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Fig. 1. Physical model of nanofiber-semiconductor quantum
dot molecule coupling system: (a) Schematic diagram of the
model plane, nanofiber guiding signal light pulses; (b) sche-
matic diagram of quantum dot molecule; (c) energy level

diagram of asymmetric double quantum dot model.
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Fig. 2. Absorption spectrum Im(K) of the signal field as a

function of w.
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Fig. 3. Absorption spectrum Im(K) of the signal field as a

function of w.
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Fig. 4. Evolution of signal light over time (f) and propaga-
tion distance (z), and the solid black line represents the

variation of tunneling coupling strength with time.
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black line represents the variation of tunneling coupling

strength with time.
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Storage and retrieval of optical solitons in nanofiber-
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Abstract

The best carrier for quantum information transmission is light signal, which has a fast propagation speed
and can carry a large amount of information. However, during the propagation of light, dispersion effect and
diffraction effect can cause quantum information to be distorted to a certain extent. On the contrary, optical
solitons are formed due to the balance between the system’s dispersion (diffraction) effect and nonlinear effect,
and they exhibit very high stability and fidelity. Therefore, they have received widespread attention in
electromagnetically induced transparency (EIT) media with ultracold atoms. However, cold atomic gas media
require extremely low operating temperatures, and the performances of the materials are difficult to control
precisely. These factors are unfavorable for the miniaturization and integration of future information devices,
thus significantly limiting their practical applications. Semiconductor quantum dot media, on the other hand,
possess advantages such as discrete energy level structures and spectral properties similar to those of cold
atomic gases, longer decoherence times, larger electric dipole moments, more significant nonlinear optical effects,
and easy integration, making them an ideal alternative to cold atomic media. In this work, semiconductor
quantum dots are coupled with optical fibers, the most common carrier in optical communication, to explore the
formation, storage, and retrieval of temporal optical solitons in the coupled system. The results show that due
to the tunneling-induced transparency effect between dots in semiconductor quantum dot molecules, light
absorption in the system is greatly suppressed. At the same time, the transverse confinement of the nanofiber
can enhance the interaction between light and the system, and the enhanced nonlinear response of the system
can balance the dispersion effect, resulting in stable temporal optical solitons. Further research indicates that by
turning on and off the inter-dot tunneling coupling, the high-efficiency and high-fidelity storage and retrieval of
optical solitons can be realized in the system. These findings have certain guiding significance and potential

application value for the processing all-optical information in solid quantum materials.

Keywords: tunneling induced transparency, the storage and retrieval of the optical solitons, semiconductor

quantum dot, nanofiber

PACS: 42.50.Cy, 42.65.Tg, 73.40.Gk DOI: 10.7498 /aps.73.20240184

* Project supported by the National Natural Science Foundation of China (Grants No. 12165016), the NSF of Guizhou
Province Education Department (Grant Nos. ZK[2023]049, ZK[2021]034, ZK[2021]021, ZK[2022]558), and the NSF of
Tongren Science and Technology Bureau, China (Grants No. [2023]41).

1 Corresponding author. E-mail: ycshe@xtu.edu.cn

1 Corresponding author. E-mail: yanghong@jsu.edu.cn

164202-8


http://doi.org/10.7498/aps.73.20240184
mailto:ycshe@xtu.edu.cn
mailto:ycshe@xtu.edu.cn
mailto:yanghong@jsu.edu.cn
mailto:yanghong@jsu.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

PRALT-FRAEBT R TRERET TR SR
TE fEA KER B
Storage and retrieval of optical solitons in nanofiber—semiconductor quantum dot molecule coupling systems

Zeng Ying She Yan-Chao Zhang Wei-Xi  Yang Hong

5] Fi{# B Citation: Acta Physica Sinica, 73, 164202 (2024) DOI: 10.7498/aps.73.20240184
TEZE[R]1E View online: https:/doi.org/10.7498/aps.73.20240184
I N2 View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

PAGFIXT InAs/GaAste 5 i HUREIENLE WA BT IR AEA R

Effect of energy level configuration on storage of optical solitons in InAs/GaAs quantum dot electromagnetically induced transparency

medium

PyFEEEAR. 2023, 72(8): 084204  hitps:/doi.org/10.7498/aps.72.20221965

BT =T RGO TR E YRR

Stability of optical soliton in symmetrical three—quantum—dot system under high—order effects

YrE2E 4. 2021, 70(22): 224205  hitps://doi.org/10.7498/aps.70.20210942

BT AR CET LA B - BB TR R I N S 37 ) AE

Characterization of mode field distribution in optical Fabry—Perot cavity based on nanofiber

WIFRZEAR. 2022, 71(23): 234203 https://doi.org/10.7498/aps.71.20221538

ST B 27 47 T RE R MY — i i FRL IR DL 38 A o v ) 97l A 1 i
Controlling collision properties of solitons in five—level M—type triple quantum dot electromagnetically induced transparency medium

by inter—dot tunneling coupling

WA 2020, 69(17): 174203 hitps://doi.org/10.7498/aps.69.20200141

R ET R 2 AR5 X DU REER — - i A RSN 35 A A3 ) 27 B 2R
Effect of inter—dot tunneling coupling on soliton dynamical behaviors in four-level triple quantum dot EIT medium

YIBR2FA. 2024, 73(4): 044202  hitps://doi.org/10.7498/aps.73.20231194

R FH K e 38 S BRI 0 5 i1 A5 S M 5 TR

High—-fidelity storage and on—demand retrieval of quantum states via a microwave waveguide

PyFEEEAR. 2022, 71(13): 130305 hitps:/doi.ore/10.7498/aps.71.20220477


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.73.20240184
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.72.20221965
https://doi.org/10.7498/aps.70.20210942
https://doi.org/10.7498/aps.71.20221538
https://doi.org/10.7498/aps.69.20200141
https://doi.org/10.7498/aps.73.20231194
https://doi.org/10.7498/aps.71.20220477

	1 引　言
	2 模型和Maxwell-Bloch方程
	3 线性光学性质
	4 非线性光学性质
	5 光孤子的存储与读取
	6 结　论
	参考文献

