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Superconducting circuits, based on small Josephson junctions, are promising candidates for qubits. A possible realization of the so-called charge-phase qubit is a Bloch transistor included in a superconducting loop with small inductance [1-3]. Qubit operation relies on the coherent superposition of the macroscopic quantum states, but tunneling of unpaired electrons in the system (quasiparticle poisoning of the transistor island) leads to decoherence. In our experiment the charge-phase qubit circuits were based on Al Bloch transistors inserted into an Al-loop and placed inside a Nb on-chip coil of the coupled LC‑tank circuit. This tank circuit having quality factor of about 250 was driven by an rf signal at frequency 77 MHz, i.e. close to its resonance. The Al-junction dimensions were about 100 nm by 100 nm and the resulting critical current of individual junctions was about 25 nA with corresponding values of 45eV for the Josephson coupling energy EJ and 110eV for the charging energy EC of the Bloch transistor. Therefore, both the value of EC and width of the zero band of the transistor, i.e. (max[E(Q)]-min[E(Q)](, where  is the external dc magnetic flux and Q is the gate charge, were less than the value the superconducting gap in Al films, (Al ( 200 (eV. No quasiparticle normal-metal traps were installed in the transistor leads
In such rf-measurement setup (described in detail in paper [3] focused on investigation of all-Nb samples) we probed the ground-state of our Al qubits by measuring the dependence of the phase angle between the oscillating current and voltage in the tank circuit versus Q and  For small amplitude of these oscillations the change of is proportional to the reverse Josephson inductance of the Bloch transistor, and thus to the local curvature of its energy surface. We found for small amplitude of oscillations at  a desirable plain 2e-behavior (upper curve in Fig. 1a), but at 0/2 we observed an anomalous behavior near the gate charge values Q = e (mod 2e) (see the bottom curve in Fig. 1a). A sudden increase of  in these regions indicated a contribution of a state with large (positive) curvature. We can interpret this by repeated quasiparticle transitions causing excitation of the upper band (see Fig. 1b) similar to that due to rectangular gate pulses [4]. The probabilities of these transitions into the ground or excited state seemingly depend on the gate charge Q and instant value of the applied magnetic flux  determining the energy gap between the bands. Moreover, in the working point  = 0, for increasing amplitude of the rf-drive we found two symmetric dips around the value Q = e. These dips resulted presumably from quasiparticle transitions within the ground state. Surprisingly, we found that at sufficiently small amplitude of the oscillations around the magic point of ( = 0, Q = e) such quasiparticle transitions are not observed.
This work is supported by the EU through the EuroSQIP project.
[1]  A. B. Zorin, Physica C 368, 284 (2002).  
[2]  D. Born et al., Phys. Rev. B 70, 180501(R) (2004).

[3]  H. Zangerle et al., cond-mat/0601199
[4]  Y. Nakamura et al., Nature 398, 786 (1999).

[image: image3.png]el
O et
UAUAY AN a—





Figure 1: Panel (a) shows experimental(VGate)-dependences for two values of the Josephson phase amplitude: = 30° (at dc magnetic flux  = 0 and /2) and 60° (at  = 0). Panel (b) shows a numerically calculated energy bands for the estimated parameters of the sample and on the assumption of 10% difference in critical currents of individual junctions. The position and size of the arcs approximately corresponds to the trajectories of oscillations in working points A, B and C (marked on the curves in panel (a)). The arrows symbolically show the repeated quasiparticle transitions causing abrupt changes of charge Q by (e. In the case of dc flux value = 0/2 and charge Q ( e the observed dramatic increase in  (e.g., in point C) indicates a contribution to the reverse Josephson inductance of a state with large positive curvature. This behavior is presumably related to the quasiparticle-assisted excitation of the upper Bloch band.
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