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Optical resolution is a measure of the ability of an imaging system to resolve spatial details in a signal.
As realized long ago, this resolution is fundamentally determined by diffraction, which smears out the spatial
distribution of light so that point sources map onto finite spots at the image plane.

Quite recently, a groundbreaking proposal [1] has re-examined this question from the alternative perspective
of quantum metrology. The chief idea is to use the quantum Fisher information to quantify how well the
separation between two poorly resolved incoherent point sources can be estimated. The associated quantum
Cramér-Rao lower bound gives a fair bound of the accuracy of that estimation. Surprisingly enough, the bound
maintains a fairly constant value for any separation of the sources, which implies that the Rayleigh criterion is
secondary to the problem at hand.

In this talk, we elaborate on this issue presenting quite a straightforward way of determining the quantum
Fisher information. More importantly, we find the associated optimal measurement schemes that attain the
quantum bound. We study examples of Gaussian and rectangular apertures, and implement our new method
in a compact and reliable setup. This involves a projection onto a derivative of the system amplitude point
spread function that is accomplished with digital holographic techniques and is compared with a direct CCD
imaging D position measurement. Our experimental results unequivocally confirm unprecedented sub-Rayleigh
precision [2].
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Mean-square error (MSE) of the estimated two point separation for Gaussian (left panel) and sinc (right
panel) point spread functions (PSF). Separations δ are expressed in units of PSF widths and the MSE in
units of the quantum Cramer-Rao lower bound. The graph compares the performance of our experimental
method (blue symbols) with the theoretical lower bound for the CCD measurement (thin red curve) and the
ultimate quantum limit (thick red line). The vertical dotted lines delimit the 10% of the Rayleigh limit for
each PSF.

We note that similar conclusions, although with different experimental techniques, were reached by Sheng et
al [3], Yang et al [4], and Tham et al [5].
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