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Preface AES 2026

This volume constitutes the official proceedings of AES 2026, the 12th International Conference on Antennas
and Electromagnetic Systems, held on 3–6 June 2026 at the Monastero dei Benedettini di San Nicolò l’Arena,
University of Catania, Italy.

Since its first edition, the AES conference series has offered a forum where the antennas, microwave and
electromagnetic-systems community meets the rapidly evolving fields of metamaterials, plasmonics, nanophotonics
and quantum technologies. This cross-fertilisation is the hallmark of AES: the present volume spans subjects
from antenna theory, computational electromagnetics and inverse problems to nonlinear flat optics, phase-change
photonics and quantum light control.

AES 2026 gathered authors from 36 countries across five continents. Following evaluation by the Scientific
Advisory Committee and the Technical Program Committee, 231 contributions were accepted for presentation
and are collected here: 5 plenary lectures, 12 keynote lectures, 161 invited talks, 30 contributed oral presentations
and 23 poster presentations, organised in 2 symposia, 13 special sessions and 6 general sessions.

Every contribution in this volume was reviewed for originality, technical soundness and relevance to the conference
scope, and is published in the form provided by its authors. The peer-review and publication policy is detailed on
the following page.

We warmly thank the members of all committees and the session organisers for the quality of the scientific
selection, the University of Catania for hosting the conference in an exceptional setting, our partner institutions,
and above all the authors and participants who make AES what it is. We hope this volume will serve as a lasting
record of the conference and a useful reference for the community.

Catania, June 2026 The Editors

Santi Concetto Pavone University of Catania, Italy
Gino Sorbello University of Catania, Italy
Loreto Di Donato University of Catania, Italy
Said Zouhdi Paris-Saclay University, France
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Peer Review & Publication Policy AES 2026

Peer Review

All contributions submitted to AES 2026 were evaluated by members of the Scientific Advisory Committee and of the
Technical Program Committee, with the support of the symposium and special-session organisers. Submissions
were assessed on the basis of extended abstracts or full papers; acceptance was notified together with the
presentation category (plenary, keynote, invited, oral or poster).

Selection Criteria

Reviewers were asked to assess each submission against the following criteria:

• originality and novelty of the work;

• technical soundness and scientific rigour;

• relevance to the scope of the conference;

• clarity of the presentation.

Publication Ethics

Authors certify that their contribution is original, that it does not infringe any third-party rights, and that all sources
are duly acknowledged. Each paper is published as supplied by its authors, who bear full responsibility for its
content. At least one author of each contribution registered for and presented the work at the conference.

Indexing & Archiving

The AES proceedings are published under ISSN 2491-2417 and are indexed in SCOPUS. The present volume is
archived and available at aesconference.org.

SUGGESTED CITATION OF THIS VOLUME

Proceedings of the 12th International Conference on Antennas and Electromagnetic Systems (AES 2026), S.C. Pavone,
G. Sorbello, L. Di Donato and S. Zouhdi, Eds., Catania, Italy, 3–6 June 2026. ISSN 2491-2417.

Copyright

© 2026 the respective authors. All rights reserved. Reproduction of any part of this volume requires the permission
of the authors concerned.
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Plenary Talks AES 2026

PLENARY 5 plenary lectures · 35 minutes each including Q&A

PLENARY LECTURE 1 PLENARY · 35 min

Zhi Ning Chen
National University of Singapore, Singapore

Provost’s Chair and Professor of Electrical and Computer Engineering and founder & Director of the Advanced
Research and Technology Innovation Centre (ARTIC), NUS. He received two PhD degrees in Electrical Engineering,
from the Institute of Communications Engineering, China (1993) and the University of Tsukuba, Japan (2003). He has
published over 730 academic papers and six books (citations >34 000, h-index 100), holds 35 patents and 43 licensed
deals. Pioneer in small and ultra-wideband antennas, wearable and implanted antennas, lens antennas, microwave
metamaterial-metasurface antennas, and AI-guided generative antenna design. IEEE Fellow (2007), Fellow of the
Academy of Engineering Singapore (2019). Recipient of the IEEE AP-S John Kraus Antenna Award (2021) and the
EurAAP Antenna Award (2025).

TALK TITLE

Advancements in Deep Learning-enabled Generative Design of Metalens Antenna and Frequency-Selective Surface

ABSTRACT

The recent progress in developing prior-knowledge-guided DL-enabled generative designs of metalens antennas
and FSSs in our group is updated. The generative metalens antenna achieves a dual-polarized low-scanning-loss
across a wide-angle scanning range, and FSS demonstrates a low in-band loss, high lower-band suppression and
sharp selection under dual-polarized wide-angle incident waves.
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PLENARY LECTURE 2 PLENARY · 35 min

Giuseppe Leo
Université Paris Cité, France

Received a Laurea degree (cum laude) in Electrical Engineering from La Sapienza, Rome (1990) and a PhD in Physics
from Paris-Saclay University (2001). Was at Roma Tre University as assistant (1992–2002) and associate professor
(2002–04). Full Professor at Université Paris Cité since 2004, founder and former director of the Denis Diderot School
of Engineering (2010–2022), and leader of the Nonlinear Optical Devices group of MPQ since 2007. Research
in nonlinear integrated optics, nanophotonics and metasurfaces. Optica Fellow; Member of Institut Universitaire
de France. Coordinator of national and EU research programs. 148 articles, 7 patents, 120 invited presentations
(h-index 43, >6 000 citations).

TALK TITLE

Dielectric Metasurfaces: a New Platform for Nonlinear Optics

ABSTRACT

Flat optics revolutionized light propagation, and today dielectric metasurfaces enable to structure light in all its
degrees of freedom, beyond the limits of the superposition principle. The irruption of nonlinear wavefront shaping,
chirality, and analog processing on the scene makes nonlinear meta-optics an ever more exciting theater to perform
forefront research.
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PLENARY LECTURE 3 PLENARY · 35 min

Enrica Martini
University of Siena, Italy

Received the Laurea degree (cum laude) in telecommunication engineering from the University of Florence (1998)
and dual PhDs from the University of Florence and the University of Nice-Sophia Antipolis (2002). Hans Christian
Ørsted Postdoctoral Fellow at the Technical University of Denmark (2005–2007). Currently Associate Professor,
Department of Information Engineering and Mathematics, University of Siena. Co-founder of Wave Up Srl, Siena
(2012). Research: metasurfaces and metamaterial characterisation, metasurface-based antennas and microwave
devices, electromagnetic scattering, antenna measurements and tropospheric propagation. Co-recipient of the 2016
Schelkunoff Transactions Prize Paper Award; Best Paper Award at EuCAP 2017 and EuCAP 2021.

