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This booklet is based on the AMCOS conference booklet by Maxime Lucas and Pau Clusella. The
LaTeX template is freely available at https://github.com/maximelucas/AMCOS_booklet along with
examples, additional codes, and information about its use and distribution policy.

The document was compiled on July 13, 2023. You can download the latest version of the booklet

from the conference website at https://www.plasmonica.it/2023. Please address any comments
(e.g. reporting errors) and suggestions on this booklet to attilio.zilli@polimi.it.

The digital art featured on the cover was created with the DALL-E 2 deep-learning model by OpenAl.
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About [EE—

Plasmonica

Plasmonica was kickstarted in 2013 by a collective of young Italian physicists to provide a forum for
researchers in nano-plasmonics - back then still a pioneering endeavor within the Italian landscape.
A decade on, this community has thrived and vastly expanded its reach also internationally; its
scope has correspondingly broadened to cover many active areas of nanophotonics, including
nanoresonators, meta-optics, thermo-, magneto-, and quantum-plasmonics, ultrafast and nonlinear
processes, chiral properties, surface-enhanced spectroscopies, and biological sensing.

Since 2015 Plasmonica has been affiliated to the Italian Society of Optics and Photonics (SIOF)
as the Plasmonics and Nano-Optics Working Group. Nonetheless, its core mission remains the
same: gathering the nanophotonics community in Italy - which is naturally spread over different
disciplines such as physics, engineering, chemistry, and biology - as well as facilitating scientific
collaborations, personnel exchange, dissemination events (seminars and workshops),and outreach
initiatives. Another distinctive feature of Plasmonica is its pledge to cater to early-stage researchers,
by encouraging their scientific maturation and providing a platform to showcase their research.

These values shape the two principal activities of the group, namely the organization of a yearly

workshop and a residential school every two years. These in-person events are conducted in
English, to foster the engagement with the wider international scientific community.

Credits

Workshop organizing committee

Plasmonica steering committee

Alessandro Belardini, Sapienza Univ. Roma
Paolo Biagioni, Politecnico di Milano
Michele Celebrano, Politecnico di Milano
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Attilio Zilli, Politecnico di Milano

Antonino Foti, CNR-IPCF Messina

Nicolo Maccaferri, Umea University
Chiara Novara, Politecnico di Torino
Emilija Petronijevic, Sapienza Univ. Roma
Attilio Zilli, Politecnico di Milano

Workshop scientific committee

Leonetta Baldassarre, Sapienza Univ. Roma
Francesco De Angelis, IIT Genova

Marco Finazzi, Politecnico di Milano

Maria Caterina Giordano, Univ. di Genova
Francesca Intonti, Univ. di Firenze

Stefania D’Agostino, CNR-NANOTEC Lecce
Emiliano Descrovi, Politecnico di Torino
Carlo Forestiere, Univ. Federico Il Napoli
Fabrizio Giorgis, Politecnico di Torino
Riccardo Sapienza, Imperial College London
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B venue

The Politecnico di Milano main campus, where the Workshop will take place, is an extensive
complex of buildings with its main entrance on Piazza Leonardo da Vinci 32. You can look up
campus locations and accessibility paths on the interactive maps.

The eduroam Wi-Fi network is available everywhere on campus. Alternatively, if you have an Italian
SIM card, you can connect to the polimi network through the following steps. Once redirected
to the captive portal access the network as a guest. You will be prompted to insert your mobile
telephone number and the event code CBNT-PADM. You will then receive an SMS containing the
UserID and Password that you can use as temporary network credentials. If you have a foreign SIM
card instead, you can ask for Wi-Fi credentials at the Welcome Desk.

Directions

The opening day (Wednesday) of the Workshop will take place in the Rogers lecture hall on the
ground floor of building 11 (PoliMaps, Google maps). The remaining oral sessions on Thursday and
Friday will be held in the lecture hall T.1.1 on the first floor of the building 13 (Trifoglio) (PoliMaps,
Google maps). All poster sessions and the sponsors’exhibition, as well as coffee and lunch breaks,
will be held in the aula vetrata on the entrance floor of the same building 13.

The main public transport links to the campus are:

e Subway: The Piola stop by the Green Line (humber 2) of the metro network;
e Train: The Lambrate FS local railway station, at walking distance from the campus;
e Bus: The ground lines 39/62/90/91/93, all stopping in close proximity of the campus.

Detailed directions (in Italian) and maps can be found via the linked lecture hall names above.

Instructions for presenters

Contributed talks are allocated a 15 minutes time slot (12’ talk + 3’ questions). Please bring your
slides in a USB stick and upload them to the lecture hall’s computer well in advance of your talk.

The recommended format for posters is AO with portrait orientation. It can be printed locally
at the campus print center PoliPrint. Please, hang your poster at the beginning of the half day
(morning/afternoon) when your poster session is planned and bring them down with you by the
end of the same half day.

All participants are welcome to follow and engage with our social media accounts, with the
handle @Plasmonica on Twitter and Instagram. We also encourage you to include the hashtag
#PLASMONICA2023 when tweeting about the Workshop.


https://maps.polimi.it/maps/
https://captive.wifi.polimi.it/captiveportal_selfprovisioning/
https://maps.polimi.it/maps/infocadmanagement/controller/Aula.do?evn_REPORTAULA=evento&id_aula=2320
https://goo.gl/maps/uwqJWcSp4gxjtV5P6
https://maps.polimi.it/maps/infocadmanagement/controller/Aula.do?evn_REPORTAULA=evento&id_aula=53
https://goo.gl/maps/35Srk2Twqx8HfsFv6
https://giromilano.atm.it/#/home/en
https://www2.polimi.it/en/services-and-opportunities/other-services-and-opportunities/print-centres.html
https://twitter.com/Plasmonica
https://instagram.com/plasmonica?igshid=YmMyMTA2M2Y=
https://twitter.com/hashtag/PLASMONICA2023?src=hashtag_click

Social dinner [

The social dinner will take place at the Osteria dei Vecchi sapori, a traditional Milanese-style
restaurant. The most direct route there from the conference venue is the Green Line (number 2)
of the subway system from the Piola stop near the Politecnico campus to the Garibaldi FS railway

station. From there on, you can follow the map below (clickable!).

Local tip: You may want to get there in advance and enjoy a sunset stroll (or an aperitivo) in the
iconic Garibaldi neighborhood: discover the vibrant shops and cafes of Corso Como, the fast-rising
skyline surrounding Piazza Gae Aulenti, the stylish greenery of the Biblioteca degli Alberi...But

don’t forget to be at the restaurant at 20:00 sharp!
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https://goo.gl/maps/KG7tuYaHYp8qFpB89
https://www.osteriavecchisapori.com/

N Timetable

Wednesday, July 5t
12:30-14:00 Registration and light lunch
14:00-14:15 Opening remarks
14:15-15:45 Session I: Applications of plasmonics. Chair: Maria Caterina Giordano
Chiara Novara Aptamer-based det.ectlon of mycotoxins
Politecnico di Torino on SERS-active Ag-coated
porous silicon-PDMS devices
Plasmonic/dielectric nanostructured devices

Valeria Nocerino
CNR-ISASI and Univ.
Parthenope Napoli

Bruno Miranda
CNR-ISASI and Univ.
Federico Il Napoli

Mirko Trevisani

exhibiting ultra-high sensitivity
to refractive index-based sensing

A versatile plasmonic nanocomposite device
for biosensing applications: from wearable
sensors to food-quality monitoring

Study of the excitation coupling mode
on the emission of a plasmonic nanolaser

Univ. di Padova
Vittorio Scardaci Plasmonic anisotropic silver nanoparticles
Univ. di Catania for ultrafast fiber lasers
Plasmonic nanoparticles as the scattering

Luca Salemi
medium in colloidal random dye lasers

Univ. di Catania
15:45-16:15 Coffee break
Time-resolved nonlinear ghost imaging

16:15-16:45 Loﬁlers]sbI(?rzzsiuS:iv with Terahertz radiation: near-field microscopy
& g ) and a path towards volumetry [invited]
Session Il: Atoms and molecules. Chair: Andrea Baldi

16:45-18:00
Matteo Gardella Large-scale Hybrid MoS,/polymer films for
Univ. di Genova enhanced photobleaching of dye molecules
Jonathan Sepulveda hononio:lalr?;t“ijscr;)grr::lcnfasrfcr;r:\i:s; modes
CSIC-UPV/EHU Donostia P 1P noat
with molecular vibrations
Luca Nicoli Fully atomistic modeling of
Scuola Normale . . .
plasmonic bimetallic nanoparticles

Superiore di Pisa

Pietro Lombardi Two-photon interference from
distinct molecules on the same chip

CNR-INO Firenze
18:00-19:00 Round table of Plasmonica (in Italian)




Thursday, July 6" - Morning

9:00-10:30 Session lll: Nanofabrication and novel materials. Chair: Monica Bollani
Franco Marabelli Displacement Talbot lithography to scale-up
Univ. di Pavia plasmonic metasurface fabrication

Suitability of highly doped group IV
semiconductor for spectral narrow
plasmonic MIR detection devices

Fritz Berkmann
Sapienza Univ. di Roma

Broadband and tunable multilayer
metamaterials based on plasmonic nitrides,
oxynitrides and transparent conductors

Cristina Mancarella
Politecnico di Milano

Thermal scanning-probe lithography for
broadband on-demand plasmonics
on transparent substrates

Lorenzo Ramo
Univ. di Genova

Arrigo Calzolari Tailorable materials for
CNR-NANO Modena plasmonics in extreme conditions
10:30-11:30 Poster session (A-D) and sponsors’ exhibition

- . . A new era of materials characterization:
Giuliana Di Martino . . e
11:30-12:00 Univ. of Cambridge can we achieve atomic sensitivity

' & using visible light? [Invited]

12:00-13:00 Session IV: Near-field optical microscopy. Chair: Leonetta Baldassarre

Probing electron density shift
at the metal-molecule interface
induced by a static electric field
by tip-enhanced Raman spectroscopy

Alfred J. Meixner
Eberhard-Karls-Univ.
Tibingen

Detection of light transport regimes and
localization in hyperuniform luminescent
materials through near-field optical microscopy

Nicoletta Granchi
LENS, Univ. di Firenze

Andrea Mancini
Istituto Italiano di
Tecnologia, Milano

13:00-14:00 Lunch break

Phonon polariton vortices
in suspended silicon carbide membranes




Poster session A-D

No. Presenter and poster title
1 Hira Asif All-optical control of ultrafast plasmon resonances
Akdeniz Univ. Antalya in the pulse-driven extraordinary optical transmission
9 Leonetta Baldassarre Strong light-matter coupling in SiGe quantum wells
Sapienza Univ. di Roma embedded in terahertz patch antenna cavities
Andrea Baldi .
3 Vrije Univ. Amsterdam Pulsed photothermal heterogeneous catalysis
4 Stefania Benedetti Quantitative ultrafast electron-temperature
CNR-NANO Modena dynamics in photo-excited Au nanoparticles
Francesco Bertot
5 Ecole Polytechnique Hybrid silicon-organic integrated terahertz detectors
Fédérale de Lausanne
7 Monica Bollani Nanofabrication and linear optical characterization
CNR-IFN Como of dielectric chiral metasurfaces
Vittorio Bonino . . .
8 Politecnico di Torino High-Q Fano resonances in diamond nanopillars
9 Lucrezia Catanzaro Tuning the aggregation of gold nanoparticles
Univ. di Catania prepared by laser ablation with halide salt
Daniele Ceneda
. I Vi f f W i
10 Sapienza Univ. di Roma 0O, perfect absorber by means o doping
” Marcello Condorelli Silver nanoflower as a single plasmonic
Univ. di Catania catalytic reactor for in situ photocatalysis
12 Cristiano D’Andrea A wearable surface-enhanced Raman
CNR-IFAC Firenze scattering patch for sweat monitoring
Gauttam Dash . .
Probing non-resonant coupling
Jawaharlal Nehru Centre . . . .
13 . in exciton-plasmon hybrids using
for Advanced Scientific magnetic circular dichroism spectrosco
Research, Bengaluru & P Py
14 Maria De Luca Fe;O4@Au core satellite magnetic nanoparticles
Univ. Federico Il Napoli to enhance colorimetric immunosensor response
15 Luisa D’Urso AgNFs as single-particle, multi-wavelength

Univ. di Catania

SERS active platforms




Thursday, July 6" - Afternoon

14:00-15:30 Session V: Nonlinear nanophotonics. Chair: Tal Ellenbogen

Agostino
Di Francescantonio
Politecnico di Milano

Coherent all-optical routing of upconverted light
by a nonlinear metasurface

Francesca Dodici Design of e-near-zero multilayers with
Univ. di Padova enhanced Kerr-type nonlinearities

Surface vs bulk contribution
to the second-harmonic generation
in AlIGaAs nanoresonators

Yigong Luan
Politecnico di Milano

Huatian Hu
Istituto Italiano di
Tecnologia, Lecce

Free-electron third-order nonlinearities
in heavily doped InGaAs nanoantennas

Augustin Verneuil
Univ. de Technologie
de Troyes

Optimizing the extraction of second-harmonic
light from a plasmonic array

15:30-16:30 Poster session (F-M) and sponsors’ exhibition

Giancarlo Soavi
16:30-17:00 Friedrich-Schiller-Univ.
Jena

Nonlinear plasmonics and exciton tuning
in atomically thin materials [Invited]

17:00-18:00 Session VI: Chiral plasmonics. Chair: Emiliano Descrovi

Chiral optical harmonic scattering:

Ventsislav Valev theoretically predicted in 1979 and

Univ. of Bath demonstrated four decades later

Hanan Ali Circular dichroism in plasmonic array of
Univ. di Pavia elliptical nanoholes with square lattice
Ben Olohan Chirality in hyper-Mie scattering effects
Univ. of Bath from CdTe nanohelices

Angle dependent output circular polarization
degree characterization of self-assembled
nanospheres coated with silver

Alessandro Belardini
Sapienza Univ. di Roma

10



Poster session F-M

No. Presenter and poster title
Claudia Fasolato Quantitative aggregation dynamics
16 CNR-IFN and Sapienza of responsive plasmonic colloids
Univ. di Roma by real-time light transmission spectroscopy
MarZIa Fe.rrera . Nanohybrid platforms for
17 Istituto Italiano di . . .
. strong light-matter interaction
Tecnologia, Genova
Carlo Forestiere Operatlve.apr.)roach to qu.antum electrodynamics
18 . . . in dispersive objects based on
Univ. Federico Il Napoli .. .
a polarization modal expansion
Martina Foschi Antenna architecture based on plasmonic
19 Istituto Italiano di nanocone in a point contact-insulator-metal
Tecnologia, Genova high frequency rectification system
Alessio Gabbani Plasmon-enhanced ma.gneto—optlcal detection
20 .. of sub-monolayers of single molecule magnets
Univ. di Pisa
up to room temperature
21 Mlche!e Gh.era.rdl SiGe dewetted Mie resonators
Politecnico di Milano
29 Maria Caterina Giordano Large-scale Van der Waals
Univ. di Genova heterostructures for photon harvesting
Dihan Md. Nuruddin Stimuli-responsive flexible silk-metamaterial
23 Hasan for enhanced sensing of volatile
North South Univ. Dhaka organic compound (VOC) at mid-IR
. I-tellx chht . Momentum-tuning of excitons in atomically thin
24 Friedrich-Schiller-Univ. .\ . .
transition metal dichalcogenides
Jena
95 Pablo Ibafiez-Romero CdZnO nanoparticles for SEIRA
Univ. Politécnica Madrid sensing in the mid-infrared
2% Francesca Intonti Influence of the fabrication process on the optical
LENS, Univ. di Firenze spectra of all-dielectric dewetted nanoparticles
27 John Kerr Plasmonic nanohelices for surface-enhanced
Univ. of Bath Raman spectroscopy with circularly polarized light
28 Pan Li Nanoscale thermometry of plasmonic structures
Vrije Univ. Amsterdam via Raman shifts in copper phthalocyanine
Rustamzhon Melikov . .
) . . Intracellular recording of rat primary neurons
29 Istituto Italiano di . . .
. on commercially available plasmonic MEAs
Tecnologia, Genova
Elizabeth
30 Mendoza-Sandoval Moiré photonic crystal to tailor nanolasing emission

Univ. di Padova

1




Friday, July 7th

9:00-10:30 Session VII: Metaphotonics. Chair: Francesca Intonti

Theodoros Bouloumis
Okinawa Institute of
Science and Technology

A plasmonic metasurface for trapping
and manipulating nanoparticles

Cormac McDonnell Nonlinear plasmonic metasurfaces for
Tel Aviv Univ. efficient broadband THz beamshaping

Andrea Vogliardi

Univ. di Padova Vector beams generated by metalenses

Probing temperature changes using

Nils Henriksson - -
non-radiative and radiative processes

Umea Univ. in hyperbolic meta-antennas
Giuseppe Emanuele Lio Fano-resonant hybrid metastructures

LENS, Univ. di Firenze with ultra-high sensing performances
10:30-11:30 Poster session (M-Z) and sponsors’ exhibition

Alessandro Alabastri Electronic and photothermal phenomena
11:30-12:00 . . . . .

Rice Univ. Houston in optical metasurfaces [Invited]

12:00-13:00 Session VIII: Ultrafast and active plasmonics. Chair: Cristian Ciraci

Thorsten Feichtner

. . . Fast electrical modulation of a single
Julius-Maximilians-Univ.

plasmonic nano-rod resonance

Wiirzburg
Photochemical and electrochemical modulation
Alessio Gabbani of the infrared plasmonic response
Univ. di Pisa in metal oxide nanocrystals: an optical
and magneto-optical investigation
llya Razdolski Active quantum plasmonics with non-thermal
Univ. of Bialystok electrons on ultrafast timescale
Alba Viejo Rodriguez Ultrafast dynamics driven by opto-acoustic
Univ. of Luxembourg excitations in free-standing nickel cavities

13:00-13:15 Closing remarks

12



Poster session M-Z

No. Presenter and poster title
3 Daniel Montesi Automatization of SERS analysis
Politecnico di Torino towards point-of-care applications
Quynh Nguyen . .
32 Vrije Univ. Amsterdam Harvesting plasmonic hot holes
Luca Nicoli Mixed QM/classical approaches
33 Scuola Normale .
. . for surface-enhanced Raman scattering
Superiore di Pisa
34 Patrick O’Keeffe Generation of solvated electrons using visible light
CNR-I1SM Roma by excitation of diamond-gold nanoensembles
Tadele O. Otomalo Effect of electron spill-out on the
35 Istituto Italiano di surface plasmon-polariton propagation
Tecnologia, Lecce at dielectric-magnetized plasma interface
Alessandra Paladini . Ultrafast dy'namlcs of plasmonic and
36 interband excited non-thermal electrons
CNR-ISM Roma . .
in 2D gold nanoparticle arrays
37 Miriam Parmigiani Surface-functionalized silver-coated gold nanostars
Univ. di Pavia for SERS and LSPR sensing of Fe(lll)
Jacopq Stefanq Pelli (.ZreS| Ultrafast dynamics of surface plasmon polaritons
38 Istituto Italiano di .
. in sub-wavelength hole arrays
Tecnologia, Genova
Michael Poloczek Lithium niobate nanostructured resonator
39 Friedrich-Alexander-Univ. for directional emission of spontaneous
Erlangen-Nirnberg parametric down-conversion
40 Bernardo Santos Dias Excitonic 2D Metasurface
Univ. of Amsterdam for Tunable Image Processing
.. Development of novel SERS platform based on
Serena Schiavi . . .
11 .. . polydopamine coated gold-nanostars-chips: fine
Univ. di Pavia . . .
tuning of the coating process and future perspectives
An.klt.Kuma.r Singh Ultrafast spatiotemporal chiroptical response
42 Leibniz Institute of of dielectric and plasmonic nanoparticles
Photonic Technology, Jena P P
Sudarson S. Sinha . .
. . . Plasmonic bowl-shaped nanopore using Raman
43 Istituto ltaliano di Spectroscopy for sequencing of translocating DNA
Tecnologia, Genova P Py 9 & &
44 Z'ongyfuan Tang Bloch surface waves in resonant structures
Politecnico di Torino
45 Francesco Verdelli Vibrational strong and ultra-strong coupling

DIFFER, Eindhoven

using surface lattice resonances

13
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Session | Applications of plasmonics

Aptamer-based detection of mycotoxins on SERS-active Ag-coated porous
silicon-PDMS devices

Chiara Novara,»" Alessandro Chiadd,* Niccolod Paccotti, 1 Paola Rivolo,! Francesco Geobaldo,* and Fabrizio
Giorgis®

1pept. of Applied Science and Technology, Politecnico di Torino, Torino, Italy (*chiara.novara@polito.it)

In the framework of food quality and safety assessment, the need for new reliable, fast and low-cost
sensors suitable for on-filed detection of contaminants is growing rapidly [1]. Besides a high sensitivity, the
identification of the target compounds in such complex matrixes also demands an excellent specificity. In
this work, we combine the sensitivity of a Surface Enhanced Raman Scattering (SERS) microfluidic platform
[2] with the specific recognition of the target enabled by aptamers to achieve the detection of mycotoxins
in food matrixes. In detail, the functionalization of Ag nanoparticles (NPs) on porous silicon (pSi)-PDMS
membranes with an aptamer for Aflatoxin B1 (AFB1) was first studied, investigating the effect of the length
and orientation of the oligonucleotidic receptor on the recognition efficiency and on the SERS response of
the sensor. An improved affinity for the AFB1 and the highest SERS intensity were observed using a 5’
thiolated aptamer. As revealed by the SERS analysis, its orientation on the NPs allows its binding site to lie
close to the Ag surface and to take advantage of a strong electromagnetic enhancement. Then, the detection
of the AFB1 was performed through a competitive approach, monitoring the replacement of a 6-FAM-
labelled “switch” sequence, hybridized into the aptamer binding site, by the AFB1 target (Figure 1a).The
longest switch sequences exhibited the best performances, as they provided a stable pairing interaction with
the aptamer but could be subsequently efficiently displaced by AFB1. Different concentrations of the
mycotoxin were thus analyzed using the best aptamer-switch pair, allowing to calibrate the SERS response
(Figure 1b). Finally, AFB1-spiked hazelnut slurry extracts were analyzed with the functionalized device,
demonstrating its applicability to the SERS detection of the target in food matrixes at concentrations lower
than the limit defined by the regulations (Figure 1c).

AgNPs

) W@ U4 - 199
aptamer I 6-FAM smtch_ / [ —
b) g0l c)
70 +
- 60 + -
3
g 50 + S
32 0] 2 .
° # | +2.5ppb
S 30] m S l! N ) !
= 30 g
20 - +5 ppb
101 = Limit Of Detection
0 1.73 ppb +1D' ppbl T T T T T T T T
0 5 10 15 20 25 30 600 800 1000 1200 1400 1600
AFB1 concentration (ppb) Raman shift (cm™)

Figure 1: a) Scheme of the competitive assay for AFB1 detection on the Ag-pSi-PDMS membranes; b) Percentage decrease of
the 645 cm® band of the 6-FAM-swtich hybridized with the 5’SH-aptamer after the incubation of the SERS substrates with
different concentrations of AFB1; c) SERS analysis of the extracts of hazelnut slurries spiked with AFB1 at concentrations in the
10-2.5 ppb range together with a control sample without AFB1 (SERS spectra before and after AFB1 incubation are compared).

