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D25-01
High-performance Semiconductor Quantum Light Sources
Jin Liu
School of Physics, Sun Yat-sen University, Guangzhou 510275, China

Semiconductor quantum emitters, especially epitaxial quantum dots (QDs) with large optical oscillator
strength, are one of the most promising candidates for exploring fundamental quantum physics in solid-state and
building quantum photonic devices on-chip. However, the deterministic creation and eventual scalability of single
QD devices greatly suffer from the random nature of the QDs produced in their self-assembled growth. In this talk,
I will present the breakthrough of scalable and deterministic light-matter couplings based on single-photon
hyperspectral imaging[1]. With deterministically coupled QD-microcavity systems, we’ve observed the
long-sought-after dynamic resonance fluorescence in cavity quantum electrodynamics [2] and realized quantum
photonic devices with state-of-the-art performances, including bright sources of entangled photon pairs [3],
chip-scale light sources carrying orbital angular momentum [4,5] and stimulated emission assisted single-photon
sources [6]. We finally envision long-distance quantum networks based on telecom band QDs via hybrid
integration technology [7].
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D25-04
Manipulation of hyperbolic phonon polaritons
Yonggian Zhao, Jianing Chen*
Institute of Physics, Chinese Academy of Sciences

The main goal of nanophotonics is to control the energy flow of light at the nanoscale. The study of phonon
polaritons in van der Waals materials at the nanoscale has gained significant attention in recent years due to their
unique properties of phonon polaritons, such as anisotropic propagation, strong field confinement, and ultralong
lifetime. Despite these advancements, there still exists a challenge in achieving dynamically reversible
manipulation of phonon polaritons in these materials due to their insulating properties. VO, is a typical phase
change material known for its dramatic changes in dielectric properties between its insulating and metallic states.
By combining a-MoOs, who supports in-plane hyperbolic phonon polaritons, and VO,, we present experimental
evidences on the reversible manipulation of anisotropic phonon polaritons in a-MoO; on top of a VO, film. Our
findings demonstrate that the engineered VO, film enables a switch in the propagation of polaritons in the
mid-infrared region by modifying the dielectric properties of the film through temperature changes. Our results
represent a promising approach to effectively control the flow of light energy at the nanoscale and offer the
potential for the design and fabrication of integrated, flat sub-diffraction polaritonic devices. This study adds to
the growing body of work in the field of nanophotonics and highlights the importance of considering
phase-change materials for the development of new techniques in this field.
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W, FEARUAR L H, K L] neaSCOPE fEARLEM BL S AT RTHTRL , FFAl R AEMRIKIER (10 K) Z&1F

3



T ERDER 2 2024 BEEE — Jm thE SRR 2 D25. Yt kRS S F

T FERE AL T RO TR T LR S AR A AR 4 (R A N  ZR 41

D25-09
T A FRUBOTR RS PR =
st EEE
IR

o AH =S (a-MoO3) E N —FhRUGHH ) —4EfR I A fh A, Befe SCRFTI P SU 2R 64 830 75 1 1
1k 7t (phonon polaritons), MG SEERZNK R E T G BEEMETE . B M6 T2 (twist-optics)iX —HE &
R, BEFLE KA NUZE a-MoO3 # IR SRR E M B2 OGBS TR MIESE, B RBEoTit
SReAT AL RO, BTN B AR S I AR I R — U7 ), iR SEIL T R R A AR A VR R E T A
ICERFE TATHMERE . B2, F—MRZHMAERPDCFBEMAIUEH TRz, B e p—ghs
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Tuning of natural hyperbolic plasmons in Van der Waals thin films
Chong Wang
School of Physics, Beijing Institute of Technology, Beijing 100081, China;

Hyperbolic polaritons and their associated optical topological transitions can be naturally achieved in
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anisotropic Van der Waals thin films without the need for nanostructuring. In contrast to their artificial
metasurface counterparts, these natural hyperbolic surfaces offer superior electromagnetic confinement and a
more extensive photonic density of states. These plasmon polaritons, although rare, have recently been
experimentally observed in WTe2 Van der Waals thin films. Unlike phonon polaritons, which have limited
tunability due to fixed Reststrahlen bands, hyperbolic plasmonic regimes depend on the interplay of intraband and
interband transitions, presenting significant tuning potential through both intrinsic and extrinsic methods.

