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Fig. 1. Schematic configuration of routing single photons in
two channels made of two one-dimensional waveguides. The
giant two-level atom a (b) interacts with waveguide m (n)
at Tm1 =0 (@y =0) and xpp =1 (xn =1), character-
ized by coupling strengths ga (gp) and local coupling
phases 61 (03), 02 (64). The dipole-dipole interaction
strength between the two giant atoms is denoted by A.
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Abstract

This work is to investigate the single-photon scattering in a waveguide quantum electrodynamics system
consisting of two dipole-coupled giant atoms, each interacting with a separate one-dimensional infinite
waveguide at two distinct coupling points. Our primary objective is to establish a theoretical framework for
manipulating photon propagation paths via quantum interference induced by multiple coupling points and local
phase engineering. Unlike traditional chiral coupling schemes, an innovative method, in which the coupling
phases are designed locally at each atom-waveguide interface, is used to achieve effective chiral coupling,
thereby introducing novel quantum interference mechanisms. Using a real-space approach, we derive analytical
expressions for four-port scattering amplitudes. We establish the conditions for achieving perfect directional
routing to any output port and demonstrate the coherent control mechanisms implemented by geometric and
local coupled phases. Continuous frequency tunability is primarily achieved through dipole-dipole interaction,
and finely tuned through the accumulated phase and local coupling phases. Local phase differences precisely
regulate port-specific probability distributions within the waveguides while preserving total routing efficiency.
Furthermore, we elucidate the mechanisms of nonreciprocal transport and chiral scattering. The analysis reveals
different governing principles: perfect nonreciprocity arises from the interplay of the accumulated phase, local
coupling phases, photon-atom detuning, and dipole-dipole interaction. In contrast, perfect chiral scattering
depends entirely on the accumulated phase and local coupling phases, and is independent of detuning. Notably,
under the phase-matching conditions, the system achieves both perfect chiral and directional routing, and
realizes frequency-selective path-asymmetric photon control. These findings provide a comprehensive framework
for manipulating quantum interference in multi-atom waveguide systems, highlighting applications in quantum
information processing, including tunable single-photon routers, isolators, and chiral quantum nodes. By
implementing superconducting circuits, the local phase can be dynamically adjusted, thus proving the feasibility
of the experiment.

Keywords: giant atom, directional routing, nonreciprocity, chiral scattering
PACS: 32.80.Qk, 03.67.—a, 42.79.Gn DOI: 10.7498 /aps.74.20250505

CSTR: 32037.14.aps.74.20250505

* Project supported by the Scientific Research Fund of Hunan Provincial Education Department, China (Grant No. 19B206)
and the National Natural Science Foundation of China (Grant Nos. 12375045, 11704115).
1 Corresponding author. E-mail: zhzhh@hnust.edu.cn

1 Corresponding author. E-mail: lanzhougx@163.com

153202-14


http://doi.org/10.7498/aps.74.20250505
https://cstr.cn/32037.14.aps.74.20250505
mailto:zhzhh@hnust.edu.cn
mailto:zhzhh@hnust.edu.cn
mailto:lanzhougx@163.com
mailto:lanzhougx@163.com
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

ET REASHAIRZEN A ER TN R I ROL T B

AP HRTT KEA MRE BT BIRE R AR EE

Single—photon scattering in a two—level giant atom—dual waveguide coupled system based on local coupling phase
regulation

ZHU Zhonghua  CHEN Keke  ZHANG Yuqing  FU Xiangyun = PENG Zhaohui LU Zhenyan  CHAI
Yifeng  XIONG Zuzhou  TAN Lei

5] F{& & Citation: Acta Physica Sinica, 74, 153202 (2025) DOI: 10.7498/aps.74.20250505
CSTR: 32037.14.aps.74.20250505

TEZE [T View online: https:/doi.org/10.7498/aps.74.20250505

I N2 View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

TSR AR BN g 2 43 BB 3R A B 5 A B S T

Venturi-effect rotating concentrators and nonreciprocity characteristics based on transformation hydrodynamics

WIBEAEA. 2022, 71(10): 104701 hitps://doi.org/10.7498/aps.71.20212361

DU 7 S AN L BN T | SRR
Broadband nonreciprocal transmission tuned by pump-induced magnon modes

PPz, 2025, 74(8): 087501  https://doi.org/10.7498/aps.74.20241666

F RGBT B
Photonic shielding in giant resonator system

PyFEEEAR. 2023, 72(9): 094202  hitps:/doi.org/10.7498/aps.72.20230049

SRR LK R G AT 5 m T
Experimental observation of chiral inversion at exceptional points of non—Hermitian systems

PFEEEAR. 2022, 71(13): 131101 hitps:/doi.ore/10.7498/aps.71.20220842

NG T e R SOCAE P T P Tk A

Chiral optical transport of quantum dots with different diamagnetic behaviors in a waveguide

YrH2E 4. 2022, 71(6): 067801  https://doi.org/10.7498/aps.71.20211858

NS R TP RS TR
Ground-state chiral currents in the synthetic Hall tube

YrH2E4R. 2022, 71(16): 160303 hitps://doi.org/10.7498/aps.71.20220293


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.74.20250505
http://wulixb.iphy.ac.cn
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20212361
https://doi.org/10.7498/aps.71.20212361
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.74.20241666
https://doi.org/10.7498/aps.74.20241666
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20230049
https://doi.org/10.7498/aps.72.20230049
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20220842
https://doi.org/10.7498/aps.71.20220842
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20211858
https://doi.org/10.7498/aps.71.20211858
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20220293
https://doi.org/10.7498/aps.71.20220293

	1 引　言
	2 系统模型与哈密顿量
	3 偶极相互作用的巨原子对单光子散射的调控
	4 局域耦合相位调控的单光子非互易输运与手性散射
	5 结　论
	参考文献

