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Abstract

There has been aroused much interest in quantum metrology such as quantum radar, due to its applications in sub-
Raleigh ranging and remote sensing. For quantum radar, the atmospheric absorption and diffraction rapidly degrade
any actively transmitted quantum states of light, such as NOON and M&M’ states. Thus for the high-loss condition,
the optimal strategy is to transmit coherent state of light, which can only provide sensitivity at the shot-noise limit but
suffer no worse loss than the linear Beer’s law for classical radar attenuation.

In this paper, the target detection theory of quantum interferometric radar in the presence of photon loss is
thoroughly investigated with the model of Mach-Zehnder interferometer, and the dynamic evolution of the quantum
light field in the detecting process is also investigated. We utilize the parity operator to detect the return signal of
quantum interferometric radar with coherent-state source. Then we compare the detection result of quantum radar with
that of classical radar, which proves that the quantum radar scheme that employs coherent radiation sources and parity
operator detection can provide an N-fold super-resolution, which is much below the Rayleigh diffraction limit; besides,
the sensitivity of this scheme can also achieve the shot-noise-limit.

Also, we analyze the effect of atmospheric attenuation on the performance of quantum radar, and find that the
sensitivity is seriously influenced by atmospheric attenuation: only when the reference beam and the detection beam
have the same transmissivity, will the sensitivity increase monotonically with increasing the photon number per pulse
N, otherwise it first increases and then decreases with increasing N. Further, the sensivity is directly proportional to
1/\/N for the first case.

In conclusion, we investigate the effects of atmospheric absorption on the resolution and sensitivity of quantum
radar, and find that one can overcome the harmful effects of atmospheric attenuation by adjusting the transmissivity of

reference beam to the atmospheric transmittance.

Keywords: quantum interferometric radar, atmospheric absorption, super-resolution
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