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Different Quantum Illumination Protocols: Concepts and Applications in
Metrology and Sensing
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Abstract:
The interaction between light and nonlinear environments leads to non-classical lights that have

different characteristics than conventional light. These non-classical lights have lower inherent
noise than the classical light. Squeezed lights as well as entangled photon pairs have caused many
new applications in quantum illumination. For example, using a squeezed state of light and
injecting it into a multi-kilometers interferometer, very weak gravitational waves that induces
displacements as little as 10"*° meters, have been detected. Entangled photon pairs have become
the most important tool for emerging quantum technologies. Remote quantum communications,
guantum RADAR and LIDAR, high resolution video imaging, and spectroscopy are just few
examples of the various methods of quantum illumination. The advantage of quantum
illumination in sensing may lead to a remote imaging of a bird that is immersed in the fog and
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noise. The development of single photon detectors, especially of their array type in recent years,
has vastly contributed to the emergence of these technologies. Of course, the low rate of photon
pairs of current light sources (10%-108), especially for the purpose of remote sensing, slows down
the process of sensing. Nevertheless, the recording of very weak signals (at a rate of fraction of a
photon per second) through a strong background noise has been realized. In the present paper,
while reviewing the quantum technologies and their potential applications, the activities in the
guantum optics laboratory of University of Tehran will also be discussed.

Keywords: Quantum technology, entangled pair, quantum illumination, squeezed light.
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1 Squeezed states
2 Ghost imaging
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1 Spontaneous parametric down conversion
2 Quantum dot

3 Periodically poled lithium niobate

4 Four wave mixing
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