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The ingenious scheme we propose for achieving unidirectional reflection lasing (URL) onset involves
integrating a one-dimensional defective atomic lattice with a coherent-gain atomic system. Its physical
essence lies in the fact that the right-side reflectivity is drastically reduced due to the destructive inter-
ference between direct and secondary reflections, whereas on the left-side direct reflection is effectively
suppressed and the secondary reflection is efficiently enhanced, ultimately reaching the lasing thresh-
old. Through numerical results and further analyses, we have elucidated how to precisely tailor the lattice
parameters and coupling fields to control the destructive-interference point, thereby enabling the onset and
active modulation of URL. Our scheme not only effectively circumvents the stringent structural-parameter
tuning process required to directly reach the URL onset, but also benefits the integration of active pho-
tonic devices into compact quantum networks and may improve the efficiency of optical information
transmission.

DOI: 10.1103/ws6v-b98c

I. INTRODUCTION

In the past decade or so, optical nonreciprocity has gar-
nered extensive research attention. From the irreversible
manipulation based on the magneto-optical Faraday effect
[1,2] to the establishment of magnet-free optical non-
reciprocal systems [3–15], and further from the perfect
nonreciprocity of unidirectional light propagation [16–20]
to the realization of unidirectional light amplification [21–
25] and unidirectional lasing [26–28], research in this
field has been steadily advancing toward integrated high-
performance photonic devices. In particular, magnet-free
unidirectional lasing not only protects lasers to ensure
their stable operation but also isolates backscattered light
[29–33], avoids unnecessary reflections and crosstalk, and
safeguards fragile light sources. As the foundation of
nonreciprocal photonic networks, it further promotes the
development of integrated photonic devices [34–39].

So far, achieving higher precision in chip-integrated
all-optical controlled nonreciprocal devices has remained
a significant challenge. Nevertheless, substantial progress
has been made in the research of nonreciprocal lasing

*Contact author: yang_hongbj@126.com
†Contact author: jhwu@nenu.edu.cn

across diverse physical systems; for example, the nonre-
ciprocal Brillouin lasing within silicon waveguides [40–
43], the nonreciprocal magnon lasing in a hybrid-cavity
optomagnonic system [44–46], and the nonreciprocal
phonon lasing in coupled optomechanical and nonlinear-
optical resonators [47,48]. However, the unidirectional
lasing that can be an indispensable component of pho-
tonic integrated circuitry requires more ingenious design
and precise control. Unidirectional lasing modes associ-
ated with the frozen-mode regime of nonreciprocal slow-
wave structures have been proposed, which can only exist
in cavities with broken time-reversal and space-inversion
symmetries [22,49]. Stable unidirectional lasing in ring
resonators has been investigated by adding an S-shaped
waveguide element to the ring resonator to form a so-called
“Taiji” resonator (TJR) [50,51]. Evidently, the combina-
tion of nonreciprocity and optical cavities is the core mech-
anism for achieving nonreciprocal lasing or unidirectional
lasing [52,53]. However, cavity losses induced by factors
such as diffraction effects and mode competition, coupled
with mode-stability issues, represent critical bottlenecks
limiting the performance enhancement of cavity-based las-
ing. Despite continuous technological innovations driving
devices to constantly break physical limits in terms of out-
put power and beam quality, developing a system capable
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Abstract: Unidirectional lasing is highly desirable for practical high-performance quantum
information processing platforms, while most existing schemes still rely on the combination of
resonant cavities and nonreciprocal mechanisms. Here, we propose a cavity-free scheme for
achieving the onset of narrowband unidirectional reflection lasing (URL) in a single physical
system by introducing a coherent gain atomic medium into a one-dimensional defective atomic
lattice, where the former amplifies the probe field and the latter provides spatial symmetry
breaking and a distributed-feedback mechanism. We show that the threshold condition for URL,
characterized by λ−1

+ ≃ λ−1
− → 0, can be tuned from single-mode to dual-mode by varying the

microwave field and the lattice structure. Its underlying mechanism lies in the constructive or
destructive interference between the reflections from both sides under distinct Bragg conditions.

© 2026 Optica Publishing Group under the terms of the Optica Open Access Publishing Agreement

1. Introduction

Optical nonreciprocity has important applications in unidirectional quantum information transfer
and integrated photonic networks because of the unique characteristics of nonreciprocal light
propagation [1–8]. Driven by the crucial applications of nonreciprocity, extensive experimental
and theoretical studies have been carried out in diverse physical systems in recent years. Examples
include parity-time (PT)-symmetric systems [9–12], space symmetry breaking systems [13–15],
cavity optomechanical systems [16–22] and the self-induced isolation of optical signals without
any external bias field, which is based on a nonlinear nonreciprocal susceptibility mechanism
in optical media and has been experimentally realized [23]. Different physical systems exhibit
distinct characteristics and advantages, yet the shared objective of researchers is to realize tunable,
miniaturized, and high-efficiency nonreciprocal photonic devices. Therefore, further exploration
of nonreciprocal optical amplification based on the integration of gain media and nonreciprocal
mechanisms remains highly desirable. For instance, the amplified unidirectional reflection has
been realized in coherent active atomic systems with spatially varying coupling fields [24,25];
unidirectional amplification has also been demonstrated in the hot atom system due to the Doppler
shifts [26,27]. Specifically, based on the reflection effect of resonant cavities, nonreciprocal
optical amplification has developed more rapidly in cavity optomechanical systems [28–30],
including whispering-gallery microcavities [31,32], ring resonators [33,34] and Taiji resonators
[35].

Compared with nonreciprocal optical amplification, unidirectional lasing (UL) exhibits
ultrahigh spatial coherence, excellent directional consistency, and superior beam quality. In
addition, UL based on exceptional points (EPs) provides a useful platform for investigating
the mode evolution and topological phase transitions in non-Hermitian systems, serving as an
ideal platform for exploring what we believe to be new principles of nonreciprocal photonic
devices [36–38]. At present, research on UL is mainly focused on resonant cavity systems,
since single-mode, narrow-linewidth lasing can typically be achieved via the mode selection
of resonant cavities [39–41]. Stable UL has been demonstrated in Taiji resonators—structures
formed by integrating an S-shaped waveguide element into a conventional ring resonator—and is

#591668 https://doi.org/10.1364/OE.591668
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Abstract: We propose an efficient scheme for achieving mode-tunable unidirectional reflection
lasing (URL) by establishing a coherent gain atomic system to amplify the probe field and
ingeniously designing a one-dimensional (1D) defective atomic lattice. This lattice not only
replaces the resonant cavity to provide a distributed feedback mechanism but also breaks the
spatial symmetry of the probe susceptibility. Correspondingly, the URL can be characterized
by a non-Hermitian degenerate spectral singularity (NHDSS), where the two eigenvalues of the
inverse scattering matrix are engineered to satisfy λ+S−1 ≃ λ−S−1 → 0. This intriguing NHDSS
depends on the probe susceptibility and the Bragg condition, both of which can be modulated by
adjusting the external driving fields and lattice structure, rendering the scheme experimentally
feasible. Our approach achieves both nonreciprocity and lasing oscillation in a single system,
significantly enhancing the efficiency of optical information transmission and facilitating the
integration of active photonic devices into compact quantum networks.

© 2026 Optica Publishing Group under the terms of the Optica Open Access Publishing Agreement

1. Introduction

The nonreciprocal laser, which is usually based on nonreciprocal amplification, has significant
applications in quantum networks and optical information processing due to its high efficiency,
high density, and narrow linewidth [1–3]. Nonreciprocal amplification [4–6] enables the
amplification of sensitive and fragile weak signals in quantum systems, while isolating them
from external noise induced by backscattering [7–10], a phenomenon that has been extensively
investigated in numerous active systems [11–15]. However, the realization of nonreciprocal
lasers requires not only a gain medium but also an optical resonator. For instance, in a system
composed of a spinning microwave resonator coupled to a magnetic material, a nonreciprocal
phonon laser can be realized by leveraging the Fizeau light-dragging effect [16]. Alternatively, the
optical Sagnac effect can be exploited in a coupled cavity system consisting of an optomechanical
resonator and a spinning resonator, to achieve the same result [17]. Besides, directional phonon
lasers can be realized by coupling optomechanical resonators to nonlinear optical resonators [18].
This type of nonreciprocal phonon device, characterized by directionally amplified phonon flow,
can be applied to chiral phonon transport, phonon isolation, unidirectional mechanical networks,
and invisible acoustic sensing, among others [19–22]. Similar to the rapid development of
phonon lasers, magnon lasers utilizing magnon-induced Brillouin scattering have also seen rapid
progress. The manipulation of nonreciprocal magnon lasers can be effectively achieved through
the Fizeau light migration effect in both optical cavity [23–26] and parity-time (PT)-symmetric
cavities optomagnonic systems [3,27], where the effect is caused by resonator rotation.

