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In this paper, we investigate the quantum mechanical behaviour of a single quantum system consisting of a SQUID ring (a single Josephson junction [weak link] enclosed by a thick superconducting ring) coupled to an external electromagnetic (em) field. We consider two time-dependent models for the system (i) a fully quantum mechanical framework, and (ii) a semi-classical (Floquet theory) picture. In each case the SQUID is treated as a macroscopic quantum object and is described by the time-dependent Schrödinger with a Hamiltonian given by,
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where the enclosed magnetic flux 
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 and the electric displacement flux 
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. The major difference between the two approaches is the description of the electromagnetic field: in the fully quantum mechanical model the electromagnetic field is represented by quantum mechanical degrees of freedom.


We summarise some of our previous work on the semi-classical theory of the quantum mechanical SQUID ring [1,2] and show that the fully quantum mechanical model reproduces the behaviour found in the semi-classical model in all major respects. Notably, we see the emergence of strongly non-perturbative behaviour that corresponds to transitions between the (time-averaged) energy levels for the SQUID ring. These transitions appear at frequencies far below the frequencies predicted by conventional perturbative methods based around eigenstates of the time-independent Schrödinger equation for the SQUID.


Given the potential importance of future quantum mechanical SQUID devices, we discuss the relevance of these non-perturbative processes to recent experimental results [3] and to proposed quantum computer systems based on Josephson junction circuits.
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