[1]J. Perumal, Y. Wang, A. B. E. Attia, U. S. Dinish, M. Olivo, Nanoscale 13, 553-580 (2021).
[2] A. Chiado, C. Novara, A. Lamberti, F. Geobaldo, F. Giorgis, P. Rivolo, Anal. Chem. 88, 9554-9563 (2016).
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Session | Applications of plasmonics

Plasmonic/dielectric nanostructured devices exhibiting ultra-high sensitivity
to refractive index-based sensing

Valeria Nocerino®?, Bruno Miranda®3, Principia Dardano®, Maria Grazia Manera®, Roberto Rella*,
Adriano Colombelli, Daniela Lospinoso®, Luca De Stefano?.
1Department of Engineering (DI), University of Naples Parthenope, Centro Direzionale Isola (C4), 80134,
Naples (Italy). (valeria.nocerino@na.isasi.cnr.it)
’Department of Electrical Engineering and Information Technology (DIETI), University of Naples
Federico Il, Via Claudio 21, 80125, Naples (Italy).
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In the last decades, metallic nanostructures have played a key role in biosensing, as they exhibit
unique properties that make them excellent optical transducers [1]. When their size is much
smaller than the operating wavelength, they exhibit the well-known localized surface plasmon
resonance (LSPR), whose position is strongly affected by the nanoparticles’ size, shape
composition, and surrounding medium refractive index. The combination of bottom-up and top-
down fabrication strategies has been receiving increasing interest [2]. Large-scale fabrication of
gold (Au) nanomushrooms (NMs) on glass and silicon substrates has been proposed as a novel
platform for biosensing [3,4]. In this work, we show the combination of hybrid
plasmonic/dielectric materials to significantly improve the sensitivity of large-scale plasmonic
arrays. Precisely, we propose the optimization of the fabrication process of the AuNMs reported
in [3], by substituting the pillar with dielectric Silicon Nitride. The fabrication involves the
deposition of a 100 nm layer of Silicon Nitride, the thermal evaporation of a thin film of gold, and
the thermal annealing during which the formation of gold nanoislands (AuNIs) takes place (Figure
1b). After these processes, the samples undergo a metal-assisted gas-etching to achieve 80 nm-
high pillars below the gold nanoislands. This process is shown to significantly enhance the
sensitivity of the device (Figure 1c). Indeed, the samples are tested before and after etching by
exposing them to solutions with increasing refractive indexes and measuring the LSPR redshift as
a function of the refractive index. An unprecedented sensitivity is therefore achieved for the
etched substrates. AUNMs with the highest sensitivities have been tested both for gas sensing
and biosensing applications. The results are very promising. Numerical simulations are also
carried out to confirm the performance of the obtained nanostructured devices.
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Figure 1: a) Absorption spectra of gold thin film, AuNIs, and AuNMs. b) AuNIs LSPR as a function of the
refractive index; in the inset, AFM image of AuNIs. AuNMs LSPR as a function of the refractive index; in
the inset, AFM image of AUNMs.
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Recently, the development of flexible plasmonic sensors is growing strongly, as flexible sensors
have many advantages, especially for their mechanical properties, adaptability to non-planar surfaces
[1-3]. In this context, a 3D optical sensor has been developed, integrating gold citrate nanoparticles
[4-6] into a polymer: PEGDA hydrogel. This hybrid sensor allows the detection of molecules in both
label-free and non-label-free, exploiting the mechanical capabilities of hydrogels to swell in the
presence of water, and the mechanism of MEF/SERS [1,7] thanks to the presence of noble metal
nanoparticles. The proposed platforms are low-cost and scalable to the industrial levels with low
detection limits and promising applications for the future.

PEGDA
pre-polymer

)
UV-Light
[ ommme )
=) Cover Slip

Stirring Polymerization

AuNPs

w /A

PEGDA/AuNPs
nanocomposites

Figure 1: Simple fabrication strategy of hydrogel plasmonic nanocomposites embedding gold nanoparticles.

The optimization of the fabrication process has been carried out to satisfy the need for versatile platforms to be
adopted in-situ (Figure 1). The integration of the nanocomposite into hollow microneedles starting from the
knowledge of the optomechanical properties will be presented [8] for both label-free and non-label-free
biosensing [9]. The optimization of the NPs density to have interacting or non-interacting NPs is proposed for
applications in SERS biosensing. Finally, numerical optimization of the transduction mechanism is highlighted.
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Introduction: Ordered arrays of nanoparticles can support hybrid extended resonant modes called
Surface Lattice Resonances (SLRs) that are generated by the coupling of the localized surface plasmonic
modes (LSPs) to the diffractive modes of the periodic structure. These modes can be used in nanolasers
to achieve coherent emission from emitters coupled to the lattice by reducing the intrinsic ohmic losses
of the LSPs. Controlling the lattice unit cell composition, symmetry and periodicity, it is possible to tailor
the lasing properties [1, 2]. In this study, we investigated the effect of the incident angle, polarization,
and dynamics of the excitation on the lasing properties at the I' point of a 2D hexagonal nanolaser.

Results: The sample studied is shown in Fig. 1a and is made of a hexagonal array of Al tapered
nanocones (lattice parameter ag = 475nm) coupled with an organic dye in a polymeric matrix. Figure 1b
shows the measured optical band structure of the array. According to the incident angle with respect
to the sample normal, at the excitation wavelength (532 nm), the photons can be coupled (A-B) or not
coupled (C) to lattice modes. Figure 1c depicts the lasing emission taken with ps pulsed excitation above
the lasing threshold at the I point (normal collection) at A, B, C excitation angles. The lasing peak intensity
indicates that the emission can be enhanced by matching the incident wave vector to the SLR modes
[3]. Additionally, by choosing the pump polarization, the coupling condition can be activated depending
on the polarization state of the excited SLR modes. This is evident by comparing the lasing intensity for
positions A and B. The dynamic effect is studied by pumping the sample with three different lasers, namely
ps-pulsed laser, ns-pulsed laser, and cw diode. According to the pulse duration, the optical response can
be modified. We found that when the excitation has the same or smaller duration with respect to the
dye lifetime (5 ns), a lasing peak can be obtained at the I' point. For longer pulses (or CW excitation) the
competitive process of non-radiative intersystem crossing in the emitter inhibits the stimulated emission
[4] and only directional fluorescence occurs.

Conclusions: Depending on the incident angle and the pulse duration, it is possible to couple the
pumping beam to the nanoarray in a resonant way. This can largely modify the lasing emission, reducing
the pumping threshold and increasing the lasing intensity.
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Figure 1: (a) SEM image in cross-section of the hexagonal array. (b) Experimental extinction map of the array coupled
to the emitter, taken in TE polarization and along 'M direction. The white line indicates the excitation wavelength
(532 nm) and the gray dots are the coordinates of the incident angles investigated. (c) Lasing spectra collected at
the I point (0°) at F = 1.4mJ/cm?, TE polarization and different incident angles (A,B,C coordinates in panel b).
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Plasmonic nanoparticles are continuously expanding their range of applications, which now include
sensing, catalysis, imaging, nanomedicine, photonics, and optoelectronics, to name a few. Ultrafast lasers
also find applications in a wide range of fields like medicine, telecommunications, sensing, materials
processing and imaging. The generation of laser pulses requires an element that transforms a laser output
into a train of short pulses. This element is called a saturable absorber, which is transparent to high intensity
light. Here, we demonstrate the utilization of triangular silver nanoparticles, or nanoplates, as saturable
absorbers for the generation of pulses in fiber lasers.

The saturable absorption properties are characterized by the z-scan technique, along with other non-
linear optical properties (Fig. 1a). Silver nanoplates are then integrated into a fiber laser ring cavity by means
of optical deposition onto an optical fiber connector or embedded within a polyvinyl alcohol (PVA) matrix.
Here the non-linear absorption coefficient was first measured by power-dependent transmission
measurements (Fig. 1b). Passive Q-switching and mode-locking were achieved in our devices at 1um and
1.5um wavelengths. For Q-Switching, we achieved pulse durations of 2us, repetition rates in the order of
100 kHz and output power in the range of mWs (Fig. 1c,d). For mode-locking, we achieved pulse durations
of ~300 ps, repetition rate in the order of 10 MHz and output power in the order of 10 mW. Our results
demonstrate the feasibility of silver nanoplates as saturable absorbers in the near IR and as a viable
alternative to traditional saturable absorbers.
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Figure 1: a) z-scan experiment results; b) power dependent transmission measurements; c) output spectrum for a Q-switched
laser; d) pulse temporal profile for the Q-switched laser

[1] B. Fu et al., Adv. Funct. Mater. 31, 2107363 (2021)

[2] M. Condorelli et al., Photonics 8, 299 (2021)

[3] B. Fu et al., Nanophotonics 9, 3873-3880 (2020)

[4] B. Fu et al., Journal of Lightwave Technology 39, 2084 (2021)Author(s),

20



Session | Applications of plasmonics

Plasmonic nanoparticles as the scattering medium in colloidal random dye
lasers

Luca Salemi,>* Marcello Condorelli,! and Giuseppe Compagnini*?

Department of Chemistry, University of Catania — Catania (Italy) (*luca.salemi@phd.unict.it)

Plasmonic nanoparticles as the scattering medium in random lasers have been first demonstrated
in 2005 by Dice and coworkers [1], proving favorable in comparison to dielectric particles due to two
effects: a much higher scattering cross-section (i.e. per particle or per unit volume), and potential
unspecified plasmonic enhancement effects in the near field of the nanoparticles. The two
mechanisms have been partially tested by Popov et al. [2] using Au nanospheres of varying diameter
embedded in a dye-polymer film, explaining all the observations by the scattering only. Further
literature has explored the effect of various different plasmonic nanoparticles and system geometry,
proving both coherent and incoherent random lasing [3,4].

However, since the localized plasmons are highly sensitive to details in the nanoparticles’ size and
shape and to the surrounding environment, to get a meaningful comparison of different materials and
shapes one has to handle the plasmonic system with great care. For instance, an inappropriate choice
of material properties, or reshaping of anisotropic particles under the pump laser, may lead to a large
difference between calculated scattering cross-sections and the actual experiment.

In this work, we study the random lasing properties of Rhodamine 6G solutions with plasmonic
nanoparticles, and attempt to carefully characterize the emission in relation to the properties of the
plasmonic colloid, such as resonance wavelength, scattering cross section and efficiency, and electric
field enhancement. To do so, we synthesize various plasmonic nanoparticles using a combination of
chemical growth and pulsed laser techniques, characterizing the colloids experimentally and with
numerical simulations.

The R6G-plasmonic colloids are then placed in a quartz cuvette and pumped with a 532nm pulsed
laser, and their emission spectra are recorded keeping the same configuration of the system across all
experiments. The emission spectra are then acquired and the laser threshold and bandwidth are
studied in relation to the characteristics of the plasmonic nanoparticles.
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Figure 1: a. Experimental extinction spectrum and simulated extinction cross-section of Ag nanospheres of average diameter
70nm. The inset shows the DLS-measured size distribution. b. Normalized fluorescence spectra at various pump fluence, and c.
bandwidth and peak intensity as a function of the pump fluence for the same Ag nanospheres suspended in a methanol
solution of Rhodamine 6G 1mM. The control sample is the same solution without nanoparticles. Linear fits to the log-log plot
of the peak intensity vs pump fluence are extended only to the points below (green) or above (red) threshold to aid visualization.
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Abstract: The development of innovative approaches to Terahertz (THz) imaging is a rapidly evolving
field. THz spectroscopy, thanks to the possibility of detecting the field amplitude and phase, has already
demonstrated unique capabilities in the spectral analysis of complex samples, opening up exciting
possibilities for field-sensitive imaging systems [1].

In this framework recent works [2], we have proposed a nonlinear imaging approach denoted “Time-
Resolved Nonlinear Ghost-Imaging”. Our approach combines nonlinear frequency conversion, time-
resolved measurements and full-wave single-pixel detection (as enabled by THz Time-Domain-
Spectroscopy). Our results show not only that accurate field-sensitive time-resolved Gl is feasible, but
that it could overcome several intrinsic limitations of established techniques at any frequency. In this
contribution, we will summarise the essential foundations and current advancement of our
methodology, as well as a detailed analysis of the theoretical framework underlying the image
reconstruction approach. Besides a demonstration of our method for the imaging of a semi-transparent
sample, we show that how the imaging reconstruction performance can be improved through a careful
choice of the image reconstruction scheme reaching deeply subwavelength resolution [3].

Moreover, we will discuss how our approach can enable volumetric hyperspectral imaging. By
employing a backpropagation in an approach that recalls the principle of confocal microscopy, we
investigated the three spatial dimensions thus isolating and identifying different semi-transparent
materials in a complex geometry[4]. These result paves the way towards a full hyperspectral micro-
volumetry, thus revealing the full spectroscopic nature of the morphological 3-D features.
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Figure 1: 3D reconstruction of a semi-transparent object with subwavelength metallic features. (a) Conceptual
illustration of the imaging scheme and optical image with the focal plane highlighted (z=0 um). Inset:
microscope’s optical image of the sample, ‘S’ letter’s substrate highlighted. (b) image at the plane z=0, averaged
between 1.6 and 2.4 THz. (c) Conceptual illustration of the imaging scheme and optical image with the focal
plane highlighted (z=390um). Inset: microscope’s optical image of the sample, ‘U’ letter’s substrate highlighted.
(d) Hyperspectral image at the focal plane z=z0, averaged between 0.8 and 1.2 THz. In all panels the field of view
was 2 mm x 2 mm with a 32x32 spatial sampling.
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New photon harvesting platforms are crucial to develop a new generation of photonic devices with
impact in renewable energy conversion. Two-dimensional (2D) Transition Metal Dichalcogenides
semiconductor (TMDs) layers that are characterized by exceptional optoelectronic properties tunable in
the Visible and Near-Infrared spectrum represent a very promising platform in view of ultra-thin photonic
devices [1]. Among them few-layer MoS,, characterized by an electronic bandgap in the Visible and an
high optical absorption coefficient, is particularly attractive for the light harvesting and photoconversion
applications. Such intriguing optical response combined with high chemical reactivity qualifies this 2D
semiconductor layer as a promising candidate in photoconversion and energy storage applications [2].
So far 2D TMDs devices mainly rely on exfoliated flakes with active areas limited to the um? range, thus
posing a serious issue in view of scalable photonic and photoconversion applications. Additionally, the
application of 2D TMDs layer in photoconversion applications is still limited by their low overall photon
absorption in the few-layer regime (~10%) [3], demanding for novel ultra-thin photon harvesting
solutions. More conventional nanophotonic approaches to light harvesting in the ultrathin regime rely
on functionalization of the surface with plasmonic nanoparticles [4]. Here we instead focus on the
possibility of reshaping the TMD material itself as an active optical element featuring a flat-optics
configuration that couples the incident light to the absorbing layer [5].

For this purpose we develop a hybrid 2D/polymeric flat-optics platform based on nanogrooved ultra-thin
MoS; layers that extend uniformly over large area (cm?) and promote enhanced photon absorption and
conversion properties. Large-area periodic templates fabricated by Laser Interference Lithography (LIL)
have been exploited to drive the formation of periodic gratings on transparent and flexible substrates.
Furthermore we developed an original large-area physical growth approach of TMD films, based on the
conformal deposition of ultra-thin MoS, layers supported on periodic templates. These hybrid
polymer/MoS; nanoarrays feature a light absorption enhancement compared to a reference flat MoS;
film, which is promoted by the excitation of the Rayleigh Anomalies (RA) arising at the evanescence
condition when light is redirected parallel to the surface of the periodic nanogrooved layer.

As a demonstration of the surface functionalization and as its direct application we employed it in a
prototypal photochemical reaction: the photobleaching of the Methylene Blue (MB) molecules in
solution. We demonstrate a strong enhancement of the photochemical MB degradation by effectively
tuning the RA mode in resonance to the molecular absorption band [6]. Therefore, these findings pave
the way to the optimization of the platform for applications such as waste water treatment and energy
storage where the diffractive anomaly can be easily tuned in resonance to a target molecule absorption
band by tailoring the grating and illumination parameters.
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The increased sophistication of optical nanoantennas in the last decades has allowed for confining
light to volumes well below the diffraction limit [1]. This strong field localization enhances the nanoscale
interaction between the modes of the nanoantenna and molecular vibrations and excitons, opening new
opportunities, for example, to change the chemical properties of molecules due to the formation of new
polaritonic states [2, 3].

In this work, we compare the coupling of molecular vibrations at infrared energies with either
phononic modes in nanoantennas made of polar materials (e.g., silicon carbide SiC) or with plasmonic
modes in metallic (e.g., gold Au) nanoantennas. These nanoantennas couple with collective modes that
involve the vibrations of many molecules. As a first step, we perform numerical simulations of the
response of these nanoantennas coupled with molecules occupying a well-defined region (figure 1(a)),
and we extract the coupling strength g by fitting the numerical spectra with a coupled harmonic oscillator
model [4, 5]. However, performing a systematic analysis with this approach is computationally expensive
because it requires one simulation for each spatial distribution of the molecules. Further, we consider
an alternative approach that only requires performing a single simulation of the bare nanoantenna
response without molecules [5, 6]. In this methodology, we obtain the coupling strength with an
analytical expression that considers the overlap between the fields induced by the nanoantenna and
the volume that the molecules occupy. We show in figure 1(b) the results of these two approaches,
which are in excellent agreement. Notably, the coupling strength with the plasmonic nanoantennas is
larger than with the phononic ones. However, it is easier to reach the strong coupling regime with the
phononic nanoantennas because of the much weaker losses. This study can thus help to optimize the
interaction of nanoantenna modes with collective molecular vibrations for strong-coupling experiments.
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Figure 1: (a) Schematic representation of a phononic (SiC) or plasmonic (Au) bowtie nanoantenna coupled
with molecules. (b) Coupling strength g for SiC (blue) and Au (red) bowtie nanoantennas interacting with
molecules, obtained (dots) fitting the simulation with a coupled harmonic oscillator model and (solid line) using
an analytical expression. The results are plotted as a function of the volume occupied by the molecules.
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In this contribution, we present the extension of the recently developed (frequency dependent
fluctuating charges and fluctuating dipoles) wFQFu atomistic model[1] to treat the optical properties of
bimetallic nanoparticles, with special emphasis on Ag-Au nanoalloys and core-shell systems.[2] WFQFu
is a fully atomistic, classical approach, of which the theoretical foundations lay in Drude’s theory of
conduction, classical electrodynamics, interband transitions, and quantum tunneling. In particular, each
atom of the nanostructure is endowed with an electric charge and an electric dipole moment, which
vary as a response to an externally applied electric field. Charges account for the dynamics of the
conduction electrons,[3] while dipoles model interband transitions. We show that by properly modeling
the composition-dependent charge and dipole response, wFQF L can reproduce experimental trends for
Au-Ag bimetallic nanoparticles (see for instance Fig. 1) of complex shape.[4-6]

a) Gold concentration
b)
— 40001 - Au: 0% 550 1 L&
D - . - ”,
5 3500 Au: 10% | £ -
z -Au:20% | T 450 P 2
= 3000 -Au:30% | E el
2 5500 -Au: 40% 3501 &~
@ - Au: 50% — P— r—
D 50004 AU £0% d) 0 20 40 60 80 100
b - AU o —_ Au concentration %
§ 15001 Au:70% | = 4000 {®
c Au: 80% =
% 1000 Au:90% | 5 °
5 :100% | @ 2000 A
5 5004 Au: 100% 2 ..
Q ) [ ]
< £ ®
01 500
T T T T Q T T T T T T
350 450 550 650 < 0 20 40 60 80 100

Wavelength [nm]

Au concentration %

Figure 1: (a) Graphical depiction of spherical Au-Ag structures. (b) wFQFu absorption cross-section, (c) Plasmon
Resonance Frequency (PRF) and (d) absorption intensity as a function of Au concentration.

[1] T. Giovannini, L. Bonatti, P. Lafiosca, M. Castagnola, P. Grobas Illobre, S. Corni, and C. Cappelli, “Do We Really
Need Quantum Mechanics to Describe Plasmonic Properties of Metal Nanostructures?”, ACS Photonics, 9,
3025-3034, 2022.

L. Nicoli, P. Lafiosca, P. Grobas Illobre, L. Bonatti, T. Giovannini, and C. Cappelli “Fully Atomistic Modeling of
Plasmonic Bimetallic Nanoparticles: Nanoalloys and Core-Shell Systems”, Front. Phot. submitted, 2023.

T. Giovannini, M. Rosa, S. Corni, and C. Cappelli. “A classical picture of subnanometer junctions: an atomistic
drude approach to nanoplasmonics”, Nanoscale, 11(13), 6004-6015, 2019.

S. Link, Z. L. Wang, and MA EI-Sayed,“Alloy formation of gold-silver nanoparticles and the dependence of the
plasmon absorption on their composition”, J. Phys. Chem. B, 103(18), 3529-3533, 1999

D. Rioux, S. Valliéres, S. Besner, P. Munoz, E. Mazur, and M. Meunier, “An analytic model for the dielectric
function of au, ag, and their alloys”, Adv. Opt. Mater., 2(2), 176-182, 2014

[6] G. C. Papavassiliou, “Surface plasmons in small au-ag alloy particles”, J. Phys. F: Met. Phys., 6(4), L103, 1976.

(2]

(3]

[4]

(5]

25



Session I Atoms and molecules

Two-photon interference from distinct molecules on the same chip

Pietro Lombardi,%* Rocco Duquennoy, Maja Colautti, Ramin Emadi, Prosenjit Majumder and Costanza
Toninelli?

lNationaI Institute of Optics (CNR-INO), c/o LENS, via N. Carrara 1, Sesto F.no 50019, Italy
(*lombardi@lens.unifi.it)
2European Laboratory for Non-Linear Spectroscopy (LENS), Via N. Carrara 1, 50019 Sesto F.no, Italy
3physics Department - University of Naples, via Cinthia 21, Fuorigrotta 80126, Italy

Single molecules in solid-state matrices have been proposed as sources of single-photon Fock states
back 20 years ago. Their success in quantum optics and in many other research fields stems from the
simple recipes used in the preparation of samples, with hundreds of nominally identical and isolated
molecules able to provide bright single-photon streams also at room temperature [1], which narrow
down to their spectral Fourier-limit once placed in a cryogenic environment[2]. In the past years, such
systems have proven unmatched coherent interaction properties, from non-linear behavior at the few
photon level [3] to collective behavior for pairs of coherently coupled emitters [4]. Moreover, great
potential for integration in hybrid photonic circuits has been demonstrated with different approaches
[5,6]. All these elements make molecule-based single-photon sources promising emitters for application
in quantum plasmonics.

Exploiting an organic molecule platform, in this contribution we demonstrate quantum two-photon
interference from distinct single-photon sources located in a single chip. Hong-Ou-Mandel visibility of
97% for post-selected photons at zero delay and 40% integrating over the whole single-photon
wavepacket is reported [7]. The work is made possible by the recently discovered effect of laser-induced
charge-separated state formation in molecular matrices, responsible for a local Stark shift for the
molecules therein embedded [8], persistent for hours after the shifting light is switched off.
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In the second part of the contribution, we will focus on a deeper understanding of the physical
mechanism responsible for the frequency shift induced by the laser illumination. Investigating the
interplay with controlled external electric fields, applied thanks to miniaturized electrodes built on the
substrate, we can verify the Stark-effect nature of the shift and guess the charge dynamics inside the
molecular medium responsible for it.

[1] C.Toninelli et al., Opt. Express 18 (7), 6577 (2010)

[2] A.A.L. Nicolet et al., ChemPhysChem 8 (13), 1929 (2007)
[3] J. Hwang et al., Nature 460, 76 (2009)

[4] ).B. Trebbia et al., Nat. Commun. 13, 2962 (2022)

[5] C.Toninelli et al., Nat. Materials 20 (12), 1615 (2021)

[6] D. Rattenbacher et al., arXiv 2301:11024 (2023)

[7] R. Duguennoy at al., Optica 9 (7), 731 (2022)

[8] M. Colautti et al., ACS Nano 14 (10), 13584 (2020)
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Plasmonic sensors are widely applied for the detection of contaminants and relevant (bio)markers and
(bio)molecules for environmental, (bio)medical and food applications. Extensive efforts addressed the
development of reliable and cost effective manufacturing solutions, enabling massive production of
miniaturized sensing devices suitable for integration with other components into portable platforms.
Despite this, the challenge is still open to find a grown technique combining suitable resolution,
reproducibility, easy tunability in size and shape allowing, in parallel, low cost and limited time-consuming
runs to pattern large areas in view of massive scaling-up, making the manufacturing affordable also for SME.

In this scenario, Displacement Talbot Lithography (DTL) is emerging as a promising manufacturing
technigue combining the requirements of high resolution, scalability, versatility, ability to pattern non-linear
substrates on large areas at relatively low cost [1]. Consequently, DTL provides a promising route as a fast,
robust and scalable process in the large volume manufacturing.