TALK TITLE

Intelligent Surface Wave Metasurfaces for Future Wireless Systems

ABSTRACT

This talk presents a surface-wave-based metasurface architecture for future high-frequency wireless systems that
receives, guides, and re-radiates signals. A systematic design methodology enables flexible beam control, shaping,
lateral shifts, obstacle bypassing around corners, and physical-layer frequency multiplexing by routing different
frequencies along distinct paths.
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PLENARY LECTURE 4 PLENARY · 35 min

Eva Rajo-Iglesias
University Carlos III of Madrid, Spain

Born in Monforte de Lemos, Spain, in 1972. Received the MSc in telecommunication engineering from the University
of Vigo (1996) and the PhD from the University Carlos III of Madrid (2002). Full Professor in the Department of
Signal Theory and Communications since 2018. Affiliated Professor with the Antenna Group, Chalmers University
of Technology (2009–2016). Research: microstrip patch antennas, metamaterials, artificial surfaces and periodic
structures, gap waveguide technology and MIMO systems. 75+ JCR journal papers; 120+ conference papers. Recipient
of the Loughborough AP Conference Best Paper Award (2007), Bell Labs Prize Third Place (2014). Associate
Editor, IEEE Antennas and Propagation Magazine.

TALK TITLE

Overview of Gap Waveguide Technology for Satellite Antenna Systems

ABSTRACT

An overview of Gap Waveguide technology for satellite communications will be presented, highlighting innovative
scanning and multibeam antenna designs. The presentation will also include an analysis of the multipactor effect in
high-frequency environments. Particular emphasis will be placed on cost-effective solutions that achieve sufficient
gain and high-purity circular polarization.
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PLENARY LECTURE 5 PLENARY · 35 min

Vladimir M. Shalaev
Purdue University, USA

Scientific Director for Nanophotonics at Birck Nanotechnology Center and Distinguished Professor of Electrical and
Computer Engineering at Purdue University. Specialises in nanophotonics, plasmonics, optical metamaterials and
quantum photonics. Fellow of IEEE, APS, SPIE, MRS and Optica. Highly Cited Researcher (Web of Science) for
7 consecutive years (2017–2023). Recipient of the APS Frank Isakson Prize for Optical Effects in Solids, Optica
Max Born Award for pioneering contributions to optical metamaterials, Willis E. Lamb Award for Laser Science and
Quantum Optics, IEEE Photonics Society William Streifer Scientific Achievement Award, Rolf Landauer Medal
(ETOPIM), and the UNESCO Medal for the development of nanosciences and nanotechnologies.

TALK TITLE

Quantum Photonics and Space-Time Metamaterials

ABSTRACT

In this talk we first discuss quantum photonic integrated circuitry (qPIC) based on the recently discovered single-
photon emitters in silicon nitride and the avalanche-enhanced optical modulation in silicon at single-photon
intensities.
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Keynote Talks AES 2026

KEYNOTE 12 keynote lectures · 30 minutes each including Q&A

KEYNOTE 1 KEYNOTE · 30 min

Andrea Alù
City University of New York (CUNY), USA

Distinguished Professor and Founding Director of the Photonics Initiative at CUNY ASRC. Fellow of NAI, AAAS, IEEE,
MRS, Optica, SPIE and APS. Highly Cited Researcher since 2017. Recipient of the NSF Alan T. Waterman Award,
Blavatnik National Award for Physical Sciences, IEEE Kiyo Tomiyasu Award, and URSI Issac Koga Gold Medal.

TALK TITLE

Extreme Wave Control with Space-Time Metamaterials

ABSTRACT

In my talk, I will discuss the underlying physical principles that span over a wide range of frequencies in the design of
metamaterials, and focus on the relevance of the temporal dimension as a knob for wave control. I will also discuss
the impact of space-time metamaterials on practical technologies.

KEYNOTE 2 KEYNOTE · 30 min

Alexandra Boltasseva
Purdue University, USA

Ron and Dotty Garvin Tonjes Distinguished Professor of ECE at Purdue University. PhD from DTU (2004). Fellow of
NAI, MRS, IEEE, Optica and SPIE. Former Editor-in-Chief of Optical Materials Express. Recipient of the 2023 R.W.
Wood Prize (Optica) and 2022 Guggenheim Fellowship.

TALK TITLE

Tailorable Quasi-2D Materials for Photonics

ABSTRACT

In this talk, we discuss the designer-like characteristics of MXenes, achievable with the choice of transition metal
and control of stoichiometry and outstanding tailorability of properties of TD materials. We also analyze physical
effects in atomically thin TD plasmonic films enabling metal-to-insulator transitions.
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KEYNOTE 3 KEYNOTE · 30 min

Lorenzo Crocco
IREA-CNR, Italy

Research Director at the Institute for the Electromagnetic Sensing of the Environment, CNR. Activities: diagnostic and
therapeutic uses of EM fields, ground-penetrating radars. World’s Top 2% Scientists (since 2021). EurAAP Delegate
for Italy, San Marino and Vatican City (since 2024). IEEE Senior Member, URSI Senior Member.

TALK TITLE

A New Two-Step Framework for Effective Electromagnetic Inverse Scattering

ABSTRACT

We introduce a unified perspective on a new class of methods for electromagnetic inverse scattering based on a
two-step decomposition. The first step focuses on the joint retrieval of the contrast source and total field, while the
second step consists of the linear inversion of their relationship.

KEYNOTE 4 KEYNOTE · 30 min

Andrea Di Falco
University of St Andrews, UK

Leader of the Synthetic Optics group, School of Physics and Astronomy, University of St Andrews. Research on
multi-material platforms for nanoscale light control, with applications in biophotonics, imaging, augmented reality, and
optical neural networks.

