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There are many problems where optics and quantum theory overlap, one of them being the fundamental limit
upon the resolution. The spatial resolution of any imaging device is restricted by diffraction, which causes a
sharp point on the object to blur into a finite-sized spot in the image. This intrinsic blurring is encoded in
the point-spread function, which hinders to distinguish two neighborhood points- an effect known as Rayleigh
curse. The same problem can be reconsidered from the perspective of quantum estimation theory, as done by
Tsang and coworkers [1]. Here the constraints on resolution are more fundamental and correspond to the so
called Fischer information and Cramér-Rao lower bound (CRLB) for parameter estimation. When only light
intensity at the image plane is measured on the basis of all the traditional techniques such as CCD detection, the
Fisher information falls to zero as the separation between two sources decreases in accordance with Rayleigh
curse. On the other hand, when the Fisher information is calculated for optimal measurement (Quantum
Fischer Information), it remains constant implying that the Rayleigh limit is subsidiary to the problem and
super-resolution is achievable [2].

We establish the conditions to attain the ultimate resolution predicted by quantum estimation theory for the
case of two incoherent point sources using a linear imaging system. The solution is closely related to the spatial
symmetries of the detection scheme. In particular, for real symmetric point spread functions, any complete set of
projections with definite parity achieves the goal [3]. The result is plotted in the enclosed Figure demonstrating
the performance of the scheme. The resolution depends on the type of the measurement. When the number of
measured channels increases, the Fischer information attains the limit Quantum CRLB with different speed.
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Fisher information attained by the first D projections on the Hermite-Gauss basis with arbitrarily
chosen σ = π (orange bars) and the point-spread-function-adapted measurement when applied to a
system with a sinc impulse response. The separation and the corresponding Rayleigh limit are in the
ratio 1 : π. More than a hundred of Hermite-Gauss projections must be measured to access 98.5% of
the Quantum Fisher information indicated by a horizontal red line, whereas just three projections
of the adapted measurement are sufficient.
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