As aresult, we decided to investigate DTL to scale-up the plasmonic metasurface developed by Plasmore
and based on a multistep approach, combining nanosphere lithography and plasma-based processes [2].
Two main objectives have been identified:

1) Guarantee of an optical response reliable and standardized: the targeted application as a biosensing
platform requires a high control over the fabrication parameters to obtain high reproducibility in terms of
spectral position of the plasmonic resonance and sensitivity to refractive index changes of the environment;
2) Tunability of the plasmonic resonance spectral position: resorting to a nanofabrication technique
compatible with large areas of high resolution patterns with tunable features, it is particularly interesting to
broaden the eligible fields of application, boosting the knowledge transfer in cutting edge technologies.

These objectives will allow the detection of biological agents and (bio)markers in the field of cancer-related
research, but also a high performance platform for contaminants analysis in the framework of the European
Green Deal in relation to climate change and environmental degradation. In addition, an easy
implementation within the modern food industrial chain could be feasible for safety and quality control [3].

Air Cylinder

" *-_Glass Substrate Figyre 1: Scheme of the plasmonic metasurface, where “p” is the
y surface pitch and “r” is the hole radius.

Besides the usual morphologic characterization with SEM at different stages of the production process, the
evolution of the optical response has been measured too and compared with the findings of FDTD simulations.

[1] H.H. Solak et al., Opt. Express 19(11), 10686 (2011).
[2] B. Bottazzi et al., J. Biomed. Opt. 19(1), 017006-1 017006-10 (2014).
[3] M. Prosa et al., Adv. Funct. Mater. 31, 2104927 (2021).
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Plasmonic antennas can be used to enhance light-matter interaction with possible applications in
improving optoelectronic device performance. For example, plasmonic antennas offer the possibility for
boosting hot carrier photodetection for selected wavelengths [1]. While for the visible and NIR
wavelength region metals are well studied and suited for this task, in the MIR wavelength region metals
exhibit large ohmic losses and long plasmon confinement lengths. In contrast, heavily doped
semiconductors with their low electron density , if compared to metals, are promising candidates to
replace metals and enable plasmonics in the MIR region [2, 3] . In particular, group-1V semiconductors
such as SiGe, Ge and GeSn have the additional advantage of a non-polar lattice, free of infrared-active
phonons. It was shown that and a plasma wavelength of A, = 2.6 um could be achieved in n-type doped
Ge with high carrier concentrations up to ND = 2.6 x 102° cm™ [4].

Nevertheless, to build fully functioning plasmonic hot-electron photodetectors there are stronger
requirements that need to be met: not only the lowering of the plasma wavelength but also the increase
of the crystal quality and therefore of the carrier mobility. A short relaxation time is crucial to achieve
good device performance. Besides the material requirements, the design of the sensor needs to enable
electrical contact, for which standard dipole nano-antennas are not suitable. Also, plasmonic modes that
are typically used for hot carrier excitation e. g. localized surface plasmon resonances (LSPR) in general
are rather broadband, which makes them less ideal for detectors with narrow spectral resolution.
Coupling LSPR with a diffractive mode, e. g. a Rayleigh anomaly, leads to the formation of surface lattice
resonance (SLR) with concomitant narrow extinction peaks of plasmonic nano-antennas, and this could
prove crucial to achieve detector performance improvement in the MIR region.

By comparing different material growth approaches, as well as post-growth processing, we show the
suitability of group-IV semiconductors for plasmonic applications in the MIR wavelength region. By
optimizing the material parameters as well as the geometry of the antennas for the excitation of SLR, a
sharp spectral behavior could been simulatively predicted and also shown in measurements (fig.1).
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Fig. 1. Extinction spectra for a comb-like antenna made from Geg.9755n0.025, 3.5 um pitch and a width of 1.3 um.

[1]M. L. Brongersma et al., ,,Plasmon-induced hot carrier science and technology*, Nature nanotechnology, 10,(25-34), 2015.
[2]F. Berkmann et al.,,,Plasmonic gratings from highly doped Gel—ySny films on Si“, J. Phys. D: Appl. Phys.,54,(445109), 2021.
[3]T. Taliercio et al., ,,Semiconductor infrared plasmonics*, Nanophotonics, 8,(949-990), 2019.

[4]C. Carraro et al., ,,N-type heavy doping with ultralow resistivity in Ge by Sb deposition and pulsed laser melting", Applied
Surface Science, 509,(145229), 2020.
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Plasmonics has been dominated for decades by noble metals because of the high-quality resonances
in the VIS that they can support, pursuing unprecedented light-matter coupling. However, the
impossibility to modulate plasmons in wider spectral ranges (fixed carrier density), has activated a rising
concern to alternatives [1]. Transition metal nitrides are nowadays appointed as ideal substitutes to
conventional metals because of low-cost, thermal stability, CMOS compatibility and modifiable plasmonic
responses through VIS-nearIR by stoichiometry [2]. Oxynitrides are rising interest as well, due to the
unique capability to cross twice the zero value of the real permittivity €, (double epsilon-near-zero
behaviour) in a wide spectral range, where new exotic phenomena arise, such as enhanced optical non-
linearities or improved photocatalysis [3]. Further still, Transparent Conducting Oxides (TCOs) possess
tunable carrier density, thus are promising for shifting the plasmonic features in the IR [1].

In this framework, the quest for uncommon and multiple functionalities to be designed at needs has
stimulated the interest towards meta-structures based on alternative materials, finding application in
energy conversion, biosensing or nanophotonics. Specifically, Hyperbolic Metamaterials (HMMs) show
an anisotropic permittivity €(w) (parallel €] and perpendicular €L to the HMM surface) due to the
spatially-periodic alternation of conductors (g:(w)<0) and dielectrics (g1(w)>0) [4]. At the HMM region
(€]]<0 €1>0), unique high-k waves are enabled, to promote for instance unprecedented light confinement.

Here, original multilayers (Fig.1a) merging titanium nitrides (TiN), oxynitrides (TiOxN,) and TCOs
(Ta:TiO,) have been developed in one-step by Pulsed Laser Deposition, to accomplish unconventional
HMMs with exceptional optical tunability in VIS-IR (Fig.1b). The fundamental advantage is the capability
to master stoichiometry and morphology directly at synthesis (Fig.1c), by acting on deposition parameters
(e.g. background deposition gas). Great efforts have been devoted to materials characterization
(structural, electrical and optical output) to understand the physics behind while keeping a material
science outlook. Such novel HMMs can push the boundaries of nanophotonic research towards
broadband, tunable and multi-resonant plasmonic systems, to be applied for engineered light
manipulation, thermal management or solar absorption.
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Figure 1: (a) SEM images of TiN/TiO, multilayers and TiO«Ny films. (b) €| and &L of HMM formed by TiN/TiO.. (c) €1
of TiOxN, showing double epsilon-near-zero behaviour tunable in VIS-NIR with deposition conditions.

[1] Naik, G. V. etal., Adv. Mater. 25, 3264—-3294, 2013.

[2] Patsalas, P. et al., Mater. Science and Engineering R 123 1-55, 2018.
[3] Braic, L., et al., ACS Appl. Mater. Interfaces, 9, 29857-29862, 2017.
[4] Shekhar, P. et al., Nano Convergence, 1, 14, 2014.
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High-resolution (HR) and deterministic fabrication of plasmonic nanostructures on transparent sub-
strates is a crucial issue in photonics. Thermal scanning-probe lithography (t-SPL) is a mask-less technique
that allows HR nanopatterning of thermally sensitive films by a sharp conductive probe heated in a
controlled way. This way a deterministic nanolithography can be combined with pre-patterning and
in-operando morphological characterization of the system all the while preserving delicate substrates
(like two-dimensional materials) coated by a sacrificial polymer film [1, 2]. In order to precisely control the
nanolithography process, the t-SPL system applies an electric bias between the scanning micromachined
cantilever and the sample [3]; this condition is fulfilled by metallic and semiconducting substrates thereby
limiting HR nanopatterning onto transparent dielectric substrates.

In this work we demonstrate that HR nanolithography t-SPL can be achieved also on challenging optically
transparent dielectric substrates by intercalating an ultrathin layer of a transparent-conductive oxide
(TCO) below the top polymer film employed as resist.

The insertion of the ultrathin TCO layer also enables the morphological characterization of the nanopat-
terns by high-resolution scanning electron microscopy, and the optimization of specific t-SPL fabrication
recipes which were previously developed for conductive substrates. For different sizes of nanostructures
we were effectively able to obtain a family of different gold plasmonic resonators, spanning the spectral
range from 700 nm to 1350 nm. In this way we could engineer ordered arrays of plasmonic nanoantennas
supported onto dielectric glass substrates. The nanoarrays support Localized Surface Plasmon Resonances
tunable over a broadband spectral range from the Visible to the Near-Infrared by controlling the size
and/or the shape of the nanoantennas. This non-invasive nanolithography thus opens new possibilites
for engineering plasmonic nanoantennas onto fragile layers with impact in thermoplasmonics, sensing
and nanophotonic applications.
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Figure 1: Scanning electron micrograph of an array of gold nanostructures obtained by t-SPL on glass coated with
TCO.

[1] Albisetti, E., Calo, A., Zanut, A., Zheng, X., de Peppo, G.M., and Riedo, E., Thermal scanning probe lithography,
Nature Reviews Methods Primers, 2(1), 32 (2022).

[2] Howell, S.T., Grushina, A., Holzner, F., and Brugger, J., Thermal scanning probe lithography - A review, Microsys-
tems and nanoengineering, 6(1), 21 (2020).

[3] Garcia, R., Knoll, AW., and Riedo, E., Advanced scanning probe lithography, Nature nanotechnology, 9(8),
577-587 (2014).
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The manipulation of light on the deep subwavelength scale is essential for enhancing light-matter
interactions and improving the performance of nanophotonic devices. The unique properties of
plasmonic materials made them essential for a plethora of applications, ranging from energy to
automotive, from wireless to medical and loT. In particular, discovering multifunctional materials with
tunable plasmonic properties, capable of surviving harsh environments (e.g., high temperature and
pressure, and chemical or mechanical abrasion) is critical for advanced optical and telecommunication
applications.

Here, we adopted massive high-throughput computational techniques, based on density functional
theory, to design and characterize tunable plasmonic materials active in the near-IR and visible range.
Starting from simple transition-metal crystals (such as nitrides) [1,2], we investigate the role of
composition, off-stoichiometry and structural disorder in TiNx compounds [3], and we provide an
efficient strategy to fine engineering stable, easy-to-grow hyperbolic metamaterial superlattices [4,5],
with selected optical and extraordinary mechanical properties (e.g. hard materials). Finally, by combining
computational thermodynamics and first principles electronic structure techniques we propose high-
entropy transition-metal carbides [6], which yielded plasmonic properties from room temperature to
1500K, as demonstrated by experiments performed on the archetype carbide HfTasCs (see Figure 1). This
new class of plasmonic materials may foster previously unexplored optical/mechanical applications in
extreme conditions, e.g. in the fields of aerospace, satellites, and security systems.
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Figure 1: a) Experimental EELS spectra of HfTa,Cs as a function of temperature. Inset reports the corresponding

theore- tical spectra, evaluated at the same temperatures. b) lon milled electron transparent cross-section of

sintered HfTa4C5 pellet fixed to Protochip Fusion Select Heating E-chip. (c) Monochromated STEM micrograph

of the HfTa4Cs cross-section, which indicates the region where all EELS spectra were collected. Image adapted
from Ref. [6]

[1] A. Catellani and A. Calzolari, Phys. Rev. B 95, 115145 (2017).
[2] D. Shah, et al., ACS Photonics 5, 2816 (2018).

[3] A. Catellani, et al, Phys. Rev. Mater. 4, 015201 (2020).

[4] A. Catellani and A. Calzolari, Opt. Mater. Exp. 9, 1459 (2019).
[5] A. Calzolari, et al., Adv. Opt. Mater. 9, 2001904 (2021).

[6] A. Calzolari, et al., Nature Commun. 13, 5993 (2022).
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We just entered a new era of materials characterization, where atomic sensitivity can be achieved
by plasmon-enhanced optical spectroscopy. During this talk you’ll hear about a new characterization
method where nanoparticle-mediated electrical contacts can “squeeze” light in the device active
material, providing an innovative non-destructive technique able to characterise various device
materials changes in operando. We will first discuss how we probed few hundreds oxygen vacancies drift
in thin (~5 nm) dielectric films during device switching just by the aid of visible light, an approach that
helped to identify the breakdown mechanisms upon cycling in memristive device [1].

You’ll also see how light tracks both the migration of oxygen ions and phase change inside low energy
consuming, ultrathin ferroelectric random access memory devices (FeERAMs), which has remained
controversial so far. Specifically, hafnia-based oxides are an alternative to conventional bulk
ferroelectrics and enable single-digit nm ferroelectricity. In them, wake-up and fatigue effects still cause
unpredictable performance variation over consecutive electronic switching cycles, preventing large-scale
commercialization. We achieve a single electrical cycle resolution investigation tool to study the nano-
structural evolution when under continuous electronic switching in ambient conditions and track in real-
time and in-operando the nanoscale kinetics of wake-up and fatigue, capturing for the first time 1. pre
wake-up stage where oxygen ions migration leads to phase change, 2. wake-up (i.e. increase of device
remanent polarisation) due to phase change and 3. fatigue (i.e. decrease of device remanent
polarisation) caused by further migration of oxygen ions in the new phase changed material [2].

We will then switch gear and hear about the first characterization of nanoscale MoS;-based electrical
switches at room temperature and in air, where accessing both Photoluminescence and Raman, together
with Dark Field spectroscopy proved volatile threshold resistive switching due to the intercalation of
metallic atoms from electrodes directly between Mo and S atoms, without the assistance of sulphur
vacancies. Once again, our superb sensitivity is here able evidence the size of bridges till the atomic
resolution, confirming the picture of many nanofilaments (1-2 Au atoms thick) penetrating spaces
between atoms in MoS; rather than one filament growing along a grain boundary [3].

[1] G.Di Martino, A. Demetriadou, W. Li, D. Kos, B. Zhu, X. Wang, B. de Nijs, H. Wang, J. MacManus-Driscoll, and
J.J. Baumberg, Nat. Electron. 3, 687 (2020).

[2] A.Jan, T.R,, S. Taper, J. Symonowicz, N. Strkalj, T. Moon, Y. S. Lee, H. Bae, H. J. Lee, D.-H. Choe, J. Heo, J.
MacManus-Driscoll, B. Monserrat, and G. Di Martino, Adv. Funct. Mater. 2023, 2214970 (2023).
[3] J. Symonowicz, D. Polyushkin, T. Mueller, and G. Di Martino, Adv. Mater. 35, 2209968 (2023).
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A molecule chemically bound to a metal surface can share orbitals with the nearest surface atoms,
leading to localized hybrid surface states by which electron density can be attracted from the surface
atoms to the molecule or pushed from the molecule to the surface. This effect is fundamentally
important for optoelectronics and organic electronics since it comes to play whenever molecules are
chemisorbed to a metal surface and limits the efficiency and bandwidth of electronic devices. In SERS
and TERS charge transfer can lead to the chemical signal enhancement [1]. STM assisted TERS allows
for applying DC electric fields comparably high to the fields experienced by molecules in regular
devices [2]. The influence of DC electric fields on tip enhanced Raman spectra has been reported by
various authors who discussed different aspects such as reorientation of molecules [3], intensity
changes and energy level shifts [4]. Here we report on our progress towards a better understanding
of a scanning DC electric field on tip enhanced Raman spectra of small molecules directly bound to the
metallic substrate [5].
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Figure 1: Tip-enhanced Raman spectra of 2-mercaptobenzothiazole (MBT) molecules on gold as a function of the bias voltage
applied between the gold tip and the gold subsrate.

1] L. Cui, D.-Y. Wu, A. Wang, B. Ren, Z.-Q. Tian, J. Phys. Chem. C 114, 16588 (2010). M.T. Sun, Y.R. Fang,
Z.L. Yang, H.X. Xu, Phys. Chem. Chem. Phys. 11, 9412 (2009).
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Recently, disordered dielectric materials with structural correlations, which fill the gap between random
structures and perfectly ordered photonic crystals, have generated an ever-growing interest. A special class
of these materials are the Hyperuniform Disordered (HuD) photonic systems [1], that have recently been
shown to display large isotropic photonic band gaps (PBG). Here, we present the realization dielectric slabs
optically activated by embedded InAs quantum dots, patterned with a HuD network design in which it is
possible to identify several Anderson localized states spectrally located at the PBG edges with relatively
high quality factors (Qs) comparable with standard photonic crystal cavities, as well as spectral and spatial
broadened modes in a diffusive light transport regime [2]. Interestingly, an accidental defect mode arising
due to local peculiar topology is always detected as the first localized resonance at the lower PBG edge,
and represents a fascinating peculiarity of HuD. Finally, engineered optical cavities in HUD photonic
materials, exhibiting high-Q resonances of multipolar character, have been realized and considered as an
advantageous alternative to photonic cavities thanks to the intrinsic geometrical statistical isotropy of
the HuD environment upon which they are built [3]. Our samples display a network design capable of
supporting three types of localized modes of different nature, coexisting within a small area and in a
relatively narrow spectral window of the disordered correlated system (Fig.1a, from left to right): a i)
topological defect (T), an ii) Anderson localized mode (A), and (iii) an engineered high Q optical cavity
(Fig.1a) (D). These three different kinds of defect exhibit different localization properties, as it can be
deduced by the theoretical predictions on the Inverse Participation Ratio (IPR) (Fig.1b). By performing on
the sample Scanning Near-field Optical Microscopy (SNOM) (Fig.1c), which is capable of subwavelength
resolution in the near-IR range, we build up a theoretical and experimental study on how light is confined
in HuD networks, and unveil how different physical mechanism that lead to the formation of different
kind of defects with different localization lengths and Qs. The possibility of detecting different light
transport regimes and resonances through the analysis of the modes spatial profiles and the exploration
of light localization and delocalization in a system, whose structuring place is at the junction between
fully-ordered and completely random systems, can have a great impact on all-optical switching,
implementations of linear-optical quantum information processors and single photon sources.
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Figure 1: (a) Finite Element Method (FEM) simulation maps of the magnetic field component Hz of a topological
defect, and Anderson mode, and a cavity mode. (b) FEM calculations of the IPR of the HuD modes, included the
cavity modes (in red), mode T (in green) and mode A. (c) SNOM spectra of the cavity defects, of mode T and A.
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Surface Phonon Polaritons (SPhPs) are mid-infrared surface waves originating from coupling of the
electromagnetic field with optical phonons of a polar dielectric [1]. High SPhPs confinement in thin films
arises due to hybridization of the modes supported by the top and bottom film interfaces and the
associated dispersion can be retrieved by near-field measurements using scattering-scanning near field
optical microscopy (sSNOM) [2]. Here, we use these highly confined surface modes to create deeply
subwavelength optical vortices carrying intrinsic orbital angular momentum [3]. We show that by
leveraging the sublinear SPhP dispersion the vortex topological charge can be multiplied by a small
frequency increase because of the increased SPhP momentum. We experimentally generate SPhP
vortices by fabricating appropriately designed Chromium ridges acting as SPhP launchers. We detect the
vortex near-field signature by transmission sSSNOM and quantify the measured order purity by defining
a set of suitable reference functions. Moreover, we investigate high order vortices in which we detect
the so called “deuterogenic” effect [4], in which multiple topological charges coexist at the same time.
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Figure 1:a) Calculated dispersion for a 100 nm SiC membrane together with simulated phase profiles of an order
2 SPhP vortex at different excitation frequencies. b) Sketch of the near-field measurement setup. c)
Experimental (left) and simulated (right) amplitude and phase maps of a SPhP vortex with order -2. d) Calculated
vortex purity for the data shown in c) as a function of vortex order and excitation frequency.
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Recently, a strong drive towards the miniaturization of nonlinear optics has been motivated by the
functionalities it could empower in integrated devices. For instance, near-infrared-to-visible
upconversion of telecom photons is fundamental for optical communication and night vision, taking
advantage of efficient silicon-based detection. Moreover, all-optical control of light can enable ultrafast
optical information encoding. In this sense, optical metasurfaces are emerging as suitable platforms to
multiplex such functionalities. In past works we devised metasurfaces for nonlinear light generation and
polarization-based steering [1]. Here we propose a dual-beam scheme whereby a pulse at the telecom
frequency w (1550 nm wavelength) is mixed with its frequency-doubled replica at 2w. Recently, we
combined these pulses on individual dielectric and plasmonic nanostructures [2,3], exciting two coherent
frequency-tripling pathways (Figure 1a): third-harmonic generation (THG, w+w+w) and sum-frequency
generation (SFG, w+2w). Their coherent superposition at 3w produces interference, which is
allowed/suppressed depending on the symmetry of the system. Here we exploit a nonlinear, all-
dielectric metasurface to lift symmetry constraints through diffraction, which steers radiation 3w among
different directions (Figure 1b). Moreover, interference modulates the power within each diffraction
order (Figure 1c), depending on the relative phase between the two pumps. Therefore, by exploiting the
phase as a tuning knob, the upconverted signal can be switched between opposite pairs of diffraction
orders, e.g. (0,+1), with an efficiency >90% (Figure 1d,e). Notably, the phase shift necessary to have a
complete switching corresponds to a delay At = 1.3 fs between the pumps. The steering can be also
reconfigured by changing the polarization state of the pumps. The proposed approach can be envisioned
as an all-optical method to reroute upconverted telecom photons in different k-space directions. The
instantaneous timescale of the nonlinear interactions involved could enable the ultrafast
reconfigurability of the metasurface, paving the way to GHz speed modulation of the optical signal.
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Figure 1: a) Frequency-tripling process based on w + 2w pumping scheme producing THG (3w = w+w+w) and SFG (3w = w+2w).
b) Back focal plane (BFP) map of the signal at 3w emitted by the metasurfaces, showing the first and second diffraction orders.
The first-order diffraction lobes appear at a numerical aperture NA = (\/3)/p =517 nm/1100 nm = 0.47, where p is the array
periodicity. c) Modulation of the upconverted signal at 3w, evaluated as the difference between the BFP maps acquired at a
delay At between the w and 2w pumps of about 1.3 fs (see dashed lines in panels d and e). d,e) Upconverted power of the
(0,+1) and (0,-1) orders of the metasurface (red and blue arrows in panel c, respectively) as a function of At, demonstrating
switching with visibility (V) larger than 90%.
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Introduction  e-near-zero (ENZ) materials have drawn the attention of many different fields of
research such as nanophotonics, nonlinear optics and plasmonics thanks to their special linear and
nonlinear optical response [1]. In these materials the real part of the dielectric permittivity becomes zero
at a wavelength called Agnz, @ behavior which has been linked to extraordinary optical properties, including
the enhancement of nonlinear optical phenomena such as the optical Kerr effect (OKE) [2]. This ENZ
response can be obtained in artificial metamaterials such as periodic metal-dielectric multilayers, with Agnz
tunable by properly choosing the constituent materials and metal filling fraction. In these metamaterials,
the generation of coupled surface plasmon polaritons at the metal-dielectric interfaces, leads to local
intensity enhancement of the electric field in the metallic layers and thus, stronger nonlinearities [3].
The inclusion of a metal component however, also implies losses by absorption and reflection, which
reduce the transmitted signal and application potential of the metamaterial. In this work we define a
figure of merit (FOM) to evaluate the trade-off between these opposing effects, and study its evolution
as a function of the constituent parameters of the multilayer to find an optimized design for multilayers
with enhanced OKE. We then compare our predictions with both simulations and experimental data.

Sample design and characterization As example of the design procedure we followed, in Fig.1 we
show the map of the FOM spectra for a four period Ag/Al,O5 multilayer with thickness of the Al,O5 layers
fixed to 85 nm and Ag thickness in the range [10, 60]nm. We can notice bands of local maxima corre-
sponding to the surface-plasmon modes supported by the metamaterial, and the decrease of the FOM at
larger Ag thicknesses due to the stronger losses. Since working in the ENZ regime is another condition
known to strongly boost the nonlinear response [4], we choose as our optimized Ag/Al,O; multilayer the
one in which Agnz matches the FOM maximum (highlighted in Fig.1 with a white cross). We carry out this
kind of analysis considering different thicknesses and materials and identify the more promising designs.
We then synthesize these samples by magnetron sputtering depositions and experimentally measure the
spectra of their OKE parameters with the z-scan technique. We also simulate the expected spectra with
the method in [4] and find good agreement with experimental data. As predicted by the FOM, a strong
nonlinear response peaked at Agnz is found, even with small input field intensities. Moreover, the best
performance is found in samples having higher values of the FOM at their Agnz.