TALK TITLE

Optical Neural Networks Based on Photovoltaic Elements

ABSTRACT

Photovoltaic neural networks provide a powerful route to scalable optical computing by directly converting optical
signals into electrical outputs. This enables efficient, large-area signal acquisition while simplifying system architec-
tures and reducing energy consumption, opening pathways toward compact, self-powered optical neural networks
for next-generation AI and edge computing.
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KEYNOTE 5 KEYNOTE · 30 min

Mauro Ettorre
Michigan State University, USA

Professor at MSU (since 2023). Research: quasi-optical systems, wideband arrays, mm-wave antennas, non-diffractive
radiation. 90+ journal papers, 14 patents. IEEE Fellow. IEEE MTT-S and AP-S Inter-Society Distinguished Lecturer
(2024). Best Paper Awards at EuCAP 2018 and EuCAP 2021.

TALK TITLE

Long Slot Arrays: Advancing Next-Generation Communications Networks and Beyond

ABSTRACT

During this presentation, I will discuss the modeling of long slot arrays and highlight their advantages in terms of
bandwidth and scanning capabilities, as well as their physical implementation. I will demonstrate the capability of
these arrays to radiate short, high-power pulses, thereby extending their applications to high-power scenarios.

KEYNOTE 6 KEYNOTE · 30 min

Anthony Grbic
University of Michigan, Ann Arbor, USA

John L. Tishman Professor of Engineering, EECS, University of Michigan. Research: metamaterials, metasurfaces,
wireless power transmission, space-time varying EM systems. IEEE Fellow. IEEE MTT-S Distinguished Microwave
Lecturer (2022–2025). NSF CAREER Award; Presidential Early Career Award for Scientists and Engineers.

TALK TITLE

Beamforming with Metasurfaces Connected to Reactive Loads or Networks

ABSTRACT

The talk will describe how a metasurface connected to reactive loads or networks can serve as a low-cost beam-
forming technology. Strong coupling between the unit cells, tailored by these reactive loads, allows energy to be
shuttled across the aperture to enable beam steering, beam shaping, and multiple simultaneous beams.
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KEYNOTE 7 KEYNOTE · 30 min

Ortwin Hess
Trinity College Dublin, Ireland

Chair Professor of Quantum Nanophotonics, Trinity College Dublin. Editor-in-Chief of APL Quantum. Fellow of the
Institute of Physics and Optica. Discoverer of the ‘trapped-rainbow’ principle; pioneered active nanoplasmonics with
quantum gain. Recipient of the Royal Society Rumford Medal.

TALK TITLE

Nanoplasmonic Cavities for Electromagnetic Wave Control: Quantum Dynamics in Open Resonators

ABSTRACT

Nanoplasmonic cavities enable extreme subwavelength electromagnetic control with strong light-matter coupling in
open, lossy resonators. Combining waveguide-integrated architectures and quantum quasinormal-mode theory, this
work shows how dissipation can be engineered for coherent control, state preparation, and stabilization, establishing
nanoplasmonic systems as versatile platforms for room-temperature quantum electromagnetic functionality.

KEYNOTE 8 KEYNOTE · 30 min

Thomas F. Krauss
University of York, UK

Chair of Photonics, University of York (since 2012). Pioneered photonic crystals in semiconductor waveguides. Research
on guided mode resonance for biosensing and healthcare applications. ≈400 publications; h-index 98, cited 35 000+
times.

TALK TITLE

Metasurfaces for Biomedical Sensing

ABSTRACT

Metasurfaces hold much promise for novel sensing systems, but their operation needs to be properly understood;
simply maximising Q-factor is insufficient. We present a comprehensive framework for assessing their performance
and apply it to the difficult problems of measuring small peptides as well as drug concentrations in the mid-IR.
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KEYNOTE 9 KEYNOTE · 30 min

Stefano Maci
University of Siena, Italy

Professor at the University of Siena (since 1997). Founder and Director of the European School of Antennas (ESoA):
34 courses, 150 teachers from 15 countries. Research: high-frequency methods, phased arrays, metamaterials and
metasurfaces. IEEE Fellow (2004). EurAAP Award (2014), Shelkunoff Prize (2015), Chen-To Tai Award (2016).
h-index 41, >6800 citations.

TALK TITLE

Multibeam Antennas without Beam Forming Networks

ABSTRACT

Gradient-index (GRIN) lenses and metasurface antennas enable compact, low-cost multibeam systems without
beam forming networks. Designed using advanced synthesis and fast geometrical optics solvers, GRIN lenses
achieve wideband and precise beam shaping. Metasurfaces convert guided or space waves into directive beams via
engineered impedance which operate as a continuous BFN.

KEYNOTE 10 KEYNOTE · 30 min

Marin Soljačić
MIT, USA

Professor of Physics, MIT. Founder of WiTricity (2007) and Lightelligence (2017). Research: AI, nanophotonics,
non-linear optics, wireless power transfer. 300+ articles, 100+ US patents. MacArthur Fellowship (2008), Max Born
Award (Optica, 2023). Highly Cited Researcher for 7 consecutive years (2019–2025).

TALK TITLE

Certain Recent Developments in Photonics

ABSTRACT

I will present some of our recent results in the field of photonics, including novel phenomena in scintillators, X-ray
imaging, and AI and robotics for photonic-science automation.
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KEYNOTE 11 KEYNOTE · 30 min

Francesca Vipiana
Politecnico di Torino, Italy

Full Professor, Department of Electronics and Telecommunications, Politecnico di Torino (since 2021). Research:
integral equation methods, multiresolution schemes, domain decomposition, microwave imaging for medical and
industrial applications. IEEE AP-S Lot Shafai Mid-Career Distinguished Award (2017). Member of the EurAAP Board
of Directors.

TALK TITLE

Integral Equations Advanced Techniques for the EM Analysis of Real-Life Multi-Scale Antenna Problems

ABSTRACT

This talk addresses the efficient and accurate analysis of real-life multi-scale antenna problems via the moment
method (MoM) solutions of surface integral equations (SIEs). SIEs have emerged as the dominant technology for the
EM modeling of antenna placement on large and complex platforms such as aircrafts, ships, satellite, and vehicles.

KEYNOTE 12 KEYNOTE · 30 min

Dan-Xia Xu
NRC Canada

Principal Research Officer, Quantum and Nanotechnologies Research Center, NRC Canada. Fellow of the Royal
Society of Canada and Fellow of Optica. Research: AI-enabled photonic chip design, silicon photonics, machine-
learning-assisted inverse design and fabrication optimisation. 400+ publications, 7 patents.