It can be seen that the resonator cavity plays a crucial role in both phonon lasers and magnon
lasers. Similarly, the realization of nonreciprocal photonic lasers is generally based on resonator
cavity systems, where optical signals achieve the threshold condition through repeated oscillation
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(Received 20 October 2025; accepted 2 March 2026; published 27 March 2026)

Unidirectional reflection amplification is a desirable functionality for nonreciprocal photonic components.
We propose an inversionless route to this effect in a homogeneous ensemble of a three-level �-type atomic
system using a spatially graded coupling field. The linear position dependence of the coupling strength breaks
the spatial symmetry of the optical susceptibility, enabling strong reflection from one side while suppressing
the counterpropagating reflection channel. With the assistance of spontaneously generated coherence and a
weak incoherent pumping field, the medium provides coherent gain without population inversion, resulting
in essentially unidirectional reflection amplification, including the emergence of dual amplification bands.
Moreover, both the magnitude and spectral location of the amplification can be reconfigured by tuning the
relative phase, detuning, and intensity of the coupling field, offering flexible control over the nonreciprocal
response. These results establish a simple, nonmagnetic, and highly tunable platform for realizing reflection-type
nonreciprocal amplifiers and related functionalities, with potential applications in quantum optics and integrated
photonic devices.

DOI: 10.1103/1lhc-srq7

I. INTRODUCTION

Optical nonreciprocal transmission aims to enable light to
behave as electrons in a circuit diode, allowing only one-
way propagation. With the rapid advancement of quantum
information technology, optical nonreciprocal devices such
as all-optical diodes, isolators, and circulators have been
extensively studied as fundamental components of quantum
circuits. Traditionally, reciprocity is broken by disrupting
time-reversal symmetry through the Faraday magneto-optical
effect, but such devices rely on strong magnetic fields and
are bulky, making them incompatible with integrated circuits
and limiting their practical applications. To address these lim-
itations, numerous nonmagnetic nonreciprocal solutions have
been proposed, such as spatial-temporal refractive-index mod-
ulations [1–6], optical nonlinearity effects in media [7–14],
asymmetric coupling of atomic states [15–20], optomechani-
cal systems [21,22], and the Doppler effect [23–26].

In quantum information systems, amplifying optical sig-
nals is essential to enhance the robustness of quantum
systems against interference. In recent years, researchers have
developed various nonreciprocal amplification schemes in
diverse systems, such as Josephson circuits [27,28], non-
Hermitian time Floquet systems [29,30], and even-odd time
symmetric structures [31,32]. Additionally, in silicon pho-
tonic device technologies, nonreciprocal amplification based
on Brillouin scattering within silicon waveguides has become

*These authors contributed equally to this work.
†Contact author: zhangy345@nenu.edu.cn
‡Contact author: yang_hongbj@126.com

central to the development of high-performance photonic de-
vices [33–36]. Cavity optomechanics has also emerged as a
critical platform for designing on-chip high-performance non-
reciprocal devices, including microwave amplification using
cavity magnonic systems [37,38], unidirectional amplifica-
tion in whispering-gallery cavities [39,40], and nonreciprocal
phonon lasing in coupled cavity systems involving optome-
chanical and spinning resonators [41–43], as well as other
innovative approaches [44–48].

Spontaneously generated coherence (SGC) [49–53], also
referred to as vacuum-induced coherence [54–56], induces
destructive quantum interference between multiple quan-
tum pathways and has been experimentally demonstrated in
atomic ensembles. Studies on SGC-induced absorption dis-
persion characteristics under various models [57–63] have
shown that while absorption is significantly reduced, sponta-
neous radiation coherence alone cannot generate gain in the
system. Although pumping can excite particles from lower-
to higher-energy levels, low-power pumping fails to achieve
population inversion and thus cannot produce sufficient gain.
Therefore, The synergistic effect of the SGC and incoherent
pumping field has been widely applied, e.g., in the manipula-
tion of optical vortex field and optical switching [64,65].

In this work, we propose a three-level �-type atomic
system that leverages low-power incoherent pumping and
the SGC effect to achieve atomic coherent gain, enabling
reflected light amplification. The coherent gain mechanism
is driven by the combined influence of the pumping field
and SGC. By engineering a position-dependent coupling
field, we demonstrate nonreciprocal amplification in the left
and right reflection channels of the probe light, achieving
significant amplification within specific frequency ranges.

2469-9926/2026/113(3)/033122(8) 033122-1 ©2026 American Physical Society23
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Abstract: Simultaneously realizing nonreciprocity and signal amplification in the same physical
system cannot only greatly enhance the efficiency of nonreciprocal photonic devices but also
facilitate their integration. We propose a scheme to achieve gain-assisted nonreciprocal or even
unidirectional reflection amplification by exploring spontaneously generated coherence (SGC)
activated by a weak incoherent pump in a defective atomic lattice. The numerical results show
that the monochromatic to two-color nonreciprocal reflection amplification (the maximum of
reflectivities Rl ≃ 104 and Rr ≃ 102), and even unidirectional reflection amplification (Rl ≃ 102 and
Rr ≃ 10−4) can be modulated freely by adjusting the relative phase ϕ, the dipole moment angle
θ and the parameters of defective atomic lattice, e.g., the number and period of vacant lattice
cells, the period of filled lattice cells, and so on. This indicates that nonreciprocal reflection
amplification can be enhanced and modulated via the SGC effect and multiple reflections within
the atomic lattice. Such efficient nonreciprocal amplification can be effectively applied to
integrated chips, thereby advancing the development of quantum information technology.

© 2026 Optica Publishing Group under the terms of the Optica Open Access Publishing Agreement

1. Introduction

Optical nonreciprocity refers to the phenomenon where the transmission path’s response is no
longer symmetric when the source and observation points are swapped during the light propagation.
This characteristic is crucial in designing nonreciprocal optical devices, such as optical isolators,
circulators, and phase shifters [1–6]. These devices have boosted the development of optical
signal processing, optical communication, and quantum networks [7–9]. However, optical signals
may weaken or even disappear due to the interaction with the environment during propagation.
The amplified nonreciprocal transmission can more efficiently protect coherent information
processing against noise and backscattering benefiting from the advantages of signal amplification
and optical nonreciprocity [10–13], which have attracted a great deal of research interest and
demonstrated in various systems [14–16]. The physical essence is mainly based on the magneto-
optical Faraday effect, optical nonlinearity, and time-reversal symmetry breaking, chiral materials,
and topological photonics systems [17–23]. For instance, nonreciprocal amplification has been
achieved in silicon waveguides through Brillouin scattering [24–26], active optomechanics
systems [27–31], atomic systems [32–36], and parity-time (PT) symmetry systems [37,38]. It
is believed that the above systems are powerful tools for the development of nonreciprocal
optical amplification. However, each system has its own advantages and limitations, e.g., Faraday
effect in magneto-optical medium is incompatible with integrated circuit technology, optical
nonlinearity requires high power that is typically suitable for pulse systems, PT-symmetry system
often requires complex external driving fields and so on. Therefore, more effective nonreciprocal
optical amplification schemes need to be studied.
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Multicolored unidirectional reflection
amplification based on two-photon resonance in
the defective atomic lattice
YITING ZHENG, XINFU ZHENG, CHEN PENG, DUANFU CHEN,
DONG YAN, HANXIAO ZHANG, AND HONG YANG*

School of Physics and Electronic Engineering, Hainan Normal University, Haikou 571158, China
*yang_hongbj@126.com

Abstract: Improving the performance of non-reciprocal photonic devices is one of the key
factors for promoting the development of quantum networks. To achieve this goal, we propose a
scheme to realize multicolored unidirectional reflection amplification in the defective atomic
lattice, with all atoms trapped in each filled lattice cell being driven into a four-level diamond-type
coherent gain atomic system by two coupling fields and two probe fields. Therefore, this scheme
simultaneously achieves light amplification (resulting from the joint effect of the coherent gain
atomic system and the distributed feedback mechanism of the atomic lattice) and non-reciprocity
(arising from the symmetry-breaking effect of the defective atomic lattice) in a single physical
system. Furthermore, we propose a reasonable scheme for obtaining equivalent results by reducing
the energy level structure, and through numerical simulations and calculations, it is concluded
that perfect unidirectional reflection amplification requires that the two-photon resonance is not
only located in the gain region, but also satisfies the Bragg condition. This scheme can be used
to design non-reciprocal photonic devices that are easily integrable, high-efficiency, and capable
of flexible multi-channel manipulation.

