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We know that a typical quantum mechanical object such as an electron can exist in multiple states simultaneously, such as in two arms of an interferometer at the same time. This ability, called the the superposition principle, lies at the heart of quantum mechanics. This principle has recently been shown to hold for mesoscopic systems such as macro-molecules [1] and macroscopic currents [2]. Can the principle be demonstrated to continue to hold for other mesoscopic systems and perhaps even macroscopic systems? Such a demonstration will extend the boundaries of quantum mechanics.

However, there are three serious obstacles to observing a superposition of distinct states of a generic mesoscopic system. Firstly, its own evolution may not be such that a superposition is naturally created. Secondly, no mechanism of cooling the system may exist, so that thermal effects will preclude the observation of a superposition even it were created. Thirdly, and most importantly, a

mesoscopic system may be so strongly coupled to its environment, that a superposition of its states is destroyed too fast to be detected, a process known as decoherence [3].

In this context, I will present talk on my recent paper [4] where I show that a single qubit (a quantum two state system) coupled to a mesoscopic apparatus can help. A single qubit can easily be put in a superposition of its two states, this superposition lasts much longer than those of typical mesoscopic systems, and can be easily probed. Due to the qubit-apparatus coupling, the apparatus evolves differently corresponding to different states of the qubit. This creates a superposition in which distinct states of the apparatus are involved. These states are so distinct in a usual measurement process, that the superposition rapidly undergoes complete decoherence (gets completely destroyed). Instead, I suggest that by coupling the qubit and the apparatus by just the right amount, it is possible to have only a partial decoherence of the superposition. After a fixed time, the apparatus is allowed to dynamically evolve back to its original state. Now by probing only the qubit it is possible to discover an evidence of the previous superposition involving distinct states of the apparatus. This evidence is actually an imprint of the partial decoherence  of the previous

superposition on the state of the qubit, and thus enables a systematic study of the various models of decoherence for mesoscopic systems [3].

  Thus even though single qubits and their apparatus are being developed for the pragmatic aim of quantum computation, it is already possible to use the system for extending the borders of quantum

 mechanics to encompass a variety of mesoscopic systems. I also provide two specific qubit and apparatus combinations with which the scheme described above can be implemented [4].
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