TALK TITLE

Machine Learning-Enabled Design and Metrology of Integrated Optical Antennas

ABSTRACT

We demonstrate how machine learning advances integrated optical antenna design and application by enabling
structured exploration of high-dimensional parameter spaces, capturing environment-dependent effective-medium
behavior, and converting radiative responses into fabrication diagnostics. Together, these capabilities establish a
unified, closed-loop framework for scalable, physically informed photonic antenna engineering.
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Abstract— This talk presents a surface-wave-based metasurface architecture for future high-frequency wireless systems that receives, 

guides, and re-radiates signals. A systematic design methodology enables flexible beam control, shaping, lateral shifts, obstacle bypassing 

around corners, and physical-layer frequency multiplexing by routing different frequencies along distinct paths. 

Keywords— metasurfaces, smart radio environment, surface wave, reflective intelligent surface. 
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Abstract— The recent progress in developing prior-knowledge-

guided DL-enabled generative designs of metalens antennas and 
FSSs in our group is updated. The generative metalens antenna 
achieves a dual-polarized low-scanning-loss across a wide-angle 
scanning range, and FSS demonstrates a low in-band loss, high 
lower-band suppression and sharp selection under dual-polarized 
wide-angle incident waves. 

Keywords— metasurfaces, deep learning, metalens, antennas, 
frequency-selective-surfaces. 

I. INTRODUCTION 
Deep learning (DL) has emerged as a transformative 

paradigm for the synthesis of electromagnetic (EM) devices, 
offering a robust alternative to conventional optimization. By 
leveraging generative models, researchers can navigate high-
dimensional design spaces to realize complex topologies that 
exceed the limitations of standard geometric shapes. These DL-
based approaches are particularly vital as the demand for 
increased degrees of freedom (DoF) in next-generation 
antennas and metasurfaces grows. 

Despite this potential, significant challenges remain in 
achieving angular stability and polarization consistency. In 
metalens antennas, beamscanning performance is often 
hindered by scan losses arising from the angular instability of 
transmission coefficients. This issue is exacerbated in dual-
polarized applications, where a profound imbalance between 
TE and TM modes occurs at low elevation angles. Because TM-
polarized oblique incidence possesses a significant normal 
component, traditional two-dimensional (2D) metacells often 
fail to resonate effectively, limiting the aperture efficiency and 
coverage of the lens. 

Similarly, Frequency Selective Surfaces (FSSs) suffer from 
performance fluctuations as the incident wave deflects. 
Changes in effective aperture and inter-element mutual 
coupling lead to frequency shifts and insertion loss 
discrepancies. For FSSs, the challenge lies in maintaining a 
stable frequency response across wide-angle, dual-polarized 
incidence, where TM waves again introduce more significant 
discrepancies than TE waves. 

 
 

To address these multi-objective mapping issues, current 
research shifts toward generative DL methods, such as 
conditional Generative Adversarial Networks (cGANs). These 
frameworks facilitate the synthesis of miniaturized, high-DoF 
topologies—ranging from cage-like metacells to non-standard 
FSS patterns—enabling the wide-angle stability and 
polarization balance required for advanced satellite and 
wireless communication links. 

II. GENERATIVE METALENS ANTENNA 
First, a miniaturized, cage-like metacell is designed for 

balanced TE and TM wide-angle transmission. The design 
leverages a Prior Knowledge (PK)-guided generative deep 
learning approach to overcome traditional limitations in 
metalens antenna scan-loss. By incorporating physical 
constraints and engineering expertise into the initial topology 
and pattern generation rules, we successfully constructed a 
high-DoF dataset to train a conditional deep convolutional 
generative adversarial network (cDCGAN). 

The resulting DL-enabled metacells demonstrate exceptional 
performance at 10 GHz, maintaining a transmittance above 0.75 
and a phase shift range of 295° under both TE and TM polarized 
waves at incident angles ranging from 0° to 45°. To validate this 
generative framework, a metalens antenna prototype was 
developed and tested. Experimental results, illustrated in Figs. 
1 and 2, confirm a realized gain of 26.2 dBi and an aperture 
efficiency of 36.3%. Notably, the antenna achieves highly 
stable beam scanning from −40° to 40°, with measured scan 

Advancements in Deep Learning-enabled Generative 
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selective-surface 
Zhi Ning Chen1 and Yanhe Lyu1 

1Department of Electrical and Computer Engineering, National University of Singapore, 
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(a)                                         (b) 

Fig. 1 (a) The prototype and (b) the top-left one-quarter aperture of 
the proposed metalens antenna. 
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losses kept below 2.6 dB and 2.4 dB for TE and TM 
polarizations, respectively.  

III. GENERATIVE FSS 
This research develops a generative deep learning (GDL)-

enabled approach for the multi-objective synthesis of dual-
polarized, wide-angle frequency selective surfaces (FSSs). 
Central to this method is a novel multichannel conditional 
generative adversarial network (MC-cGAN). To maximize the 
design potential, the team established specific FSS topologies 
and pattern generation rules, enabling high-DoF pixelated 
elements to meet complex performance goals. The resulting 
FSS structure is highly compact—with a period of just 0.22 
wavelengths—comprising five layers of resonant and non-
resonant loop-family slots and four substrates. 

The MC-cGAN architecture utilizes dual channels to 
effectively learn multi-layer patterns while accounting for 
sensitive inter-layer mutual coupling. It also integrates a 
weighted updating strategy guided by physical generation rules. 
Once trained, the generator can synthesize a variety of high-
performance designs based on specific condition vectors. Both 
simulation and experimental validation, as shown in Fig. 3, 
confirms that the GDL-enabled FSS realizes a stable passband 
from 2.5 to 3 GHz with an insertion loss below 2.6 dB. It 
simultaneously achieves a pre-band suppression greater than 31 
dB and a sharp roll-off within a narrow 0.08 GHz band. These 
metrics are maintained under both dual-polarized waves and 
wide incident angles ranging from 0° to 60°. 

