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Quantum antennas are devices shaping light on the level of a single photon. They are already widely used 

elements in nanooptics and nanoelectronics in THz, infrared, and optical ranges. In this talk, we suggest and 

develop the concept of quantum antenna as a device shaping correlation functions of the field in the far-field 

zone by designing its initial state [1]. We show that even a simple array quantum antenna is able to produce 

multiphoton momentum-entangled states. We demonstrate the way to design the state of the antenna to produce 

desired angular patterns of the correlation functions. For antenna design, we consider different implementations 

of quantum emitters, such as semiconductor quantum dots, cold atoms in optical lattices, Josephson junctions,  

as well as diamond and silicon carbide colored centers. As examples of antenna configurations, we have 

considered i) wire dipole antenna with the emitter placed inside a small gap between aligned plasmonic rods; ii) 

Yagi-Uda antenna; iii) bow-tie antenna; iv) crossed dipole antenna; v) 1-D array of semiconductor  quantum 

dots placed on a planar dielectric substrate. We believe that our method for producing patterned higher-order 

correlation functions of the emitted field will be of importance for different quantum information applications. 

 

Among the promising future applications are the so called “quantum radars and lidars” with potentially 

enhanced resolution compared with the conventional classical analogs [2]. When the details of the imaged target 

become much smaller than the certain value defined by the wavelength of the field and parameters of the 

imaging set-up, the information about these details tends to zero making inferring target parameters from the 

scattering field measurement practically unreachable ("Rayleigh curse"). So, to reconstruct the target details 

from the measured image, one needs to apply a very large number of copies of the illuminating state (large 

observation time) to get the required precision. Our statement is that the information sufficient for 

superresolution might be retained by measuring time delayed intensity correlations. We show that for imaging 

of just two targets, measuring of the delayed second-order correlation function leads to the non-zero Fisher 

information when the distance between targets tends to zero. 

 

Measuring correlations of intensity fluctuations, one can exploit photon correlations of the antenna and improve 

the resolution in comparison with the intensity detection. Here, we propose using both temporal and spatial 

correlations of the field scattered from the object for avoiding "the Rayleigh curse" and enhancing the resolution 

of reconstructing the object configuration. For imaging of more than two targets "the Rayleigh curse" is back, 

however, the resolution is much improved compared with the measurement of single-time correlation functions. 

We illustrate our general concept with the simplest example of a source creating a pair of both space and time 

correlated photons: just two initially excited two-level identical systems interacting through a common reservoir 

of field modes and, thus, spontaneously decaying by photons emission into the modes of the reservoir. The 

emitted field of such superradiant quantum antenna serves as a source for imaging. We hope that the possibility 

to drastically improve resolution of an object by illuminating it with correlated photons and registering 

correlations of scattered photons will be a promising subfield of research in quantum sensing technologies. 
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