Conclusion Both simulated and experimental data show good agreement with our predictions,
proving the efficiency of the FOM, as a useful predictive tool in the design of multilayers with optimized
nonlinear optical response.
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I1I-V semiconductors have been investigated intensively for nanoscale nonlinear optical processes due to

their large bulk nonlinear susceptibility, negligible optical losses in the visible/near-infrared (NIR) range and

ability to sustain strong Mie resonances. In llI-V nanostructures, the bulk contribution to second-harmonic

generation (SHG) is often reputed to be dominant [1]. However, a recent work reported that the surface

contribution to SHG in GaAs metasurfaces can be comparable to the bulk one [2]. In this work, we investigate

nanocylinders made of Al 13Gaos2As to study the potential surface contribution to SHG. Aly13Gaos2As exhibits

and a broad optical transparency window up to 750 nm, which can significantly suppress two-photon

absorption and prevent SH reabsorption in the near-infrared range [3]. The dependence of SHG on the

polarization of the illumination at the fundamental wavelength of 1550 nm is studied systematically on a set

of nanoantennas with variable radii from 183 nm to 207 nm with steps of 6 nm around the geometry
supporting a magnetic dipole resonance [4].

Figure 1 presents a comparison between

R =183 nm R =189 nm R =207 nm measured and numerically calculated SHG for

% % % three radii. A nearly four-fold symmetry of

135 A\ 4 135 4 135 PR SHG emission is observed at the radius of 183

) = > nm, indicating a dominant bulk contribution.

A 2 AT AT GBI § A This is confirmed by the simulated polar plot

—— J b by only considering the bulk contribution for

Lo v Lo a nanocylinder of 207 nm radius, which

225 4 315 225 ws s a5 exhibits a magnetic dipole resonance at the

210 210 19 210 wavelength  employed in the SHG

R =207 nm R =213 nm Ti, R=231nm experiments, as already reported in [3]. A

" © (110] % 24 nm deviation from the nominal radius can

NN A N ¥ e —~"  be ascribed to fabrication tolerances and is

/ N 1 ! compatible with previous observations [3]. By

o 1w} [ o simulating larger radii keeping this offset fixed,

N we retrieve a four-fold symmetry in the polar

1 N Nt/ plots for all the radii that we investigated

Sl s . e "®  experimentally. Yet, the SHG signal obtained

on cylinders with radius equal to 189 nm and

Figurel: Measured and simulated normalized SHG emission from 207 nm, only a two-fold symmetry of the
nanocylinders of different radii R as a function of the linear polarization ~ €Mission pattern is observed. As already
of the impinging illumination at the fundamental frequency. The polar pointed out in previous works [2], this
plots at the top (black) display the measured SHG at R = 183 nm, R = 189 behaviour can bear the signature of a non-

nm, and R =207 nm. The polar plots at the bottom (red) display the neg_ligi!ale Contrib.Ution from the_ surface,
calculated SHG at R = 207 nm, R = 213 nm, and R = 231 nm. which interferes with the bulk contribution of

SHG.
This interplay between bulk and surface effects based on these platforms must be considered as a potential
reason why the real-world performance of nano-optical systems may deviate from the design predictions. In
addition, the presence of non-negligible surface SHG can be relevant for applications such as sensing, which
is known to rely on surface sensitivity.
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Free electrons in plasmonic structures can provide extra degrees of freedom in modulating
nonlinearities in the system when the nonlocal effect is considered (egs. 1-3). The hydrodynamic model
reveals that the third harmonic nonlinearity due to the free electrons could even be orders of magnitude
higher than that of the conventional bulk »® when the free-electron density is low.[1] By employing this
theory to heavily doped semiconductors, in the project NEHO, we aim to achieve advanced nonlinear
integrated photonic circuits working in the mid-infrared by taking advantages of the high nonlinearity
from the plasmonic aspect and low loss from the semiconductor aspect.

While the hydrodynamic theory has been used to successfully reproduce second order processes in
noble metals [2,3], third order nonlinearities have remained unexplored experimentally, since in noble
metals these are negligible compared to the crystalline lattice nonlinearities (i. e. #*). Here, we use a
proof-of-principle n-doped InGaAs antenna design (Fig. 1la) to demonstrate and achieve high
hydrodynamic nonlinearity. The experiment shows that the third-harmonic nonlinearity has an evident
doping dependence, which is predicted by hydrodynamic model. Numerical simulation reproduces the
qualitative behavior observed experimentally. Moreover, from the simulation, we show both linear (Fig.
1b) and nonlinear (Fig. 1c) efficiencies, where the third-harmonic efficiency due to the free electrons is
expected to be 3 orders of magnitude higher than that of the conventional bulk #* (Fig. 1c).
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Figure 1: (a) Sketch and SEM picture of the plasmonic antennas. Linear (b) and nonlinear (c) efficiencies of the antenna. The
comparison shows that the third-harmonic efficiency due to the free electrons is over 3 orders of magnitude larger than that
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In recent years, metasurfaces have attracted much attention from the nano-optics community. Their
collective behavior bears promise of flat optics miniaturization, new beam shaping capabilities and
increased efficiency in a number of processes [1]. In particular, plasmonic metasurfaces have been
employed to enhance nonlinear upconversion rates, with the best results being obtained using two
surface lattice resonances (SLR) at the fundamental and harmonic wavelengths [2,3]. However, these
designs are often based on sub-wavelength arrays to couple local modes to SLRs, only allowing the 0"
diffraction order to be collected.

Here, we report on a periodic, plasmonic metasurface whose pitch can be optimized to allow
maximal extraction of the second-harmonic generation (SHG) excited in the telecom wavelength (1550
nm) and emitted by the individual meta-atom, i.e. an L-shaped gold nanoantenna. In particular, we found
that the SHG from the first horizontal diffraction order can be enhanced about a factor 2 by optimizing
the metasurface pitch (see Figure 1a). Such enhancement is attributed to the optimized matching
between the directional SHG emission by the individual nanoantenna and the diffraction orders of the
metasurface.

We confirmed this by experimentally reconstructing the SHG radiation pattern of a single
nanoantenna from different diffraction orders (see Figure 1b) through angular-resolved excitation (see
Figure 1c). We obtained excellent agreement with the simulated radiation pattern using the finite
elements method. In addition, the emission of a single particle in the Fourier plane was also directly
imaged (see Figure 1d), yielding again very good agreement with the simulation.
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Figure 1: (a) SH power emitted at 775 nm by the metasurface in the (+1;0) diffraction order, measured as a
function of the pitch in the x axis. Inset: SEM image of the metasurface, the double arrow represents the incident
polarization. (b) Simulated and reconstructed emission pattern in the horizontal axis of the BFP (see cut in fig. 1d).
(c) Sketch of the experimental setup for tilted excitation used in fig. 1b: a laser is focused on the back pupil of the
objective, giving near collimated excitation. (d) Normalized SH power (a.u.) of a single nanoantenna in Fourier
space.
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Graphene and related 2D materials represent a unique platform to study nonlinear optics at atomic
scales [1]. In recent experiments, we have shown their potential impact for applications in ultrafast and
broadband nanoscale frequency converters, triggered by electrical [2] and/or all-optical [3] switches.
Further progress can be obtained thanks to integration with photonic devices, for instance in applications
such as gas sensing [4], and metallic or dielectric metasurfaces.
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Figure 1: (a) Sketch of the photonic integrated device based on monolayer graphene on a D-shaped fiber for
nonlinear plasmonic and ultrafast logic operations. (b) Schematic of nonlinear valleytronics to probe excitons in
atomically thin semiconductors.

In this seminar | will discuss some of our recent results in the field of nonlinear plasmonic for logic
operations in graphene based photonic devices (Figure 1a) and of ultrafast nonlinear spectroscopy of
excitons and valleys in TMDs (Figure 1b). First, | will show that difference frequency generation (DFG)
can be exploited to create gate tunable plasmons in an integrated photonic device, namely monolayer
graphene on a D-shaped fiber. By tuning the Fermi Energy of graphene, we were able to shift the
plasmon frequency and couple to the surface-optical phonons of the silica substrate, thus creating
new plasmon branches. These could be independently tuned as a function of two distinct input
voltages to realize logic operations (NOR, OR, AND) after proper filtering [5]. Second, | will discuss how
nonlinear optics can be used to probe excitons in atomically thin semiconductors, focusing in
particular on nonlinear valleytronics. 2D semiconductors such as transition metal dichalcogenides
(TMDs) possess two energetically degenerate but non-equivalent valleys, which can be independently
excited by circularly polarized light of opposite ellipticity. In this context, we have demonstrated that
ultrafast coherent and nonlinear processes can provide distinct advantages for the realization of
valleytronic operations such as the generation (write) and detection (read) of this binary state. In
particular, we realized ultrafast generation of a valley population by the optical Stark effect, which we
subsequently detected by valley induced second harmonic generation (SHG) [6]. Finally, | will discuss
our approach and preliminary results towards the detection of momentum forbidden excitons,
obtained by coupling monolayer TMDs with metallic metasurfaces.

[1] O. Dogadov et al., Laser & Photonics Reviews 16, 2100726 (2022).
[2] G. Soavi et al., Nat. Nanotechnol. 13, 583 (2018).

[3]1S. Klimmer et al., Nat. Photon. 15, 837 (2021).

[4] N. An et al., Nano Lett. 20, 6473 (2020).

[5]1V. Lietal., Nat. Comms. 13, 3138 (2022).

[6] P. Herrmann et al., Small (accepted).
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Backin 1979, Professor David Andrews hypothesized that the chirality of light scatterers could impact
the intensity of light scattered at higher harmonics, which would be the most straightforward
manifestation of chirality in nonlinear optics.[1] However, no one had been able to observe this
phenomenon until recently, leading Andrews to consider it an "impossible theory". Our team's research
has since led to groundbreaking discoveries in this area. In 2019, we published the first experimental
observation of the effect, which we named Chiroptical (chiral optical) Harmonic Scattering, at the second
harmonic wavelength, using Ag nanohelices.[2] This study resolved a 40-year-old scientific question. Our
subsequent studies have further demonstrated the effect, from chiral Au nanocubes,[3] from
semiconductor (CdTe) nanoparticles,[4] and at the third harmonic wavelength in collaboration with
Andrews.[5] In Au cuboids,[3] we also set a sensitivity record, reporting the first chiroptical
characterisation of a single nanoparticle floating freely in a liquid environment, a sensitivity that was
further confirmed in Ag nanohelices.[6] Our findings open the way towards further nonlinear optical
effects that could find future applications in healthcare.
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Figure 1: Diagram of chiral optical harmonic scattering from Ag nanohelices at the second- and third-harmonic.

[1] L. D. Andrews, T. Thirunamachandran, J. Chem. Phys. 70, 1027 (1979).

[2] J.T. Collins, K. R. Rusimova, D. C. Hooper, H.-H. Jeong, L. Ohnoutek, F. Pradaux-Caggiano, T. Verbiest, D. R.
Carbery, P. Fischer, V. K. Valev, Phys Rev. X 9, 011024 (2019).

[3] L. Ohnoutek, N. H. Cho, A. W. A. Murphy, H. Kim, D. M. Rasadean, G. D. Pantos, K. T. Nam, V. K. Valev, Nano
Lett. 20, 5792-5798 (2020).

[4] L. Ohnoutek, J.-Y. Kim, J. Lu, B. J. Olohan, D. M. Rasadean, G. Dan Pantos, N. A. Kotov, V. K. Valev, Nat.
Photonics 16, 126-133 (2022).

[5] L. Ohnoutek, H.-H. Jeong, R. R. Jones, J. Sachs, B. J. Olohan, D. M. Rasadean, G. Dan Pantos, D. L. Andrews, P.
Fischer, V. K. Valev, Photonics. Rev. 12, 2100235 (2021).

[6] L. Ohnoutek, R. R. Jones, X. Zheng, H.-H. Jeong, V. K. Valev, Nanoscale 14, 3888-3898 (2022).
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Recently, human-made nanotechnology based on lab-created inorganic nanoparticles (NPs) has
progressed significantly in replicating the self-assembly processes of lifel. Many of the building blocks of
life are chiral —they lack mirror-symmetry —and, correspondingly, characterizing the chirality of inorganic
NPs has become increasingly important. Here, we demonstrate nonlinear chiral optical effects in CdTe
nanohelices; these effects are highly sensitive and can be used to explore the complex parameter
space of such NPs.

To speed up chirality optimization as a function of geometry parameters, the volumes of solutions
containing chiral NPs become smaller. Traditional chiroptical techniques (e.g. circular dichroism) are
challenged by such small volumes. By contrast, nonlinear optical methods require only tiny volumes,
typically in the focal point of a microscope objective. However, nonlinear optical methods are often
technically hard to implement, and they have not been widely adopted outside the labs.

The discovery of hyper-Rayleigh scattering optical activity? opened the way for characterizing the
nonlinear optical properties of small chiral NPs, suspended in isotropic liquid solutions (e.g. in Ag and
Au NPs3). Here, we present an alternative for characterizing larger particles, based on hyper-Mie
scattering optical activity, see Figure 1. We demonstrate a significant increase in the measured
ellipticity of CdTe nanohelices?, compared to the linear optical regime and show that our effect can
determine the chirality of the helices in volumes as small as 1 uL. We also discuss the outlook for

further nonlinear chiral light scattering effects and their ability to probe other types of materials.
Hyper Mie
CdTe scattering

LCP
at A/3

LCP at A

Figure 1: Third-harmonic hyper-Mie scattering optical activity. (a): Left circularly polarized photons (LCP) at a wavelength A
are incident on the CdTe nanohelix. Light is then scattered at A/3. The intensity of the scattered light is dependent on the
handedness of the nanohelix.
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Carberry, P. Fisher, V. K. Valev, Phys Rev X, 2019, 9, 011024
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Nanoletters, 2020, 8, 5792-5798

4L. Ohnoutek, J. Y. Kim, J. Lu, B. J. Olohan, D. M. Rdsadean, G. D. Pantos, N. A. Kotov. V. K. Valev, Nat. Photon,
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Abstract: We numerically studied the chiral properties of square 2D elliptic nanohole arrays in three
different metallic metasurfaces (Ag, Au, and Al), from the near-IR to the ultraviolet spectral range.
Circular dichroism arises in absorption spectra at the same wavelength region of extraordinary optical
transmission. We elucidate the physical origin of absorption CD and we optimize the CD as a function of
the geometrical parameters of the structure. The results suggest interesting applications for chiral
biomolecule sensing.

Altering the electromagnetic properties at the nanoscale can be efficiently achieved by means of
specially engineered metasurfaces. Particularly, when the symmetry of the metasurface is broken, its
interaction with circularly polarized light can be controlled. Different absorption of left and right circular
polarization is called circular dichroism (CD). Metasurfaces able to generate large CD are very interesting
for both fundamental science and applications regarding ultrasensitive chiral molecule detection.
Furthermore, it was recently shown that high-quality chiral metasurface samples can be created by using
low-cost nanosphere lithography combined with tilted metal deposition [1]. In this work, we theoretically
study CD in square arrays of elliptical nanoholes etched in thin metallic layers (Au, Ag, Al) [2] on a glass
substrate. Fig.1 shows the metasurface structure used in our study at a normal incident on top of the
surface. Transmission spectra display the well-known phenomenon of extraordinary transmission (EOT)
from sub-wavelength hole arrays in a metal.

Figure 1: Scheme of the proposed structures studied in this work

The optical properties of elliptic nanoholes are numerically investigated by using two methods, 3D Finite
Difference Time Domain (FDTD) simulation using Lumerical Ansys and Bloch-mode scattering matrix
method in the open-source software known as Emustack [3]. To ensure convergence, we performed a
comparison of the two methods. We calculate the optical spectra for circularly polarized light (RCP, LCP)
to define the CD in absorption as

CD = (ALcp — Arcp )/ (ALcp + Agcp).

[1] E. Petronijevic, A. Belardini, G. Leahu, T. Cesca, C. Scian, G. Mattei and C. Sibilia, Appl. Sci. 10, 1316(2020).

[2] H. Ali, E. Petronijevic, G. Pellegrini, C. Sibilia, and L.C. Andreani. Opt. Express 31, 14196 (2023).

[3] B.C.P. Sturmberg, K.B. Dossou, F. J. Lawrence, C.G. Poulton, R. C. McPhedran, C. Martijn de Sterke, L. C. Botten,
Comp. Phys. Commun., 202, p.276 (2016).
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Abstract:

The addition of asymmetry introduced into plasmonic nanostructures can pave the path to chiro-optical
phenomena. Especially, Circular dichroism which are often seen as different absorption of left and right
polarization. Furthermore, fascinating characteristics emerge when the nanostructure alters the
polarization state of the input beam. We present asymmetry in nanospheres and investigate its influence
on electromagnetic response using broadband experimental data also characterize extrinsic chirality in a
wide-tunable near-infrared region through observing simultaneously the input and transmitted beam
polarization. We examine self-assembled asymmetric nanospheres coated with Ag using polystyrene
nanospheres lithography which is low-cost manufacturing method. Our experimental setup is based on a
laser with precise adjustable input and output polarization in the near infrared range. Activating the
sample at different angle of incidence with linear, left, and right polarizations.
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Figure 1. (a) Experimental setup. (b) Experimental (A-8) transmission dependence on the angle of incidence.

The circular polarization degree of the transmitted beam is then determined, showing resonance-
governed circular polarization degree in the output, and illustrating the connection of intrinsic and
extrinsic chirality.

References

[1] E. Petronijevic et al., Appl. Phys. Lett. 114, 053101 (2019)
[2] E. Petronijevic et al., Phys. Rev. Appl. 16(1), 014003 (2021)
[3] E. Petronijevic et al., Opt. Quantum Electron. 52, 176 (2020)
[4] G. Leahu et al., Adv. Opt. Mater. 2100670 (2021)
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Introduction: Plasmonic structures are being used for many years in the field of trapping and
manipulating particles in the Rayleigh regime [1]. Herein, we introduce a metasurface design fabricated
on a gold film that exhibits a plasmonic Fano resonance [2]. Utilizing this unique feature and the strong
optical forces arising from the plasmonic field, we trapped gold nanoparticles (AuNPs) 20 nm in diameter,
as shown in Fig. 1a. We investigated the properties and the ideal excitation conditions for trapping with
the metasurface, and achieved an extremely high trap stiffness value of 4.18 + 0.2 (fN/nm)/(mW/um?)
with very low excitation intensity [3].

Simulations and Fabrication: Extensive simulations were performed in order to define the geometry
and tune the Fano resonance at the desired wavelength. In Fig. 1b, we plotted the generated electric
field at a unit of the optimized metasurface for excitation wavelength 928 nm, which is the resonant
wavelength. The simulations revealed the existence of two types of hotspots identified as Hotspot 1
(two identical and symmetric hotspots) and Hotspot 2. In the hotspots, the electric field is highly
localized and thus, these are the locations where particles are trapped. Having the simulated
dimensions of the metasurface, we fabricated an array of 16x16 metaunits using the focused ion beam
milling technique. We also characterized the metasurfaces using microspectrophotometry.

Hotspot 2

Hotspot 1

Trapping events

Kooem (IN/(nMmW/pm?))

Figure 1: (a) Schematic of the metasurface etched on a gold film deposited on glass. During the experiment the
metasurface is immersed in the solution of water with the AuNPs. (b) Simulated electric field of a metaunit. (c)
Histograms of the trap stiffness values for the two hotspots.

Trapping Experiment: The AuNPs were suspended into water solution and a small amount of surfactant
was added to avoid aggregation of the particles. We made a sample of the solution forming a liquid
chamber on the metasurface, as shown in Fig. 1a. The excitation light was incident from the glass side. The
plasmonic field extended into the solution was responsible for trapping and immobilizing the AuNPs. We
used the trapping transient analysis to quantify the trap stiffness, i.e. how strongly a particle is trapped. In
Fig. 1c, we plotted the experimental histograms of the trap stiffness when trapping with excitation
wavelength 928 nm. Two Gaussian fits were performed that represent the particles trapped at the two
hotspots of the metasurface. We also performed trapping with off-resonant excitation wavelengths 920
nm, 925 nm, and 930 nm. Very high stiffness values were obtained even for the off-resonant conditions.

Conclusions: A plasmonic metasurface was used for trapping AuNPs, resulting in stable trapping and very
high trap stiffness values. Even though low incident intensities were used, we observed the presence of
thermal effects destabilizing the trapping process. These effects would need to be investigated thoroughly
and test the metasurface for trapping other particles, as well, such as proteins and quantum dots.

[1] T.D. Bouloumis and S. Nic Chormaic, Applied Sciences, 10, 4, 1375, (2020).
[2] V.A. Fedotov and N. I. Zheldev et al. Physical Review Letters, 104, 223901 (2010).
[3] T.D. Bouloumis, D.G. Kotsifaki, and S. Nic Chormaic, Optics (physics.optics), arXiv:2211.08613, (2022).
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Nonlinear plasmonic metasurfaces have been developed recently in order to generate broadband
THz pulses through the interaction of ultrashort laser pulses with the nanostructured surface. These
compact flat surfaces can be modified and designed on an extremely sub-THz wavelength scale, opening
the door to tailored nonlinear fields and interactions. Recently, meta-atoms with C3 symmetry (Figure
1a) were used to generate broadband THz fields, where the phase and polarization of the emitted THz
field can be tuned depending on the angle between the meta-atom and the pump linear polarization
angle (Figure 1b) [1]. This led to the demonstration of many THz beamshaping applications, such as
space-separated left and right hand circular polarization emission, tailored polarization dispersion in
time and THz metagratings for dual polarization and beam steering (Figure 1c) [2]. Furthermore, C3
meta-atoms were used to generate nonlinear THz pulses with a toroidal topology, showing the first
demonstration of such unique electromagnetic wave properties [3]. Recent nonlinear metagrating
demonstrations have shown the ability to use amplitude shaping to control the emitted THz, resulting in
holographically shaped beams such as Hermite-Gauss and Top-Hat configurations (Figure 1d) [4].
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Figure 1: (a) Plasmonic metasurface with C3 symmetry meta-atoms for nonlinear THz generation [1]. (b)
Relationship between the incident pump polarization angle and the emitted THz emission [1]. (c) Nonlinear
generation of broadband THz pulses with space-separated left- and right-hand circular polarizations [1]. (d)
Nonlinear generation of a broadband Hermite Gauss THz beam using C3 metagratings [4].

While the metasurface platform shows an unmatched ability to generate tailored nonlinear fields, the
overall generated THz power still needs to be improved in order to show more suitability to the vast array
of applications currently using THz waves. Recent results revealed that nanostructuring of the underlying
epsilon near zero layer (ENZ) shows an order of magnitude improvement in the THz generation efficiency
[5]. Further optimization of the metasurface material properties and the different photonic interactions
comprising the complete metasurface, may lead to further increases in the efficiency, increasing the role
of THz nonlinear metasurfaces as a suitable nonlinear platform. In the workshop we will present the
advancements in beam shaping capabilities and conversion efficiency improvements.

[1] C. McDonnell, J. Deng, S. Sideris, T. Ellenbogen, G. Li, Nat. Comm. 12, 1 (2021).

[2] C. McDonnell, J. Deng, S. Sideris, G. Li, T. Ellenbogen, Nano Lett. 22, 7 (2022)

[3] A. Zdagkas, C. McDonnell, J.Deng, Y.Shen, G.Li, T. Ellenbogen, N.I Zheludev, Nat. Photon. 16, 7 (2022)
[4] S. Sideris et al. (Submission in progress)

[5] S. Sideris, E. Minerbi, C.McDonnell, T. Ellenbogen, ACS Photonics, 9, 12 (2022)
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By encompassing two emerging fields, structured optics and structured light, the design of a new
generation of metasurface optics is expected to provide the key-elements of future optical architectures
based on the manipulation of the spatial degrees of freedom of light. In particular, beams carrying orbital
angular momentum (OAM) have gained increasing interest with formidable applications in a wide range
of fields, such as particle tweezing, microscopy, high-capacity communications, and security. Our work
proposes the design, fabrication, and characterization of new dielectric metaoptics able to generate
orbital angular momentum beams with on-demand different vectorial behaviors acting only on the input
polarization exploring different states of the Hybrid Poincaré Sphere (HPS).

