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Quantum computing, one of the most rapidly developing areas in physics, has significant
potential to outperform classical computing [1], by using quantum superposition in which
the fundamental piece of information, called a qubit, consists of a superposition of quantum
states, denoted |0) and |1). In order to implement quantum logic operations it is essential
to address these quantum states coherently. A key challenge in all approaches proposed as
possible platforms is to identify strong and controllable interactions that would allow for the
creation of fast quantum operations with minimal decoherence.
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The generic setup to obtain a phase gate, or universal two-qubit operation, is described in
Fig. 1. We will discuss different schemes for quantum gates using real molecules: CO, LiH,
etc. These are polar molecules being experimentally studied at ultracold temperatures. It
should be noted that our scheme could be integrated into condensed matter physics architec-
tures, using, for example, molecule-chips or microtraps connected to superconducting wires
[4]. In a recent article [4], the experimental implementation of quantum information pro-
cessing using superconducting stripline resonators has been studied in detail; our approach
based on dipolar switching can be readily adapted to this architecture.
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