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The Josephson effect represents a very powerful tool to experimentally investigate a variety of interesting phenomena, including macroscopic quantum tunneling(MQT), and energy level quantization(ELQ) [1]. In this context the most fashinating topic is the observation of macroscopic quantum coherence (MQC) in Josephson systems[2]. This effect also has implications for quantum computing, because a coherent two-level system represents a single q-bit (Quantum BInary digiT), the elementary unit of a quantum computer[3]. 

We show our recent results on MQT and ELQ in underdamped Josephson junctions in different temperature regimes[4]. These measurements have been performed at CNR-IC employing low noise electronics, as well as different techniques to reduce the effective dissipation by filtering the lines wiring the junction. The extremely low value of dissipation obtained is encouraging in view of experiments of coherent tunneling between energy levels in an rf squid system[2,5]. 


We present data and theoretical predictions on the switching current distribution P(I) and on the escape rate (I), as functions of the bias current I in different temperature ranges in respect to the classical-quantum crossover temperature To. For T< To, in quasi-stationary conditions (dI/dt up to 0.3 Asec-1), we observe the expected saturation of the switching distribution width, =(<I2>-<I>2)1/2, decreasing the temperature T, as due to MQT[1]. For  T> To , extending measurements at higher sweeping frequency (dI/dt up to 100 Asec-1), we have evidence of ELQ at high temperature (up to 2 K) due to the transition of the system in non-stationary regime[4].


In Figs.1-3 we report our data and the theoretical predictions on MQT and ELQ in high quality Nb-AlOx-Nb Josephson junctions. 
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Fig.1.  Distribution width  as function of T 2/3 for Nb/AlOx/Nb underdamped Josephson junctions.  a) sample 1: Jc 140 Acm-2 at  T=50 mK,  Aj6x6 m2, and C=2.0(0.4  pF ; b) sample 2: Jc 490 Acm-2 at T=50 mK, Aj4x4 m2, and  C=0.70(0.14 pF . Experimental data (dots) are compared with the theoretical predictions(solid and dashed curves). The theoretical curves are obtained for R=24 Kand C(sample 1), and R= 27 K and C(sample 2). The interception of the curves gives an experimental extrapolation of the crossover temperature for the two junctions: To=125 mK(sample 1),  and To=330 mK(sample 2). We note the expected saturation for low temperatures as due to MQT.
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Fig.2 Switching current distribution P (left axis, lower curves) and  escape rate of the supercurrent state  as a function of the current I (right axis, upper curves) for sample 3. Dots refer to data taken at T=1.3 K and dI/dt = 42 A/s. The solid line is the theoretical prediction from non-stationary theory on ELQ[4] with the following junction parameters: Ic=26 A, C=3.3 pF,     R= 20 kdI/dt= 42 A/s and T=1.3 K. In the inset the experimental current spacing Iexp=IminN-IminN-1 normalized to the expected one,  Ithe, is shown.  The error bars include the uncertainty on the time resolution and  the statistical one as well.
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Fig.3. Switching current distribution P (left axis, lower curves) and the escape rate of the supercurrent state  as a function of the current I (right axis, upper curves) for sample 4. Dots refer to data taken at T=1.2 K and dI/dt = 102 A/s. The theoretical predictions (solid curve)  from non-stationary theory on ELQ[4] refer to: Ic=80 A, C=1.2 pF, R= 10 k, T=1.2 K, and dI/dt = 102 A/s. In the inset the experimental current spacing Iexp=IminN-IminN-1 normalized to the expected one,  Ithe, is shown. The error bars include the uncertainty on the time resolution and the statistical one as well.