Recently, it has been shown that by
properly combining the control of both the
geometric and dynamic phases acting on the
YA T pillars orientations and cross-sections, a dual-
: functional metalens (DFML) is able to generate
different layouts. Imposing a general linear
polarization state |a)=|R)e” +|L)e™ , the

111)

Fig. 1. a) Whole area of a fabricated metasurface (250

um radius). b) Zoom of the metasurface central area. It general formula of the output layout,

J|ay=(e* e*|L)+e* e [R)) , where ¢*

Analyzer orientation

are two phase equations maps that can be

I
i 0 M /2 3n/4 chosen independently [1]. In our case the first
T TR T ey T T e e ~ one generates focalized VBs (fVBs) into a
i . E u H ' J",, desired position in space whereas the second
l ; e generates perfect vortex vector beams
i g :rz_). _ _______ - ________ - _______ - _______ (PVVBs) of controlled radius and width.

_____ E ___:L__:ﬂ..,_,,_________________________ We designed and fabricated two
L metasurfaces working at wavelength of 1310
i E E H n n n nm with radius of 250 um, the first one
-, E I generates a first order focalized Vortex Beams
1 g E"z) (fVBs) into a desired position fVB (/=+1) and a
bR - - - focal length f=1mm, the second one able to

1 1 mm

structure a first-order Perfect Vortex VBs with
Fig. 3. a) Characterization of the generated radial | f=1mm and 6=0.01rad. The characterization

(a) and azimuthal (b) vector beams (both fVBs (a1, b1) chara‘cterized ShOWEd th‘e generated Iin.early-
and PVVBs (a2, b2)) under different impinging | Polarized Hermite-Gaussian VBs depending on

polarization states and analyzer orientations. the polarization orientation of impinging
beamvector beam (Fig. 2).

The design significantly extends the
functionality of standard spiral phase plates and g-plates, providing advanced optical elements for
applications in microscopy, optical micromanipulation, and classical and quantum information, with
unprecedented potential levels of compactness and integration into today’s technology.

[1] Vogliardi, A., Ruffato, G., Bonaldo D., Dal Zilio S. & Romanato F. (2023). Dual-functional metalenses for the
polarization-controlled generation of focalized vector beams in the telecom infrared. Scientific Reports, (under
publication).

[2] Vogliardi, A., Romanato, F., & Ruffato, G. (2022). Design of Dual-Functional Metaoptics for the Spin-Controlled
Generation of Orbital Angular Momentum Beams. Frontiers in Physics, 586.
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Plasmonics enables unrivalled concentration of light beyond the diffraction limit, leading to extremely
confined and enhanced electromagnetic fields, which can be exploited in real-life applications, such as
energy harvesting, wave-guiding and lasing, optoelectronics, and medicine. In this context, it was recently
demonstrated that by using plasmonic hyperbolic meta-antennas one can achieve full control of
absorption and scattering of light at visible and near-infrared frequencies [1], with potential applications
of these architectures in magneto-optics [2], thermoplasmonics [3] and nonlinear optics [4]. Here, we
explore the hyperbolic optical properties of multilayered hyperbolic Au-TiO, meta-antennas to probe
changes in the temperature environment. We experimentally show that while the absorption decreases
with increasing temperatures, the scattering remains unaltered (see Figure 1a). To explain these effects,
we developed a finite element method (FEM) model utilizing the commercial software Comsol
Multiphysics that simulates the temperature-dependent optical response of the meta-antennas, which
reproduces very well the experimental findings (Figure 1b). The model was constructed by implementing
a temperature-dependent complex dielectric function of gold [5]. In addition, we developed a semi-
analytical approach providing further insights into the physics of these temperature-dependent optical
processes, where we investigated the role of spectrally separated radiative and non-radiative processes
when temperature is playing a role. Our work provides important knowledge regarding the opto-thermal
properties of hyperbolic meta-antennas. Also, it provides a theoretical framework for simulating
temperature-dependent light-matter interactions important in, for instance, opto-electronic applications
based on switching mechanisms, such as all-optical logic gates.
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Figure 1: (a) Experimental and (b) calculated extinction spectra at different temperatures. The scattering
(radiative) mode remains largely unaltered whereas the absorption (non-radiative) mode decreases with
increasing temperatures. In (b), the transparent lines represent the contribution from scattering (dashed) and
absorption (full). The inset in (a) is a sketch of the investigated geometry.

[1] N. Maccaferri et al., Nano Lett. 19, 1851-1859 (2019).
[2]J. Kuttruff et al., Phys. Rev. Lett. 127, 217402 (2021).
[31Y. Zhao et al., Appl. Phys. Lett. 122(5), 052201 (2023).
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Metamaterials-based sensors are of primary interest in physics, materials science, medicine, and
biophysics thanks to their ability to detect very tiny amount of molecules spread into a medium [1]. Here,
we report a detailed numerical study on the combination of epsilon-near-zero (ENZ) multilayer
metamaterials [2,3] with all-dielectric metasurfaces resulting into Fano-Feshbach resonances and Rabi-
analogue splits [4]. So far, a dedicated study of such systems has been missing. Following this, in this work
we fill the gap by considering a polymeric metasurface, designed as a periodical array of rings with a cross
in their center, placed on top of a silver (Ag) and zinc oxide (ZnO) epsilon near-zero optical nanocavity (eNZ-
ONC) metamaterial. The accurate selection of the metasurface parameters allows the design of a sensor
exhibiting an extremely high sensitivity of about 16000 and 21000 nm x RIU? depending on incoming
polarization (p- or s- pol, respectively). This work paves the way for the development of novel
groundbreaking devices for biomedical and environmental application based on plasmonic and photonic
design principles.
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Figure 1: A novel metastructure was engineered for ultra-high sensitivity using epsilon near zero and Fano-Rabi physics. A
metasurface made of rings with a cross in the center placed on a nanocavity metamaterial numerically achieved a high
sensitivity of 16000-21000 nm x RIU-! depending on incoming polarization.

[1] G. Palermo et al., ACS Appl. Mater. Interfaces, vol. 12, fasc. 27, pp. 30181-30188, lug. 2020.
[2] G. E. Lio, et al., Adv. Opt. Mater., vol. 8, fasc. 17, p. 2000487, set. 2020.
[3] G. E. Lio et al., Adv. Mater., vol. 33, fasc. 18, p. 2008644, mag. 2021.

[4] G. E. Lio, et al., Adv. Opt. Mater., p. 2203123, mar. 2023.
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Nanostructured materials can interact with light, leading to various physical phenomena such as
enhanced electric fields, high energy carrier generation, and heat dissipation. Optical metasurfaces
can manipulate these effects by altering the shape, material, and arrangement of meta-atoms, the
building blocks of metasurfaces, depending on the application. This presentation discusses recent
research on the use of nanoscale optical metasurfaces in different systems, targeting extreme
electromagnetic energy focusing, light rectification, and steam generation.

Excited plasmons decay over a sequence of events, transferring their energy to electron-hole
pairs, and eventually to the particles' lattice as heat, causing a temperature rise [1]. Recently, we
introduced an optothermal design featuring metallic bowtie antennas connected to a thermal sink,
channeling electromagnetic energy into small, thermally isolated, and weakly absorptive reactors. This
idea opens up possibilities for creating photothermally asymmetrical systems in which absorbing
elements remain cool, while electromagnetically concealed structures heat up [2].

This strategy holds promise as the ability to produce heat in subwavelength regions can lead to
enhanced nonlinear processes. For instance, we have illustrated how water desalination can benefit
from high-temperature areas of limited size compared to homogenous thermal landscapes [3].

In this context, topologically optimized dielectric metasurfaces can achieve massive field
enhancements in ultra-confined areas, boosting the efficiency of nonlinear optical processes, despite
rejecting a portion of the input power [4]. In addition to light steering, an essential prerequisite for
photothermal processes is efficient light-to-heat conversion, which underpins temperature increase.
By utilizing TiN nanocavity arrays, we managed to dissipate approximately 90% of the solar spectrum
within substrates only ~¥250 nm thick [5], laying the groundwork for ultra-thin optothermal devices.

However, in some applications, heat dissipation is unfavorable, and it's essential to harness hot
carriers before they reach thermal equilibrium. We demonstrated how the spatial distribution of out-
of-equilibrium carriers can be used prior to their decay to manipulate the optical properties of
nanostructures at the ~ps timescale [6,7]. Furthermore, we showed that tapered conical
nanoantennas can be manufactured in a point-contact metal-insulator-metal configuration to
significantly enhance the hot electron extraction process near the visible range [8].

[1]J. Cunha, T.-L. Guo, G. Della Valle, A. N. Koya, R. Proietti Zaccaria and A. Alabastri*, Controlling Light, Heat, and
Vibrations in Plasmonics and Phononics, Advanced Optical Materials, 2001225, (2020)

[2] P. D. Dongare, Y. Zhao, D. Renard, J. Yang, O. Neumann, J. Metz, L. Yuan, A. Alabastri*, P. Nordlander* and N. J.
Halas*, A 3D Plasmonic Antenna-Reactor for Nanoscale Thermal Hotspots and Gradients, ACS Nano, 15, (2021)

[3] P. Dongare*, A. Alabastri*, O. Neumann, P. Nordlander and N. Halas, Solar thermal desalination as a nonlinear
optical process, PNAS, 116 (2019)

[4]1Y. Zhao, m. Zhang, A. Alabastri* and P. Nordlander*, Fast Topology Optimization for Near-Field Focusing All-
Dielectric Metasurfaces Using the Discrete Dipole Approximation, ACS Nano, 16, (2022)

[5] L. Mascaretti, A. Schirato, R. Zboril, S. Kment, P. Schmuki, A. Alabastri* and Alberto Naldoni*, Solar steam
generation on scalable ultrathin thermoplasmonic TiN nanocavity arrays, Nano Energy, 83, (2021)

[6] A. Schirato, M. Maiuri, A. Toma, S. Fugattini, R. Proietti Zaccaria, P. Laporta, P. Nordlander, G. Cerullo, A.
Alabastri* and G. Della Valle*, Transient optical symmetry breaking for ultrafast broadband dichroism in
plasmonic metasurfaces, Nature Photonics, 14 (2020)

[7]1 A. Schirato, A. Mazzanti, R. Proietti Zaccaria, P. Nordlander, A. Alabastri* and G. Della Valle*, All-Optically
Reconfigurable Plasmonic Metagrating for Ultrafast Diffraction Management, Nano Let. 21 (2021)

[8] R. Mupparapu, J. Cunha, F. Tantussi, A. Jacassi, L. Summerer, M. Patrini, A. Giugni, L. Maserati, A. Alabastri*, D.
Garoli, R. Proietti Zaccaria*, High-Frequency Light Rectification by Nanoscale Plasmonic Conical Antenna in
Point-Contact-Insulator-Metal Architecture, Advanced Energy Materials, 12 (2022)
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Coupling of free electrons with electromagnetic fields near but below the plasma frequency of
confined metallic nanostructures leads to plasmonic resonances. Their spectral response is strongly
dependent on the geometry, i.e., for nanorods, changes in the aspect ratio of the cross-section to the
length shift the resonance frequency. In this way, plasmonic resonances can be tuned from blue to
infrared, but not actively.

Plasmonic resonances are fundamentally dependent on the metal density of free electrons ng,
since the resonance frequency of the system is proportional to the plasma frequency of the underlying
material[1]. This gives rise to the idea of actively tuning ng by capacitive charging. Experimentally, however,
this turns out to be very difficult to control, since the capacitance for a typical nanoresonator is in the
order of magnitude of attofarads. Even for applied voltages in the order of tens of volts, compared to the
large density of free electrons for metals (ng = 5.9 - 102 m—3 in the case of gold), only a few hundred
additional electrons can be pushed on or pulled off the surface of the resonator - which is about five
orders of magnitude larger than the induced change. This makes plasmonic resonances extremely robust
to applied voltages and plasmon resonance shifts difficult to observe.

To overcome the limitations of typical capacitive plasmon resonance changes, ion gels have been used
to increase the capacitance due to the proximity of additional ions to the metal surface[2, 3]. However,
one of the drawbacks of this approach is a long switching time compared to purely electrical methods, as
well as hysteresis effects that can result from changes in surface chemistry[3].

Here, we demonstrate fast modulation of the plasmonic resonance of a single electrically connected
gold nano-rod. We employ a lock-in amplifier to measure the relative change of scattering signal AS/So
in the spectral range from 500 to 900 nm, while driving our structure with up to 50 kHz in frequency and
up to 40 V in voltage amplitude. Results are of the expected order of magnitude according to existing
theories. We discuss some of the theories in detail, like classical surface currents or the introduction of
Feibelman parameters to account for non-classical electron spill-out at metal surfaces.
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Figure 1: a) Gradually zoomed in SEM images of one of the electrically connected gold nano-rods for capacitive
charging. b) Unbiased scattering spectra Sy (top) and relative change of scattering AS/So under applied potentials
(bottom), in experiment (left) and finite element simulation incorporating a surface charge density (right).

[1] Biagioni, P., Huang, J. S, Hecht, B., 2012, Rep. Prog. Phys., 75

[2] Collins,S. S. E., Wei, X., McKenzie, T. G., Funston A. M., Mulvaney, P., 2016, Nano Lett., 16, 68636869

[3] Maniyara, R. A., Rodrigo, D., Yu, R., Canet-Ferrer, J., Gosh, D. S., Yongsunthon, R., Baker, D. E., Rezikyan, A.,
Garcia de Abajo, F. J., Pruneri, V., 2019, Nat. Photon., 13, 328-333
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Infrared (IR) light is attractive for nano-optics, as the low loss windows of optical fibers for
telecommunications fall in the near IR, and vibrational modes of molecules have absorption
fingerprints in the medium IR. Doped metal oxide (MO) nanocrystals (NCs) represent a unique platform
for infrared plasmonics, as they provide tuneable carrier density, covering a wide spectral range, from
1.5 to 10 um.[1] Their plasmonic response can be modulated synthetically by controlling the amount
of aliovalent dopant introduced in the crystal structure, or by controlling its spatial distribution in
core@shell NCs. Remarkably, the spectral response can be further tuned through post-synthetic
approaches, such as photo-doping or the application of an electrochemical potential.[2]

In this work we prepared 10 nm indium tin oxide (ITO) NCs by colloidal chemistry and we exploited
both the control of the dopant content as well as its spatial segregation to tune the plasmonic
response. We developed a fitting approach based on optical and magneto-optical spectroscopy[3] to
extract carrier parameters in homogeneously doped ITO NCs, and to determine the correlation
between Sn dopant content and the ability of dopants to introduce free electrons in the
semiconductor lattice.

Photo-chemical and electrochemical modulation were also implemented in-situ in a magneto-
optical spectroscopic setup, studying the effect of such modulation on free carrier parameters.

Finally, we designed a core@shell In,0s@ITO NC with a plasmonic frequency that matches the
vibrational signals of surface-bound oleate molecules (around 1500 cm™). A Fano-like interference
between the plasmon and the molecular vibration was observed on a colloidal dispersion of such NCs.
Applying a photo-chemical stimulus we can control the detuning between the plasmon and the
vibrational modes, thus modulating the interference effect.

Our results are expected to deepen the understanding of the correlation between structural and
carrier parameters and the plasmonic response of MO NCs, enabling their use in applications such as
redox sensors,[4] surface enhanced infrared spectroscopy[5] and electrochromic windows.[6]
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Figure 1. Effect of ITO shell thickness on the optical response of core@shell In,0;@ITO NCs (left), and effect of UV-
irradiation time on the optical response of In,03 NCs.

[1] A. Agrawal et al., Chem. Rev. 2018, 118, 3121-3207.
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Active plasmonics, where plasmonic excitations can be controlled with an external means, represents
an attractive research direction of modern nanophotonics. Among the vast variety of approaches, optical
excitation with femtosecond laser pulses stands out from the rest for bringing the active modulation onto
the ultrafast timescale. Yet, direct laser illumination of metallic nanostructures results in their significant
heating, often leading to the deterioration of their photonic properties. As such, the development of
non-dissipative, heating-free methods for optical control of plasmonic systems is highly desirable.

In this work, we introduce laser-driven injection of non-thermal electron population into plasmonic
metal and observe strong variations of the electronic density on the sub-picosecond timescale. Exper-
imentally, we employ a back pump-front probe approach to realize an injection of highly energetic
laser-excited electrons into Au from the adjacent 10 nm-thin Fe layer. Similar configuration has been
used previously for the generation of laser-induced femtosecond spin current pulses in epitaxially grown
MgO[001]/Fe/Au multilayers [1, 2]. The front surface of the 90 nm-thick Au film was periodically cor-
rugated using electron beam lithography, allowing for the free-space excitation of a quasi-propagating
plasmon-polariton mode with a delayed probe beam. In the detection arm, the 50 fs-long probe pulses
(spectral width about 60 nm) were recorded using a monochromator and a fast CCD camera (Princeton
Instruments), providing 2D-type of information in both temporal and spectral domains. We argue that
this dedicated time-resolved spectroscopic approach is ideally suited for studying transient variations of
the surface plasmon dispersion upon perturbations with external stimuli.

In the experiments, we observe ultrafast variations of the reflectivity of the probe beam on the order
of 1% around the resonant wavelength (795 nm at 45 degrees of incidence). Notably, these variations are
largely antisymmetric in wavelength, indicating the dominant impact of the shift of the surface plasmon
resonance. In turn, symmetric variations are suppressed, highlighting the negligible contribution of the
Au heating. Further, the effect is operative on the 300 fs-timescale, too quick for the heat transport
across the metallic bilayer. Instead, we argue that the observed resonance shift is driven by the response
of the native electronic density in Au to the super-diffusive transport of hot electrons injected from Fe.
In particular, we found shifts up to about 0.15 nm, and scaling linearly with the 800 nm-wavelength
pump pulse energy (and thus the number of injected non-thermal electrons). Within the Feibelman
formalism [3] routinely employed for the electron spill-out effects, this shift corresponds to the variation
of the Feibelman d | parameter of about 20 times, from —0.5 A [4] to about +1 nm. These extremely
strong and ultrafast variations illustrate the immense capabilities of the non-thermal electron injection
for active plasmonics. In fact, this response of the electronic density in Au to the non-thermal electron
injection that drives the surface plasmon dispersion shift can be seen as a manifestation of quantum
plasmonics on the femtosecond timescale. These results pave the way towards ultrafast active plasmonics
with indirect excitations, reducing the undesirable thermal effects and instead promoting other, less
dissipative nanophotonic interactions.

This work has been supported by the National Science Center, Poland, grant Nr. GR-953.
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54



Session VIII Ultrafast and active plasmonics

Ultrafast dynamics driven by opto-acoustic excitations in free-standing
nickel cavities

Alba Viejo Rodriguez,! Stephan Lempereur,? Tat Loon Chng,? Svetlana Starikovskaja,? Vasily Temnov,?
Paolo Vavassori,*° Daniele Brida,! Nicold Maccaferri,1-®

1Department of Physics and Materials Science, University of Luxembourg — 1511 Luxembourg,
Luxembourg (alba.viejorodriguez@uni.lu)

21S1, Ecole Polytechnique, CEA/DRF/IRAMIS, CNRS, Institut Polytechnique de Paris, 91128 Palaiseau,
France

31 aboratoire de Physique des Plasmas, Ecole Polytechnique, 91128 Palaiseau, France
4CIC nanoGUNE BRTA, 20018 Donostia-San Sebastian, Spain
>IKERBASQUE, Basque Foundation for Science, 48009 Bilbao, Spain
8Department of Physics, Umed University, 90187 Umed, Sweden

Light manipulation at the nanoscale has opened a previously unseen horizon for real life technology
applications such as biosensors, energy harvesting devices or optoelectronics. In particular, light can
be used to process information with extremely reduced energy consumption. Photonic technologies
furthermore allow to overcome fundamental limitations of conventional electronics, such as
bandwidth, clock-time and heating of the device [1].

In this context, the coupling of optical and acoustic properties has opened a new perspective in this
field, providing an exciting alternative to electrical switching or passive optical devices. Opto-acoustic
light matter interaction has already proven the capability for reflectance modulation [2] or
magnetization dynamics control [3,4].

In this work we focus on the study of the opto-acoustic response of single picosecond-laser-
produced ferromagnetic Ni cavities, i.e. free-standing nickel film, with a lateral dimension of 10 um
(Figure 1). The generation of acoustic waves in the cavity results from the mechanical stress induced
by the pump pulse (515 nm, 50kHz) in the structure, while a visible probe pulse (500-950 nm, 100kHz)
monitors the relaxation dynamics of the system. The transient reflectivity pump-probe measurement
is carried out at room temperature. A Cassegrain objective has been implemented in the setup
allowing both to image single structures and measure the transient signal from them. The spot size
diameters and the energy densities of the pump and probe pulse are set to 8.6 pm and 4.76 mJ/cm?,
and 5 um and 330 pJ/cm?, respectively. The use of a free-standing Ni film cavity [5], in comparison to
a nickel film on a glass substrate (Figure 2), could prove the generation of a greater number of acoustic
echoes for the same scanning delay as well as a slower decay of those. We envision that this type of
structures could be used to actively control the magnetization dynamics through low-dissipative
acousto-optical switching processes, enabling the development of next-generation light-driven
ultrafast spintronic devices with THz bandwidth.
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Abstract: Understanding the ultrafast processes at their natural-time scale is crucial for controlling and
manipulating nanoscale optoelectronic devices under light-matter interaction [1]. In this study, we
demonstrate that ultrafast plasmon resonances, attributed to the phenomenon of Extraordinary Optical
Transmission (EOT), can be significantly modified by tuning the spectral and temporal properties of the
ultrashort light pulse [2]. In this scheme, all-optical active tuning governs spatial and temporal
enhancement of plasmon oscillations in the EOT system without device customization. We analyze the
spectral and temporal evolution of the system through two approaches. First, we develop a theoretical
framework based on the coupled harmonic oscillator model, which analytically describes the dynamics of
plasmon modes in the coupled and uncoupled state [3]. Later, we compare the evolution of the system
under continuous wave and pulsed illumination. Further, we discuss time-resolved spectral and spatial
dynamics of plasmon modes through 3D-FDTD simulation method and wavelet transform. Our results
show that optical tuning of oscillation time, intensity, and spectral properties of propagating and localized
plasmon modes vyields a 3-fold enhancement in the EOT signal. The active tuning of the EOT sensor
through ultrashort light pulses pave the way for the development of on-chip photonic devices employing
high-resolution imaging and sensing of abundant atomic and molecular systems.
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Figure 1: Left: Schematic representation of EOT device. Mid: Field-time profile of SPP for various pulse duration.
Right: Extraordinary transmission spectra of Au hole array system for different spectral bandwidth of
incident light.
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Optical antennas and optical cavities can convert the energy of free propagating radiation to localized
energy (and vice versa) thus increasing the efficiency of light-matter interactions, as demonstrated by the
enhancement of spontaneous emission (Purcell effect) or by the achievement of strong light matter
interaction. In an optical cavity, the strong coupling of light with matter can be observed by measuring
the spectral or spatial modifications of one of the photonic cavity modes resonant with an electronic
transition that has an infrared-active dipole moment (and that occurs in the matter filling the cavity).
Typically, the strong coupling regime is achieved when the a-priori degeneracy between the energies of
electronic and photonic modes is lifted, and two polariton states are created with hybrid light and matter
character. Recently, intersubband transitions (ISBTs) in semiconductor quantum wells (QWSs) have
become an ideal model system for strong-coupling studies due to the relatively low value of the
electromagnetic frequency in the mid-infrared and terahertz ranges where ISBTs are observed [1-3].