© 2025 Optica Publishing Group under the terms of the Optica Open Access Publishing Agreement

1. Introduction

Non-reciprocity is an exotic property of certain materials, e.g., time crystals, chiral materials and
magnetic materials, etc [1–5]. However, establishing different physical systems to manipulate
the non-reciprocity of light propagation [6–10] has greater degrees of freedom and adjustability,
that can be widely used to design new photonic devices such as diodes and isolators, which
plays an important role in the fields of quantum networks and quantum information processing
[11–15]. High-performance nonreciprocal light propagation can simultaneously amplify the
weak signal output by the quantum system and isolate the sensitive quantum system from the
backscattered external noise, this requires more perfect non-reciprocity of amplified light signal,
that is, unidirectional optical amplification, has aroused widespread research interest in recent
years [16–18].

The purpose of achieving unidirectional optical amplification is to improve the efficiency of
photonic devices. This can be achieved by completely suppressing the propagation of light signal
on one side and amplifying the light signal on the other side. Our recent works have focused on
studying unidirectional light amplification (on one side, the reflectivity is suppressed as low as
10−2, while on the other side, it reaches as high as 102.) in a uniform cold atomic medium, based
on the spatial symmetry breaking effect and skillfully designed coherent active atomic system
[19–21]. However, in the hot atomic system by exploiting Doppler shifts, a high transmissivity of
400 on one side and almost zero transmissivity on the other side have been achieved [12,22–24].
Especially, the whispering-gallery cavity [25,26], ring resonator [25,27] and other optical cavities
[28–33] play an important role in unidirectional light propagation. In addition, photonic crystals
[34], Josephson circuit [35,36], and non-Hermitian time Floquet systems [37] and other systems
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光学非互易性因其能够有效地用于全光二极管、隔离器等新型光子器件的设计, 近年来相关研究备受关

注. 本研究组在 2024年利用晶格缺陷打破极化率空间对称性实现了非互易光反射, 该工作中缺陷是由固定数

量空晶格周期性调制的. 为了进一步展开缺陷原子晶格中非互易光传播特性的研究, 我们提出用斐波那契数

列调控空晶格的排布规律, 构成准周期缺陷原子晶格系统, 实现了探测光左右反射非互易的操控. 分析了单

个准周期中满晶格数量、斐波那契数列和准周期数对非互易反射的优化过程以及产生影响的物理实质, 并讨

论了耦合场失谐对非互易频率域和带宽的调制. 这些结果为宽频、对比度高的非互易光反射调控提供了更多

的自由度, 在量子计算和信息处理领域具有潜在的应用.

关键词：非互易反射, 缺陷原子晶格, 空间对称破缺

PACS：64.70.Tg, 03.67.–a, 03.65.Ud, 75.10.Jm 　DOI: 10.7498/aps.74.20250270
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1   引　言

一般来讲, 基于时间反演对称性, 光波在介质

中传播也具有对称性, 这是厄米物理系统的基本性

质. 然而, 在某些实际应用中需要打破这种时间反

演对称性, 例如, 当信号发射端和接收端连接在同

一信道、信号源需要与负载隔离时等. 基于对称破

缺效应, 实现光传播的非互易性可用于设计全光二

极管、隔离器、循环器等新型光子器件. 这些器件

具有单向导通性, 在光信息处理和量子网络等方面

具有重要应用 [1–5]. 因此, 光传播非互易性的研究在

信息科学、工程科学等领域具有重要意义 [6–8]. 破坏

时间反演对称性的机制主要是基于线性磁光法拉

第效应, 在外加磁场作用下, 介质的电磁参数在时

间反演操作下发生变化. 但该机制往往需要庞大的

磁体, 不易集成 [9–12]. 近年来, 随着对集成化需求的

增大, 人们对无磁材料非互易性的研究取得重大进

展. 基于光学非线性效应破坏时间反演对称性, 调

节微腔和波导之间的距离, 使得耦合效率呈现非互

易特性 [13,14]. 在回音壁模式微腔中, 通过调节两个

耦合腔的增益和吸收建立非厄米系统实现光场的

非互易传输 [15,16]. 利用介电常数的时空调制, 实现

了宽带的非互易光隔离 [17,18], 并进一步在带间跃迁

中获得波长可调的非互易光信号 [19,20]. 在光机系统

中, 通过打破光学微腔与光子偏振态耦合的对称性

能够实现经典光以及单光子水平的光学非互易 [21–26].

此外, 空间对称破缺效应主要影响光在空间的传播

特性, 能够在不破坏时间反演对称性的情况下实现

光传播的非互易性. 例如, 基于多普勒效应的原理, 将

热原子嵌入环形腔中, 原子的随机热运动产生了极

化率动量锁定, 建立一种新型的非互易光学系统,
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A R T I C L E I N F O A B S T R A C T 

Communicated by S. Khonina The ability to realize unidirectionality and signal amplfication in the same device has become an urgent demand, 
with the increasingly high requirements for integrating signal processing devices. We propose a feasible scheme 
to achieve amplfied unidirectional rflection in a coherent active atomic system via four-wave mixing (FWM) and 
spontaneously generated coherence (SGC), based on symmetry breaking caused by the spatially linear modulation 
of coupling on symmetry breaking caused by the spatially linear modulation of coupling fields. Specifically, a 
narrowed and amplfied unidirectional rflection band can be generated in the weak-coupling regime of light

atom interactions with the combination of FWM and SGC, which can be modulated by the relative phase 𝜙 and 
dipole angle 𝜃. This high and narrow band yields low out-of-band noise, which can prove more advantageous for 
many on-chip functionalities.

1. Introduction

All-optical diodes, isolators and circulators, serve as fundamental el

ements in integrated quantum circuits have attracted intensive research, 
for its important potential applications in quantum information technol

ogy [1--5]. High-performance nonreciprocal amplfication is an essential 
functionality in integrated photonic circuits, which can simultaneously 
amplify the weak signal output by the quantum system and isolate the 
sensitive quantum system from the backscattered external noise [6,7]. 
However, under normal conditions, the nonreciprocal and amplfied de

vices are independent of each other in the information network, each 
performing its own function separately. It is an urgent demand to simul

taneously manipulate optical nonreciprocity and signal amplfication in 
the same device, for the increasingly high requirements of integrating 
signal processing devices.

Up to now, various promising physical systems have been proposed 
for nonreciprocal optical amplfication. Such as Josephson circuit [8,9], 
non-Hermitian time Floquet systems [10,11], and parity-time symmet

ric structures [12,13], and these seem to be the intensively studied fields 
in nonreciprocal amplfication and asymmetric lasing of active systems. 

* Corresponding authors.

E-mail addresses: jhwu@nenu.edu.cn (J. Wu), yang_hongbj@126.com (H. Yang).

Additionally, in silicon photonic device technologies, the nonreciprocal 
amplfied light signal within silicon waveguides based Brillouin scatter

ing is central to the development of high-performance photonic devices 
[14--17]. Cavity optomechanics is also playing an increasingly important 
role in making and steering on-chip high-performance nonreciprocal 
devices, including microwave amplfication using a cavity magnonic 
system [18,19], the unidirectional amplfication in whispering-gallery 
cavity [20,21], the nonreciprocal phonon lasing in a coupled cavity sys

tem composed of an optomechanical resonator and a spinning resonator 
[22--24], and others [25--29]. The optical cavity plays an important role 
in nonreciprocal amplfication for its feedback effect, and atoms coupled 
with the optical cavity are also a feasible regime [30]. However, it is 
promising to explore more functions and applications by manipulating 
nonreciprocal amplfication in atomic system. The nonreciprocal am

plfication based on four-level hot atoms by exploiting atomic Doppler 
shifts opens up a new avenue towards realistic devices based on nonre

ciprocal amplfication [31,32].

Recently, our two works have focused on studying nonreciprocal 
rflection amplfication in a uniform atomic medium, based on the spa

tial symmetry breaking effect and skillfully designed coherent active 
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Broadband unidirectional reflection amplification in a one-dimensional defective atomic lattice
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Assisted by the probe gain, we propose a scheme to realize the amplified unidirectional broadband reflection
in a one-dimensional defective atomic lattice. In this system, some lattice cells are intentionally designed to
prevent atom trapping and exhibit a periodic distribution, in order to break the spatial symmetry of light
propagation and form a well reflection band. While the filled lattice cells of 87Rb atoms are driven into the
closed three-level �-type configuaration, which can realize the amplification of the probe field. By optimizing
parameters and reasonable settings, it is obvious that our scheme not only yields a flexible and adjustable
broadband unidirectional reflection amplification, but also has reduced the requirement for probe gain and greatly
shortened the length of defective atomic lattices.

DOI: 10.1103/PhysRevA.110.063724

I. INTRODUCTION

The optical nonreciprocity refers to allowing the one di-
rection transmission or reflection and prohibits the opposite
direction, which can be used to design all optical diodes,
isolators, and other nonreciprocity devices [1–5]. Optical
nonreciprocal devices need to both transmit information in
the desired direction while isolating the backscattered noise.
Therefore, they play an important role in optimizing system
performance by suppressing undesired signal paths, noises,
and spurious modes [6–8]. However, every quantum system
inevitably interacts with its environment, and the quantum
properties e.g., coherence, entanglement, etc. could be lost. It
is an urgent demand to manipulate optical nonreciprocity am-
plification in photonic circuits, which can amplify the optical
signals and reducing noise.

