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The topic of quantum fluctuations in quasi 1D superconductors, also called quantum phase slips (QPS), has
recently attracted the significant attention. It has been shown that the phenomenon is capable to suppress
the zero resistivity of ultra narrow superconducting nanowires at low temperatures T<<Tc and quench
persistent currents in tiny nanorings. The coherent QPS effect enables fabrication of the new generation of
quantum logic devices – qubits. It has been predicted that a superconducting nanowire in the regime of QPS is
dual to a Josephson junction. In particular case of an extremely narrow superconducting nanowire imbedded
in high impedance environment the duality leads to an intuitively controversial result: the superconductor
should enter an insulating state.
Here we experimentally demonstrate that the I V characteristic of such a wire indeed shows Coulomb
blockade which disappears with application of a critical magnetic field and/or above the critical temperature
proving that the effect is related to superconductivity. Such system can be considered as a junctionless single
electron transistor (with charge 2e), where the QPS provide the dynamic equivalent of weak links in
conventional devices containing static (in space and time) tunnel junctions. Application of external RF
radiation can be synchronized with the internal Bloch oscillations of charge. The phenomenon is dual to the
well known Shapiro effect: the voltage steps for a Josephson junction are substituted by the current steps for a
QPS wire: the proof of principle demonstration of the long awaited metrological application the quantum
standard of electric current.
We will also discuss our latest results demonstrating finite noise below the ‘residual’ critical current and
temperature due to the same QPS effect. In ultra narrow nanowires the quantum fluctuations of the
amplitude of the order parameter result in smearing of the energy gap edge, which has been measured in
tunneling experiments.

Presenting Author: K. Yu. Arutyunov
Email: karutyunov@hse.ru

P a g e | 69