In this work, we realize a stack of 21 identical Si1.«Gex QWSs grown by chemical vapor deposition on a Si
wafer [4]. We then fabricate metal-semiconductor-plasmonic conductor cavities entirely filled with the
parabolic QWs with the shape of a square patch antenna to increase radiative coupling to incoming
electromagnetic beams. By means of FTIR spectroscopy we have first studied the ISBTs and antenna
resonances, and then proceed to demonstrate the strong coupling regime on a silicon-based material
platform, with the added advantage of high transparency up to ~12 THz due to the lack of polar optical
phonons in group-1V materials.
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Figure 1: from left to right: Scanning electron microscope images of test cavities, obtained by subsequent steps of
electron-beam lithography, Ti/Au evaporation and deep reactive ion etching, on a test Ge-on-Si epitaxial layer. The
etching depth is 2.0 microns, the square patch size spans the 9 to 12 microns range. Measured extinction spectra
of test THz cavity arrays by FTIR spectroscopy at normal incidence (array size 2x2 mm?, undoped quantum wells,
heavily doped N** Ge ground plane
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Anthropogenic climate change urgently calls for the greening and intensification of the chemical
industry [1]. Most chemical reactors make use of catalysts to increase their conversion yields, but their
operation at steady-state temperatures limits their rate, selectivity, and energy efficiency.

Here, we show how to break such a steady-state paradigm using ultrashort light pulses and
photothermal nanoparticle arrays to modulate the temperature of catalytic sites at timescales typical of
chemical processes [2].

Using heat dissipation and time-dependent microkinetic modeling for a number of catalytic
landscapes, we numerically demonstrate that pulsed photothermal catalysis can result in a favorable,
dynamic mode of operation with higher energy efficiency, higher catalyst activity than for any steady-
state temperature, reactor operation at room temperature, resilience against catalyst poisons, and
access to adsorbed reagent distributions that are normally out of reach.

Our work identifies the key experimental parameters controlling reaction rates in pulsed
heterogeneous catalysis and provides specific recommendations to explore its potential in real
experiments, paving the way to a more energy-efficient and process-intensive operation of catalytic
reactors.

[1] D. Mateo, J. L. Cerrillo, S. Durini, and J. Gascon, Chem. Soc. Rev. 50, 2173-2210 (2021).
[2] A.Baldiand S. H. C. Askes, ACS Catalysis 13, 3419—-3432 (2023).
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When localized surface plasmons (LSPs) are excited in metal nanoparticles (NPs), a non-thermal
electron population is generated. This out-of-equilibrium gas is characterized by a broad energy
distribution that thermalizes on a sub-picosecond time scale via electron—electron and electron—phonon
collisions, giving rise to a high-temperature electron gas. The hot gas eventually releases its excess energy
to the ion lattice through electron— phonon scattering on the picosecond (ps) time scale, and the lattice
heat is then dissipated to the environment via phonon—phonon interactions within few hundred ps [1,2].
The measurement of the evolution of the electron gas temperature is fundamental for the
comprehension of these dynamic processes that are at the basis of light-induced phenomena, like
photocatalysis and solar energy conversion.

In this work we report the measurement of the ultrafast electron-temperature (8e) dynamics of
plasmonic Au NPs [3]. Experiments were performed in pump-probe configuration by photo-exciting the
NPs close to the LSP resonance and collecting ultrafast time-resolved photoemission spectra (tr-PES) at
SPRINT Lab (CNR-IOM). Oe is deduced by fitting spectra around the Fermi edge of Au NPs as a function
of the time delay between pump and probe, providing a direct picture of the ultrafast electron dynamics
(Figure 1). A fast evolution of the electronic temperature occurs within the first ps after excitation, with
a peak at about 800 fs delay, followed by its gradual relaxation toward environment temperature. While
the general trend is in agreement with the current understanding of ultrafast relaxation dynamics, the
emerging of discrepancies with theoretical predictions underscore the key role of direct ultrafast
measurement of e in order to correctly evaluate the transient response of nanosystems. Our
guantitative, model-free measurement of the electron-temperature dynamics represents a major
advancement for significantly improving the future understanding of processes in nanosystems.
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Figure 1: (a) Schematic diagram of the experimental Tr-PES setup. (b) Tr-PES spectra acquired in correspondence of three
representative delay times. (c) Ultrafast electron-temperature (9¢) as a function of delay time after pump excitation as obtained
by Tr-PES spectra.

[1] A. M. Brown, R. Sundararaman, P. Narang, W. A. Goddard, H. A. Atwater, Phys. Rev. B 94, 075120 (2016).
[2] M. Ferrera et al., ACS Photonics 7, 959 (2020).
[3] M. Sygletou et al., Small 17, 2100050 (2021).
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Abstract: Silicon-organic and plasmonic-organic hybrid integrated photonic circuits have recently
shown unprecedented capabilities for the on-chip electro-optic (EO) detection of electromagnetic waves
[1]. Only recently modern nonlinear (NL) polymers have been combined with hybrid photonic-plasmonic
integrated circuits to obtain high-performance detection of terahertz (THz) waves [2], with effective
operations to frequencies up to a few THz, far beyond commonly employed microwaves solutions [3]. In
this work, we propose a novel design and fabrication process for THz detectors exploiting silicon slot
waveguides [4], with the aim of overcoming the main limitation of these platforms, i.e. the high optical
loss (about 0.5 dB/um) affecting the near-infrared probe beam in the plasmonic interaction region, and
extending their range of applications in terms of operation frequencies and on-chip functionalities.

Device operation: The device features a gold bow-tie antenna structure deposited across a silicon
strip waveguide (see Fig. 1a), which the optical probe beam travels through. As such, the waveguide
hosts the nonlinear interaction between THz and probe electric fields. Here, we propose two
alternative configurations for its realization: a plasmonic and a slot design (see Fig. 1b and c),
compared in terms of enhancement of the incident THz field and transmission T for the optical probe
through the interaction region (see Fig. 1d and e respectively). The intensity response of the detector
to the THz field is linear, as described by the EO operator feo(t) [2], while that of the optical signal
after the interaction region is computed as I,y = I;,e~%9ar = [;, * T (with lgap = length of the
interaction region), analyzed estimating the transmission T. Since both quantities should be maximized
to optimize the response of the device, a representative figure of merit (FOM) to compare the two
configurations is given by their product, i.e., FOM = max(Ery;,) * T, depicted in Fig. 1f for different
separations between the antenna pads. The enhanced FOM for the slot configuration is promising for
devices that exploit complex on-chip detection schemes beyond the single field detector, where the
total loss of the architecture as a whole is relevant.
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Figure 1: a) Schematic of the integrated THz detector. b-c) Zoom box for the plasmonic and slot interaction
region respectively with schematic, excited fundamental mode and produced field enhancement. d-e-f)
Comparison in terms of THz field enhancement, Transmission of the NIR pulse and FOM respectively.

[1] W. Heni, et al., ACS Photonics, vol. 4, no. 7, pp. 1576-1590 (2017).
[2] I.-C. Benea-Chelmus, et al., Optica, vol. 7, pp. 498-505 (2020).
[3] Y. Salamin, et al., Nature comm., vol. 10, n. 5550 (2019).

[4] P. Steglich, Emerging Waveguide Technology, chap. 10 (2018).

62



Session A-D Thursday, July 6t" 10:30-11:30

Nanofabrication and linear optical characterization of dielectric chiral
metasurfaces

M. Bollani*", L. Fagiani*?, M. Gandolfi**, A. Zilli?, Y.Luan?, A. Tognazzi*®, D. Rocco?, J. Osmond®, M.
Finazzi?, M. Celebrano?, L. Carletti®, C. De Angelis®, M. Galli’, L. Andreani’

LCNR-IFN, LNESS laboratory, Via Anzani 42, 22100 Como, Italy (*monica.bollani@ifn.cnr.it)
2Department of Physics, Politecnico di Milano, Piazza Leonardo Da Vinci 32, 20133 Milano, Italy,
3Department of Information Engineering, University of Brescia, Via Branze 38, 25123 Brescia, Italy
4CNR-INO (National Institute of Optics), Via Branze 45, 25123 Brescia, Italy
>Department of Engineering, Unviersity of Palermo, Viale delle Scienze ed. 9, 90128 Palermo, Italy
6ICFO—Institut de Ciencies Fotoniques, 08860 Castelldefels, Barcelona, Spain.

7 Dipartimento di Fisica, Universita di Pavia, Pavia, 27100, Italy

Chirality refers to the geometrical property of a structure consisting in the absence of any mirror
symmetry plane [1]. Chiral geometries can induce optical effects such as optical rotation (OR) or circular
dichroism (CD), which consist in the differential absorption of left-handed and right-handed circularly
polarized (LCP and RCP) light [2]. In this context, optical chiral metamaterials have recently attracted
considerable attention; in fact, through specific design the chiroptical response of chiral metamaterials can
be several orders of magnitude higher than that of natural chiral materials [3], offering new and exciting
opportunities for fundamental research and practical applications such as, e.g., chiral bio-detectors [4], and
polarization conversion [5]. In this work we report the fabrication steps of a chiral silicon metasurface
embedded in silica supporting symmetry-protected bound states in the continuum (BICs). By breaking the
symmetry of the system, a quasi-BIC mode with a very high Q-factor (1075) is designed [6]. The chiral
geometry enables selective excitation of the high-Q mode and high non-linear CD in third-harmonic
generation (up to 99.9%). The metasurfaces are fabricated on a silicon-on-insulator (SOI) with a device layer
of 220 nm and SiO2 box of 1 um over an area of 25x25 um”2 by a combination of electron-beam lithography
and reactive ion etching. They consist of a periodic square array of two asymmetric Si cuboids with equal
height (H) of 220 nm, equal width (W) of 337 nm, length (L) of 550nm, asymmetry parameter o = AL/L =
0.33, and pitch (P) of 850 nm along both axes (Figure 1). Modelling the nanofabrication uncertainties on the
gaps of the chiral metasurface [7], the imperfections of the etchings process, or the modification of the
asymmetry factor, we found that the proper engineering of the gap between the nanostructures of the unit
cell is the most important parameter to achieve a high-quality factor and enhanced optical dichroism.
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[1] K. Tanaka, D. Arslan, et al. ACS Nano 14, 15926-15935, (2020).

[2] V. K. Valev, J. ). Baumberg, C. Sibilia, and T. Verbiest, Advanced Materials 25, 2517, (2013).

[3]1S. Keren-Zur, O. Avayu, L. Michaeli, and T. Ellenbogen, ACS Photonics 3, 117, (2016).

[4] M. Hentschel, M. Schaferling, X. Duan, H. Giessen, and N. Liu, Science Advances 3, €1602735, (2017).
[5]1Y. Zhao, M. Belkin, and A. Alu, Nature Communications 3, 1, (2012).

[6] M. Gandolfi, A. Tognazzi, D. Rocco, C. De Angelis, & L. Carletti., Physical Review A 104, 023524, (2021).
[7] L. Fagiani, M. Gandolfi, et al., Micro and Nano Engineering,19,100187, (2023)
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Abstract: Metasurfaces, consisting of nanoresonators known as meta-atoms, have shown great
potential in replacing bulky optical components with ultrathin, integrable, and high-performance
devices [1]. Diamond, with its unique electronic properties and high refractive index, is an ideal
material for photonic applications [2-3]. In this work, we report on the optical behavior of diamond
nanopillars on a glass substrate and demonstrate the excitation of Fano-like resonances with a Q-
factor as high as 3.5 x 1075, among the highest reported for dielectric metasurfaces [4]. We investigate
the dependence of the resonance on geometrical and environmental parameters and show that
diamond metasurfaces can be used as a refractive index sensor with sensitivity up to 72.21 nm per
refractive index unit (RIU) and linearity over a wide range of refractive indexes. Our findings

demonstrate that diamond-based metasurfaces are a valuable nanophotonic platform for controlling
light propagation at the nanoscale, enabling both linear and nonlinear effects.
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Figure 1: Diamon nanopillars on glass substrate that support very sharp resonances when illuminated by a
plane wave electromagnetic radiation. The Q-factor is dramatically enhanced when specific geometric
conditions are satisfied.

[1] “Metasurfaces go mainstream, [editorial],” Nat. Photonics 17, 022—01137-1 (2023).

[2] J. L. Zhang, K. G. Lagoudakis, Y.-K. Tzeng, C. Dory, M. Radulaski, Y. Kelaita, K. A. Fischer, S. Sun, Z.-X. Shen, N.
A. Melosh, S. Chu, and J. Vuckovié¢, “Complete coherent control of silicon vacancies in diamond nanopillars
containing single defect centers,” Optica 4, 1317-1321 (2017).

[3] T. Masuda, M. Mitchell, B. Khanaliloo, D. P. Lake, T. Lutz, J. E. Hadden, W. Tittel, and P. E. Barclay, “High-q
diamond microdisks for coupling to siv quantum emitters,” in Conference on Lasers and Electro-Optics, (Optica

Publishing Group, 2017), p. JTh3E.2.

[4] Z. Liu, Y. Xu, Y. Lin, J. Xiang, T. Feng, Q. Cao, J. Li, S. Lan, and J. Liu, “High-q quasibound states in the
continuum for nonlinear metasurfaces,” Phys. Rev. Lett. 123, 253901 (2019).
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Abstract

Gold nanoparticles (NPs) have been largely studied due to their surface plasmon resonance properties
that are strongly dependent on size, shape and coupling effects between NPs as well as their dispersive
medium [1,2]. Thanks to their unique optical properties, gold NPs and their aggregates are applied in
different fields like medicine [3], energy [1] and sensing [4].

Here, we studied the surface plasmon resonance properties of strongly coupled gold NPs obtained by
“in water” laser ablation and aggregated by adding potassium bromide.

Unlike other classical chemical synthesis methods of nanoparticles, laser ablation in liquids provides a
unigue way to obtain surface-clean and ligand-free nanoparticles, ready to be used [5].

The aggregation of gold NPs was analysed under different experimental conditions such as salt
concentration, temperature and laser irradiation.

The extinction spectra (figure 1a) show two peaks which red-shifted by increasing salt concentration.
Supported by Finite-Difference-Time-Domain simulations we can hypothesize the formation of small
nanoparticle chains which became longer by increasing potassium bromide concentration as also
demonstrated by electron microscope data. Figure 1b shows the effect of temperature on the aggregation
process which seems to be suppressed at higher temperatures.
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Figure 1: a) Comparisons between experimental and simulated extinction spectra of gold aggregates. b)
Extinction spectra of gold aggregates at different temperature in 30mM of potassium bromide.

[1] M. A. Garcia, J. Physics D: Appl. Physics 44, 283001 (2011).

[2] P. K. Jain, M. A. EI-Sayed, Chemical Physics Letters 487, 153-164 (2010).

[3] L. Zhao, T.H. Kim, H.W. Kim, J.C. Ahn, S.Y. Kim, Acta Biomater. 20, 155-164 (2015).

[4] A. J. Ruiz-Sanchez, C. Parolo, B. S. Miller, E. R. Gray, K. Schlegel, R. A. McKendry, J. Mater. Chem. B 5, 7262-
7266 (2017).

[5] E. Fazio, B. Gokce, A. De Giacomo, M. Meneghetti, G. Compagnini et al., Nanomaterials 10, 2317 (2020).
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Abstract: We performed infrared optical characterization of W-doped VO; films with increasing W
doping percentage, deposited on sapphire substrates using PLD. This resulted in a temperature-tunable
VO, perfect absorber, with a reflectance of 0.02% at room temperature.

Vanadium dioxide is a type of phase change material that is known for its fast structural phase
transition from monoclinic to tetragonal, resulting in a significant change in resistivity. VO, has attracted
major attention due to its low transition temperature of 68°C and the ability to modify its properties by
adjusting various parameters such as temperature, strain, pressure, doping, and electromagnetic or
electrostatic fields. This has led to the development of many applications, such as smart window
coatings, perfect infrared absorbers, and thermal emitter modulators [1-3].

Various methods have been proposed to reduce the phase transition temperature of VO, to approach
room temperature, including introducing stress variations within the lattice structure or doping [4-5].
This study aims to investigate the optical characteristics of several W-doped VO2 samples using Pulsed
Laser Deposition on a sapphire substrate.

The films were deposited at 550°C and 1 x102 mbar oxygen pressure, with a thickness of 480 nm.

The optical characterization was carried out in the infrared range using Fourier-transform infrared
spectroscopy in reflection mode with an incidence angle of 15° and linear s-polarization. The samples
were heated to 100°C, and several spectra were collected at different temperatures during the cooling
process to room temperature showing that the transition temperature dropped as the doping
concentration of W increased and a small percentage of 0.75% was sufficient to achieve a minimum
reflectance signal of about 0.02% at the wavelength of ~12 um at room temperature.

The study demonstrates that the critical temperature of VO, can be easily tuned by a small percentage
of W doping. The use of the PLD deposition method also allowed for the realization of a perfect
absorber at 12 um at room temperature. This development marks a significant step forward in the
practical application of VO, for IR device applications, as confirmed by the Thermal-Optical FT-IR

[1] Kats, M. A. et al. "Ultra-thin perfect absorber employing a tunable phase change material." Appl. Phys. Lett.
101, 221101 (2012).

[2] Manning, T. D. et al. "Intelligent window coatings: atmospheric pressure chemical vapour deposition of
vanadium oxide." J. Mater.

Chem. 2, 2936-2939 (2002).

[3] Larciprete MC, Centini M, Paoloni S, Fratoddi I, Dereshgi SA, Tang K, Wu J, Aydin K. "Adaptive tuning of
infrared emission using VO2

thin films." Sci Rep. 2020 Jul 14;10(1):11544.

[4] Author(s), “Title of paper”, p. 12 in Title of Proceeding (Institute of Electrical and Electronics Engineers, 2023).
[5] Huang, H.Y.; Xiao-Feng, X.U.; Yuan-Chun, Y.U.; Bao, F.-J. "Fabrication and Optical Properties of W-doped
VO_2 Nano Thin Films via Sputtering Oxidation Coupling Method." J. Donghua Univ. Nat. Sci. 2013, 39, 130-
134,
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In this work, we successfully synthesized silver nanoflower (AgNFs) via a facile wet chemical method
and studied plasmon stimulated catalysis of a probe molecule attached to their surfaces[2]. We
followed the reaction OF 4-Nitrothiobenzene to 4,4’dimetilmarcaptoazobenzene[l]. To obtain high
catalytic properties, we deposed single AgNFs by drop-casting a diluted colloidal dispersion of each
nanoparticle on a silicon wafer. The reaction processes were monitored and identified through in situ
surface-enhanced Raman spectroscopy based on the confocal Raman microscope system. Moreover,
to asset if the reaction is strictly related to the excitation wavelength and to the hot electrons
production, tougher than thermal effects, we excited the system with three different wavelength , 532
nm, 633 nm, 785 nm. This study provides a simple and fast method to improve the catalytic property
of the noble nanoparticles.

e

Figure 1: Graphical representation of the plasmon stimulated catalytic process.

[1] Fu, Xiaoli, et al. "AgAu Hollow Hexagonal Nanoplates for Ultrasensitive Tracking of Pesticides and Plasmonic
Photocatalysis by Surface-Enhanced Raman Spectroscopy." ACS Sustainable Chemistry & Engineering (2022)

[2] Chang, Qing, et al. "Broadband plasmonic silver nanoflowers for high-performance random lasing
covering visible region." Nanophotonics 6.5 (2017): 1151-1160.
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Abstract: In the recent decades, wearable sensors have been the subject of a major technological
efforts that turned them into advanced biosensing platforms or lab-on-chip for continuous monitoring
of multiple health parameters. Devices originally developed to track biomedical parameters (i.e.,
glucose concentration in blood of diabetic patients) or physical exercise activity (i.e., heart rate,
burned calories, steps count) now allow real-time sensing of physiological information about
metabolism and health of individuals. Compared to other biofluids (blood, interstitial fluid, tear, saliva
and urine) sweat contains a broad variety of biomarkers (electrolytes, proteins, metabolites, etc.) and
can be non-invasively sampled by placing a sensor patch on the skin [1].

Plasmon-enhanced vibrational spectroscopies, such as Surface-Enhanced Raman Scattering (SERS),
due to the local amplification of the electromagnetic field in proximity of noble metal nanoparticles,
allow the label-free detection and characterization of analytes at sub-micromolar concentration [2].
Recent advancement in flexible and biocompatible SERS-active substrates production, together to a
broad availability of commercial handheld Raman spectrometers, paved the way for the development
of non-invasive platforms for healthcare based on SERS sweat spectra monitoring [3, 4].

Here we describe the development of a wearable SERS patch for sweat biomarkers monitoring.
The plasmonic core of the chip, obtained by depositing silver nanowires on a flexible PTFE porous
membrane [3, 4], was integrated with biocompatible protective and adhesive layers and tested with a
simulated sweating systems designed to mimics the sweat secretion by the skin. Once the initial
characterization with artificial sweat was done, the biocompatible SERS patch was applied on
volunteer’s harm for real sweat sampling during physical exercise activity.

The results demonstrate that our SERS patch allows to direct and label-free detect urea and lactate
at physiological concentration in combination with the evaluation of the sweat pH in the range
between 4 and 9.

Funding: This research was produced with the co-funding European Union — Next Generation EU, in the context of The
National Recovery and Resilience Plan, Investment Partenariato Esteso PE8 "Conseguenze e sfide dell'invecchiamento"”,
Project Age-It (Ageing Well in an Ageing Society) and of EU project ECSO0000017 ‘Ecosistema dell’lnnovazione’ Tuscany
Health Ecosystem (THE, PNRR, Spoke 4: Nanotechnologies for diagnosis and therapy).

[1] J. Min, et al. Skin-Interfaced Wearable Sweat Sensors for Precision Medicine. Chem. Rev, just accepted
10.1021/acs.chemrev.2c00823 (2023)

[2] P. Polykretis, et al. Raman Spectroscopy Techniques for the Investigation and Diagnosis of Alzheimer's
Disease. Front. Biosci. (Schol Ed), 14 (3), 22 (2022)

[3] A. Barucci, et al. Label-free SERS detection of proteins based on machine learning classification of chemo-
structural determinants. Analyst, 146, 674 (2021)

[4] M. Banchelli, et al. Spot-on SERS Detection of Biomolecules with Laser-Patterned Dot Arrays of Assembled
Silver Nanowires. ChemNanoMat 5, 1 — 9 (2019)
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Exciton-plasmon hybrids have emerged as promising systems for a wide range of applications in
optoelectronics, sensing, and energy harvesting due to their unique optical properties. In these systems,
the strong energy space coupling between excitons and surface plasmons leads to the formation of hybrid
states that exhibit new optical phenomena. Recently it is discovered that the strong energetic coupling is
not necessary for forming exciton-plasmon hybridization, and in semiconducting plasmonic materials like
metal oxides (In,03, TiO,) or metal chalcogenides (Cu,Se), where both exciton and plasmonic absorptions
coexist far apart in energy, this exciton-plasmon coupling can be achieved under the application of a
strong magnetic field.! 2 While the discovery effectively opens up the field of plasmonitronics, where the
magnetoplasmonic modes can be used as a new degree of freedom in photonic, optoelectronic and
guantum-information processing devices, till now it is limited within a single interface-free material, and
no evidence of non-resonant exciton-plasmon coupling is found across different materials. In this study,
we present a comprehensive investigation of the cross-platform non-resonant coupling between excitons
and surface plasmons in hybrid systems, namely, colloidal In** doped CdO-CsPbBrs % and Cu,S-CsPbBr;
heterostructures using MCD spectroscopy. MCD is a powerful tool for probing the electronic and
magnetic properties of materials and has been widely used to study exciton and plasmon properties in
various systems. Here the surface plasmons in In®* doped CdO and Cu,S influence the band edge Zeeman
splitting of CsPbBrs3 as shown in figure 1(a). It is observed that the nature of the plasmon resonance (i.e.,
electron or hole oscillation) plays a crucial role in determining the MCD signal, and the exciton band edge
MCD amplitude is significantly reduced in the heterostructures (figure 1(a)). These modifications can be
tuned by rendering more control via easy exciton band gap tunability and modulation of plasmon
resonance which can lead to next generation plasmonitronic materials.
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Figure 1: (a) MCD spectra comparison of CsPbBrs, In-CdO/ CsPbBr3 and CuxS/ CsPbBrs heterostructures obtained at
5T and 2K showing reduced amplitude and reversed sign in the heterostructure as compared to parent perovskit
(b) schematic representing magnetic plasmonic modes influencing band edge Zeeman energy of CsPbBr3

(2) Yin, P.; Tan, Y.; Fang, H.; Hegde, M.; Radovanovic, P. V. 2018, 13 (6), 463—467.

