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on the work performed by Boris Malomed during a short visit to Prof. Alexey Ustinov (at the Erlangen University), supported within the framework of the Program, July 3-14, 2005 (short-visit grant No. 1050)
The purpose of the visit was to continue the long-lasting collaboration with Prof. Alexey Ustinov and members of his research group in the field of quantum and semi-classical dynamics of fluxons (quanta of magnetic flux) in long Josephson junctions (including long arrays of point-like junctions), and, as concerns the applied aspect of the research program, the application of these settings to the very important problem of readout of information from superconducting qubits, i.e., elementary information-keeping cells of quantum computers. During the 12-day long visit, the work was focused exactly on these topics. The following two new problems were considered in detail.
(i)     Readout of the state of qubits of the flux type (a double-potential-well system, in which states in two tunnel-coupled potential wells are flux-flow ones, with opposite directions of the flux circulations), by means of a fluxon moving in a long Josephson junction, or, possibly, in an array of discrete small-area junctions. It is proposed that a particular spot of the long junction will be connected to the qubit by means of a transformer (i.e., a circuit built of two superconducting coil inductances, one providing for the coupling to the long Junction, and the other – to the qubit). We have performed a multi-step theoretical analysis of the operation of this scheme (at the present stage, it was focused on long junctions; discrete arrays will be considered in a sequel of this work). The main physical idea is that a fluxon passing the spot inductively coupled to the qubit will induce an extra magnetic flux in the latter, that will break the degeneracy between the trapped-flux states with opposite vorticities. This will give rise to a nonzero classical (observable) value of the flux in both eigenstates of the qubit, symmetric (ground-state) and antisymmetric (excited) ones. Through the feedback mechanism, the nonzero mean flux will induce a nonzero superconducting current in the dual-coil circuit and, eventually, it will give rise to an extra local perturbation affecting the motion of the fluxon in the long junction. The perturbation will result in a temporal delay/advance of the fluxon, in comparison with a "stand-alone" long junction, decoupled from the qubit. Eventually, the respective modification of the fluxon's motion should be observed in the form of a change of the fluxon shuttle oscillations in an annular junction, or as a change of the frequency of fluxon reflections from a free edge of a linear long junction. The effect will depend on the particular intrinsic state of the qubit (symmetric or antisymmetric), thus allowing for the readout (identification) of the intrinsic state. All the ingredients of this scheme of the readout of the fluxon-qubit's quantum state have been worked out in an analytical form during my visit to Prof. Ustinov. It remains to perform necessary numerical simulations of the perturbed fluxon motion. Because the problem is very important to a vast research field, which currently features very fast development, we plan to complete the project no later than in two months (hopefully, still earlier) and submit a joint theoretical paper to Physical Review B. Later, together with the further development of the theoretical analysis, experimental realization of the readout scheme is planned in the laboratory of Prof. Ustinov, at the University of Erlangen.

(ii)      An interferometer based on the motion of two fluxons in two parallel long Josephson junctions. The geometry of the device is essentially the same as the classical Mach – Zehnder interferometer in optics, i.e., a single long junction splits into two parallel shoulders, which subsequently coalesce back into one. Parameters of the scheme can be easily selected so as to provide for ideal splitting of an incoming fluxon, followed by its ideal recombination in the outgoing junction. Then, a local disturbance which should be measured (most importantly, a disturbance induced by a qubit, as described above) is introduced in one shoulder of the interferometer. It will cause a finite (in fact, small) time delay or advance of one of the split fluxons, and will thus affect the recombination of both of them into an outgoing fluxon, which will result in an experimentally detectable decrease of the velocity of the outgoing fluxon. During my visit, we have completed an analytical investigation of the operation of the fluxon Mach – Zehnder interferometer, including the analysis of the passage of flux waveforms through a Y-shaped junction point, and direct influence of the mismatch between the two split fluxons on the change of the velocity of the outgoing one. It is planned that a theoretical paper reporting the results will be drafted and submitted just after the completion of the other paper, mentioned above in item (i).
Collaboration with Prof. Ustinov and members of his group will definitely be continued, on the two topics outlined above, as well as on a number of others (in particular, the use of a fluxon in a discrete ring-shaped array as a measuring tool, as briefly explained above, including an essentially quantum regime). Support for the continuation of the joint work will be sought for from various sources.
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