In general, it is relatively easy that the nonreciprocal and
gain devices are performingtheir own function separately.
Thus, that the nonreciprocity and signal amplification are
realized in one device has been the central goal in many
works, with the increasingly high requirements of integrated
devices. In recent years, significant progress has been made
in the nonreciprocal, even unidirectional amplification of
a signal, including electromagnetic wave radiation, trans-
mission, and reflection in various specific physical systems
[9–11]. For example, the unidirectional signal amplification
is mainly achieved in silicon waveguides based on Bril-
louin scattering [12–14], and it can also be realized by
adding non-Hermiticity into time-varying systems [15–17].
In addition, Josephson circuit [18,19], parity-time symmetric
structures [20–22], whispering-gallery microcavities [23,24],
fiber-guided system [25,26], and atomic ensembles [27,28]
are also the intensively studied fields in nonreciprocal am-
plification. Specifically, extensive research on nonreciprocal
amplification has been conducted on optomechanical sys-
tems [29–32]. For the transmission behavior of a weak signals

*Contact author: yang_hongbj@126.com

can be enhanced significantly assisted by another strong con-
trol field [33–35], or a strong input field based on the nonlinear
interaction without introducing the additional strong control
field [36,37] based on optomechanical systems. The optical
cavity plays an important role in nonreciprocal amplification
for its feedback effect. Therefore, high-quality resonant cavi-
ties are needed. However, our recent works have achieved am-
plified unidirectional reflection in the coherent active atomic
system, based on a symmetry breaking caused by the spa-
tially linear variation of coupling fields [38–40]. Thus uniform
atomic schemes are able to be implemented in experiments.

Nonreciprocal amplification in a uniform atomic medium
requires a relatively strong gain, as there is no assistance
of optical cavity. However, one-dimensional (1D) atomic lat-
tices, like an optical cavity, can serve as a good distributed
feedback mechanism, in which the probe light can form
wide photonic bandgaps [41–46]. In addition, it has been
used to fabricate non-Hermitian optical materials satisfying
(anti-) parity-time symmetry [47–50] or spatial Kramers-
Kronig modulation [51], and achieve the manipulation of
optical nonreciprocity under appropriate modulation of stand-
ing wave fields. Recently, we found that the defects of
atomic lattices can disrupt the symmetry of probe light prop-
agation, which leads the nonreciprocity of left and right
reflections [52]. In further, under the specifically designed and
optimized parameters, a unidirectional photonic reflector can
be achieved in a defective atomic lattices, with all atoms in the
filled lattice cells driven into a three-level � type [53].

In this paper, we propose a well designed scheme to
achieve and modulate a unidirectional amplified broadband
reflection, utilizing the coherent driven three-level �-type
active atomic system for amplifying a week probe field, 1D
defective atomic lattices (DALs) for destroying the symmetry
of left and right reflections, and provide a distributed feed-
back mechanism. To be more specific, the DAL we used was
comprised of both filled lattice cells (trapping atoms) and
vacant lattice cells (not trapping atoms), which is different
from the parity-time symmetry [47–50] and the spatial sym-
metry broken of probe susceptibility [38–40]. The symmetry

2469-9926/2024/110(6)/063724(8) 063724-1 ©2024 American Physical Society28
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Abstract: It is important to elaborate on versatile strategies for achieving the perfect nonreciprocal
reflection amplification, which is the key technology of high-quality nonreciprocal photonic devices.
In this work, we ingeniously design a coherent four-level N-type atomic system to harness the
nonreciprocal light amplification, in which the uniform distribution of atoms is driven by two strong
coupling fields and a weak probe field. In our regime, the strength of the two control fields is designed
with linear variation along the x direction to destroy the spatial symmetry of the probe susceptibility,
leading to the nonreciprocity of the reflection. In particular, the closed-loop transitions to amplify
the probe field are due to the combined effect of the control fields and spontaneous emissions. The
numerical simulation indicates that the perfect nonreciprocal reflection amplification can be realized
and modulated by the appropriate settings of the control fields and the detuning, ∆c. Our results
will open a new route toward harnessing nonreciprocity, which can provide more convenience and
possibilities in experimental realization.

Keywords: nonreciprocal reflection amplification; spontaneous emission; symmetry breaking

1. Introduction

Reciprocal optical responses need to be broken if a source has to be isolated from
one side or is unwanted. Thus, nonreciprocal optical responses have been widely studied,
especially magnetic-free optical nonreciprocity for its potential applications in optical
communications and technology [1–5]. Optical diodes and chip isolators based on magnetic-
free optical nonreciprocity [6–9] do not need bulky magnets and are thus compatible with
integrated circuit technology [10,11]. A number of schemes based on different physical
principles have been proposed that avoid the need for the integration of magneto-optical
elements. For example, the nonreciprocal quantum optical system induced by the thermal
motion of atoms [12,13], the optomechanical system operating on a few photons or single-
photon bands in one-dimensional coupled-resonator optical waveguides [14–20], and
moving atomic lattices [21,22], even without broken parity or time-reversal symmetry
to demonstrate chirality, an asymmetric property widely found in nature [23]. Some of
the above schemes have been experimentally verified. In addition, most, though still far
from practical realization, include periodic structures with spatial asymmetry [24,25], a
parity-time (PT) symmetric or antisymmetric system with standing-wave coupling fields
based on time-reversal symmetry breaking [26–28]. Owing to the complex atom-light
coupling configuration, precise light-field arrangement in space, and many other factors,
the implementations of these schemes are confronted with significant challenges.

In order to avoid difficulties in most systems, research on optical nonreciprocity has
shifted toward uniform atomic systems. Recently, perfectly asymmetric reflection has
been achieved in a homogeneous continuous medium, with a refractive index of the plane
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闭合回路相干增益原子系统中完美
非互易反射光放大*
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(海南师范大学物理与电子工程学院, 海口　571158)

(2024 年 3 月 11日收到; 2024 年 4 月 15日收到修改稿)

高性能非互易光子器件能够有效地提升光量子操控、信息处理以及量子模拟的效率. 放大的光信号可以

增强并隔离量子系统输出的微弱信号, 避免敏感量子系统受反向散射噪声等影响, 是高性能光子器件的核心

技术. 在我们先前的工作 (2023 Opt. Express 31 38228)中, 基于四波混频增益并利用耦合场强度随位置线性

变化实现了单向反射光放大的动力学调控. 本文巧妙地设计了简单的三能级闭合回路相干增益原子系统, 创

新性地设置耦合场强度随位置阶梯型变化来破坏极化率空间对称性实现了完美非互易反射光放大. 相比之

下, 耦合场强度阶梯型变化在实验上更容易调节, 大大地降低了实验难度. 特别地, 该系统引入了相位调制.

通过改变相位能够切换探测光增益和吸收的频率域, 对反射光放大的调节更具灵活性.

关键词：完美非互易, 反射光放大, 相对相位

PACS：64.70.Tg, 03.67.–a, 03.65.Ud, 75.10.Jm 　DOI: 10.7498/aps.73.20240347

 

1   引　言

量子科技的发展将给人类生活带来崭新的篇

章, 量子计算和信息处理作为量子科技的核心已成

为当前的研究热点. 其中, 引领科技的关键是芯片

处理技术. 基于光学非互易性的全光二极管、隔离

器等新型光子器件能够隔离噪声、稳定光信号且具

有体积小、兼容性好等优点, 是高性能集成芯片不

可或缺的元件 [1,2]. 因此, 非互易光传输在光量子操

控、信息处理以及量子模拟等量子科技中具有重要

的应用 [3–5]. 传统的方法一般是基于法拉第磁光效

应破坏时间反演对称性. 然而, 基于法拉第磁光效

应的不可逆操控系统总是需要庞大的磁体, 这与集

成电路技术不兼容, 大大地限制了实际应用性 [6].

因此, 无磁材料非互易性及不可逆光子传输器件的

研究具有重要的意义.

