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Phase diagram of the quantum Ising model

Abstract

 Prediction of phase diagrams of quantum many-body
systems is hard, but useful to study for example
superconductivity and spin liquids phases.

« We study zeros of a moment-generating function
(Lee-Yang zeros) and their extrapolation to the
thermodynamic limit to determine the position of the
phase transition for the two-dimensional Quantum Ising
model.

« A symmetry-broken phase is indicated by the
convergence of the Lee-Yang zeros to the real axis in
the thermodynamic limit.

» These Lee-Yang zeros are calculated from the high
moments of the order parameter, the magnetization,
determined using tensor-network methods.
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H=-J)» 676:—h)» 67
(4,5) z

« Spin-1/2 model on square lattice with nearest-
neighbour coupling.

« J < 0 ferromagnetic

- J > 0 antiferromagnetic
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The Lee-Yang
- Lee-Yang zeros s; are defined by x(s;) = 0 zeros are purely
» Away from the real axis for finite systems imaginary.
« |If the system is in a symmetry-broken phase, they
converge towards the real axis towards the thermodynamic -2 -2
limit.
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Results First Lee-Yang zeros as function of system size, transverse field Extrapolation to thermodynamic limit
- Obtain Lee-Yang zerosIm(sg) as function of L () as function of the transverse field
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« Extrapolate to the thermodynamic limit using a <+ NNQS (up to L = 10)

simple scaling approach

Im[so|(L) =Im|[sg](L =o00)+al™?

« Behaviour of extrapolation as function of varied
parameter gives the point of the phase transition. [
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