In this presentation, we will discuss experimental findings on the tunability of the hyperbolic regime and its
associated optical topological transitions in WTe2 thin films. We will explore how chemical doping, temperature
variations, and adjustments in the twist angle and film thickness ratio in twist bilayer structures can be employed
to modify the hyperbolic plasmon behavior. These results open the door to the development of reconfigurable
photonic devices based on anisotropic natural materials.
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[1] M. Wang, Y. Lin, M.-X Wang, J.-M. Yi, X.-D. Gao, D.-Y. Li, J.-P. Liu, B. Cao, C.-H. Wang, J.-F. Wang, K. Xu,

Double sided asymmetric metasurfaces achieving sub-microscale focusing from a GaN green laser diode. Opt.
Express 31 20740(2023).

[2] M. Wang, Y. Lin, J.-M. Yi, D.-Y. Li, J.-P. Liu, B. Cao, C.-H. Wang, J.-F. Wang, K. Xu, High-efficiency
circlarly polarized green light emission from GaN-based laser diodes integrated with GaN metasurface
quarterwave plate. Appl. Phys. Lett. 119, 241103 (2021)

[3] J.H. Zhong, J. Vogelsang, J.-M. Yi, D. Wang, L. Wittenbecher, S. Mikaelsson, A. Korte, A. Chimeh, C. L.
Arnold, P. Schaaf, E. Runge, A.L. Huillier, A. Mikkelsen, C. Lienau. Nonlinear plasmon-exciton coupling
enhances sum-frequency generation from a hybrid metal/semiconductor nanostructure. Nat. Commun. 11,
1464(2020).

[4] J.-M. Yi, D. Wang, F. Schwarz, J. Zhong, A. Chimeh, A. Korte, J. Zhan, P. Schaaf, E. Runge, C. Lienau.
Doubly resonant plasmonic hot spot—exciton coupling enhances second harmonic generation from Au/ZnO
hybrid porous nanosponges. ACS Photonics,6, 2779(2019).

[5] J.-M. Yi, V. Smirnov, X. Piao, J. Hong, H. Kollmann, M. Silies, W. Wang, P. Grof3 R. Vogelgesang, N. Park
and C. Lienau. Suppression of radiative damping and enhancement of second harmonic generation in bull’s eye
nanoresonators. ACS Nano, 10, 475 (2016).
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[1] Nowak et al., Sci. Adv., 2016, Vol. 2, no. 3, e1501571
[2] Ryan A. Murdick et al., Jpn. J. Appl. Phys., 2017, 56, 08LA04
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S EEAEL C-C B A M EHRZ) 82%, MEURASHRZ KL 30% . AHTFUAT BN T Aok ©ATas 2 I
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D25-28
Plasmonic Nanocavity Induced Room-temperature Emission of 2D Dark Excitons, Interlayer Excitons and
Charged Biexcitons
Dangyuan LEI
City University of Hong Kong, Hong Kong, China

