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Abstract: This contribution introduces a novel binary order parameter, proving the Schmid transition
belongs to the BKT universality class, and demonstrates a surprising absence of dissipation through out-of-
equilibrium analysis.

The Schmid transition is a fundamental phase transition for the description of the resistively shunted Josephson
junction (RSJJ), modeled as the parallel of a non-linear inductor (with Josephson energy Ej), a capacitance C (with
typical energy E. = 4e2?/2C), and a shunt resistance Rg. Schmid and Bulgadaev predicted an insulator-to-
superconductor phase transition at @ = R;/Rs = 1 [1,2], where R; = h/4e? is the resistance quantum.
However, the existence of this transition has recently been questioned both theoretically [3,4], and
experimentally [5], sparking renewed interest in the transition itself and its consequences on the transport
properties of the RSJJ. In this contribution, we demonstrate the nature of the transition by introducing a new
binary order parameter S. Our results reveal that the transition belongs to the Berezinskii-Kosterlitz-Thouless
(BKT) universality class [6,7], as evidenced in Fig. 1 by the logarithmic decay of the correlation functions around
the critical point.
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Fig. 1 Logarithmic decay of the correlations (S(7)S(0)) at the estimated critical point as an evidence of BKT criticality.

Furthermore, within the framework of linear response theory for resistivity, we show that the signature of the
transition lies in the weight of the delta function D, at w = 0 (see inset Fig. 2 (a)) [7]. Strikingly, the absence of
a low-frequency Drude peak in the response function Wy, o (w) (see Fig. 2), leads us to conclude that the physics
of the system does not involve dissipation. This behavior is further confirmed by a detailed analysis of the out-
of-equilibrium system when a small current is injected.
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Fig. 2 Analytic continuation of the resistivity response function ¥, o

(b)a =0.5,(c)a =0.8,(d) a =1.5at Z—é = 0.5and BE. = 100. Inset (a): delta weight contribution D as a function of a.
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