χ(z) = χ∗(−z)

根据洛伦兹互易性, 光子在介电常数各向同性

的介质中传输是互易的. 人们试图通过打破介质介

电常数时间和空间反演对称性 (即, 破坏洛伦兹互

易性)在硅片、半导体以及光子晶体等材料中实现

了光学非互易性 [7–13]. 随着光腔电动力学的快速发

展, 基于时间反演对称破缺的光学非互易效应在光

力系统中取得了重要成果 [14–19], 基于光力诱导的

光学非互易性, 还可以根据不同配置的要求在环

形、球形以及回音壁等模式微腔中设计隔离器、非

相干相移器等 [20–22]. 在手性量子光学系统中, 基于光

子发射和吸收的特征可利用原子内态的非对称耦

合实现非互易 [23–26]. 近年来, 基于宇称-时间 (parity-

time, PT)反演对称性使光子结构极化率在空间上

满足   , 在一维光晶格中利用驻波相

干耦合实现了非互易光反射的调制 [27,28]. 随后, 在
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Phase and detuning control of the unidirectional
reflection amplification based on the broken
spatial symmetry
GUANRONG LI,1 YUE GENG,1 XIAOSHAN PEI,1 JINHUI WU,2

XINYU LIN,1 DONG YAN,1 HANXIAO ZHANG,1 AND HONG YANG1,*

1School of Physics and Electronic Engineering, Hainan Normal University, Haikou 571158, China
2Center for Quantum Sciences and School of Physics, Northeast Normal University, Changchun 130024,
China
*yang_hongbj@126.com

Abstract: In order to achieve the tunable unidirectional reflection amplification in a uniform
atomic medium that is of vital importance to design high-quality nonreciprocal photonic devices,
we propose a coherent closed three-level ∆-type atomic system by applying a microwave field,
and a strong coupling field of linear variation along the x direction to control a probe field.
In our scheme, the linearly increased coupling field destroys the spatial symmetry of probe
susceptibility and effectively suppresses the reflection of one side; the microwave field constructs
closed loop transitions to amplify the probe field and causes phase changes. The numerical
simulation indicates that the unidirectional reflection amplification is sensitive to the relative
phase ϕ and the coupling detuning ∆c. Our results will open a new route toward harnessing
optical non-reciprocity, which can provide more convenience and possibilities in the experimental
realization.

© 2024 Optica Publishing Group under the terms of the Optica Open Access Publishing Agreement

1. Introduction

It is important to realize optical components that photons are only allowed to propagate in one
direction, namely non-reciprocal photonic device, similar to diodes in electronic information
science [1–4]. The magnetic-free optical diodes and chip isolators [5–7] controlling the flow of
light are of principal significance for information processing and quantum networks, because it
doesn’t need bulky magnets and is thus compatible with integrated circuit technology [8–10].
Versatile strategies have been Elaborated to achieve optical nonreciprocity, such as chiral quantum
optical systems by asymmetric coupling of atomic internal states [11–15], optomechanically
induced non-reciprocity on a few photon or even single-photon level has reported in theory and
experiment [16–21], even at room temperature [22]. A similar effect can also be investigated
in nonlinear regimes [23], giant-atom systems [24] or a chip by quantum squeezing one of two
coupled resonator modes [20]. In particular, the perfect non-reciprocity reflection (unidirectional
reflection) has been studied in a moving atomic lattice based on time reversal symmetry breaking
[25–27], or in a stationary atomic lattice with applying standing-wave coupling fields based on
parity-time (PT) symmetric or antisymmetric [28–30]. In addition, the unidirectional perfect
reflection or reflectionless have been guaranteed to occur in PT-symmetric system of double-lattice
photonic crystals or two-dimensional periodic structures [31,32].

The above physical systems have made significant progress in optical nonreciprocity photonic
device. However, high performance optical amplification is an essential functionality in integrated
photonic circuits. Therefore, harnessing non-reciprocial light amplification is more important,
which can simultaneously amplify the weak signal output by the quantum system and isolate
the sensitive quantum system from the backscattered external noise, and it is promising to
explore more functions and applications [33–36]. Up to now, unidirectional amplification or
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Spatial susceptibility modulation and controlled
unidirectional reflection amplification via
four-wave mixing
YUE GENG, XIAOSHAN PEI, GUANRONG LI, XINYU LIN, HANXIAO
ZHANG, DONG YAN, AND HONG YANG*

School of Physics and Electronic Engineering, Hainan Normal University, Haikou 571158, China
*yang_hongbj@126.com

Abstract: Control of unidirectional light propagation is of paramount importantance to optical
signal processing and optical communication. Especially, the amplified optical signal can isolate
noise well that may provide more applications. In this work, we propose a dynamically modulated
regime to realize unidirectional reflection amplification in a short and dense uniform atomic
medium, and all atoms are driven into four-level double-Λ type by two coupling fields with
linearly varied intensities along x direction and two weak probe fields. Based on four-wave mixing
resonance and the broken spatial symmetry, the complete nonreciprocal reflection (unidirectional
reflection) can be amplified with reflectivity more than 2.0, even to 6.0. In addition, the width,
height, and position of the unidirectional reflection bands can be tunable. Thus, our regime is
feasible and may inspire further applications in all-optical networks that require controllable
unidirectional light amplification.

© 2023 Optica Publishing Group under the terms of the Optica Open Access Publishing Agreement

1. Introduction

Optical non-reciprocity is widely used to design novel photonic devices, such as all-optical
diodes and chip isolators [1,2], which can isolate noise, stabilize signals on integrated chips
and protection of sensitive laser equipment from unwanted reflections [3–6]. Efficient and
stable integrated chips are the key in quantum computing and information processing [7–11].
Therefore, it is of great significance to carry out research on non-reciprocal light propagation to
promote current quantum technology. The conventional route to optical nonreciprocity is mainly
based on the Faraday effect in magneto-optical medium [12–14], which leading to the materials’
permittivity becoming an asymmetric anisotropic tensor. However, the bulky magnets is always
required in order to achieve high external magnetic field, in addition, the inevitable loss inherent
to magneto-optical materials are also significant limiting factors, especially at optical frequencies.
Thus, the mechanism depending on magneto-optical Faraday effect to realize symmetry-breaking
effect is incompatible with integrated circuit technology.

Recent researches show that optical nonreciprocity of non-magnetic has made great progress.
In chiral quantum optical systems, nonreciprocity can be realized by asymmetric coupling of
atomic internal states [15–18]; Such a nonreciprocal light manipulation has achieve important
results in optomechanical systems, that on a few photon or even single-photon level [19–22]; It
has also been widely studied in nonlinear optical systems, e.g., a parity-time (PT) symmetric or
antisymmetric system as standing-wave coupling fields are applied in a one-dimensional atomic
lattice [23–25], or a moving atomic lattices which based on time reversal symmetry breaking
[26–28],even in the hot atom system with considering Doppler shifts [29]. It is then justified,
the above physical systems have made significant progress in studying optical nonreciprocity.
However, the challenge in these schemes is the requirement of precise modulation, including
achieving a balance of gain and loss within a single period, precisely arranging the spatial
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Two-color unidirectional reflections by
modulating the spatial susceptibility in a
homogeneous atomic medium

XIAO-SHAN PEI,1 HAN-XIAO ZHANG,1 MENG-MEI PAN,1 YUE GENG,1

TIAN-MING LI,2 AND HONG YANG1,*

1School of Physics and Electronic Engineering, Hainan Normal University, Haikou 571158, China
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Abstract: Non-reciprocal reflections of optical signals are unusual yet fascinating to achieve
the imminent applications of non-reciprocal photonic devices and circuits. The complete
non-reciprocal reflection (unidirectional reflection) was recently found to be achievable in a
homogeneous medium, if the real and imaginary parts of the probe susceptibility satisfy the spatial
Kramers-Kronig (KK) relation. We propose a coherent four-level tripod model for realizing
dynamically tunable two-color non-reciprocal reflections by applying two control fields with
linearly modulated intensities. We found that, the unidirectional reflection can be obtained if the
non-reciprocal frequency regions are located in the electromagnetically induced transparency
(EIT) windows. This mechanism is to break the spatial symmetry by the spatial modulation
of susceptibility to induce unidirectional reflections, the real and imaginary parts of the probe
susceptibility are no longer required to satisfy the spatial KK relation.

© 2023 Optica Publishing Group under the terms of the Optica Open Access Publishing Agreement

1. Introduction

In the past few decades, progress has been made in the study of nonreciprocal optical propagation
in optical systems [1–5]. Especially in atomic systems, the non-reciprocal response have been
investigate theoretically and experimentally [6,7]. The momentum locking of susceptibility can
not only be generated by the random thermal motion of atoms to achieve a non-reciprocal optical
system and an irreversible transmission-light amplification based on the Doppler effect [8,9].
However, the non-reciprocal light propagation can also be realized by using the parity-time
(P-T) symmetric system combined with the one-dimensional (1D) atomic lattice and standing
wave [10–13], so that the incident light signal from one side in the medium is suppressed while
that on the other side is strengthened. Moreover, rapid progress has been made in designing
optical non-reciprocity, and it may also be achieved in optomechanical and optical cavity systems
[14–18]. In addition, an all-optical approach to achieve optical non-reciprocity on a chip has been
attempted by the quantum squeezing of two coupled resonator modes. This protocol creates a new
pathway to achieving integrable all-optical non-reciprocal devices, permitting chip-compatible
optical isolation and non-reciprocal quantum-information processing [19]. lately, the nontrivial
single-photon scattering properties of giant atoms has been investigated, which being an effective
platform to realize nonreciprocal and chial quantum optics [20].

