Anisotropic long range spin systems
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We consider the case of anisotropic long range (LR) interacting spin systems in general dimension
d. The system is divided into two subspaces of dimension d; and dz, with di + d2 = d. In the first
subspace the interaction between the spins decays with the distance as a power law =977 while
in the other subspace it decays as 7~%277". We introduce a low energy effective action with non
analytic power of the momenta. As a function of the two exponents 7 and o we show the system
to have three different regimes, two where it is actually anisotropic and one where the isotropy is
finally restored. The model we propose is a lattice spin system in dimension d;, with an arbitrary
number of spin components N. The interactions among the spins is LR with different exponents
depending on the spatial directions
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where boldface symbols stand for vectors. The S; are classical N component vectors. The distance
7||,i; is calculated on a di dimensional plane, where both the spins S; and S; belong, as ensured by
the presence of the (71 ;;). On the same ground r, ;; measures the distance between two spins 4, j
belonging to the same d2 dimensional plane. Thus any spin of the model belongs to two different
subspaces, one of dimension d; and the other of dimension dz2, and interacts only with the spins
sitting on the same subspaces.

When one of the two exponent goes is infinite o\7 — oo [1] the interaction becomes SR in the
correspondent subspace. However, in analogy with the isotropic LR case, two threshold values o™
and 7" exist such that for o > o*\7 > 7" the systems behaves as only SR interactions were present
in respectively the d; or d> dimensional subspace.

This system can look a bit exotic, but it has in fact at least one evident physical realization. We
consider a quantum spin system in dimension d’ in presence of LR interactions
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where ¢*>(®) is the z, z component of the quantum spin o and J is some positive constant. In the
thermodynamic limit a quantum spin system can be mapped into a classical analogous [2, 3]. Thus
the quantum phase transition at zero temperature of a quantum spin system in dimension d’ lies in
the same universality class of a classical system in dimension d+ z, where z is the dynamic exponent
in the quantum case. For the Ising case (N = 1) with SR interactions the dynamic exponent is
z = 1. Then we can map a quantum Ising model in dimension d’ with a classical analogous in
d = d +1 [4]. This result is also valid with LR interactions and the mapping is between a quantum
Ising model, described in (1), and the classical model with anisotropic interactions with di = 1,
dy=d and o > o*.

In the general NV case we do not know explicitly the z value. However we can in general state that a
quantum spin system in dimension d’ with LR interactions decaying with exponent 7’ has a phase
transition which lies in the same universality of the one found in the classical system (1) with o > 2,
di=z2de=d and 7 =7'.

The model is then strictly related to the investigation of the critical properties of LR interactions
in quantum spin systems that have been recently realized in cold atoms experiments [5, 6].
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