In this talk, I will demonstrate how to employ plasmon-exciton coupling spectroscopy to determine the
relative energies of bright and dark excitons in monolayer MoS, and WS, by examining their respective
temperature-dependent bright-exciton coupling strength with localized surface plasmons [ACS Photonics 2019,
6(11), 411-421]. Following this, I will illustrate that the temperature dependence of the WS, A-exciton emission
energy can be well described with the Varshni formula and its temperature dependent emission intensity is
associated with the population redistribution of bright and dark excitons at elevated temperatures [Nanoscale
Horizons 2019, 4(4), 969-974]. Different from conventional large-mode-volume plasmonic cavities that can only
enhance spin-allowed electronic transitions in quantum emitters [Nanophotonics 2020, 9(7), 2097-2015], 1 will
then show that coupling monolayer WS, with a plasmonic nanocavity of an extreme structural asymmetry and
ultrasmall mode volume results in plasmon-induced resonant emission of spin-forbidden dark excitons with signal
intensity comparable to that of spin-allowed bright excitons [Nano Letters 2022, 22(5), 1915-1921]. Similar
physical concept can be further applied to enhance the emission intensity of spatially indirect interlayer excitons
(with a typical oscillator strength two orders of magnitude smaller than intralayer excitons) in a 2D heterostructure
[ACS Nano 2024, 18(21), 13599-15605]. Finally, I will report strong room-temperature emission of charged
biexcitons from a gold nanosphere capped WS, monolayer through localized surface plasmon induced
hot-electron injection [Physical Review Materials 2023, 7, 054002], and demonstrate all-optical control of the
emission intensity through on- or off-resonant LSP excitation.
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1. Ni Zhang, Weiwei Luo, Lei Wang, Jiang Fan, Wei Wu, Mengxin Ren, Xinzheng Zhang, Wei Cai, and
Jingjun Xu, Strong in-plane scattering of acoustic graphene plasmons by surface atomic steps, Nat. Commun. 13,
983 (2022)

2. Lei Wang, Lixin Ge., Ke Gong, Wei Cai, Xinzheng Zhang and Jingjun Xu, Graphene plasmonic skyrmion
lattices generated by radially polarized light beams', Phys. Rev. B, 109, 195434 (2024).

3. Weiwei Luo, Jiang Fan, Alexey B. Kuzmenko, Wei Cai, Jingjun Xu, Topological valley plasmons in
twisted monolayer-double graphene moiré superlattices, arXiv:2403.07268
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University of Electronic Science and Technology of China, Chengdu, China
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1. Ma, W. et al. In-plane anisotropic and ultra-low-loss polaritons in a natural van der Waals crystal. Nature 562,
557-562 (2018).
2. Ma, W. et al. Ghost hyperbolic surface polaritons in bulk anisotropic crystals. Nature 596 (7872): 362-366
(2021).
3. Hu, G. Ma, W. et al. Real-space nanoimaging of hyperbolic shear polaritons in a monoclinic crystal. Nature
Nanotechnology 18, 64-70 (2023).
4. Ni, X. Carni, G. Ma, W. et al. Observation of directional leaky polaritons at anisotropic crystal interfaces.
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Nature Communications 14, 2845 (2023).
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D25-37
Manipulation of Van der Waals Exciton Polaritons
Long Zhang
Xiamen University

Manipulating cavity exciton polaritons has led to new concepts in fundamental physics and better
optoelectronic devices. In this talk | will discuss two different ways to manipulate cavity exciton polaritons in the
Van der Waals material system. Harnessing the doping dependence of the two dimensional (2D) semiconductors,
the Rabi splitting, dispersion, and nonlinearity of exciton polaritons can be electrically controlled. This result
represents an important step to combine the correlation physics in Van der Waals materials and cavity photonics.
On the other hand, the flexibility of integrating 2D materials with various types of cavities allows us to investigate
the Rabi splitting dependence of the polariton linewidth. This work can reach a general conclusion on the coupled
oscillator system: the impact of inhomogeneous broadening of an oscillator on its coupled state can be suppressed
by raising the Rabi splitting.

