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Novel quantum circuits using high-reactance materials; 
Quantum Phase Slip junction

The domain of quantum electrodynamics coupled to quantum circuits is developing rapidly
and  has  opened  in  the  recent  years  the  investigation  of  complex  quantum  states  (e.g.
"Schrödinger cats", "squeezed" states, ...) that were previously hardly addressed.

By construction,  in  such systems the quantum fluctuations  of  the electric  and magnetic
fields are directly coupled to the quantum fluctuations of  their respective sources (charges
and fluxes) in the conductors. However the "low" impedance of vacuum implies that in
most circuits  the charge fluctuates more than its  quantum-conjugate flux,  which in turn
imposes a number of limitations on what quantum electronic states can be realized, how
large the coupling can be, etc.

Our  project  is  to  overcome this  limitation  (i.e.  to  push  circuits  deeper  in  the  quantum
regime)  by tailoring  the  coupling  to  the  electromagnetic  field  with  the  use of  the  high
reactance materials such as highly disordered superconductors. In particular it was proposed
a few years ago that with a very small wire made of such a material one could implement a
new type of quantum component, the Quantum Phase Slip Junction (QPSJ) which would be
the exact quantum-mechanical dual circuit of the well-known Josephson junction. Our main
short-term  objective  is  to  observe  the  striking  prediction  that  the  charge  of  a  small
superconducting electrode connected by a QPSJ is quantized in units of 2e, realizing the
dual of an RF-SQUID.

Finally, the peculiar properties of these disordered superconductors (high impedance, non-
linearity, ...) can be used to develop new instrumentation devices such as photon detectors
with high quantum efficiency or wideband parametric amplifiers operating at the quantum
limit that could in turn be applied in astronomy or other fields. 

Please, indicate which speciality(ies) seem(s) to be more adapted to the subject:

Condensed Matter Physics:  YES     Macroscopic Physics and complexity: NO
Quantum Physics:  YES   Theoretical Physics: NO