IV. CONCLUSION 
A prior-knowledge-guided deep learning-enabled generative 

design framework has been developed and experimentally 
validated in a dual-polarized low-scan-loss metalens antenna 
and a dual-polarized wide-angle multi-task frequency-selective 
surface. Both generative designs are constructed on establishing 
initial topologies and pattern generation rules, and driven by 
conditional generative models, where the prior knowledge 
guidance is derived from physical insights, design experience, 
and fabrication limitations. The proposed methodology and 
beyond-logic meta-devices pave a unique path towards 

upcoming wireless communication and sensing applications. 
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Fig. 3.  (a) The photo of the FSS prototype. (b) Simulated |S21| of generative 
FSS designs under TE and TM incident waves at 0° and 60°. 

 
Fig. 2 Simulated patterns for TE beamscanning from −40° to 40° at 
10 GHz, compared to the Jerusalem Cross (JC) metalens antenna. 
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Abstract—Flat optics revolutionized light propagation, and today dielectric metasurfaces enable to structure light in all its degrees of 

freedom, beyond the limits or superposition principle. The irruption of nonlinear wavefront shaping, chirality, and analog processing on 
the scene makes nonlinear meta-optics an ever more exciting theater to perform forefront research.   
Keywords— metasurfaces, nonlinear optics. 
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Abstract— During this talk, an overview of Gap Waveguide technology for satellite communications will be presented, highlighting 

innovative scanning and multibeam antenna designs. The presentation will also include an analysis of the multipactor effect in high-
frequency environments. Particular emphasis will be placed on cost-effective solutions that achieve sufficient gain and high-purity 
circular polarization. In addition, recent developments in this technology and their application to advanced antenna design will be 
discussed.  
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Abstract— In this talk we first discuss quantum photonic integrated circuitry (qPIC) based on the recently discovered single-photon 

emitters in silicon nitride and the avalanche-enhanced optical modulation in silicon at single-photon intensities. Then, we show that 
transparent conducting oxides (TCOs) operating in the near-zero index (NZI) regime can provide strong ultrafast modulation, enabling 
novel optical phenomena in such extreme time-varying media, including photonic time crystals and 4D space-time metamaterials 
Keywords— metamaterials, space-time metamaterials, quantum photonics, photonic time crystals. 
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Optical Neural Networks based on photovoltaic 
elements 

  
Abstract— Photovoltaic neural networks provide a powerful route to scalable optical computing by directly converting optical signals 

into electrical outputs. This enables efficient, large-area signal acquisition while simplifying system architectures and reducing energy 
consumption. Such materials-driven approaches open pathways toward compact, potentially self-powered optical neural networks for 
next-generation artificial intelligence and edge computing. 

 
Keywords—machine learning, optical neural networks, metamaterials.  
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Abstract— Gradient-index (GRIN) lenses and metasurface antennas enable compact, low-cost multibeam systems without beam 
forming networks. Designed using advanced synthesis and fast geometrical optics solvers, GRIN lenses achieve wideband and precise 
beam shaping. Metasurfaces convert guided or space waves into directive beams via engineered impedance which operate as a 
continuous BFN, offering thin, efficient, and easily integrated antenna solutions for multibeams.  

 
Keywords—Multibeam Antennas, GRIN Lenses, metasurfaces. 
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Abstract— High-speed wireless networks will leverage the abundant bandwidth available in the sub- and millimeter frequency ranges, 
mainly through XG systems and New Space technologies.  Wideband arrays are key technologies  for  fully  leveraging these  wide  
bandwidths and establishing efficient data links for mobile users. In this context, long slot arrays and, in general, connected arrays, are 
very attractive solutions, offering decade-wide bandwidths, a large field of view, and a low-profile design. During this presentation, I will 
discuss the modeling of long slot arrays and highlight their advantages in terms of bandwidth and scanning capabilities, as well as their  
physical implementation. We will also discuss how thinned connected array solutions may be implemented without affecting the radiation 
properties of such antennas. We will also cover the implementation of long slot arrays across various technologies, particularly in 
millimeter and sub-millimeter frequency bands, aimed at next communications networks. Finally, I will demonstrate the capability of 
these arrays to radiate short, high-power pulses, thereby extending their applications to high-power scenarios. 
Keywords— wideband arrays, long slot arrays, connected arrays, non-dispersive radiation.



Long Slot Arrays: Advancing Next-Generation 
Communications Networks and Beyond

Mauro Ettorre

Department of Electrical and Computer Engineering, Michigan State University, 
East Lansing, MI 48824, USA 

*Corresponding author: ettorre@msu.edu 

Proceedings of AES 2026 · Catania, Italy · 3–6 June 2026 · ISSN 2491-2417 · pp. 45–45

45



AES 2026, CATANIA – ITALY, JUNE 3 – 6, 2026 

  
Abstract— Nanoplasmonic cavities enable extreme subwavelength electromagnetic control with strong light-matter coupling in open, 

lossy resonators. Combining waveguide-integrated architectures and quantum quasinormal-mode theory, this work shows how 
dissipation can be engineered for coherent control, state preparation, and stabilization, establishing nanoplasmonic systems as versatile 
platforms for room-temperature quantum electromagnetic functionality. 
Keywords— nanoplasmonic cavities, strong light-matter coupling, quantum quasinormal modes, coherent perfect absorption.  

