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Fig. 1. Mach-Zehnder interferometer. BS, beam-
splitter; PD, photoelectric detector; ¢, phase shift be-

tween the two paths.
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Fig. 2. Scheme of an SU(1,1) interferometer with para-

metric amplifier process. PA, parametric amplifier.
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Fig. 3. Schematic diagram and interference patterns for
two types of interferometers 2], (a) FWM-based SU(1,1)
interferometer; (b) M-Z interferometer; (c) the interfer-
ence fringes of SU(1,1) interferometer (blue) and M-Z in-

terferometer (red) with the same phase-sensing intensity.
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Fig. 4. (a) Noise performance for the FWM-based SU(1,1) interferometer; (b) the minimum detectable phase

shift s versus the phase-sensing intensity Ips for the M-Z and SU(1,1) interferometers [

43]
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Fig. 5. (a) Raman scattering in an atomic ensemble;
(b) atomic levels and light fields.
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Nonlinear atom-light hybrid interferometer:
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SPECIAL TOPIC — Physics in precise measurements

Quantum metrology with atom and light correlation”
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Abstract

The measurement of physical quantities and measurement units standard promote the development of metrology.
Especially, the developments of laser interference and atomic frequency standard bring a revolutionary leap for metrology.
Many precision measurement techniques have been proposed and experimentally demonstrated, such as gravitational wave
measurements and laser gyroscopes based on laser interferometry, and atomic clocks and atomic gyroscopes based on
the atom interferometry. Recently, a new branch of science, quantum metrology, has grown up to further explore and
exploit the quantum techniques for precision measurement of physical quantities.

This paper will focus on recent developments in quantum metrology and interference based on coherence and
correlation of light and atom. Firstly, we briefly review the development of metrology. Then, we introduce our own
researches in recent years, including quantum-correlation SU(1,1) optical interferometer based on four wave mixing
process in atomic vapor and the atom-light hybrid interferometer based on Raman scattering in atomic vapor.

Interferometer is a powerful tool to measure physical quantities sensitive to the inference wave with high precision,
and has been widely used in scientific research, industry test, navigation and guidance system. For example, the laser
interferometer is able to measure optical phase sensitive quantities, including length, angular velocity, gravitational wave
and so on. Meanwhile, the atom interferometer is sensitive to the change of atomic phase caused by the light, gravity,
electric and magnetic fields. As a new type of interferometry, the atom-light hybrid interferometer, is sensitive to both
the optical phase and atomic phase. Furthermore, SU(1,1) interferometer and nonlinear atom-light hybrid interferometer
have the ability to beat the standard quantum limit of phase sensitivity. Quantum interference technology, whose phase
measurement accuracy can break through the limit of standard quantum limit, is the core of quantum metrology and

quantum measurement technology.

Keywords: atom-light correlation, optical quantum correlation interferometer, atom-light hybrid

interferometer, phase sensitivity
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