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Abstract. In the circuit model, quantum computers rely on the availability
of a universal quantum gate set. A particularly intriguing example is a set
of two-qubit-only gates: ‘matchgates’, along with swap (the exchange of
two qubits). In this paper, we show a simple decomposition of arbitrary
matchgates into better-known elementary gates and implement a matchgate
in a single-photon linear optics experiment. The gate performance is fully
characterized via quantum process tomography. Moreover, we represent the
resulting reconstructed quantum process in a novel way, as a fidelity map in
the space of all possible non-local two-qubit unitaries. We propose the non-
local distance—which is independent of local imperfections such as uncorrelated
noise or uncompensated local rotations—as a new diagnostic process measure
for the non-local properties of the implemented gate.

In quantum computation, an essential requirement of the circuit model is a universal gate set,
which enables the approximation of any given unitary process to arbitrary precision [1]. The
advantages and disadvantages of various gate sets are still being actively explored; for example,
one set may be more natural than others for interpreting a certain problem or, in a given physical

“ These authors contributed equally to this work.
> Authors to whom any correspondence should be addressed.

New Journal of Physics 12 (2010) 083027
1367-2630/10/083027+10$30.00 © IOP Publishing Ltd and Deutsche Physikalische Gesellschaft















a) wodc, b)

G(H,H)

Figure 4. (a) Tetrahedron depicting the space of all non-local two-qubit unitary
gates. All local gates u ® v, such as Gxx and GrT, are represented by [0,0,0];
SWAP is located at [0, /2, /2]. The shaded volume represents the space
of all perfect entanglers [20], i.e. gates that can turn separable states into
Bell states. The (thick blue) line [y, 0, 0] contains all Gaa gates, which are
equivalent to cU [3]. Gyy is located at its midpoint [ /2, 0, 0] and is therefore
the only symmetric matchgate that is maximally entangling. (b) Fidelity map
for the experimentally reconstructed Gyy process matrix showing the fidelity
(equation (5)) with respect to 6201 evenly spread ideal 2-qubit operators and
optimizing over all local unitary degrees of freedom. The maximum fidelity is
94.7+0.3% at ~[rr/2, 0, 0], which is exactly the point representing Ggg. (c—d)
Theoretical fidelity maps for several ideal gates: the target gate Gy and the local
gates Gxx and Gt as well as SWAP.

In order to illustrate our experimental process in the Weyl chamber and to find the non-local
unitary gate closest to it, we numerically translated 6201 evenly spaced ideal 2-qubit operators
defined by (4) into their process representation and then calculated their maximal non-local
process fidelity,

Fulcr, €2, ¢3) = mal)f F (Xexps x(ci...c3,up...07)), )
up...n

t0 Xexp by numerical optimization over the local transformations u;, v; and u,, v,. Applying
numeric local rotations to optimize a process fidelity to a specific (ideal) target process is
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