 
Nanoplasmonic cavities constitute an extreme nanophotonic limit of electromagnetic wave control, enabling strong 
light–matter coupling under ambient conditions [1]. These structures are highly open, dispersive, and non-Hermitian 
resonators in which geometry, radiation leakage, and material response jointly determine modal confinement, field 
enhancement, and coupling on the few-nanometre, few-femtosecond scale. They thereby connect open-resonator 
electrodynamics, waveguide coupling, loss engineering, and nanoscale light control with quantum photonics.. 
In this contribution, a unified perspective on nanoplasmonic cavities that links device-level electromagnetic 
architectures [2,3] with rigorous open-system quantization is presented. On the architectural side, waveguide-
addressable nanoplasmonic platforms enable efficient in- and out-coupling while preserving extreme local 
confinement. In particular, quantum nanoplasmonic coherent perfect absorption (qnCPA)  [4]exploits impedance 
matching between a plasmonic waveguide and a strongly coupled cavity–emitter system to selectively initialize and 
stabilize individual dressed states. In this regime, dissipation is elevated from a limitation to a control parameter: 
coherent, unidirectional feeding compensates loss and locks the system into a chosen polaritonic state, providing a 
route to functional electromagnetic wave control at the quantum level. 
On the theoretical side, we will discuss a quantum quasinormal-mode (QNM) framework [5]based on macroscopic 
QED and complex coordinate transformations. Radiative leakage is regularized using perfectly matched layers, 
converting open-boundary loss into effective material dissipation and enabling a consistent definition of modal creation 
and annihilation operators for lossy resonators. This leads to a modal Fock-space description and a systematically 
derived Lindblad master equation that captures both coherent and dissipative inter-mode coupling intrinsic to non-
Hermitian nanocavities. Benchmark studies show quantitative agreement with exact macroscopic-QED treatments of 
spontaneous emission and strong-coupling dynamics. 
Taken together, these results establish nanoplasmonic cavities as more than extreme cQED platforms: they are 
engineered electromagnetic systems in which confinement, radiation, material dispersion, and dissipation can be co-
designed for ultrafast light–matter functionality. By combining nanoscale plasmonic confinement with rigorous open-
system quantization, such cavities offer a route toward room-temperature devices where loss, modal hybridization, and 
waveguide coupling are deliberately shaped for quantum state preparation, stabilization, and on-chip electromagnetic 
wave control. 
[1] X. Xiong, N. Kongsuwan, Y. Lai, C. E. Png, L. Wu, and O. Hess, Room-temperature plexcitonic strong coupling: Ultrafast dynamics for 

quantum applications, Appl. Phys. Lett. 118, 130501 (2021). 
[2] D. D. A. Clarke and O. Hess, Near-field strong coupling and entanglement of quantum emitters for room-temperature quantum technologies, 

PhotoniX 5, 33 (2024). 
[3] O. Hess, Nanoplasmonic cavity quantum electrodynamic architectures for room-temperature quantum technologies, Eur. Phys. J. Spec. Top. 

(2025). 
[4] Y. Lai et al., Room-temperature quantum nanoplasmonic coherent perfect absorption, Nat. Commun. 15, 6324 (2024). 
[5] L. Meschede, D. D. A. Clarke, and O. Hess, Quantum quasinormal mode theory for dissipative nano-optics and magnetodielectric cavity 

quantum electrodynamics, APL Quantum 3, 016103 (2026). 
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Abstract— Metasurfaces hold much promise for novel sensing 

systems, but their operation needs to be properly understood; 
simply maximising the Q-factor is insufficient. We present a 
comprehensive framework for assessing their performance and 
apply it to the difficult problems of measuring small peptides as 
well as drug concentrations in the mid-IR.   
Keywords— metasurface, resonance amplitude, biomedical 

sensing. 

I. INTRODUCTION 

Resonant photonic sensors are enjoying much attention 
based on the worldwide drive toward personalized healthcare 
diagnostics and the need to better monitor the environment. 
Recent developments exploiting novel concepts such as 
metasurfaces, bound states in the continuum, and topological 
sensing have added to the interest in this topic. There is a trend 
of exploiting novel phenomena towards increasing the quality 
(Q)-factors of such structures, which makes it critical to 
understand the impact of realistic limitations such as losses. We 
highlight that Q-factor alone is not sufficient, however, to 
describe a high performance sensor and note that the effect of 
the resonance amplitude has been largely ignored in the 
literature; resonance amplitude can be understood as a proxy for 
the signal to noise ratio (SNR) of the system, and it is widely 
accepted that SNR is the most important parameter of any 
test&measurement system.  

II. RESULTS AND DISCUSSION 

Surprisingly, there is no physical model clearly describing 
the relationship between the limit of detection (LOD), Q-factor, 
and resonance amplitude available in the literature. We have 
therefore developed a novel ab initio analytical model, where 
we derive the complete figure of merit for resonant photonic 
sensors and determine their LOD [1]. We show that, counter-
intuitively, optimization of the LOD is not achieved by 
maximization of the Q-factor but by counterbalancing the Q-
factor and amplitude. We have validated the model 
experimentally and show that it is essential for applying novel 
sensing concepts in realistic scenarios. 

As an example for the successful application of this strategy, 
we have developed a novel dielectric nanopillar photonic 
crystal structure in a dimer configuration [2]. Using a dimer 
configuration increases the degrees of freedom available for 

 
 

tuning the performance of the structure and we have been able 
to combine high resonance Q-factor, amplitude, and sensitivity 
in the same structure. In addition, we have used gold 
nanoparticles as an amplification mechanism and note that 
these nanoparticles do not compromise the high Q-factor and 
amplitude available with our structure. As a result, we have 
been able to detect small (3-4 kDa) molecules such as amyloid-
β (Aβ) peptides that are indicators for Alzheimer’s disease. 
Detecting these molecules at clinically relevant concentrations 
is extremely challenging, but we have manged to detect 0.2 
pg/ml of Aβ42 and Aβ40 in 1% human blood serum, equivalent 
to 20 pg/ml in undiluted serum, which is the clinically required 
level.       

We also show the detection of Aβ42 and Aβ40 peptides in 
the same channel, which is highly relevant for assessing disease 
progress and opens a route toward multiplexing. Together with 
the hand-held operation we have demonstrated previously, 
these photonic innovations make a major contribution to the 
ability to detect and monitor the progression of 
neurodegenerative diseases such as Alzheimer’s. 

We have applied similar principles in the mid-IR, where we 
have designed a metasurface resonance that hybridises with the 
vibrational resonance of the target drug molecule, thereby 
increasing the effective absorbance significantly [3]. The 
metasurface topology also promotes ordered drug 
crystallisation in regions with the strongest field enhancement, 
further contributing to the absorption enhancement. Using this 
design, we are able to repeatedly detect phenytoin (an anti-
epilleptic drug) in the therapeutic range at concentrations below 
10 µg/ml, which is the first demonstration, to the best of our 
knowledge, that achieves the detection limit clinically required 
for monitoring drug molecules with a resonant photonic 
structure.  
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Abstract— We demonstrate how machine learning advances 

integrated optical antenna design and application by enabling 

structured exploration of high-dimensional parameter spaces, 

capturing environment-dependent effective-medium behavior, 

and converting radiative responses into fabrication diagnostics. 

Together, these capabilities establish a unified, closed-loop 

framework for scalable, physically informed photonic antenna 

engineering. 

Keywords— integrated antenna, machine learning, 

metamaterials, optical metrology. 

