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ABSTRACT:

The quantum no-cloning theorem, which shows that two non-orthogonal states cannot be cloned exactly, is one of the most important bases of the quantum information theory. We study the probabilistic quantum cloning both theoretically and experimentally in which linearly independent pure states can be faithfully clone by a unitary-reduction process. We also derive the best possible cloning efficiencies.

We design a quantum logic circuit to perform the probabilistic cloning and the universal quantum cloning by linear optical devices in experiments. We measured the best cloning efficiency of the probabilistic cloning and the optimal fidelity of the universal cloning.

Quantum decoherence is the main obstacle for the experimental implementation of quantum information.  We study the cooperative decoherence processes and find that there are a special kind of quantum states which can preserve their quantum coherence even under the interaction with environment, called as coherence-preserving states or decoherence-free subspace. Further we put forward the principle of quantum error-avoiding code (QEAC).

We have performed an experimental of controlled decoherence in single-photon optical system which shows how does the decoherence process dependent on the character of the environment. We also finished experimental preparation of Werner state via spontaneous parametric down-conversion. In our experiment we prepare two kinds of Werner states, one violates the CHSH inequality, the other does not.

Quantum information processor is one of the most important devices in the field of quantum information. We put forward a new proposal for the quantum processor, in which two identical atoms in a cavity interact with a cavity mode non-resonantly. The cavity is only virtually excited and thus the requirement on the quality factor of cavities is greatly loosened. We have shown that this scheme can be used for the generation of two-atom maximally entangled states and realization of quantum logic gates and teleportation of atom state with cavity QED.

We put forward a new protocol of quantum key distribution (QKD), which uses the quantum key to encode and decode the classical information (such as classical key bits). We call the protocol as channel-encrypting QKD, which is quite different from source-encrypting QKD (like BB84, B92). We have proved the security of this protocol for all attack strategies of Eve.

We have finished an experiment on quantum communication complexity. We propose a probabilistic two-party communication complexity scenario with a prior nonmaximally entangled state, which results in less communication than is required with only classical random correlations. A simple all-optical implementation of this protocol is presented and demonstrates our theoretical conclusion.
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