vanish in the Néel phase but is a signature of ferrimagnetic order
in the canted phase. As is evident from the figure, both quantities decrease as o is decreased and appear to vanish
continously at a=0.645 obtained from the more precise Néel series.
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The series method also allows calculation of the energies of elementary excitations, in the form of dispersion curves
throughout the Brillouin zone. As the Union-Jack lattice contains two inequivalent sublattices there will be two
distinct branches of magnon excitations. In Fig. 4 we show these along symmetry linesin the Brillouin zone.

Fig. 4. Magnon dispersion curves( and modes) along the symmetry linesfor various , in the canted phase.

It can be seen that the energy gap vanished at momentum k=(x,0) for the -boson, and k=(0,0) for the -boson,
corresponding to the development of two separate Goldstone modes. The indications are that the dependence on
momentum near to these modes is quadratic in the first case, and linear in the second case. This is in accordance with
theoretical expectations [8,9] for a canted phase with ferromagnetic order in one direction. The positions of these
modes are also predicted by spin-wave theory, and in fact we fixed the canting angle by demanding that the -boson
energy gap should vanish at (r,0).

Conclusions

This work complements the previous series study of the Néel phase and suggests that Néel and canted phases of the
model are connected by a single continous transition at =J,/J; ~ 0.64. Details and further results will be published
elsewhere [10].
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