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1. Introduction 3. CCM Formalism

e One of the prime theoretical interests in frustrated quantum magnets lies in the possibility that they might e General formalism
exhibit disordered quantum paramagnetic states and/or spin-liquid behaviour. Among the most highly
frustrated systems are those composed of tetrahedra coupled into 2D or 3D lattice networks. Prominent
among the latter are the pyrochlores, whose basic structure is one of vertex-sharing tetrahedra.
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e Using the coupled cluster method (CCM) we study the zero-temperature ground-state phase diagram of S=21 #0510 S=1+ 2.1 #5107 -

the Spin—% anisotropic planar pyrochlore (or crossed chain) model [1].
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e The CCM is one of the most powertul and most universally applicable techniques of quantum many-body s |P) « model state. (]}L and C; = (C;F)Jf — complete set of multiparticle creation and destruction
theory. It has been applied successfully to many lattice quantum spin systems [2,3]. Two of the unique operators, where Car =1=C, and C} DY =0=(D|C): VIH#DO.
strengths of the COM are: » [ « multi-configurational set-index.

—its ability to deal with highly frustrated systems as easily as unfrustrated ones, and m The ket- and bra-state correlation coefficients (S, S;) are calculated by requiring the energy expectation
—its use from the outset of infinite lattices, which leads in turn to its ability to yield accurate phase value H = (V|H|¥) to be minimized with respect to each of them =
boundaries even near quantum critical points.

(D|CTe P HeO|®) =0;  (D|Se ™ [H,CF1e°CF|®) =0; VI #0,

and the ground-state (gs) energy is given by

2. The J,—.J, checkerboard model
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E = (dle > He’|D) .

e Specific formalism for quantum spin-lattice systems

A In order to treat each site identically, we perform a mathematical rotation of the local axes of each spin

e The model is equvalently described as a frustrated Jj—Jy Heisenberg antiferromagnet (HAFM) on the so that all spins on each model state align along the negative z axis. In the rotated frames, we have
2D checkerboard lattice, with nearest-neighbour exchange bonds of strength J; > 0 and next-nearest- &) =] 11l ), and C;r — SZ e 3/,?,: (where on each lattice site 4, we have at most one spin-raising
neighbour bonds of strength Jo = kJy > 0. operator for s = 1/2).

e Special cases: A The order parameter is the average local on-site magnetization,

N 1 -
] = _N<\P‘Z1],\;1 s;|V); where s7 is expressed in the local rotated spin coordinates.
|
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o Approximation schemes to truncate the expansions of S and S
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e Energy scale: Henceforth we set J; = 1.

e Classical ground states: References
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e Using the above 3 antiferromagnetic (AFM) classical ground states as CCM model or reference states we and R.F. Bishop (Eds.), Lecture Notes in Physics 645 (Springer, Berlin, 2004).

present results for the gs energy, average on-site magnetization, susceptibilities to plaquette valence-bond
crystal (PVBC) and crossed-dimer valence-bond crystal (CDVBC) ordering.
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4. GROUND-STATE ENERGY AND MAGNETIZATION (J; =1)
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e Our calculations show that the AFM quasiclassical state with Néel ordering is the gs phase for above a certain critical value at or very near to kK = K¢,. Our calculations thus indicate a Néel-ordered gs
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classical version (s — 00) of the model (for k > 1) survive the quantum fluctuations to form a stable Both transitions are likely to be direct ones, although we cannot exclude very narrow coexistence regions

magnetically-ordered gs phase for the s = % case. confined to 0.79 < k < 0.81 and 1.20 < k < 1.22 respectively.




