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Fig. 1. (a) A honeycomb fan-shaped nanoribbon with jagged edges with an inner radius R and an outer radius R + W under bend-

ing strain. The nanoribbon is periodic in the z direction, and the width in the y direction is Ly = 6. (b) Enlarged lattice at the up-

per boundary of a nanoribbon with a width of L = 200 under bending strain. Keys of different thicknesses represent different ex-

change coupling values, and numerical values are marked next to them.
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Fig. 2. The magnon spectrum of the antiferromagnetic honeycomb nanoribbon: (a) Without strain; (b) under bending strain. Pa-

nels (c) and (d) are the magnon density of states corresponding to panels (a) and (b). In panels (b) and (d), the strain strength is

¢/cmax = 1. The curve inside the red dashed box in panel (d) will be enlarged as shown in Fig. 3.
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Fig. 3. (a) The density of states at the upper end of the magnon spectrum; (b) the energy wn of the pseudo-Landau level is a func-
tion of the square root of the energy level index n, and the solid line reflects the linear fit of the data. Panels (c) and (d) are the local

magnetic susceptibility on the sublattices A and B. In panels (a), (c) and (d), the strain strength is ¢/cmax = 1, the linear size is

Ly =200, L, =20.
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Fig. 5. The local magnetization obtained by quantum
Monte Carlo simulations under c¢/cmax = 0-1: (a) Values
at grid points 0-400; (b) values at grid points 250-400.
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Abstract

The pseudo-Landau energy levels of a hexagonal lattice quantum antiferromagnet under bending strain are
studied by linear spin-wave theory (LSWT) and quantum Monte Carlo method (QMC). Using the linear spin
wave theory, the magnetic pseudo-Landau energy level can be found to appear at the high-energy end of the
magnon spectrum, and the energy level spacing is proportional to the square root of the energy level index. The
linear spin wave theory and the quantum Monte Carlo method both indicate that at the same size, the local
magnetization gradually weakens with the gradual increase of the strain strength. Additionally, the
antiferromagnetic order continuously weakens in the gy-direction under the same strain strength. This occurs
because the Heisenberg chain on the upper boundary becomes decoupled into an isolated vertical chain, leading
to the destruction of the magnetic order near the upper boundary. The quantum Monte Carlo method provides
a more accurate antiferromagnetic sequence evolution, that is, the vertical correlation at the upper boundary is
unchanged and the horizontal correlation increases under a specific strain intensity. This affects the
magnetization intensity, so that the local magnetization shows an upward trend at the upper boundary. The
results contribute to the understanding of the effect of bending strain on spin excitations, and this effect may be

observed in two-dimensional quantum magnetic material experiments.
Keywords: bending strain, pseudo-Landau levels, linear spin-wave theory, quantum Monte Carlo method

PACS: 02.70.Ss, 75.50.Ee, 68.35.Gy DOI: 10.7498 /aps.73.20231231

* Project supported by the National Natural Science Foundation of China (Grant Nos. 11774019, 12074022) and the
Fundamental Research Fund for the Central Universities, China (Grant No. FRF-BR-16-014A).

1 Corresponding author. E-mail: jhqin@sas.ustb.edu.cn

020202-10


http://doi.org/10.7498/aps.73.20231231
mailto:jhqin@sas.ustb.edu.cn
mailto:jhqin@sas.ustb.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

TN TS A R R T R R R E R R
ﬁj‘f‘ JL7\9 “&L#’A\ i‘aél '?"S'H:Eﬂ

Pseudo-Landau levels of hexagonal lattice quantum antiferromagnets under bending strain

Xie Xiao-Jie  Sun Jun-Song Qin Ji-Hong  Guo Huai-Ming

5] Fi{& B Citation: Acta Physica Sinica, 73, 020202 (2024) DOI: 10.7498/aps.73.20231231
TEZE[R]1E View online: https:/doi.org/10.7498/aps.73.20231231
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

5 IR L TR R I BT SR R BT
Quantum Monte Carlo study of strongly correlated electrons

WIFEAEA. 2022, 71(12): 127101 https://doi.org/10.7498/aps.71.20220079

KT SRR B 7 IR 4H-SIC(000 1) I I 5 BB i AL L3
Formation of step bunching on 4H-SiC (0001) surfaces based on kinetic Monte Carlo method
PPz, 2019, 68(7): 078101  https://doi.org/10.7498/aps.68.20182067

Ji JRi 3 A 35 B

Pseudo-local effect medium theory

PIBR2E4H. 2020, 69(15): 154203  https://doi.org/10.7498/aps.69.20200196

BRI B €8 R EESR AR (0, 0, 2) 5 T 1) B T RELJE R e%

Landau damping and frequency—shift of (0, 0, 2) scissors mode in a disc—shaped Bose—Einstein condensate

YR 2019, 68(23): 230304 hitps:/doi.org/10.7498/aps.68.20190661

i3y TP ERE AL AR BRTE N S R BE T R T IEWTE
Method of theoretically calculating spherical stress wave field in linear—hardening materials under impact load

WIFRZEAR. 2022, 71(1): 018301  https://doi.org/10.7498/aps.71.20210954

FUELIE AR & R G0 Hh Y R R0 T 0

Integer quantum Hall effect in a spin—orbital coupling system

YrHE2E4R. 2019, 68(11): 117101 https://doi.org/10.7498/aps.68.20190037


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.73.20231231
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.71.20220079
https://doi.org/10.7498/aps.68.20182067
https://doi.org/10.7498/aps.69.20200196
https://doi.org/10.7498/aps.68.20190661
https://doi.org/10.7498/aps.71.20210954
https://doi.org/10.7498/aps.68.20190037

	1 引　言
	2 模型和方法
	3 线性自旋波理论
	4 反铁磁序的演化
	5 结　论
	附录A
	参考文献