(2) Yin, P.; Chen, S.; Radovanovic, P. V. J. Phys. Chem. Lett. 2022, 13 (24), 5545-5552.
(3) Chakraborty, S.; Mannar, S.; Viswanatha, R J. Phys. Chem. C 2021, 125 (19), 10565-10571
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Over the past two decades, gold-decorated magnetic nanoparticles (FesO.@Au) have been widely
studied for their potential applications in biosensing due to their unique properties®. Localized surface
plasmon resonance (LSPR) of gold nanoparticles and magnetic properties of the core (Fes04) have been
utilized to develop a variety of biosensing platforms with high sensitivity and specificity 2.

FesO.@Au nanoparticles can be synthesized by various methods, such as seed-mediated growth,
electrostatic self-assembly, and co-precipitation. Among them, the seed-mediated growth method is a
widely used approach due to its high yield and reproducibility. In this method, gold nanoparticles are first
synthesized by reducing gold ions in the presence of a stabilizer, and then they are attached onto the
surface of Fes04 nanoparticles by using a reducing agent. The size, shape, and distribution of the gold
nanoparticles can be tuned by adjusting the reaction conditions, such as the ratio of gold to iron
precursor, the reducing agent, and the reaction time. Fe;0,@Au nanoparticles can be used for magnetic
separation and concentration of analytes. Due to the magnetic properties of the Fes;0, core, the
nanoparticles can be easily manipulated by an external magnetic field, allowing for the separation and
purification of analytes from complex matrices, such as blood or urine®?3,

In this scenario, we were able to coat clustered magnetic nanoparticles (250 nm linear size) with gold
nanoparticles (20 nm diameter) so to have Fes0,@Au nanoparticles with magnetic core and gold surface®,
which we used for LSPR, but also to immobilize antibodies (anti-human IgG) with a photochemical
technique® setup in our group (PIT, photochemical immobilization technique). Fe3s0,@Au nanoparticles
were used in a sandwich scheme to enhance the response of a nanostructured gold surface®, the latter
realized with high density of gold nanoparticles (30 nm diameter, 300 + 20 AuNPs per um?). Gold
nanoparticles were randomly placed onto a glass coverslip via an electrostatic self-assembly technique,
and subsequently functionalized by PIT with anti-human antibodies to detect human IgG. The change of
the absorption spectrum of the nanostructure — resulting from the detection of the target (human IgG) —
was enhanced by Fe;0,@Au nanoparticles that bound the target from the top (sandwich) in presence of
a magnetic field, which we used to overcome the passive diffusion. Thanks to this scheme, preliminary
results obtained with human IgG in water demonstrated that a limit of detection of 1 ng/mL can be
achieved with a measurement carried out in only 10 minutes, thereby paving the way to applications in
rapid tests for mass screening.

[1] S. Moraes Silva, et al., Chem. Commun. 52, 7528-7540 (2016).

[2] H. Aldewachi, et al., Nanoscale 10, 18 —33 (2018).

[3] P. Guardia, A. Labarta, X J. Batlle, Phys. Chem. C. 115, 390-396, (2011).
[4] R. Campanile, et al., ACS omega (7), (41), 36543-36550 (2022).

[5] B. Della Ventura, et al., Analyst. 144, 6871-6880 (2019).

[6] I. Gessner., et al., Advanced Healthcare Materials, 11 (2) (2022).
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Surface Enhanced Raman Spectroscopy (SERS) has been successfully employed in several fields of
interest such as biosensing, in-situ catalysis studies, and archeology. Usually, the greatest contribution
to the Raman enhancement is explained by an electromagnetic mechanism [1]. To amplifying the SERS
effect, the research studies report the production of nanostructures that allow the creation of hot-spots
on the surface [2]. Furthermore, the possibility of amplifying Raman signals is linked to the excitation
wavelength of the laser used [3]. In this work, we present a SERS active substrate with a high
enhancement in a wide range of excitation wavelengths. We propose Silver Nanoflowers (AgNFs), metal
microparticles with a nanorough surface that creates a pattern of petals. Thanks to their dimension is
possible, by using a Micro-Raman spectrometer, to quickly find a single microparticle and study the signal
enhancement of an analyte adsorbed onto its surface. The SERS properties at a single-particle level were
studied using a standard molecule 4-mercaptobenzoic acid (4-MBA). Because of the AgNFs extinction
spectra cover the entire visible range, we were able to study the enhancement for the single AgNF with
532, 633, and 785 nm laser wavelengths (Fig.1), finding a maximum enhancement factor in the order of
108- 10°, due to several number of hot-spots on the tips and between the petals. This suggests that the
AgNF could be an excellent SERS substrate on the entire visible and near infrared spectral region and
demonstrates that such nanomaterial can be easily used to study analytes at low concentrations with
any exciting wavelength, opening the possibility to study several biological and medical interest analytes
without the interference of not desired optical phenomena such as luminescence.

SERS Enhancement

Figure 1: Representative scheme of the SERS study conducted on single AgNFs with different excitation
wavelengths.

[1] Le Ru, E.C., Etchegoin, P.G., Principles of Surface-Enhanced Raman Spectroscopy and Related Plasmonic
Effects (Elsevier, Amsterdam, 2009).

[2] G. Compagnini et al. J. Nanomaterials, 2019, vol. 2019.

[3] McFarland A. D. et al. J. Phys. Chem. B. 2005, 109(22), 11279-11285.
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In the last decades, optical transmission spectroscopy has emerged as a candidate technique for
the study of colloidal systems in terms of particle size, shape, concentration, and aggregation level,
since the optical extinction spectrum, beside the absorption properties, contains quantitative
information about the light scattering processes [1].

The behavior of colloidal suspensions is dictated by the interplay of a variety of short- and long-
range forces and can be controlled by functionalizing the particles surface with suitable stimuli-
responsive ligands [2]. The active control of the self-assembly is of interest for many types of colloidal
systems. Among these, plasmonic noble metal nanocolloids exhibit aggregation dependent optical
properties and visible near field enhancement capability [3]. These features are of great interest in a
wide variety of applications, from biosensing application to the development of responsive
nanobiomaterials. Indeed, the remarkable optical properties of plasmonic nanocolloids make them an
ideal testbench for developing novel spectroscopy-based investigation approaches.

Here, we will discuss the development of a real-time optical transmission spectroscopy setup,
suitable for time-resolved measurements in the millisecond time scale, to study the temporal
evolution of colloidal systems in presence of external stimuli (see e.g. Figure 1). We will present the
application of the proposed experimental design to the study of the stimuli-triggered aggregation
dynamics of plasmonic nanoparticles. These results are a solid preliminary step to the investigation
and, ultimately, the design of active biocompatible plasmonic nanomaterials.
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Figure 1: Evolution of the optical extinction spectra of citrate-capped 60 nm gold nanoparticles when the colloid pH is abruptly
brought from pH 6.5 to pH 2 through HCl addition at t = 10s. Left: spectra normalized to the extinction at 450 nm. Right: color
map of the data, showing the rapid evolution of the extinction spectral shape.

The authors acknowledge financial support from Regione Lazio, L.R. 13/2008, Progetto SOSpESO, N.Prot. AO375-
2020-36622.

[1] A. Sarra, et al., IEEE Transactions on Biomedical Circuits and Systems 15:1, 177 (2021).
[2] S. Lee, et al., Advanced Materials 33, 2007668 (2021).
[3] A. Capocefalo, et al., Nanomaterials 12, 1529 (2022).
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Many systems and processes in nature and technology are driven by light-matter interaction. For
instance, the energy exchange between electromagnetic radiation and a quantum emitter is at the root of
several relevant applications and devices, spanning from sensing and photocatalysis, to optoelectronics and
guantum information [1]. In particular, the interplay between the electromagnetic field and the quantum
states of matter can be controlled and engineered to obtain an exchange rate of energy faster than any
other competing relaxation process. The system enters in the so-called “strong-coupling” regime, and new
hybrid light/matter states, i.e. polaritons, are formed [2,3], which, in turn, offer huge potential for a wide
class of technological applications, including quantum computing, non-linear photonics and polariton
chemistry [4,5].

Among the various metamaterials and metasurfaces, plasmonic arrays of subwavelength holes milled
through metallic films revealed promising platforms to be combined with quantum emitters in order to
achieve strong coupling. Indeed, they combine the required field confinement along with an open
architecture, which facilitates both the placement of the material and the excitation and probing of
polaritons [6-8]. In addition, the optical properties of the 2D nanohole arrays can be properly tuned by
playing with their symmetry and geometry.

Here, we investigate the optical properties of periodic arrays of nanoholes milled in metallic films
combined with quantum emitters. Steady-state transmittance spectroscopy is exploited to investigate the
radiative properties of the hybrid heterostructures and to assess the presence of the anti-crossing behavior,
as one of the distinctive fingerprint of strong-coupling regime. Particular attention is devoted to the roles
played by the plasmonic array symmetry on the interaction strength with the quantum emitter. A
guantitative evaluation in terms of Rabi splitting energy obtained with the various configurations is
presented. This work is stimulating toward further studies on the symmetry-dependent properties of
plasmonic arrays of nanoholes and can set the base for investigations on the design and fabrication of novel
nanohybrid architectures featuring strong light-matter interaction, and their exploitation towards functional
devices.

Acknowledgement
The authors acknowledge support by the European Research Council (ERC) under the European Union’s
Horizon 2020 research and innovation program “REPLY ERC-2020_COG Grant agreement No. 101002422".
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and J. J. Baumberg, Nature, 535, 127 (2016).
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In the last twenty years, there has been a large interest for macroscopic quantum electrodynamics in
the presence of metal and dielectric structures motivated by the prospect of using plasmonic and photonic
devices for quantum optics and quantum technology applications. In this work, we propose an “operative"
full wave approach to evaluate the macroscopic electromagnetic response of a dispersive dielectric of
finite size in unbounded space that does not involve a complete diagonalization of the Hamiltonian. We
use the Heisenberg picture to describe the time evolution of the observables of the matter and of the
electromagnetic field. We keep the matter and the electromagnetic field distinct. We use a Hopfield type
model to describe the matter and the coupling with the electromagnetic field. We expand the matter
field observables through the electroquasistatic (longitudinal) modes [1] and the magnetoquasistatic
(transverse) modes [2] of the object. These modes are size-independent, and do not depend on the
material. They are the natural modes of the polarization field in the small size limit. We apply the Coulomb
gauge, and we use the transverse plane waves to represent the radiation field observables. The separation
between matter and electromagnetic field allows us to include on an equal footing both electromagnetic
field and matter fluctuations in a self-consistent QED Hamiltonian. The expansion of the matter field
observables in terms of the static longitudinal and transverse modes of the object allows to diagonalize
the Coulomb and Ampere interaction energy terms of the Hamiltonian. Using this approach, we obtain
a general expression for the time evolution of the polarization density field observable as functions of
the initial conditions of the matter field observables and of the electromagnetic field observables. It is a
linear integral operator whose kernel is a linear expression of the impulse responses of the dielectric
object that we obtain within the framework of classical electrodynamics [3]. The electric field observable
is expressed in terms of the polarization density field observable by means of the dyadic Green's function
for the free space. The statistical functions of these observables are integral operators of the statistics of
the initial conditions of the matter field observables and of the electromagnetic field observables. The
kernels are linear or multilinear expressions of the impulse responses of the dielectric object. The use
of the static modes significantly reduces the computational burden for the evaluation of the impulse
responses of dielectric objects with small sizes.

[1] D.R.Fredkin and I. D. Mayergoyz, Phys. Rev. Lett. 91, 253902 (2003)

[2] C.Forestiere, G. Miano, G. Rubinacci, M. Pascale, A. Tamburrino, R. Tricarico, and S. Ventre, Phys. Rev. Research
2, 013158 (2020)

[3] C. Forestiere and G. Miano, Phys. Rev. A 106, 033701 (2022)

74



Session F-M Thursday, July 6 15:30-16:30

Antenna architecture based on plasmonic nanocone in a point contact-
insulator-metal high frequency rectification system

Martina Foschi,?* Michele Tamagnone,! and Remo Proietti Zaccaria®

Ystituto Italiano di Tecnologia — Genova, Italy (*martina.foschi@iit.it)
2Dept. of Physics, Politecnico di Milano —Milano, Italy

High frequency rectification with the aim of solar energy harvesting can be traced back to 1971,
when R.L. Bailey [1] proposed an alternative to standard photovoltaic technology able to convert solar
energy to electric power. A rectifying antenna or rectenna, is a device composed by a receiving
antenna connected to a rectifying diode, in which the electromagnetic radiation received by the
antenna is converted into a DC signal by the diode. To adapt this technology, successfully employed in
microwave rectification [2], to optical frequencies (PHz) a nano-antenna and ultra-high-speed diode
are needed. While there are a lot of options regarding nano-antennas, few diodes can operate at high
frequencies. For this purpose, the solution mostly employed is the Metal Insulator Metal (MIM) diode
that, owing to the tunnelling process associated to the electrons going through the thin insulator, can
in principle respond at the time scale of femtoseconds, namely at high frequency radiation. In the past
decades a lot of efforts were made to achieve efficient optical rectennas. Among all, a boost in
efficiency was achieved by merging the antenna and diode components into a single architecture and
exploiting geometrical and material asymmetries [3-4]. Following this path, we introduce a rectenna
architecture based on a patch antenna, a three-layer metal-insulator-metal system (Au-SiO,-Au),
modified by a gold plasmonic
nanocone and two additional thin
layers (Ti and TiO;) (Figure 1). In this
system the patch antenna will serve as
receiving antenna and as support for
the plasmonic nanocone that, with the
. addition of the two thin layers, will

complete a point contact-insulator-
metal rectification system. When
excited with a linearly polarized plane

Au patch

Sio, \ | "Au nanocone

substrate TiO, layer

Ti layer
Au ground

Figure 1: lllustration of the patch antenna modified by inserting a
plasmonic nanocone in the SiO; substrate and by the Ti and TiO,
layers placed at the interface between the SiO, substrate and the WaVe, We expect our system to convert
ground. the receiving radiation into TM modes

within the insulating layer of the patch
antenna. Under this condition, the metallic conical structure inserted in the insulating layer responds
by forming a TMo mode (also known as radial mode). This kind of mode can realize adiabatic
compression, leading to a strong Surface Plasmon Polaritons (SPPs) concentration at the apex of the
cone. Finally, this large SPPs concentration can be associated to an abundant presence of hot-electrons
available for tunnelling through the thin insulating layer, namely photocurrent. Given the
aforementioned scenario, here we have been focusing on the geometrical design of the architecture,
especially on electromagnetic simulations through which we aim at maximizing the SPPs presence at
the cone apex. This is indeed the first step on which the correct functioning of our rectenna
architecture is based.

[1] R. L. Bailey, A proposed New Concept for a Solar Energy Converter, Journal of Engineering for Power (1972).
[2] W.C. Brown, “Adapting Microwave Techniques to Help Solve Future Energy Problems”, vol.21, no. 12, p.p. 753-763 in
IEEE Transactions on Microwave Theory and Techniques (1973).

[3] A. Sharma, V. Singh, T.L. Bougher, B.A. Cola, A carbon nanotube optical rectenna, Nature Technology,
(2015)

[4] R. Mapparapu, J. Cunha, F. Tantussi, A. Jacassi, L. Summerer, M. Patrini, A. Giugni, L. Maserati, A. Alabastri,
D. Garoli, R. Proietti Zaccaria, High frequency light rectification by nanoscale plasmonic conical antenna in
point-contact-insulator-metal architecture, Advanced Energy Materials (2022)
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Plasmonic nanoantennas enable sub-wavelength electromagnetic field confinement, allowing the
identification of trace amounts of molecular compounds in plasmon-enhanced spectroscopies.[1]
Despite extensive works have been reported on optical properties of molecular-plasmonic hybrid
systems, there are very few studies on the plasmonic enhancement of the magneto-optical response
of molecules.[2]

Here we design nanoarchitectures composed of molecular magnets deposited on gold nanodisk
antennas through an established thermal sublimation method. In a preliminary work, we
demonstrated a significantly boosted magneto-optical detection of a thin film of a terbium(lll) bis-
phthalocianinato (TbPc2) single-molecule magnet. We tracked down the origin of this enhancement
to nanoantenna effects at the optical level, reporting a 5-fold amplification of the magneto-optical
response of a few nanometers layer of TbPc2 molecules at 1.5 K.[3]

In this work, we tune the plasmonic resonance frequency of the nanodisks, and study its effect on
the magneto-optical response of the hybrid TbPc2@Disk nanostructures. The spectral detuning
between the two resonances was optimized, allowing to detect sub-monolayers of TbPc2 up to room
temperature. Remarkably, the same quantity of TbPc2 deposited on glass does not provide any
magneto-optical signal at room temperature, while such a thin layer of TbPc2 can be clearly detected
through magneto-optics in the hybrid TbPc2@Disks system.

Our results can enable strong magneto-optics enhancement in single molecule magnet thin films,
giving access to routine investigations in the sub-monolayer regime, which is currently challenging
even for the cutting-edge synchrotron-based X-ray magnetic spectroscopy methods. This could give a
tremendous boost to the design and fabrication of readout-enabled molecule-based magnetic devices.
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Figure 1: (a) TbPc2 molecule; b) optical (red) and magneto-optical (blue) response of the TbPc2@disk hybrid
nanostructure, and optical extinction spectra of the same quantity of TbPc2 deposited on glass.

[1] X. Wang et al., Nat. Rev. Phys., 2020, 2, 253-271.
[2] D. Melnikau et al., Nano Lett. 2017, 17, 3, 1808-1813.
[3] F. Pineider et al., Mater. Horiz., 2019,6, 1148-1155.
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Solid state dewetting has been investigated in the last 50 years, being thin film stability a very relevant
issue for polymers, metals, and semiconductors [1]. In analogy with liquid films breaking into tiny droplets,
soft matter and solid films are unstable and break into islands when annealed at temperatures well below
their melting point. The thermally activated surface adatom diffusion together with the intrinsic
defectivity of the thin layer leads to local thinning of the layer, bringing its top surface in contact with the
substrate. At this point, around these heterogeneously distributed holes, a rim forms and starts receding
with a speed proportional to the Laplacian of the surface curvature [2]. While the rim moves, the
underlying Rayleigh-like instability emerges, leading to the formation of fingers that eventually break into
islands [3]. When practical applications are concerned, a templated dewetting approach is the key to tune
size and density of the islands, overcoming the randomness of a phenomenon that is intrinsically
stochastic: ordered arrays of individual islands can be obtained in SiGe alloys by patterning the thin layer
before annealing by electron beam lithography and reactive ion etching [4,5]. Here we show that
templated SiGe dewetting produces monocrystalline, sub-micrometric particles featuring strong light
scattering supported by Mie resonances. Although the scattering properties of these systems have been
qualitatively investigated, a precise study on the impact given by the effective complex morphology of a
dewetted nanoparticle to the Mie scattering properties is still missing. In this work, by using
morphological characterization, phase field and light scattering simulations, we provide a realistic
modelof the single scatterer optical properties. Dark-field scanning hyperspectral imaging experiments
are then performed allowing to map in real space the distribution of multipolar modes and to
reconstruct the scattering pattern also at angles wider than the numerical aperture of conventional
microscope objective lenses. We find an excellent agreement between the experimental and
theoretical scattering cross-sections.

Figure 1: a) Sketch of the
Dark-field scanning setup. b)
Hyperspectral map of an island
with R = 190 nm filtered around
the wavelength range 500-900
nm. c) Comparison between the
collected integrated spectra and
the simulated scattering cross
section for island of R = 190. d)
SEM image of islands acquired
with a tilt angle of 45 degrees with
respect the sample normal to
highlight the faceting of each
scatterer. (e) SEM image of of a
single island, where the faceting
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[1] C.V. Thompson, Solid-state dewetting of thin films, Annu. Rev. Mater. Res. 42 (2012) 399-434.

[2] [O. Pierre-Louis, A. Chame, Y. Saito, Dewetting of ultrathin solid films, Phys. Rev.Lett. 103 (2009) 195501.
[3] F. Cheynis, et al., Dewetting dynamics of silicon-on-insulator thin films, Phys. Rev. B 84 (2011) 245439.

[4] N.Granchi et al. “Engineering and detection of light scattering directionalities in dewetted nanoresonators
through dark-field scanning microscopy” Opt Exp, 31, (2023) 9007

[5] N. Granchi, et al. “Near-field hyper-spectral imaging of resonant Mie modes in a dielectric island”, APL
Photonics, 6, 126102 (2021)
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Large-scale Van der Waals heterostructures for photon harvesting
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Two-dimensional (2D) Transition Metal Dichalcogenide semiconductor (TMDs) layers have recently attracted
diffuse interest owing to their exceptional optoelectronic properties, simply tunable by tailoring the number of
layers and/or by assembling van der Waals (vdW) heterostructures [1,2]. Interestingly, vdW heterostacks based
on MoS; and WS; layers gives rise to a type Il heterojunction that promotes carrier separation across the junction
with impact in photonics and energy conversion applications. However, the inherent low photon absorption in
the atomic layers demands for novel photon harvesting schemes able to achieve effective light coupling to the
few-layer semiconductor. Flat-optics media supporting Lattice Resonances offer a promising opportunity in this
respect, promoting strong in-plane light scattering and confinement [3]. In parallel, there is an urgent request to
scale-up the lateral size of the 2D layers controlling their stacking in a deterministic way.

Here we demonstrate a novel approach for the maskless growth of large area (cm? scale) TMDs van der Waals
heterostructures confined onto transparent periodic lattices. An original physical deposition process based on
the ion beam sputtering of bulk TMDs targets has been exploited to control the growth of tilted WS, nanostripe
arrays conformally coated by a continuous few-layer MoS, film. Under this condition narrowband photonic
anomalies are excited at the interface of the periodic lattice, thus steering the light parallel to the ultra-thin
semiconductor layers [4]. In parallel a modulation of the refractive index on the surface is promoted by the
periodic WS, nanostripes, acting as optical sensitizers. We thus observe a strong resonant and non-resonant
enhancement of the photon absorption in in the ultra-thin vdW layers up to the 250%, relatively to the flat
reference heterostructure film [5]. Additionally, the capability to control the out of plane tilt of the 2D layers
promotes directional light scattering properties, enhanced in the flat-optics configuration. These figures
demonstrate that the large-area vdW heterostructures nanoarrays represent a promising scheme for various
applications from photonics to photoconversion and energy storage.

References
[1] Q. H. Wang, et. al. Nat. Nanotechnology, 7 (11), 2012. https://doi.org/10.1038/nhnano.2012.193
[2] C. Martella, et al. Advanced Materials, 30 (9), 1705615, 2018. https://doi.org/10.1002/adma.201705615
[3] M. Bhatnagar et al., Nanoscale, 12 (48), 24385, 2020. https://doi.org/10.1039/DONR06744)
[4] M. Bhatnagar et al., ACS Appl. Mater. Interfaces, 13 (11), 13508, 2021. https://doi.org/10.1021/acsami.0c20387

[5] M. Gardella et al. “Maskless synthesis of van der Waals heterostructure arrays engineered for light harvesting on large-
area templates”. To be submitted 2023
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Stimuli-responsive Flexible Silk-Metamaterial for Enhanced Sensing of
Volatile Organic Compound (VOC) at Mid-IR
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Abstract: Metamaterial platforms are limited for monitoring transient events, i.e., exposure to
volatile organic compound (VOC) and biomolecular activities with large chemical-specificity and
differential response, particularly in flexible applications. Here, we report a robust, flexible and stimuli
responsive hybrid Silk-Metamaterial architecture for fast and repeatable detection of VOCs
particularly suitable in biocompatible applications. By utilizing the "super-modes" existent in the
nano-pillar cavity architecture, chemical sensing in vapor phase and liquid phase is demonstrated at
mid-IR extending the capabilities of surface enhanced absorption (SEIRA) spectroscopy. The platform
is highly disposable and biocompatible and can be robustly integrated for a range of flexible
applications.

