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Fig. 1. The Husimi distribution of spin coherent state (left)
and spin squeezed state (right) on the generalized Bloch
sphere. Adapted from Ref. [39].
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Fig. 3. Schematic of precision phase measurement based on
driving through quantum phase transitions and many-body

quantum interferometry. Adapted from Ref. [61].
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Fig. 4. (a) The thick black solid line denotes the gap A
between the first excited and the ground state of
Hamiltonian, which together with the two minima at ¢ =
+2|¢y| defines three quantum phases, illustrated by their
atom distributions in the three spin components, the first-
order Zeeman shifts are not shown because they are
inconsequential for a system with zero magnetization; (b)
absorption images of atoms in the three spin components
after Stern-Gerlach separation, showing efficient conversion
of a condensate from a polar state into a TFS by sweeping

q linearly from 3|c,| to —3|c,| in 3 s. Adapted from Ref. [35].
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Abstract

Quantum metrology is the interdisciplinary of investigating how to utilize the principles of quantum
mechanics to perform parameter estimation and improve the measurement precision by quantum effects. With
the experimental developments of ultracold atoms, ultracold atomic ensemble provides an excellent platform for
implementing quantum metrology. Attributed to well-developed techniques of quantum control, one can prepare
several exotic non-Gaussian multi-particle entangled states in the ensembles of ultracold atoms. Based on many-
body quanum interferometry, and using these non-Gaussian entangled states as probe, the high-precision
measurement beyond the standard quantum limit can be realized. This article introduces the background and

advancement of this field.

Keywords: quantum metrology, non-Gaussian entangled states, ultracold atomic ensemble, many-body

quanum interferometry
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