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We report the implementation of the Grover quantum search algorithm with a pair 
of trapped atomic ion quantum bits [1].  Any of four possible states of the two-
qubit memory is marked, and following a single query of the search space, the 
marked element is successfully recovered with an average probability of 60%.  
This exceeds the performance of any possible classical search algorithm, which 
can only succeed on average with a maximum probability of 50%.  The main in-
gredients in the algorithm are the quantum entanglement of trapped cadmium ion 
qubits through two-qubit logic gates involving the Coulomb-coupled motion of 
the ions, quantum interference between the amplitudes of the various states, and 
an efficient quantum measurement of the qubits.  The algorithm is realized on the 
minimum number of elements that show improvement over a classical search, but 
this implementation is scalable to an arbitrarily large database that would enjoy a 
quadratic speed up relative to any classical search algorithm, and represents all 
basic elements of a universal quantum computer with trapped ions. 
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