Recently, it has been found that non-reciprocal optical propagation can also be realized in an
homogeneous medium, which requires that the refractive index, susceptibility or permittivity
of plane electromagnetic waves are complex analytic functions, their real and imaginary parts
satisfy the KK relation of spatial distribution [21–23]. The advantage of realizing unidirectional
light propagation based on the spatial KK relation is that, there is no strict requirement for the
incident-light angle, which is simpler and more controllable in experiments [24–28]. Furthermore,
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年,⒛25年 )
检索结果 :

根据委托人的检索要求,查询了相关数据库。经检索,通讯作看为杨红 (*为通讯作者),署名单位为海
南师范大学的以下论文被 ESCI收录,详细信息如下:
标题 :AmpliⅡ cd non∞ ciproc时 and uⅡ d℃ ctonal re∏ ecton in a oefeGtiⅤ e atomic la悦 ice vh spo11taneously
generatcd Gohcrence

饣|者 :Xu,QY(Xu,Qiong-Yi);Peng,C(Pcng,ChCn);Chen,DF(ChelL Duan-Fu);Zhang,HX(Zhang,Hanˉ Xiao);
Yan,D(Yan,D0ng);Yang,H(Yang,Hong)*

来 源 出版 物 :oPTICs CONTINUUM 卷 :5 期 :4 页 :l1(|4-1197 DOI∶ 10,13“/oPTCON,592284
Publishcd Date∶ 2026APR15
Wcb ofsc忆 nGe核心合集中的 "被引频次 "∶ 0
被引频次合计 :0

入藏号:WOS∶ 001745⒛∞00018

文献类型:AⅡdc
地划L:[Xu,QiOngˉYi;Peng,Chcn;Chcn,DuanˉFu;Zhang,Han¨Xiao;Yan,Dong;Yang,Hongl Hainan Normal
Unib Sch Phys&Elect Engn,Haikou571158,Peoples R China,

通 讯作者 地 址 :Xu,QY(通 讯 作 者 ),H西 llan N∝md Un吨 S山 Phys&EleGt Engn,H时kou571158,Peoples R
China,

IDS号 :GU2UQ
eISsN∶ 2770-0208

⒛25年 JCR影响因子:1.5
⒛25年中科院分区 (升级版):
大类  物理与天体物理   4区
小类  oPTICs光学  4区

检索员(签字):篝
检索单位 (签章):中

究员

启、研究所

2026每芏6月 24 E
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编号:WXzO刷 佰

文献收录证明

委托人:杨红 (⒕n⒏ Hong)
委托单位:海南师范大学
检索数据库:科学引文索引 sGicllcc C浼 Jon Indcx-Expalldcd《 sCI-E》 (1900-⒛“ 年 )、 期刊引证报告 Joumd
C⒒肘ioll RcpOlts《 JCR》  (199⒎2025年 )、 中国科学院文献情报中心期刊分区表在线平台 (⒛05-⒛ 23年 ,

2025年 )

检索结果 :

根据委托人的检索要求,查询了相关数据库。经检索,通讯作者为杨红 (*为通讯作者),署名单位为海
南师范大学的以下论文被 SCI-E收录,详细信启、如下 :
标题 :Mult忆 o1o∞ d unidrcctonal reaeGJon amplinc耐on bⅡcd on twc-photon msOnance in tlle defect卜 e atomic

la⒒ ice

饣|者 :Zhcng,YT(Zheng,Yiting);Zheng,XF(Zheng,XinfLl);Pcng,C(PCng,Chcn);ChCn,DF(ChCn,Duanftl);

Yan,D(Yan,D0ng);Zhang,HX(Zhang,Hanxiao);Yang,H(Yang,Hong)*

来源 出版物 :oPTICS EXPRESS 卷 :33 期 :23 页 :49639-49651 DOI∶ 10,13“ /oE,57” 34 PLlblislled
Date∶ 2025No、厂17

Web Of Socllce核 心合集中的 "被引频次 "∶ 0

被引频次合计 :0

入藏号:Wos∶ 001625叨 O~sOOOO6

文献类型:A⒒忆le

地 J止 : [Zheng,Yiting;Zhcng,XinfLl;Peng,Chen;Chen,DuanⅠ u;Yall,DOng;Zhang,Hanxiao;Yang,Hong]
Hainan Normal UⅡiv,sGh Phys&Elect Engn,Haikou571158,Peoples R China,

通讯作者地址 :Yang,H(通讯作者 ),H蔚 nall NoHη时 Un圮 Sch P” s&¤ ect Engll,H缸kou571l58,Pcoplcs R
China,

电子邮件地址:yall⒊hong丬 @126·GOm
IDS号 :H8608
ISSN∶ 1094-4087

⒛25年 JCR影响因子:3.4
⒛药 年中科院分区 (升级版):
大类  物理与天体物理   2区
小类  0PTICs光学    2区

检索员 (签字):

检索单位 (签章):

究员

息研究所

革0月 24日
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编号:WX2026⒄ 6

文献收录证明

委托人:杨红 (Yang,Ht,ng)

委托单位:海南师范大学
检索数据库:科学引文索引 soellce C⒒献ioll Index-Expanded《 sCI-E》 (1900-⒛26年 )、 期刊引证报告 Joumd
C⒒械ioll Repo呐 《JCR》  (1997ˉ⒛25年 )、 中国科学院文献情报中心期刊分区表在线平台 (⒛05-⒛ 23年 ,

2025年 )

检索结果 :

根据委托人的检索要求,查询了相关数据库。经检索,通讯作者为杨红 (*为通讯作者),署名单位为海
南师范大学的以下论文被 SCI-E收录,详细信息如下 :
标题 :Nonrecip∞ Gal renecti。 n in。 ne-dimensional qua⒍ -periodc defect~e atom忆 la仗忆e

r0=者:Xu,QY(Xu,Qi0ngyi);Zhang,J(Zhang,Jin);zhCng,YT(Zheng,Yiting);γ 1an,D(Yan,D0ng);Zhang,HX
(Zhang,Hanxiao);Yang,H(Yang,Hong)*

来源 出版物 :ACTA PHY⒏CA SINICA 卷 :γ
Publishcd Date∶ 2025JUN5
Web of SoellGe核 心合集中的 "被引频次 "∶ 0

被引频次合计:0

入藏号:WOS∶ 001512025200019

期:11 文献号:11“∞ DOI∶ 10,γ98/aps,74,⒛ 25∞ 70

文献类型 :AⅡdc
地蚓L:[Xu,Qiongyi;Zheng,Yiting;Yan,Dong;Zhang,Hanxiao;Yang,HOng]Hainan Normal Univ,Sch Phys&
Elect Engn,Haikou571158,Pcoplcs R China,

[Zhang,Jin]South China Normal Univ,Coll optoelect Sci&Engn,Guangzhou510631,Pcoplcs R China,

通讯作者地址 :γ‰ng,H(通讯作者 ),H茁 nall Norm狨 Un吨 Scll P”s&Elect Engll,H时 kOu571158,Peoples R
China,

电子邮件地址:yan⒊hong叻 @126,∞m
IDS号 :3YM2U
ISSN∶ 1000-3290

⒛25年 JCR影响因子:1
⒛25年中科院分区 (升级版):
大类  物理与天体物理   3区
刁、类   PHYsICS,DIULTIDIsCIPLINARY物 理 :

检索员 (签字):

检索单位 (签章):

研究员

息研究所

蓄
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编号:WX2阢M6

文献收录证明

委托人:杨红 (Yan⒏ Ht,ng)
委托单位:海南师范大学
检索数据库:科学引文索引 Sc忆llce C⒒狨iOIl IndcxˉExpalldcd《 SCIˉ E》 (19C0-2026年 )、 期刊引证报告 Joumd
C⒒atioll Repσts《JCR》 (1∞⒎⒛25年 )、 中国科学院文献情报中心期刊分区表在线平台 (⒛05-⒛ 23年 ,

2025自F)

检索结果 :

根据委托人的检索要求,查询了相关数据库。经检索,共同通讯作者为杨红 (*为共同通讯作耆),署名
单位为海南师范大学的以下论文被 SCI-E收录,详细信息如下 :
标 题 :UnⅡ汛 dO11d ampliied rcneGti。 lls抚sed oll foLlr-wave mMllg alld spontallcOusl,/geller引 ed∞ llerence

饣|者 :Geng,Y(Geng,Yuc);Peng,C(PCng,Chcn);Zheng,XF(Zheng,XhL】 );Yan,D(Yan,D0ng);Zhang,HX
(Zhang,Hanxiao);Wu,JH(Wu,Jinhui)米 ;Yang,H(Yang,Hong)*
来源 出版物 :PHYSICs LETTERS A 卷 :534 文 献 号

