Contradiction between results of multiple and single measurements of quantum states of asymmetric superconducting loop.
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Possibility of superposition of macroscopic quantum states is one of the most intriguing problems of mesoscopic physics [1]. It is especially urgent because of the aspiration for realization of the idea of the quantum computation [2]. This idea is based on the Einstein – Podolsky – Rosen correlation [3] violating the principle of local realism [4]. Therefore in order to make a quantum computer the principle of realism should be violated. The experimental evidence of violation of realistic predictions has been obtained for the present only on the level of elementary particles [5]. There is few chance that technology will be able in the near future to work on this level. Therefore investigations of a possibility of the quantum superposition and the EPR correlation on the higher (mesoscopic) level are very urgent for a possibility of the creation of a real quantum computer. But one should keep in mind that quantum mechanics contradicts not only local but also macroscopic realism on the mesoscopic level [6]. 


According to the universally recognized opinion [7] superconducting loop with half quantum (0 = ((/e of magnetic flux ( = (n+0.5)(0 is the system with two permitted states n and n+1 having the same energy ( (n - (/(0)2 = 0.52 or (-0.5)2. Therefore superconducting loop interrupted by Josephson junction is considered as possible flux qubit [8] and as possible object for experimental investigation of contradiction between quantum mechanics and macroscopic realism [6]. The authors [6-8] do not doubt that two states exist and any single measurement should find a value corresponding to one of them and multiply measurement should give an average value. But nobody must be sure of anything in the quantum world till unambiguous experimental evidence. 


We used asymmetric aluminum ring in order to verify that single measurement gives a result corresponding to n - (/(0 = 0.5 or -0.5 and multiply measurement gives an average value corresponding to <n - (/(0> = 0 at ( = (n+0.5)(0. The critical current of the superconducting ring should be periodical function of magnetic field Ic+((/(0) = Ic0 - |Ip|(1 + sn/sw) or Ic+((/(0) = Ic0 - |Ip|(1 + sw/sn) because of the persistent current Ip((/(0) ( (n - (/(0) increasing the current density in the narrow (with section sn) or wide (with section sw) semi-rings depending on directions of the circular persistent current Ip [9]. Here Ic0 = jc(sn+sw) is the ring critical current at Ip = 0. The values of the critical current measured in opposite directions Ic+, Ic- are not equal at Ip ( 0 and sn ( sw. The difference (anisotropy) of the critical current Ian = Ic+ - Ic- = Ip(sw/sn - sn/sw) should change with magnetic field like the persistent current Ian((/(0)( Ip((/(0)( (n - (/(0). 

We have measured magnetic dependencies of the critical current Ic+, Ic-, the rectified voltage Vdc and the Little-Parks oscillations of the resistance R of asymmetric aluminum rings with radius r = 2 µm, thickness d ( 50 nm, semi-ring width wn = 0.2 µm, ww = 0.4; 0.3; 0.25 µm and also symmetric rings with wn = ww = 0.4 µm. The quantum oscillations Ic+((/(0), Ic-((/(0), Vdc((/(0), R((/(0) were observed in all these cases, Fig.1. We have found that the rectified voltage corresponding to multiply measurements of the anisotropy of the critical current Vdc((/(0) ( <Ian>((/(0) ( <n - (/(0> equals zero Vdc = 0 at ( = n(0 and ( = (n+0.5)(0, Fig.1. These results, together with the observations of maximum of resistance (R ( <(n - (/(0)2> [7] at ( = (n+0.5)(0, Fig.1, give an evidence of two states at ( = (n+0.5)(0: <n - (/(0> ( 0.5 + (-0.5) = 0, but <(n - (/(0)2> ( 0.52 + (-0.5)2 = 0.5 is maximum value. This experimental evidence of two states in asymmetric loop, conforming common belief, allow to expect that observations of the critical current corresponding to single measurements give two values Ic+ = Ic0 - |Ip|(1 + sn/sw) and Ic+ = Ic0 - |Ip|(1 + sw/sn) at ( = (n+0.5)(0 corresponding to the two states n and n+1 with the persistent current Ip ( (n - (/(0) having the same value and opposite directions. 
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But we have not found the gap (Ic+ = |Ip|(sw/sn - sn/sw) in the Ic+((/(0), Ic-((/(0) dependencies at ( = (n+0.5) (0. Moreover our measurements have shown that these dependencies of the critical current measured in opposite directions are similar Ic+((/(0) = Ic-((/(0+(() and its anisotropy Ian((/(0) = Ic+((/(0) - Ic-((/(0) = Ic-((/(0+(() - Ic-((/(0) results from the shift (( = 0.5 of these dependencies one relatively another. There is observed an obvious contradiction between results of measurements of Ic+((/(0), Ic-((/(0) and R((/(0) of asymmetric loops because of this shift ((: extreme values of Ic+((/(0), Ic-((/(0) are observed at ( = (n+0.25)(0 and ( = (n+0.75)(0 but not at ( = n(0 and ( = (n+0.5)(0 as in symmetric loops whereas extreme values of R((/(0) are observed at ( = n(0 and ( = (n+0.5)(0, as well as in symmetric loops, Fig.1. According to the principle of realism, if two experimental results contradict against each other one of their is incorrect. We observed extreme values of Ic+((/(0), Ic-((/(0) at ( = (n+0.25)(0 and ( = (n+0.75) (0 and of R((/(0) at ( = n(0 and ( = (n+0.5)(0 on all asymmetric rings with different asymmetry sw/sn = 1.25; 1.5; 2 and at different values of the critical current and we can not assume that these result can be incorrect. Therefore we venture to conjecture that the contradiction found at our measurements can be a manifestation of violation of the principle of realism. 
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Fig.1. Quantum oscillations of the critical current Ic+, Ic-, the rectified voltage Vdc and the resistance R of (1) symmetric wn = ww = 0.4 µm and (2) asymmetric wn = 0.2 µm < ww = 0.3 µm loops. 