I. INTRODUCTION 

Optical antennas underpin a broad range of electromagnetic 

systems spanning free-space beam shaping, optical 

interconnects, sensing, and emerging quantum and terahertz 

platforms. Despite their diversity, most implementations fall 

into two architectural classes. The first comprises metasurfaces, 

where arrays of subwavelength scatterers are illuminated by an 

external beam, typically from the surface-normal direction, to 

synthesize desired wavefronts. The second consists of 

integrated waveguide-excited antennas, in which guided modes 

are gradually radiated into free space through engineered 

scattering elements such as gratings or leaky-wave structures. 

Although both classes share common electromagnetic 

foundations, their design approaches diverge significantly. 

Metasurface design can benefit from the local periodicity 

approximation, where each unit cell is treated as an independent 

scatterer embedded in a periodic environment. This 

approximation enables tractable phase-gradient synthesis but 

begins to break down when strong inter-cell coupling or large 

angular deflection is required. In contrast, integrated 

waveguide-fed antennas operate in a fundamentally nonlocal 

regime. Radiation results from the cumulative evolution of 

guided power along the propagation direction, governed by 

longitudinal near-field coupling, distributed scattering, and 

modal phase matching. In these structures, strong near-field 

interaction is not incidental. Rather, it forms the basis for 

generating the desired optical response. These features 

introduce distinct and often more stringent design challenges 

for integrated antennas [1]. 

This keynote reviews our work on design methodologies and 

applications for integrated optical antennas and grating 

 
 

couplers, with emphasis on how machine learning is reshaping 

the design process. We focus on antennas designed on the 

silicon-on-insulator platform for perfectly vertical emission, 

where second-order Bragg resonances naturally arise. These 

resonances introduce destabilizing back-reflections into the 

feeding waveguide, degrading system performance and laser 

stability. Achieving high-efficiency, low-reflection emission 

therefore requires more sophisticated unit cells and careful co-

optimization of radiation strength, phase synchronism, and 

fabrication constraints. At the same time, the spectral features 

associated with vertical emission can be intentionally made 

highly sensitive to unit-cell geometry. This sensitivity enables 

grating antennas to function as metrology tools, allowing 

retrieval of fabricated device parameters from optical responses 

in dimensional regimes where conventional optical metrology 

solutions are unavailable. 

II. DISCUSSION 

The high dimensionality of complex unit-cell parameter 

spaces complicates antenna design. The resulting landscape is 

nonlinear and often non-intuitive. Conventional optimization 

approaches, such as parameter sweeps, adjoint-based gradients, 

or evolutionary searches, typically converge to isolated optima, 

offering limited visibility into the broader design space. The 

challenge becomes even more pronounced when multiple 

performance objectives must be considered simultaneously. To 

overcome this limitation, we developed a machine-learning-

assisted framework that reframes antenna design as a global 

design-space mapping problem. Starting from a sparse set of 

high-performance devices, unsupervised learning techniques, 

such as principal component analysis (PCA), identify lower-

dimensional manifolds in which optimal radiating structures 

reside [2, 3]. Within these reduced spaces, key performance 

metrics, including radiation efficiency, back-reflection, 

bandwidth, and fabrication tolerance, can be systematically 

mapped. Rather than yielding a single optimal solution, this 

approach reveals continuous families of viable designs and 

provides an intuitive performance landscape that enables 

designers to select geometries tailored to specific application 

requirements. 

While global mapping enhances physical insight, 

computational cost remains a major barrier, particularly for 
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antenna designs that incorporate subwavelength metamaterials 

to tailor scattering strength and expand design freedom [4]. In 

most integrated antennas, such metamaterials are realized as 

periodically segmented subwavelength gratings (SWGs), where 

segmentation occurs in the transverse direction with a period 

below the diffraction limit. These structured regions are 

embedded within the antenna unit cell to engineer its effective 

scattering strength and phase response. To enable efficient 

design, the segmented region is represented as an effective 

medium characterized by an index nSWG. This abstraction 

permits 2D simulation of the grating antenna, significantly 

reducing computational complexity while preserving the 

dominant modal behavior. 

Traditionally, the relationship between nSWG and geometric 

parameters is derived using the slab model, which determines 

nSWG by matching the modal index of a uniform slab waveguide 

to that of a periodically segmented layer. This approach 

implicitly assumes that the transverse periodic structure extends 

infinitely along the longitudinal propagation direction and 

relates the equivalent index solely to the pitch and duty cycle 

[4]. However, when these transversely segmented SWGs are 

embedded within a finite, radiating antenna unit cell, the slab 

model breaks down [5]. The electromagnetic response is 

influenced not only by local transverse segmentation but also 

by longitudinal power evolution, radiation leakage, and the 

surrounding antenna environment. Under these conditions, the 

conventional slab model becomes inaccurate, even when the 

segmentation period is significantly subwavelength, 

necessitating full 3D simulation for reliable antenna design. 

We show, however, that the effective-medium concept itself 

remains valid. What fails is the assumption that the effective 

index depends only on local geometry. Instead, it becomes an 

environment-dependent parameter 𝑛𝑆𝑊𝐺
′ . To capture this 

behavior, we develop a deep-learning surrogate model trained 

on paired two- and three-dimensional simulations for a variety 

of unit cells. The model learns the modified mapping between 

geometry and effective index under realistic antenna operating 

conditions. The resulting framework, termed Metastrip Net, 

restores pseudo-3D optimization within a two-dimensional 

simulation environment while maintaining physical fidelity [6, 

7]. It reduces computational cost by orders of magnitude and 

enables broadband multi-objective optimization of radiation 

efficiency and back-reflection. 

Beyond forward design, machine learning enables a largely 

untapped opportunity: the use of optical antennas as fabrication 

metrology probes. Because antenna radiation characteristics 

can be intentionally engineered to be exquisitely sensitive to 

nanoscale geometry, their measured optical responses 

inherently encode detailed structural information about the 

fabricated device. By leveraging this sensitivity, we developed 

inverse neural-network frameworks capable of retrieving 

antenna geometry directly from spectral responses [8]. These 

models establish a bidirectional mapping between structure and 

electromagnetic performance, enabling nanometer-scale 

reconstruction of geometric parameters and quantitative 

assessment of fabrication variability. 

