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Standard Illlumination(Sensor)




Quantum lllumination

Quantum illumination is a quantum-optical sensing technique in which an entangled source is
exploited to improve the detection of a low-reflectivity object that is immersed in a bright thermal

background.
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S. Lloyd, Science, 321, 1463(2008).



Quantum lllumination

Quantum illumination is a quantum-optical sensing technique in which an entangled source is
exploited to improve the detection of a low-reflectivity object that is immersed in a bright thermal
background.
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Only works for

» Thermal noises(Environment)
»High temperature

» Low reflection

S. Lloyd, Science, 321, 1463(2008).




Quantum Illlumination
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Quantum Illlumination
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Covariance matrix after reflection
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Total number of clicks registered
in M received modes
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Benefits

[. non-invasive,

[I. high-resolution detection of low reflective objects in noisy
environment.

Ill. Improving detection efficiency even if the original
entanglement is completely destroyed by noisy
environment



Benefits =\

entanglement is completely destroyed by noisy
environment



Benefits 4\
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environment



In Optical domain 10**Hz Nz ~ 0

What about Microwave frequencies ~10°Hz?

* Very noisy environment Ny > 0
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Optomechanics
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Reduce coupling to the environment by lowering
temperature: microwave optomechanics

Microwave “light” in ultralow temperature cryostat
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Optical to Microwave interface
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Nature Physics 10, 321-326 (2014)
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Converter
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ShB, et.al, PRL, 109, 130503 (2012).
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Conclusion

[.  Quantum Illumination is superior to classical illumination

[I. Microwave-optical converter is an interesting device for implementing
microwave quantum illumination

[II. Microwave quantum illumination shows 3dB improvement compare to
standard microwave illumination
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