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Fig. 1. Schematic representation of the dipoles in a two-
dimensional optical lattice. Dipoles are aligned parallel to
each other along the direction of polarization, 6 is the polar
angle between z axis and polarization direction, cy; is the
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Table 1. Order parameters of each quantum phases.

A &5 nl ¢ S(m, ) S(m,0)
B AT (Mott insulator) MI A 0 0 0
FRIAA (superfluid) SF SEL #0 0 0
MLEE % B2 DY (checkerboard density wave) CBDW B 0 #0 0
ML EAH (checkerboard supersolid) CBSS FHL #0 #0 0
LU I (striped density wave) SDW L2254 0 0 #£0
2B [ AH (striped supersolid) SSS S #0 0 #0
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Fig. 3. Order parameter ¢ (upper panel) and boson densities n (lower panel) in a N = 50 x 50 lattice with different phases at

u/U=0.3 and a=0: (a) CBDW phase, J/U =0.02,
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Vy/U = —0.4.
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Fig. 4. Order parameter ¢, density 7, structural factor S(m,m) and S(m,0) as a function of J/U and p/U with a=0:
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(d) J/U =0.0125, Vo/U =02, V,/U = —0.1.
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Fig. 5. Phase diagram of EBHM with V,/U =0.8: (a)-(c) =0, V,/U =10.8,04,-0.1, (d)-(f) a=1/2, V,/U =0.8,0.4,
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Fig. 6. Order parameter ¢ (upper panel) and boson densities n (lower panel) in a N =50 x 50 lattice with /U = 0.012 and
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Fig. 7. Order parameter ¢ (upper panel) and boson densities n (lower panel) in a N =50 x 50 lattice with 2/U = 0.012 and
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Quantum phase transitions of anisotropic dipolar bosons
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Abstract

The quantum system composed of optical lattice and ultracold atomic gas is an ideal platform for realizing
quantum simulation and quantum computing. Especially for dipolar bosons in optical lattices with artificial
gauge fields, the interplay between anisotropic dipolar interactions and artificial gauge fields leads to many
novel phases. Exploring the phase transition characteristics of the system is beneficial to understanding the
physics of quantum many-body systems and observing quantum states of dipolar system in experiments. In this
work, we investigate the quantum phase transitions of anisotropic dipolar bosons in a two-dimensional optical
lattice with an artificial magnetic field. Using an inhomogeneous mean-field method and a Landau phase
transition theory, we obtain complete phase diagrams and analytical expressions for phase boundaries between
an incompressible phase and a compressible phase. Our results show that both the artificial magnetic field and
the anisotropic dipolar interaction have a significant effect on the phase diagram. When the polar angle
increases, the system undergoes the phase transition from a checkerboard supersolid to a striped supersolid. For
small polar angle (V,/U =0.2,V,/U =0.1, Fig.(a)), artificial magnetic field induces both checkerboard solid
phase and supersolid phase to extend to a large hopping region. For a larger polar angle (V,/U =0.2,
V,/U = —0.1, Fig.(b)), artificial magnetic field induces both striped solid and striped supersolid to extend to a
large hopping region. Thus, the artificial magnetic field stabilizes the density wave and supersolid phases. In
addition, we reveal the coexistence of different quantum phases in the presence of an external trapping
potential. The research results provide a theoretical basis for manipulating the quantum phase in experiments
on anisotropic dipolar atoms by using an artificial magnetic field.

3 3
(@) -#- MI-SF/CBDW-SF (b) MI(3)
) -e- CBSS-SF
MI(2) — MI-SF/CBDW-SF
. DW(2,1)
e
® -
2t u ° 21 -#- MI-SF/SDW-SF
. CBSS,:' MI(2) -e- SSS-SF
o L ad — MI-SF/SDW-SF
2 Ta UBDW(2,1) =]
3 - SF 3 SF
L
1L MI() . SDW(2,1)
g
SDW (1,0) NS
O 1 .
0 0.05 0.10 0.15 0 0.05 0.10 0.15
J/u J/U

Keywords: optical lattice, anisotropic dipolar interaction, artificial magnetic field, supersolid phase

PACS: 05.70.Fh, 37.10.Jk, 67.80.kb, 67.85.Hj

DOI: 10.7498/aps.73.20240376

* Project supported by the National Natural Science Foundation of China (Grant Nos. 12104374, 12264045, 12164042) and the
Natural Science Foundation of Gansu Province, China (Grant Nos. 20JR5RA526, 23JRRA681).

1 Corresponding author. E-mail: gaojm@nwnu.edu.cn

130503-12


http://doi.org/10.7498/aps.73.20240376
mailto:gaojm@nwnu.edu.cn
mailto:gaojm@nwnu.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

%fg%"—*&Acta Physica Sinica

Institute of Physics, CAS

ANTHES T & AR AR ESARNRTHR
mEW KA 28K BRE Ha¥ HELE
Quantum phase transitions of anisotropic dipolar bosons under artificial magnetic field

Gao Ji-Ming  Di Guo-Wen  YuZi-Fa  Tang Rong-An  Xu Hong-Ping  Xue Ju-Kui

5] Fi{% B Citation: Acta Physica Sinica, 73, 130503 (2024) DOI: 10.7498/aps.73.20240376
TEZE[R]1E View online: https:/doi.org/10.7498/aps.73.20240376
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FETT ARG K A S

Articles you may be interested in

APRR 39 (0 DR ST SIS R A o ) 25 ) S A

Anisotropic dissipation in a dipolar Bose—Einstein condensate

WIFEAEA. 2020, 69(8): 080302 https://doi.org/10.7498/aps.69.20200025

TS RJF T A Mot 4 25 1 955092
Experimental realization of Mott insulator of ultracold 87Rb atoms in two—dimensional optical lattice

PIFRE4. 2020, 69(19): 193201 hitps://doi.org/10.7498/aps.69.20200513

TG ARA P BR 2 R A S5 0L
Experimental observation of quantum tunneling in shallow optical lattice

PFEEEAR. 2022, 71(7): 073701 hitps://doi.org/10.7498/aps.71.20212038

AHELAE ST A4 A

Quantum simulation of interacting fermions

PFEEEAR. 2022, 71(22): 226701 hitps:/doi.ore/10.7498/aps.71.20221756

i b A REBLE AR5 3 (02 DA SH B SR MR ) A 2 PERE R A
Nonlinear energy band structure of spin—orbit coupled Bose—FEinstein condensates in optical lattice

YrH2E 4. 2021, 70(20): 200302  https://doi.org/10.7498/aps.70.20210705

HF 2 DGR A AR RO RO 51
Construction of two—dimensional arbitrary shape 87Rb atomic array based on spatial light modulator

YrH2E 4. 2023, 72(6): 064201  https://doi.org/10.7498/aps.72.20222096


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.73.20240376
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.69.20200025
https://doi.org/10.7498/aps.69.20200513
https://doi.org/10.7498/aps.71.20212038
https://doi.org/10.7498/aps.71.20221756
https://doi.org/10.7498/aps.70.20210705
https://doi.org/10.7498/aps.72.20222096

	1 引　言
	2 模型与方法
	2.1 理论模型
	2.2 非均匀平均场方法
	2.3 序参量
	2.4 不可压缩相-可压缩相相变边界

	3 结果与讨论
	3.1 均匀情况
	3.2 非均匀情况

	4 结　论
	参考文献