"30γ
1 Do⒈ 10←1016巧 ,pll,/sleta,⒛25,13∞41 Ea1· ly

AGccss D扯 c∶ JAN2025 Published D乩 e∶ 2025FEB28
Wcb of ScicllGe核 心合集中的 "被引频次 "∶ 2

被引频次合计 :2

入藏号:WOS∶ 0014004561O0OO1

文献类型:A⒒de
地±Jl:[Gcng,Yue;Pcng,Chcn;Zheng,Xinft】 ;Yan,Dong;Zhang,Hanxiao;Yang,Hong]Hainan NOrmal Unh△
SGh Phys&EleGt Engn,Haikou571158,Peoples R China。

[XX/tl,Jinhui]N01theⅡ t Normal Univ,C饣 Quantum sci,Changchun130024,P∞ples R China。

[Wu,Jinhui]No1theast Normal Un卜 吃sch Phys,Changchun130024,Peoples R China,

通讯作者地址 :Yang,H(通讯作者 ),H时 llan N∝md Un吨 SGh Ph,/s&Elect Engn,H耐 kou571158,Peoples R
China,

WLl,JH(通讯作者),No⒒heast Nonmal Un蜕 C“ Quantum sGi,Cllangchun△ 0024,Peoples R Chilla,
Wu,JH(通讯作者 ),No⒒ hCast N∝m甜 Un蜕 Sch Phys,CllangGhul11300γ ,IIcoplcs R China.
电子邮件地址 :jhwu@ncllu· Cdu。 cll;yan⒊hong叻 @126.∞m
IDS号 :s8D2R
ISs卜(∶ 0375-9601

cISS卜↓ 1873-2429

⒛25年 JCR影响因子:2.7
⒛25年中科院分区 (升级版):
大类  物理与天体物理   3区
小类   PHY⒏ Cs,W1ULTIDISCIPLINARY物 理 :综合  3区

检索员(签字):嗡
检索单位 (签章):中

研究员

研究所

弘韫
扌

热带农业科学院科技彳

⒛26年 6月 ⒉ 日
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编号:Js2u5181

文献收录检索证明
委托人:杨红 (珀 n⒏ Hong)

委托单位:海南师范大学
检索数据库:科学引文索引 Scicllce Cit缸 ion Indcx-Expalldcd《 SCI-E》  (1900年 -⒛25年 )、 期刊引证报告
Jownd Citatic,ll Rcports《 JCR》 (1997年9023年 )、 中国科学院文献情报中心期刊分区表在线平台 (⒛05
年-2023年 ,⒛ 25年 )

检索结果 :

根据委托人的检索要求,查询了相关数据库。经检索,通讯作者为杨红 (*为通讯作者),署名单位为海
南师范大学的以下论文被 SCIˉE收录,详细信息如下:
标题 :Broadballd undrcct0n引 ℃∏c“ oll ampliΠ cation in a ollc-dilη eⅡ ioll引 defe面 vc扯om忆 lattice

饣乍者 :Xu,QY(Xu,Qiongyi);Li,GR(Li,Guangrong);Z11eng,YT(ZhCng,Yking);Yan,D(Yan,Dong);Zhang,HX

(Zhang,Hanxiao);Zhang,TG(Zhang,Tinggui);Yang,H(Yang,Hong)*

来源出版物 :l)llYsl(∴ΛI luVIl∶ \vΛ  卷
"10 
期:6 文献号:063724 DOI闸 0,ll03p” sRevA,ll00637⒛

Publid1ed D献 c∶ 2024DEC27

Web of SGiellcc核 心合集中的 "被引频次 "∶ 0

被引频次合计:0

入 藏 号 :WOS∶ O013894731O0011

文献类型 :A“ cle

妇岜±止:[Xu,Qiongyi;Li,Guangrong;Zhcng,Yi⒒ ng;Yan,Dong;Zhang,Hanxiao;Yang,Hong]Hainan N0rmal Univ,

Sch Phys&Elect Engn,Haikou571158,Pcoples R China,

[Zhang,Tinggui]H加 nan No1· mal Univ,SGh Math&Stat,H瓦 kou571158,PcOples R China,

通讯作者地址 :Yallg,H(通讯作者),H⒍ llan NoHηd U“v,Sch P” s&ElCct EngIl,H西 hu57l158,Pcoplcs R Chilla,

电子邮件地址:yarl凵 1ong匀 @126.∞ m
IDS号 :R1X8F

ISSN∶ 2469-9926

eIsSN∶ 2469-9934

⒛23年 JCR影响因子:2.6
20⒛ 年中科院分区 (升级版):

大类  物理与天体物理   2区
小类   PHYsIC⒐ AToMIC,MOLECULAR&CHEMICAL

小类  oPTICs光学  3区
物理:原子、分子和化学物理    2区

检索员(签字):营 '
检索单位 (签章):中 国

虱农遂
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鲂岗乓肀:Js2024223

文献收录检索证明

委托人:杨红 (珀ng,Hong)

委托单位:海南师范大学

检萦数据库: 《科学引文索引》 (SCI-E)、  《期刊引证报告》 (JCR)、 中国科学院文献情报中心期刊分
区表在线平台 (升级版 ⒛ 19-⒛ 23年 )

检索结果 :

根据委托人的检索要求,查询了相关数据库。经检索,共同通讯作者为杨红 (*为共同通讯作者),第一

署名单位为海南师范大学的以下论文被 sCI-E收录,详细信启、如下 :

标足医:Al11plincd NonreciprOcal Rc∏ eGtion in a UnifOrIη AtOlη ic Mediulη  with tllc Hclp ofSpontancOus Elη issions

饣饣者 :Lin,XY(L'in,Xinyu);ZhCng,XF(ZhCng,Xinfu);Geng,Y(Geng,Yuc);Li,GR(Li,Guanrong);Xu,QY(Xu,

Qion囹D;Wu,JH(Wu,JinhuD;Yall,D(Y【rtll,DOn⒆
米;Yallg,H(Yang,Hon⒄

*

来源 出版物 :PHoTONICS 卷 :11 期 :4 文献 号 :389 DOI∶ 10,3390/photonicsl1⒄0389 PLlblished Date∶

2024APR

Wcb d Scicllcc核 心合集 中的 "被引频次 "∶ 0

被 引频次合计 :0

入藏号 :WOS∶ 00121032⒛ OO00I

文献类型 :Article

±tL±lL:【 Lin,Xinyu;Zhe11g,XinfLl;Gcng,Yue;I'i,Guamong;Xu,Qiongyi;Yan,Dong;Yang,Hong]Hainan Normal

Univ,Sch Phys记℃Blcct Engn,Haikou571158,Pcoplcs R China,

[Wu,Jil111ui]Nord1Cast Norlη al Univ,Ctr Quantunl SGi,Changchun130024,Pcoples R China,

[、Vu,Jinhui]NO!1heast NOrn1al Univ,SGh Phys,Changchun130024,Peoples R China

迪讯作者地址 :Yan,D;Yallg,H(逦 讯作者),Hainan NOm1al Univ,SGh P” s&E|ect Engn,Hohu57ll58,Pcoples

R China,

电子邮件地址:ymd@h加 nnu eclu,cn;060“ 4@h川 mu,edu.cn

IDS号 :OW5G8

cISSN∶ 2304-6732

zOⅡ 年 sCI影响因子为 2.1

⒛zs年中科院分区升级版 :

大类  物理与天体物理   4区
小类  0PTICS光 学    4区

检索员(签字):奋
检索单位 (签章):

究员

启、研究所
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绍扁号:Js2024223

文献收录检索证明

委托人:杨红 (珀 n⒏ Hong)

委托单位:海南师范大学

检索数据库: 《科学引文索引》 (sCI-E)、  《期刊引证报告》 (JCR)、 中国科学院文献情报中心期刊分
区表在线平台 (升级版 ⒛ 19-⒛ 23年 )

检索结果 :

根据委托人的检索要求,查询了相关数据库。经检索,通讯作者为杨红 (*为通讯作者),第一署名单位

为海南师范大学的以下沦文被 sCI-E收录,详细信启、如下 :

标题 :Pcrfccl non-reCiprOcal rc∏ cG⒒ on ampliⅡ cation in c1oscd1oop cohercllt gain atomic systelη

饣乍者 :Li,GR(Li Guan¨ Rong);ZhCng,YT(Zheng Yi¨ Ting);Xu,QY(Xu Qiongˉ Yi);Pei,XS(Pei Xia0ˉ Shan);Gcng,