This capability opens regimes inaccessible to conventional 

physical metrology tools. Rather than relying solely on electron 

microscopy or destructive cross-sectioning, antenna responses 

themselves become diagnostic signals. Moreover, this approach 

enables evaluation of significantly smaller feature sizes than 

previous optical metrology techniques based on ring resonators 

or Mach-Zehnder interferometers, and evaluate wire waveguide 

width in the range of several hundred nanometers. Such 

methods enable wafer-scale process monitoring, rapid yield 

analysis, and feedback loops between fabrication and design, 

effectively creating digital electromagnetic twins of integrated 

photonic systems. 

Taken together, these developments define a machine-

learning-enabled development cycle for integrated antenna 

engineering: global design-space discovery, accelerated 

surrogate optimization, and inverse-response metrology. As 

integrated photonic systems grow in structural complexity and 

functional integration, machine learning will serve not only as 

a computational accelerator but as a framework for extracting 

physical insight from high-dimensional electromagnetic data. 

In this emerging paradigm, Maxwell’s equations and machine 

learning operate in concert—transforming antenna design from 

isolated optimization to structured exploration, and fabrication 

characterization into closed-loop intelligence across scales and 

frequencies. 
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Abstract— In the last years, the electromagnetic (EM) problems have scaled up in complexity and size: the EM simulations are 

attempted of the entire system, and the use of simulation tools has been explored as a way to reduce the cost of certifying complex 

platforms. This talk will address the efficient and accurate analysis of real-life multi-scale antenna problems via the moment method 

(MoM) solutions of surface integral equations (SIEs). SIEs have emerged as the dominant technology for the EM modeling of antenna 

placement on large and complex platforms such as aircrafts, ships, satellite, and vehicles.  

 

 

Keywords— integral equations, method of moments, multi-scale, antennas, computational EM 
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Abstract— This talk introduces a unified perspective on a new class of methods for electromagnetic inverse scattering based on a two-

step decomposition. The first step focuses on the joint retrieval of the contrast source and total field, while the second step consists of the 
linear inversion of their relationship to directly estimate the contrast. Within this framework, two novel approaches are presented. The 
first, named LUCIE, leverages a reformulation of the governing equations in which a carefully selected hyperparameter mitigates 
intrinsic nonlinearity, enabling stable and accurate recovery of the contrast source. The second approach revisits the classical Contrast 
Source Inversion (CSI) method by replacing the traditional state equation term with an alternative formulation that explicitly depends 
on the unknown contrast source, total field, and known incident field. This modification enhances robustness and proves particularly 
effective in MRI-based electric property tomography, while remaining applicable to microwave imaging scenarios. The proposed 
framework highlights common structural features of these methods and provides insight into their theoretical and practical advantages 
for solving nonlinear inverse scattering problems. 
Keywords— electromagnetic scattering inverse problems, inverse problems, microwave imaging, electric property tomography, 

magnetic resonance imaging, contrast source inversion, contraction integral equation. 
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Abstract— Metamaterials offer a powerful platform to 

manipulate wave propagation and gain control over waves, from 

radio-frequencies to light and sound. In this talk, I will discuss our 

recent progress in developing new metamaterial technologies, 

introducing time as an additional dimension for wave control. 

Keywords— metamaterials, space and time modulation. 

I. INTRODUCTION 

The field of metamaterials, artificial engineered materials, 

has been rapidly evolving in the past two decades, 

demonstrating extreme optical phenomena and unprecedented 

control over wave propagation. In this talk, I discuss recent 

developments in this field of research, with an emphasis on the 

role of symmetries in establishing emerging electromagnetic 

responses for metamaterials based on otherwise simple 

constituents. Geometrical rotations, suitably tailored 

perturbations, and broken time reversal symmetry can be 

carefully engaged to tailor waves in robust and efficient ways, 

control their propagation, break Lorentz reciprocity and enable 

topological order and phase transitions. In my talk, I will 

discuss the underlying physical principles that span over a wide 

range of frequencies in the design of metamaterials, and focus 

on the relevance of the temporal dimension as an additional 

knob for wave control. I will also discuss the impact of 

metamaterials on practical technologies, from imaging, energy 

and sensing to computing and wireless communications. 
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 
Abstract— The talk will  describe  how a metasurface connected to reactive loads or networks can serve as a low-cost beamforming 

technology. The reactively-loaded metasurfaces consists of a grid of subwavelength unit cells that are connected to individual ports. Some 
ports are directly excited while the remaining ports are terminated in reactive loads/networks and function as parasitic radiators.  After 
an initial full-wave characterization of the metasurface in terms of an impedance matrix and its active element patterns, the 
loads/network required to achieve a targeted radiation pattern are found through microwave network theory.  Strong coupling between 
the unit cells, tailored by these reactive loads, allows energy to be shuttled across the aperture to enable beam steering, beam shaping, 
and multiple simultaneous beams driven by separate feeds.  Prototypes consisting of metasurfaces with aperture-coupled unit cells will 
be reported at the conference. 
Keywords— metasurface, antenna beamforming, microwave network theory. 
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Abstract— The recent advent of tailorable, two-dimensional (2D) and quasi-2D materials such as trans-dimensional (TD) plasmonic 

semi-metals, including several atomic layers thin titanium-, zirconium-, and hafnium nitrides, and 2D transition-metal carbides and 
nitrides (MXenes) is currently driving the development of new concepts for metasurfaces and on-chip devices for communication, 
sustainable energy and quantum technologies. These materials exhibit great tailorability of their optical properties, remarkable dynamic 
tunability under external electric, optical, mechanical and other stimuli, strong plasmonic behavior, and high optical nonlinearities. 
These platforms also offer pathways to uncovering new phenomena ranging from epsilon-near-zero (ENZ) behavior to strongly 
correlated electronic systems. In this talk, we discuss the designer-like characteristics of MXenes, achievable with the choice of transition 
metal and control of stoichiometry and outstanding tailorability of properties of TD materials. We also analyze physical effects in 
atomically thin TD plasmonic films enabling metal-to-insulator transitions.  

 
Keywords— 2D materials, MXenes, photonic materials. 
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Abstract— I will present some of our recent results in the field of photonics, including novel phenomena in scintillators, X-ray imaging, 

and AI and robotics for photonic-science automation. 
Keywords— AI, robotics, photonics. 
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