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Phase transition from partition function

® |n the thermodynamic limit, the free energy of a system becomes singular
(non-analytic) at the critical point of a phase transition.

® |[ee-Yang zeros: Through analytical continuation of free energy into the
complex plane of control parameters, Yang and Lee showed that
singularities of free energy, given as zeros of the partition function

(FF = — kgT In Z), accumulate exactly at the transition point.
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Unit Circle Theorem (in complex fugacity plane)



Measuring partition function zeros - |

® Krishnan et al. proposed two ways of measuring the partition function for
classical 2D Ising model on quantum computers
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Measuring partition function zeros - Ii

® The second method is to map to a periodically kicked 1D transverse-tield
Ising model:
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Z,p(K,, K, N, L): p.f. of the 2D Ising model with lattice size N X L
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Qiskit simulations

® lee-Yang zeros (complex-H plane with K, = K, = — 1): 5000 shots
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Im[sinh(2K)]

Qiskit simulations

® Fisher zeros (complex-sinh(2K) plane with H = 0): 5000 shots; last one
with 50000 shots
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Preliminary hardware results

® [isher zeros:
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® [ee-Yang zeros:
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Outlook

® Need to improve signal-to-noise ratio:

O Improve qubit mapping on the heavy-hex topology to potentially
reduce the number of SWAP gates & circuit depths

O Employ error mitigation techniques

® Scale up to larger system sizes; will need to increase the number of
samplings due to exponential suppression of the return probability

® |nvestigate spin glass models and their phases using this technique on
QPUs