D25-38
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[1] Zheng, M-Y.; Jin, Z.-B.; Ma, Z.-Z.; Gu, Z.-G.*, Zhang, J., Adv. Mater., 2024, 10.1002/adma.202313749.
[2] Ma, Z. Li, Q., Wang, Z. Gu, Z.-G.*; Zhang J.*, Nat. Commun., 2022, 13, 6347.
[3] Chen, H.; Gu, Z.-G.*; Zhang, J., J. Am. Chem. Soc. 2022, 144, 16, 7245.
[4] Li, D.; Li, Q.; Wang, Z.; Ma, Z.; Gu, Z.-G.*; Zhang J.*, J. Am. Chem. Soc. 2021, 143, 17162.
[5] Yang, X.-X.; Li, N.; Li, C.; Jin, Z.-B.; Ma, Z.-Z.; Gu, Z.-G.*, Zhang, J. J. Am. Chem. Soc. 2024,
10.1021/jacs.4c04125.
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Exploring the intricate interplay of cooperative states in many-body systems constitutes a fundamental and
noteworthy research pursuit. Specifically, within the realm of the superfluorescence effect associated with the
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coupling of radiative dipoles, the forefront of investigation has progressed to the intersection of superfluorescence
and classical lasing effects. At this juncture, a unique lasing-field-hybrid cooperative dipole state emerges through
the optical cavity-enhanced superfluorescence. Here, we demonstrate a coherent energy transfer between two such
lasing-field-hybrid cooperative exciton states within a perovskite quantum dot superlattice. Optical
cavity-enhanced superfluorescence gives rise to transient energy transfer between these states, introducing
competitive dynamics in their luminescence timing. Our discoveries underscore that stimulated energy transfer
inherently occurs when two cooperative cavity-exciton states coexist. Control over this process is possible through
a dual-pulse pump technique. Understanding this energy transfer is crucial for advancing our knowledge of
quantum phenomena and has the potential to advance high-performance optoelectronic devices.

R

D25-P01
Enhanced Near-Infrared Absorption in Au-Hyperdoped Si: Interplay Between Mid-Gap States and
Plasmon Resonance
Songyuan Peng** Tingting Wang*,M. S. Shaikh®? Mingyang Tian"* Yijia Huang,R. Heller?, Yarong Su* Jianqi
Zhu',Yun Li°,.Zhengwei Xie',Ling Li*,Shenggiang Zhou?, Mao Wang"?
1. Sichuan Normal University
2. Helmholtz-Zentrum Dresden-Rossendorf
3. Technische Universita Dresden
4. Tianfu Xinglong Lake Laboratory
5. Sichuan University

Detecting near-infrared (NIR) light with high efficiency is crucial for photodetectors that are applied in
optical communication systems. Si hyperdoped with deep-level impurities provides a monolithic platform for
infrared optoelectronics with room-temperature operation at telecommunication wavelengths. In this work, we
present strongly enhanced NIR absorption via the hybridization between plasmon resonance and mid-gap states in
Au-hyperdoped Si layers, which are prepared by ion implantation and pulsed laser melting. The Au-hyperdoped Si
layers exhibit high-quality recrystallization with the substitution of Au atoms into the Si matrix and the formation
of Au nanoclusters on the surface. Surprisingly, the Au-hyperdoped Si layers exhibit a NIR absorption with
spectral response extending up to 1650 nm and maximum absorptance up to 30%. According to the
electromagnetic simulation, the enhanced infrared photoresponse can be attributed to the mid-gap states induced
by substitutional Au atoms and the localized surface plasmon resonance associated with the Au nanoclusters. This
work presents a simplified process to gain significant enhancement of NIR absorption, which paves a way for the
realization of Si-based photodetectors with room-temperature operation and outstanding performance.
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Exciton-photon coupling in cavity is further effective for fundamental research in photon materials and
devices. Electrical field and charge injection can generate a prominent effect to control exciton behavior. By
applying electrical field for van der waals heterostructure with electrons and holes originated from separated
layers, we demonstrate an outstanding way for wide-range electrically tunable interlayer exciton and moiré
exciton based on transition metal dichlcogenides(TMDs) heterostructure(WS2/WSe2) encapsulated in
cavity(Ag-DBR). ~150meV tuning range of interlayer exciton dicerns comparable tuning for exciton-photon
coupling. E-field tunable oscillator strength and excitons interactions of dipolar exciton has considerable potential
in photon integrated circuit and detection fields.
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D25-P07
Dynamic incoherent scattering: Photonic glass with sensitive temperatureand humidity-responsiveness
Yuewei Zheng,Jie Sun,Jinging Chen,Wei Hong*
Sun Yat-sen University