Y(Geng YuΦ ;Yan,D(Yan D0n⒆ ;Yallg,H(Yang H0I1g)*

来源 出版物 :ACTA PHYSICA SINICA 卷 :73 期 :12 文献号 :12“01 DOl∶ 10,⒎ 98/aps,73,⒛⒛ 0347

Published Datc∶ 2024JUN20

W曲 d Sciellce核 心合集中的 "被引频次"∶ 0

被引频次合计:0

入藏 号 :WOS∶ 00I2510242OO025

文献类型 :ArticIe

地址 :[Li Guan¨Rong;Zhcng Yi-Ting;Xu Qiong-Yi;Pci Xiaoˉ Shan;Gc11g Yue;Yan Dong;Yang Hong]Hainan

NorlnaI Univ,Sch P11ys&ElcGt EngIη ,HaikOu571158,Hai11an,Pcop丨 cs R Chi11a

通讯作者地址 :Yallg,H(通讯作者 ),H加 nan NoH11引 Univ,Sch Pl1ys&Elect Engn,Haik/ou57ll58,Horlan,Pcop⒗ s

R China,

电子邮件地址:yt△ll⒊ hong砀 @126· com

IDS号:UW2B8

ISSN∶ 1000-3290

zO23年 sCI影响因子为 0.8

⒛23年中科院分区升级版 :

大类  物理与天体物理   4区
小类  PHY⒏ CS,MULTID⒙ CIPLINARY物 理 : 综合

检索员 (签字):

检索单位 (签章 )

害
:匚 |二 I

究员

息研究所
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鲂岗乓劳:Js2024223

文献收录检索证明

委托人:杨红 (珀 n⒏ Hong)

委托单位:海南师范大学

检索数据库: 《科学引文索引》 (sCI-E)、  《期刊引证报告》 (JCR)、 中国科学院文献情报中心期刊分

区表在线平台 (升级版 ⒛199023年 )

检萦结果 :

根据委托人的检索要求,查询了相关数据库。经检萦,通讯作者为杨红 (*为通讯作者),第一署名单位

为海南师范大学的以下论文被 sCI-E收录,详细信启、如下 :

标题 :Ph“ c and dctuning cOntro1ofthc unidi1· ecJonal⒑ nccd。 n aIllpliflcation bascd on thc broken spatial sy1mη ctry

饣仁者 :Li,GR(Li,Guanrong);Geng,Y(Geng,Y11e);Pci,XS(PCi,XiaOshan);、 Vu,JH(V∨ u,Jinhui);Lin,XY(Lin,

Xinyu);Yan,D(Yan,DOng);Zhang,HX(Zhang,Hanxiao);Yang,H(Yang,Hong)*

来源 出版物 :oPTICS EXPRESS 卷 :32 为l∶ 7 文献 号 :52⒄54 DOI∶ 10,13“
/oE,52∝ 54 Ptlblisllcd D荻 c∶

2024MAR25

Web⒍ Science核心合集中的 "被引频次"∶ 0

被引频次合计:0

入藏号:WOS∶ 001206868200001

文献类型:A田 cle

出岜1吐::[Li,Guanrong;Geng,Yuc;Pei,XiaOshan;Lin,Xinyu;Yan,DOng;Zhang,Hanxiao;Yang,Hong]Hainan

NorInal Univ,Sch Phys&Elcct Engn,Haikou571158,Peoplcs R China,

[Wu,Jinhui]NOrthCast Nornlal Univ,Ctr Qua11tulη  sci,Changchun130024,Pcoples R C11ina,

[Wu,Jinhui]Northeast No1· n1a|Univ,SGh Phys,Changchun130024,Peoples R China,

通讯作者地址 :Ymg,H(通 讯作者 ),Honall NoHud UniⅤ ,sch P” s&EIect E吒 n,H加kou57H58,Peop忆 sR

ChiI1a,

电F刂丨阝件l山 JJ⒈ yan⒏少ong凵 (D126· c01m

IDS号 :oJ3Q8

ISSN∶ 1094-4087

⒛23年 sCI影响因子为 3.2

zO23年中科院分区升级版 :

大类  物理与天体物理  2区 ToP期刊
小类  OPTICs光 学  2区

检索员(签字):奋
检索单位 (签章):屮

溥新捡爵号筋簟
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匆岗芒手:Js2024223

文献收录检索证明

委托人:杨红 (珀ng,Hong)

委托中̂位 :海南师范大学

检萦数据库; 《科学引文萦引》 (SCIˉ E)、  《期刊引证报告》 (JCR)、 中国科学院文献情报中心期刊分
区表在线平台 (升级版 ⒛ 19¨2023年 )

检索结呆 :

根据委托人的检索要求,查询了相关数据库。经检索,通讯作者为杨红 (*为通讯作者),第一署名单位

为海南师范大学的以下论文被 sCI-E收录,详细信启、如下 :

标题:sl,catid sus∞ptibility modul甜 on alld GOnt⒃ lled unidircctio11Ⅲ ℃ncmon aη plinca"on via亿 ur^Ⅴ a℃ mi疝 ng

饣仁者 :Geng,Y(Geng,Yue);Pei,XS(Pei,XiaOshan);Li,GR(Li,Guanrong);Lin,XY(lˇ in,Xinyu);Zhang,HX

(Zhtlng,Hanxiao);Yan,D(Yan,D0ng);Yang,H(Yang,Hollg)*

来源 出版物 :oP'Γ ICs EXPRESS 卷 :31 期 :23 页 :38228J8239 文献 号 :49叨38 DOI闸 013“/oE⒆ 9738

PubIished Date∶ 2023NOV6

Web of sciencc核 心合集中的 "被引频次 "∶ 2

被引频次合计:3

入藏号:WOS∶ 00ll05∞5100002

文i献类型:Article

地址 :[Geng,Yuc;Pei,XiaOshan;Li,Guanrong;Li11,Xinyu;Zhang,Hanxiao;Yan,Dong;Yang,Hong]Hainan

NorInal U11iv,Sch Phys2电 Elcct Engn,Haikou571158,Pcoples R China,

通讯作者地址 :Yallg,H(通 讯作者),H加llan N0nud Univ,Sch P” s&ElCct Engn,H缸 hu57l158,Peoplcs R

China,

电:F由阝倒△山虹⒈yan⒊ hong叻 C)126· Go111

IDS号:Y5XV6

IsSN∶ 1094-4087

⒛Ⅱ 年 SCI影响因子为 3.2

20"年中科院分区升级版 :

大类  物理与天体物理  2区 ToP期刊
小类  oPTICs 光学  2区

检索员(签字):奋
检索单位 (签章):中

⒛z年 10月 11
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编号:Jmo2辊23

文献收录检索证明

委托人:杨红 (Yan⒏ HOIlg)

委托广阝.位 :海南师范大学

检索数据库: 《利学引文索引》 (SCI-E)、  《期刊引证报告》 (JCR)、 中国利学院文献情报中心期刊分
×表在线平台 (升级版⒛199023年 )

检萦结果:

根据委托人的检索要求,查询了相关数据库。经检索,通讯作者为杨红 (*为通讯作者),第一署名单位

为海南师范大学的以下论文被 SCIˉ E收录,详细信J害、如下 :

标题 :Two-Go丨 or unidircctional rcqccti。 ns by moduk次 ing thc spcltia|susccptibⅡ ity in a holη ogcl1cOus atomic mcdiulη

作 者 :Pei,Xs(Pei,Xiao¨Shan);Zhang,HX(Zhang,Han-Xiao);Pan,MM(Pal1,Mcng-Mei);GCng,Y(Gcng,Ytlc);

Li,TM(Li,Tian~Ming);Yang,H(Yallg,Hon⒆ *

来源 出版物 :oPTICS EXPRESS 卷 :31 期 :9 页 :146%-14⒛ 4 DOI闸 0,13“ /oE,488247 PLlblolled D哎 c∶

2023APR24

Wcb of Sciellce核 心合集中的 "被引频次"∶ 3

被引频次合计:3

入藏号 :WOS∶ 0009853836OO005

文献类型 :Article

埘n止 :[Pei,Xiao-Shan;Zhang,Han-XiaO;Pan,Mcn￡ 厶-Mei;Geng,Yue;Yang,Hong]Hainan Normal Univ,Sch

Phys&Elcct Engn,Haikou571158,Peoples R China。

[Li,Tian~Mi11g]s0ut11C11ina NOrlη al Univ,sc11P11ys&TclccOlllIη u11Engn,Guangzhou510006,Peoples R C11ina,

通讯作裆士山J止 :Yang,H(通 讦1伯=者 ), H加 nan Normal Univ,Sch Phys&Ele∝ Engn,H蔚kou57ll58,Peoples R

China,

电子邮件地址:哪⒊llo吧凵@126· COm

IDS号 :F9HK8

ISSN∶ 1094ˉ 4087

2023年 scI影响因子为 3。2

2θ23年中科院分区升级版 :

大类  物理与天体物理  2区  ToP期刊
小类  oPTIcS光学  2区

检索员(签字):奋 '
检索单位 (签章):中
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