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Since the invention of the optical microscope, there has been a quest for enhancing its resolution. The Rayleigh 

criterion establishes the minimum resolvable distance in a direct image of a pair of sources to be limited by diffraction 

according to dR = 1.22/2NA, where  is the wavelength and NA is the numerical aperture of the objective lens [Fig. 1(a)]. 

In the past century, a number of techniques for circumventing the Rayleigh limit have emerged. These methods rely, for 

example, on using shorter-wavelength radiation, near-field probing, nonclassical or nonlinear optical properties of the 

object or switching the object’s emission on and off. The significance of some of these inventions is marked by the 2014 

Nobel Prize in chemistry. However, these approaches are often expensive and not universally applicable. Finding a 

microscopy technique that is both linear-optical and operational in the far-field regime remains an important outstanding 

problem. 

Within the past year, an important development occurred in this domain. Tsang et al. proposed a solution for 

overcoming the Rayleigh limit in estimating the distance d between two identical point sources. They have theoretically 

shown that d can be estimated by extracting the first transverse electromagnetic mode (TEM01) component from the 

electromagnetic field collected by the objective lens and measuring the photon count rate in that component [1,2] [Fig. 

1(b,c)]. The intuitive idea behind Tsang’s work is that a point source emits primarily into the fundamental TEM00 mode. 

However, when the emitter is displaced from the center of the fundamental mode, higher-order TEMs are illuminated. 

Most remarkably, Tsang et al. have shown, using quantum-information techniques, that the per-photon uncertainty 

(evaluated as the inverse quantum Fisher information) of this measurement is much less than that associated with direct 

imaging, with the ratio in theory tending to zero for d → 0.  

 

 
Figure 1. a) Imaging with an objective lens of finite numerical aperture leads to diffraction-limited resolution; images of two sources 

positioned within Rayleigh’s limit coalesce [Photo: Wikipedia]. b),c) Superresolving measurement of the distance between the sources 

by detecting in TEM01. This measurement can be done either by sending the signal through a mode filter and subsequent direct photon 

number detection (b) or heterodyne detection of the image with the local oscillator in TEM01 (c). 

 
Inspired by these developments, we overcome the Rayleigh limit by means of heterodyne detection [Fig. 1(b)], taking 

advantage of the fact that the heterodyne detector is only sensitive to the electromagnetic field in the mode of the local 

oscillator (LO). We apply the technique in a variety of settings. First, we determine the positions of single objects emitting 

coherent and incoherent light. Second, we determine the distance between two identical incoherent objects separated by a 

distance below the Rayleigh limit. In both cases, we demonstrate a measurement precision significantly below that limit 

[3]. 

In addition to the experiment, we extend Tsang’s proposal [1] to full imaging of objects of sub-Rayleigh size. The 

method, which we dubbed HGM (Hermite-Gaussian microscopy) consists in measuring the intensity of the field’s 

component in multiple TEMmn, and using these data to reconstruct the object shape in a manner reminiscent of quantum 

state reconstruction in optical homodyne tomography. This idea was later formalized by Tsang [4], in which he showed, 

again using quantum Fisher-information formalism, dramatic advantage of this approach in comparison with direct 

imaging. These results may mark the final solution of the “Rayleigh’s curse” in microscopy, enabling us to build 

microscopes with resolution much higher than that dictated by Rayleigh’s criterion.  
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