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Study on correspondence between synchronization-desynchronization transition in
phase oscillator network and phase transition in classical XY model, and

unification theory
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Previously, for a class of infinite-range interactions, we found the
correspondence between the XY model in which the order-disorder phase transition occurs and phase
oscillator networks in which the synchronization-desynchronization phase transition occurs. In order

to clarify interactions where the correspondence between two models exists, we studied several
models by changing interaction range with or without randomness, topology and so on.

As a result, we found that if the local fields do not depend on elements and time, and the number
of order parameters is finite, the correspondence exists. Furthermore, we found that even if these
conditions are not satisfied, the correspondence can exist. For example, we numerically studied the
infinite range random interaction with frustration, the so-called Sherrington-Kirkpatrick model in
the spin systems, and found that there exist the correspondence of the distribution of the local
field and spin glass order parameter in both models.
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Correspondence between phase oscillator network and classical XY model
with the same infinite-range interaction in statics
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