Stimuli-responsive structurally-colored materials have been extensively developed for decades based on
conventional strategies by manipulating periods and refractive indices of the system. Herein, a controlled
incoherentscattering strategy is demonstrated for fabricating stimuli-responsive photonic glass featured by
scalable produceand dynamic saturation. The incoherent scattering in photonic glass systems is controlled by
responsive lightabsorbers and wetting, leading to a conversion between a whitened state dominated by incoherent
scattering anda structurally-colored state dominated by structural resonance. Wetting the system reduces
incoherent scatteringsignificantly to reveal the structural color of photonic glass, while engineered absorbers can
change the absorption with stimuli-response to shift the shield against incoherent scattering. Responsive structural
colorshased on the photonic glass systems are presented, realizing wetting-, humidity- and
temperature-dependentstructurally-colored sensors and patterns. Given that such incoherent-scattering-controlled
strategy can befurther extended by functional absorbers and wettability modifications, this work may inspire

19



T E M ELR 2 2024 A m i FUMRL R 22 D25. Jt TPk a1
scalable andeffective structurally-colored materials with invisible patterning capability for anti-counterfeiting and
Sensors.

D25-P08
Graphene plasmon-enhanced infrared spectroscopy for probing the structure and hybridization of DNA
molecules
Yu Duan,chenchen wu,xiaoxia yang,qing dai*
The National Center for Nanoscience and Technology

Deoxyribonucleic acid (DNA) serves as the fundamental carrier of genetic information in living organisms.
Detecting and analyzing the chemical structure of DNA can provide essential information for food safety,
biodiversity monitoring, genetics, disease diagnosis and treatment, and other fields. Surface-enhanced infrared
absorption spectroscopy (SEIRA) has emerged as a promising technique for DNA analysis due to its capability to
non-invasively and label-free detect chemical information of nanoscale materials. However, detecting DNA's key
infrared fingerprint peaks remains challenging due to their small dipole moments, resulting in weak infrared
responses and demanding higher sensitivity requirements from SEIRA techniques. Herein, we propose a highly
sensitive graphene plasmon-enhanced infrared spectroscopy for ultrasensitively detecting low dipole moment
chemical bonds in nanoscale single-stranded DNA (ssDNA). By immobilizing ssDNA onto graphene plasmon
hotspots via m-m interactions, we identified monolayer ssDNA (1.3 nm) and distinguished the four base
components of ssDNA. Moreover, by monitoring the resonance frequency of graphene plasmons in a liquid
environment, we could in situ track the hybridization process of DNA in an agueous solution. The graphene
plasmon-enhanced infrared spectroscopy opens up a new detection platform for in situ investigation of DNA
structure and behavior under physiological conditions.

D25-P09
Compensating losses in polariton propagation with synthesized complex frequency excitation
Shu Zhang*,Fu Xin Guan? Xiang dong Guo® Xiao Xia Yang*,Qing Dai**,Shuang Zhang?
1. National Center for Nanoscience and Technology
2. University of Hong Kong

Surface plasmon polaritons and phonon polaritons offer a means of surpassing the diffraction limit of
conventional optics and facilitate efficient energy storage, local field enhancement and highsensitivity sensing,
benefiting from their subwavelength confinement of light. Unfortunately, losses severely limit the propagation
decay length, thus restricting the practical use of polaritons. While optimizing the fabrication technique can help
circumvent the scattering loss of imperfect structures, the intrinsic absorption channel leading to heat production
cannot be eliminated. Here, we utilize synthetic optical excitation of complex frequency with virtual gain,
synthesized by combining the measurements made at multiple real frequencies, to compensate losses in the
propagations of phonon polaritons with dramatically enhanced propagation distance. The concept of synthetic
complex frequency excitation represents a viable solution to the loss problem for various applications including
photonic circuits, waveguiding and plasmonic/phononic structured illumination microscopy.
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