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Abstract

The control of microscopic particle behavior based on a specific external field has always been a research
hotspot in the field of physics. Many studies have been exploring various methods to manipulate and control
the behavior of particles at a microscopic level. In this work, we investigate the phenomenon of single-particle
squeezing induced by frequency jumping in a two-dimensional rotating harmonic oscillator potential. Squeezing,
as a quantum mechanical phenomenon, has attracted significant attention due to its potential applications in
various fields. It refers to the reduction of fluctuations in certain physical quantities, allowing for more precise
measurement results. Squeezing phenomena have been extensively studied in different physical systems,
including optics, atomic physics, and solid-state physics. However, there have been few reports on the quantum
state squeezing phenomenon induced by frequency jumping in a rotating harmonic oscillator potential.
Therefore, our study aims to fill this gap and shed light on this intriguing phenomenon. To explore the
squeezing phenomenon induced by frequency jumping, we focus on the fluctuations and squeezing of the single
particle’s cyclotron radius coordinate and center-guided coordinate in the two-dimensional rotating harmonic
oscillator potential. Through numerical simulations and theoretical analysis, we can understand the influence of
frequency jumping on the degree of squeezing and reveal the underlying physical mechanism of squeezing
evolution. In this work, we first investigate the influence of frequency jumping on the squeezing evolution of the
cyclotron radius mode. By carefully selecting appropriate jumping moments, we analyze the influence of
frequency jumping on the degree of squeezing. Our research results show that the degree of squeezing in the
cyclotron radius coordinate remains unchanged at the jumping moment. However, we observe a stronger
squeezing phenomenon in the subsequent evolution process. This indicates that frequency jumping plays a
crucial role in squeezing evolution of the cyclotron radius mode. Furthermore, we focus on the squeezing
evolution of the center-guided mode during frequency jumping. By selecting suitable parameters, we analyze the
squeezing and evolution of two squeezing modes: the divergent mode and the oscillatory mode. Interestingly, we
discover the existence of a critical potential trap aspect ratio, which is determined by the rotation angular
velocity of the external potential. When the aspect ratio approaches this critical value, the squeezing mode
undergoes a transition, and a significant squeezing phenomenon appears in the oscillatory mode. This finding
provides valuable insights into the origin and control of squeezing phenomena. Finally, we discuss the potential
applications of these squeezing phenomena. Squeezing has significant implications in the fields of quantum
sensing and quantum information processing. Through a deeper understanding of the squeezing evolution
process caused by frequency jump, we can better control the microscopic particle behavior through external
field. This knowledge opens up new possibilities for future physical research and technical applications.

Keywords: frequency jumping, squeezed state, harmonic oscillator potential

PACS: 42.50.—p, 03.65.—w DOI: 10.7498/aps.73.20231929

* Project supported by the National Natural Science Foundation of China (Grant No. 12074340) and the Zhejiang Sci-Tech
University of Technology Science Foundation, China (Grant No. 20062098-Y).

1 Corresponding author. E-mail: ybzhang@zstu.edu.cn

074202-7


http://doi.org/10.7498/aps.73.20231929
mailto:ybzhang@zstu.edu.cn
mailto:ybzhang@zstu.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

TR R TS BN T Bk UE 4 B AL
Iy RER FHE PR FRR KIK
Squeezing and evolution of single particle by frequency jumping in two—dimensional rotating harmonic

Wang Yu WuYi-Hao LiYi-Pu LuKai-Xiang YiTian-Cheng Zhang Yun-Bo

5] Fi{5 B Citation: Acta Physica Sinica, 73, 074202 (2024) DOI: 10.7498/aps.73.20231929
TEZE RT3 View online: https:/doi.org/10.7498/aps.73.20231929
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

P e A 1 A A Tl 2 A B IR0 5 D M 1

Filter cavity design and length measurement for preparing Schrdinger cat state

PIFEAEA. 2020, 69(18): 184204 https://doi.org/10.7498/aps.69.20200589

e R B 71 se B4

High sensitivity quantum Michelson interferometer

YIFREH. 2018, 67(13): 134202 hitps://doi.org/10.7498/aps.67.20172563

YRR T X 5 e

On noncommutative energy spectra in two—dimensional coupling harmonic oscillator

PyFEEEAR. 2021, 70(20): 200301 https:/doi.ore/10.7498/aps.70.20210092

FI K apitza—Dirac[Jk s (i 18 S4B v v J - 2t 5 7 n e

Measurement of gravity acceleration by cold atoms in a harmonic trap using Kapitza—Dirac pulses

PFEEEAR. 2019, 68(20): 203701 https:/doi.ore/10.7498/aps.68.20190749

IR T B P BEK TG B Rl RS
Collision clock shift of two Fermi atoms in harmonic potentials

YrHE2E4. 2021, 70(18): 180602  https://doi.org/10.7498/aps.70.20210243

{78 55 0 A S S e e — A B (0, DR S JEL R SR A e 1 0 e e
Vortex chains in rotating two—dimensional Bose—Einstein condensate in a harmonic plus optical lattices potential

YIBR2A 4. 2022, 71(22): 220304 hitps:/doi.org/10.7498/aps.71.20221312


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.73.20231929
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.69.20200589
https://doi.org/10.7498/aps.67.20172563
https://doi.org/10.7498/aps.70.20210092
https://doi.org/10.7498/aps.68.20190749
https://doi.org/10.7498/aps.70.20210243
https://doi.org/10.7498/aps.71.20221312

	1 引　言
	2 单粒子哈密顿量
	3 回旋半径模式的压缩
	4 中心导向模式的压缩
	5 结　论
	附录A
	参考文献

