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Quantum computers promise extremely fast computation through massive parallelism based on the quantum-mechanical superposition principle and use only two quantum logic gates: the rotation and controlled NOT gates. The elementary unit of quantum logic gates is a quantum bit, or qubit, which is produced by the quantum-mechanical superposition of two states. We propose a novel scheme for creating a qubit by using the quantum nature of a particle captured within the interacting soliton potential.

A soliton qubit is realised by two key ideas that make full use of soliton properties. First, a soliton can be regarded as a potential for a particle.  A hole-shaped soliton may act as an attractive potential and capture a particle.  This captured particle is then transported by soliton propagation.  Second, the soliton with captured particle can be made to interact with an empty soliton.  Two interacting solitons are distinguishable from each other at all times under a certain condition. Therefore, two states for each soliton can be defined.  Near the interaction centre, the captured particle can tunnel between the two states quantum-mechanically, i.e., the particle shares these states. Therefore, the particle is in a quantum-mechanical superposition state, which makes this particle a qubit. 

A distinctive feature of our scheme is that the soliton quibit itself works as the natural rotation gate required for quantum computing because of probability that a particle exists in the soliton potential changes in accordance with the interacting soliton evolutions.  Moreover, the controlled NOT quantum logic gate, which is indispensable for quantum computing, can also be designed when there are many solitons and mutual interactions between soliton qubits (one for the control bit and another for the target bit) are introduced to acquire quantum-mechanically correlated entanglements. 

The greatest technical advantage of this scheme is that states can be prepared using the feature that solitons are spontaneously formed from the initially given shapes.  Unlike previous schemes for creating qubits, ours require no special techniques, such as nano-fabrication, for initial state preparation.  Promissing candidates for our scheme are solitonic charge transports in a quasi-one-dimensional organic system [1] and surface acoustic solitons in a thin film deposited on a semi-infinite substrate [2]. 
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