Keywords: Biocomaptible, Flexible, Metamaterial, , Mid Infrared, Silk, Stimuli-responsive
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Figure 1: (a) 3D schematic of the free standing, flexible silk film with plasmonic nanostructure (b) Dimensional
parameters of the structure (c) Electric field enhancement induced by the vertical coupling between the top and
bottom layer, observed at the XZ plane. Incident polarization is maintained along x-axis (d) Detailed steps of the
transfer process (e) Suspended disk nanostructure (f) Suspended bow-tie nanostructure (g) Flexible silk
membrane containing the nano-pillar cavity structures (h) SEM cross-section of the flexible silk membrane
(i)Diameter dependent characteristics of the suspended disk nanostructures on silk nano-pillar in reflection
mode (j) Corresponding transmission characteristics of the disk nanostructures
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The optical properties of transition metal dichalcogenide (TMD) monolayers are dominated by strongly
bound electron-hole pairs, the so-called excitons, due to the reduced dimensionality and the associated
inherently weak Coulomb screening. Thus, the emission caused by the recombination of the excitons at the
K-point of the Brillouin zone is the predominant feature of the photoluminescence (PL) spectrum. Up to now,
there have been several elaborate approaches to tuning the wavelength of the PL signal, which involved the
application of uniaxial strain [1], temperature control of the sample [2], or application of a gate voltage [3].
While all these methods achieve the goal of shifting the emission wavelength, they also drastically change
the physics of the system, e.g., the phonon scattering time, the nonlinear susceptibility tensor, or the
exciton-trion ratio. Recently, a less invasive method was proposed by Simbulan et al. which used a light
source with well-defined orbital angular momentum to provide additional finite momenta to open the light
cone which led to an enhancement of momentum-forbidden exciton transitions [4].

In this work, we follow this approach but instead of the complex shaping of the incident light into
a helicoidal wavefront, we integrate different TMDs (MoSe,, WSe,, WS,) on dielectric linear chirped
nano-gratings (see Fig. 1a)) which provide additional momentum to the system. Depending on the
local groove density of the grating the provided momentum and accordingly the enhanced PL emission
wavelength varies along the structure (Fig. 1b)). With further tailoring of the grating dimensions this
method could be extended to directly probe the exciton dispersion in different TMD monolayers which
in turn could provide valuable information for the understanding of fundamental processes such as
exciton diffusion.
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Figure 1: a) Microscopy picture of a MoSe2 monolayer (green area) transferred on a linear chirped nano-grating.
The inset shows the dark-field image of the same sample, where no defects are visible in the TMD/grating area.
b) For an increasing groove density, the grating provides more momentum (green arrows), leading to a blue
shift of the emitted PL signal (dashed arrows) of the TMD.

[1]1Z.Li, Y.Ly, L. Ren et al., Nat. Commun. 11, 1151 (2020).

[2]J. Huang, T. B. Hoang, and M. H. Mikkelsen, Sci. Rep. 6, 22414 (2016).

[3] K. Seyler, J. Schaibley, P. Gong et al., Nat. Nanotech. 10, 407-411 (2015).

[4] K. B. Simbulan, T. Huang, G. Peng et al., ACS Nano. 15, 2, 3481-3489 (2021).
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CdZnO nanoparticles for SEIRA sensing in the mid-infrared
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Resonant Surface Enhanced Infrared Absorption (SEIRA) relies on the resonant coupling of a
broadband plasmonic mode supported by a metallic micro or nanostructure and the narrowband
absorption minimum of the analyte to detect. With this method, enhancements up to a factor 7 in the
signal of the analyte have been reported [1]. However, most reports rely on noble metals that suffer
from high losses in the mid-IR range [2], and complex lithography is required to place the plasmonic
resonances at the desired wavelengths. In this study, we report a novel, lithography-free approach for
resonant SEIRA sensing. We employ self-assembled nanoparticles (NPs) made of Cd1.<Zn«O —a material
characterized by its low losses in the mid-IR [3]— deposited on GaAs.
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Figure 1: Transmittance spectra of the Cdo.9Zno.10 NPs on GaAs, with and without a layer of PMMA on top.

Resonant coupling between the localized surface plasmons (LSPs) supported by the NPs and
the sharp absorption minimum presented by PMMA resist is demonstrated. The low energy
resonance of the LSPs [3] is dependent on the refractive index of the substrate. For GaAs (n=3.3), it
is found at around 1750 cm™, well below the plasma frequency of Cdo9Zne10 (~ 4000 cm™). This
energy matches that of the C=0 absorption in the PMMA. Figure 1 presents the transmission
spectrum of a Cdo.9ZNno.10/GaAs sample before and after the deposition of a thin layer of highly
diluted PMMA. Here, the PMMA absorption band appears as a sharp, well-defined maximum in the
middle of the broadband LSP. This paradoxical behavior where an absorptive mode appears as a
non-symmetrical maximum is typical of this type of resonant coupling, as first described by Fano and
shown in most successful SEIRA experiments [4].

This approach is not restricted to GaAs substrates. Tunability of the resonance by growing
CdZnO NPs on other substrates with different refraction indexes can be achieved, thus opening the
possibility to fingerprint other analytes with resonances in this spectral range.

L. V. Brown, X. Yang, K. Zhao, B. Y. Zheng, P. Nordlander, and N. J. Halas, in Nano Lett, vol. 15, no. 2, pp. 1272-1280,
Feb. 2015.

G. V. Naik, V. M. Shalaev, and A. Boltasseva, in Advanced Materials, vol. 25, no. 24, pp. 3264-3294, Jun. 2013.

E. M. Castellano, J. Tamayo-Arriola, M. Montes Bajo, A. Gonzalo, L, Stanojevic, J. M. Ulloa, O. Klymov, J. Yeste, S.
Agouram, E. Muiioz, V. Mufioz Sanjosé, and A. Hierro, in Nanophotonics, vol. 10, no. 9, pp. 2509-2518, Jul. 2021.

P. J. Larkin, Infrared and Raman Spectroscopy. Elsevier, 2018.
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All-dielectric, sub-micrometric particles obtained through solid state dewetting have been shown to
support Mie resonances together with a high quality monocrystalline composition [1]. Recently, a precise
study on the impact given by the effective complex morphology of a SiGe dewetted nanoparticle to the
Mie scattering properties has been provided and carried on through a novel experimental technique
called Dark-field Scanning Optical Microscopy [2]. In this work, by means of the same technique and of
light scattering simulations, we reveal how the presence of a Si-based pedestal under the dewetted
nanoparticle, resulting from the electron-beam lithography process, accounts for a sharp peak at 450
nm in the total scattering cross-section and strongly influences its features, see Fig. 1(b). The FDTD
simulations reported in Fig. 1(a) do not reproduce the short wavelength peak. However, by adding in the
dielectric simulation windows a thin Si-based pedestal below the dewetted island, Fig. 1(c), evidenced
also by SEM images, the FDTD scattering cross sections agree much better with the experimental dark-
field spectrum. In conclusion, we demonstrated through simulations and dark-field spectra that a Si-
based pedestal, deriving from the fabrication process, is present under dewetted nanoparticles, and that
it influences the scattering cross-section of the nanoparticle itself.
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Figure 1: (a) FDTD Normalized scattering cross-section of a SiGe dewetted island with 80 nm radius. The inset
shows the dielectric window used for the FDTD simulations (b) Normalized dark-field spectrum of the islands of
a SiGe dewetted island with 80 nm radius. The inset shows the top view SEM images of the investigated islands.
(c) scattering cross-section of a SiGe dewetted island with 80 nm radius sitting atop the Si pedestal as a function
of t, the pedestal thickness. The inset shows the dielectric window used for the FDTD simulations.

[1] A.l. Kuznetsov, A. E. Miroshnichenko, M. L. Brongersma, Y. S. Kivshar and B. Luk'yanchuk, Science, 354, 6314
(2016).

[2] N. Granchi, L. Fagiani, M. Salvalaglio, C. Barri, A. Ristori, M. Montanari, M. Gurioli, M. Abbarchi, A. Voigt, M. A.
Vincenti, F. Intonti and M. Bollani, Optics Express, 31, 9007 (2023).
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Recently, Raman spectroscopy has become important for environmental analysis, however the Raman effect
is intrinsically very weak. To overcome this limitation, advanced surface enhanced Raman scattering (SERS)
substrates have been proposed by researchers but these are difficult to compare to one another. Here, we
demonstrate a high-performance SERS substrate and, for meaningful comparison, we benchmark its properties
to a commercially available product. Our substrate couples efficiently to circularly polarized light allowing the
observation of two previously unknown ways to detect the chirality of nanostructures.

In response to environmental challenges Raman spectroscopy is becoming a key tool to fingerprint and
identify molecules associated with pollutants (such as viruses, bacteria and toxins) [1]. To meet these challenges,
SERS substrates must produce strong and reproducible signal enhancements over large areas and with a low
fabrication cost. Moreover, through practical assessment of their properties, such substrates need to be
comparable. Here, we show that dense arrays of plasmonic nanohelices, which are of interest for many advanced
nanophotonics applications, also present excellent SERS properties [2]. We compare the performance of the
nanohelices to commercially available conglomerates of Au nanoparticles.

Figure 1A shows the dimensions of the left-handed Ag nanohelices; at a length of =100 nm these are the
smallest helical structures used of SERS [3]. The SERS properties of the helices are demonstrated through two
new methods for probing near-field enhancement generated with circular polarization at chiral metasurfaces,
see Figure 1B. The first method is based on a single, element specific, achiral molecular vibrational mode (i.e., a
single Raman peak), see Figure 1C. The second method is based on the Raman spectra of achiral molecules
(crystal violet), see Figure 1D.

We believe these advanced plasmonic materials are set to find broad applications in surface enhanced
Raman spectroscopies for environmental science applications. One such application they could benefit is Hyper
Raman spectroscopy. Hyper Raman's very weak signal limits its use as a complimentary technique to standard
Raman but our hope is that these substrates could allow wider use of the technique.
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Figure 1: Imagery and data related to left-handed Ag nanohelices. A) Side view SEM of the nanohelices. B) Diagram of
illuminating nanohelices with left- and right-handed circularly polarized light (LCP and RCP, respectively) at 532 nm. C)
Peak intensity of the Raman vibrational mode at 1177 cm?, for LCP and RCP illumination. D) The circular intensity
difference (CID, defined as I, — Ir) spectrum of crystal violet for dense arrays of nanohelices; irradiance 1.7 kW cm2. [2]

[1] W. R. Premasiri, D. T. Moir, M. S. Klempner, N. Krieger, G. Jones, L. D. Ziegler, J. Phys. Chem. B 2005, 109, 312.

[2] R. R. Jones, C. Miksch, H. Kwon, C. Pothoven, K. R. Rusimova, M. Kamp, K. Gong, L. Zhang, T. Batten, B. Smith, A. V. Silhanek, P. Fischer, D.
Wolverson, V. K. Valev, Adv. Mater. (2209282, 2023)
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Abstract: Temperature measurements at the nanoscale are vital for the application of plasmonic
structures in medical photothermal therapy and materials science, but very challenging to realize in
practice. In this work, we exploit a combination of surface enhanced Raman spectroscopy together
with the characteristic temperature dependence of the Raman peak maxima observed in B-phase
copper phthalocyanine (B-CuPc) to measure the surface temperature of plasmonic gold nanoparticles
(NPs) under laser irradiation. We begin by measuring the temperature dependent Raman shifts of the
three most prominent modes of B-CuPc films coated on an array of Au nanodisks over a temperature
range of 100 K to 500 K. We then use these calibration curves to determine the temperature of an
array of Au nanodisks irradiated with varying laser powers. The extracted temperatures agree
guantitatively with the ones obtained via numerical modelling of the electromagnetic and
thermodynamic properties of the irradiated array. Thin films of B-CuPc display low extinction
coefficients in the blue-green region of the visible spectrum as well as exceptional thermal stability,
allowing a wide temperature range of operation of our Raman thermometer, with minimal optical
distortion of the underlying structures. Thanks to the strong thermal response of the Raman shifts in
B-CuPc, our work opens the opportunity to investigate photothermal effects at the nanoscale in real-
time and over single-nanoparticles.
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Technologies that control and monitor neural activity are crucial to understand the functions of
neural circuits. Micro-electrode arrays (MEAs) play a significant role for both spatial and temporal
monitoring of neural activity from neurons cultured on MEAs. The combination of plasmonic laser
poration and MEAs will offer advanced electrophysiology and neurotoxicity assessments on neurons,
allowing for screening compound effects in acute and chronic conditions with outstanding intracellular
signal quality on neurons. As a foremost candidate for optical poration, plasmonic materials such as Au,
Pt with nanostructures such as dots, rods and various shapes have been utilized on MEAs [2-4]. Currently,
significant results have been obtained by active and passive microelectrode arrays (MEAs) with
engineered nano- and micro-structures or 3D nanostructures [6], although very few successful
approaches have been reported for neuronal cells [5]. However, the practical implementation of 3D
nanostructures is limited due to complex and expensive procedures that are not well suited for large
scale production. Here, we investigate and optically porate rat primary neurons grown on commercially
available PedotCNT MEAs.

[1]. Feigin, V. L., Nichols, E., Alam, T., Bannick, M. S., Beghi, E., Blake, N., ... & Fischer, F. (2019). Global, regional,
and national burden of neurological disorders, 1990-2016: a systematic analysis for the Global Burden of Disease
Study 2016. The Lancet Neurology, 18(5), 459-480.

[2]. Kim, J.-H., et al., Surface-modified microelectrode array with flake nanostructure for neural recording and
stimulation. 2010. 21(8): p. 085303.

[3].Lee, J.W.,, et al., Gold nanostar-mediated neural activity control using plasmonic photothermal effects. 2018.
153: p. 59-69.

[4].Kim, R., N. Hong, and Y.J.B.j. Nam, Gold nanograin microelectrodes for neuroelectronic interfaces. 2013. 8(2):
p. 206-214.

[5].Dipalo, M., Amin, H., Lovato, L., Moia, F., Caprettini, V., Messina, G. C., ... & De Angelis, F. (2017). Intracellular
and extracellular recording of spontaneous action potentials in mammalian neurons and cardiac cells with 3D
plasmonic nanoelectrodes. Nano letters, 17(6), 3932-3939.

[6].Abbott, J., Ye, T., Krenek, K., Gertner, R. S., Ban, S., Kim, Y., ... & Ham, D. (2020). A nanoelectrode array for
obtaining intracellular recordings from thousands of connected neurons. Nature biomedical engineering, 4(2),
232-241.
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Moiré lattices are made of two superimposed identical two-dimensional periodic structures with
a relative rotation angle. The interest in such lattices stems from the possibility to obtain a large class
of optical phenomena related to a tailored design of the optical band structure for particular values
of the rotation angles. In this work, we study the optimization of the electromagnetic properties of
a Moiré photonic lattice made by two plasmonic honeycomb sublattices to tailor the emission and
absorption properties of light emitters coupled to them. In particular, we focus on the band flattening
effect exhibited at certain twisting angles (magical angles) related to novel phenomena such as localization
and delocalization of light [1]. We characterize the local density of optical states (LDOS) within the system
by calculating its associated dyadic green function 8 [3], which, in turn, is determined considering
the Couple Dipole Approximation (CDA) to simulate the optical response of the photonic crystals. In
particular, the CDA semi-analytic method was chosen over other numerical methods, such as the Finite
Element Method (FEM), due to its lighter computational load to simulate experimentally nanofabricated
larger systems in size [2]. Fig. 1 shows that the extinction map of an AA stacked plasmonic crystal of
aluminum spheres obtained using CDA is in good agreement with the numerical result obtained using
FEM, demonstrating the validity of the application of CDA to study the optical response of the Moiré
photonic lattice with null rotation angle. Subsequently, the calculation of the LDQOS, derived from a
semiclassical treatment of radiation of the nanoparticles, is used in Fermi’s Golden rule to characterize
the radiation of the light emitter that is inside the photonic cavities. Finally, the present project aims to
study the optimization of flat bands on the optical analog of a twisted graphene bilayer at a magic angle
1.1°, which gives rise to the novel phenomenon of stopped light nanolaser [4].
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Figure 1: lllustration of the simulated plasmonic Moiré lattice at null rotation. Extinction map as a function of the
incident angle and the wavelength of the incident electric field by a) CDA and b) FEM.

[1] P.Wang, Y. Zheng, X. Chen, Nature 577, 42-46 (2020).

[2] J. Guan, J. Hu, Y. Wang, et al, Nat. Nanotechnol. (2023).

[3] P.Bharadwaj, B. Deutsch, L. Novotny, Adv. Opt. Photon 1, 438-483 (2009).
[4] K.L.Tsakmakidis. Nat. Nanotechnol 16, 1048-1049 (2021).
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The integration of plasmonic nanostructures into miniaturized devices combined with the availability of
portable Raman spectrometers fosters the development of on-site sensing applications of Surface Enhanced
Raman Scattering (SERS) [1]. In this context, the automatization of the whole analytical procedure is highly
desirable as the measurement has to be performed by non-specialized users. In this work, we present the
development and optimization of an automatic setup for SERS analyses. The described system includes a
motorized sample injection module, a support for the proper positioning of the Raman probe on the SERS-
active platform, the microfluidic chip and a portable Raman spectrometer, as well as a single custom script
that allows for syringe and spectrometer control and data processing (Figure 1a). As a proof of concept, the
system is tested for the detection of miRNA tumor biomarkers. The SERS chip, containing Ag-coated porous
silicon membranes, is functionalized following a two-step hybridization assay [2]. Then, the device is
connected to the automatized injection system and the sample containing the target is repeatedly flown in
and out from the chip chambers. After the optimization of the injection, incubation and acquisition
parameters, the performances of the portable automatized system and of the laboratory-scale procedure
involving a bench spectrometer were compared by analyzing several miR-214 concentrations. The analyte
was efficiently concentrated at the SERS-active surface though the dynamic incubation procedure (Figure
1b). Actually, the described improvement resulted in a comparable sensitivity for the assay performed with
the portable setup operating in automatic mode or analyzed by a bench Raman microscope. The in-chip
analysis of miR-214 and its quantification by an entirely automatized procedure was thus demonstrated,
promoting in-field SERS-based sensing featured by a small, robust and easy to handle platform.
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Figure 1: a) Microfluidic and Raman integrated setup for automatized SERS analyses; b) SERS detection of miR-

214 (Aexc.= 532 nm) at different concentrations performed using the developed portable and automatic setup

(top) or through the laboratory-scale procedure (bottom).

[1]J. Langer et al., ACS Nano 14, 28-117 (2020).
[2] C. Novara, A. Chiado, N. Paccotti, S. Catuogno, C.L. Esposito, G. Condorelli, V. de Franciscis, F. Geobaldo, P.
Rivolo, F. Giorgis, Faraday Discuss. 205, 271-289 (2017).
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Noble metal nanoparticles (NPs) exhibit exceptional light scattering and absorption, thanks to so-called
localized surface plasmon resonances (LSPRs). These resonances originate from light-driven oscillations
of free electrons and can be used in a variety of applications, from opto-electronics to photochemistry
and optical sensing.

Recently, plasmonic nanostructures have been thoroughly investigated for their potential application
in photocatalysis thanks to their ability to generate hot electrons and hot holes upon excitation with
light. These non-thermalized charge carriers can be harvested to drive redox reactions at the surface of
the metal, but it remains unclear how efficient this process is, particularly considering their very short
lifetime.

In this study, we investigate the light-driven synthesis of Au@Ag core@shell structures, where the growth
of the Ag shell is facilitated by hot holes originating from interband transition in the Au cores. Previous
studies have suggested that the mean free path of a d band hole is limited to 4 nm, which makes the
growth of the Ag shell challenging, particularly for large Au NPs and thick Ag shells.[1-3]

To elucidate the photochemical role of the mean-free path of d-band holes, we study the Ag shell growth
over Au nanoparticles of varying sizes and compare the rates in the dark and under plasmon excitation.
Our results show significant differences in the reaction rates on AuNPs of different diameters.
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Figure 1: Time evolution of the extinction spectra measured during Ag shell growth on (left) 10 nm and (right) 50 nm
Au nanoparticles. The reactions are conducted under 532 nm laser irradiation.

[1] R.Kamarudheen, G. W. Castellanos, L. P. Kamp, H. J. Clercx, and A. Baldi, “Quantifying photothermal and hot
charge carrier effects in plasmon-driven nanoparticle syntheses,” ACS nano, vol. 12, no. 8, pp. 8447-8455, 2018.

[2] R. Kamarudheen, G. J. Aalbers, R. F. Hamans, L. P. Kamp, and A. Baldi, “Distinguishing among all possible
activation mechanisms of a plasmon-driven chemical reaction,” ACS Energy Letters, vol. 5, no. 8, pp. 2605-2613,
2020.

[3] M. Bernardi, J. Mustafa, J. B. Neaton, and S. G. Louie, “Theory and computation of hot carriers generated by
surface plasmon polaritons in noble metals,” Nature communications, vol. 6, no. 1, p. 7044, 2015.
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Surface enhanced Raman scattering (SERS) is a widely used analytical technique, which takes
advantage of the huge enhancement of the Raman signal of a target molecule adsorbed on metal
nanoaggregates [1]. In this contribution, we present a novel theoretical approach to treat surface-
enhanced spectroscopies, in which the plasmonic structure (either metallic or graphene-based) is
described by means of fully atomistic, classical, electromagnetic models, which have recently been
developed by the present authors [2-4], while the adsorbed molecular system is treated at the quantum
mechanical (QM) level. The atomistic, yet classical, approaches are able to predict the plasmonic
properties of nanostructures of complex shapes, and are general enough to describe, at the same level of
accuracy, metal nanoparticles [2,4] and graphene-based nanoaggregates [3,5]. Indeed, our classical model
shows a remarkable potential for large scale nanoplasmonic simulations (more than 1 million atoms), also
for systems dominated by quantum effects, such as subnanometer junctions [2,4] or by geometrical
defects [5,6]. In this contribution, we couple our classical model to a QM description of the adsorbed
molecular system, and we extend the resulting approach to the prediction of SERS signals [7]. The
robustness and reliability of the developed method are demonstrated for selected test cases and
comparison with available experimental spectra.

SERS Spectrum
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Figure 1: Graphical depiction of methotrexate adsorbed on a graphene disk (left) and the corresponding
calculated SERS spectrum (right).
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Combining plasmonic metal nanoparticles with wide bandgap semiconductor materials has been
demonstrated to be an effective way to sensitise these materials to sub bandgap light [1]. This is often
used as a strategy improve the photocatalytic properties of these materials.

In this work we focus our efforts on diamond as it has the very interesting property of having a
negative electron affinity at its surface when it is hydrogenated. The result is that when electrons are
excited into the conduction band in the vicinity of a diamond/vacuum or, indeed, a diamond/water
interface they are ejected from the diamond into the vacuum or water. This property can lead to
numerous useful applications such as a cold cathode or as a clean source of solvated electrons. The
problem is that diamond has a band gap of 5.5 eV and therefore this process only works with VUV light
(A <213 nm).

We have fabricated two separate systems based on the combination of plasmonic nanoparticles
with diamond which show that the exciting the plasmonic resonance of the metal nanoparticles can
lead to a strong enhancement of the emission of electrons from the diamond surface. The process is
demonstrated using an array of nanoparticles embedded below the surface of a thin film of diamond
for the emission of electrons into vacuum using visible light. The increased electron emission efficiency
was verified by photoemission and photoconducibility measurements. Initial attempts with Aluminium
as the plasmonic material were not successful [2] while successive fabrication using silver showed the
required properties. Furthermore, a second system involving nanodiamonds coupled with gold
nanoparticles in aqueous solution has been shown to be source of solvated electrons following
interaction with visible light. In this case the presence of solvated electrons was verified by using an
ultrafast pump-probe experiment in which a visible light pump was used to excite the plasmon
resonance of the gold nanoparticles while the white light probe was used to optically detect the
formation of the solvated electron in the first picoseconds after the excitation.

Based on the details of the above measurements we discuss the mechanisms which could explain
the results observed in the two systems.

[1] D. Catone, L. Di Mario, F. Martelli, P. O'Keeffe, A. Paladini, J.S. Pelli Cresi, A.K. Sivan, L. Tian, F. Toschi, S.
Turchini “Ultrafast optical spectroscopy of semiconducting and plasmonic nanostructures and their hybrids.”
Nanotechnology, 32, 025703, (2020).

[2] A. Bellucci, V. Campanari, M. Mastellone, P. O'Keeffe, A. Paladini, R. Polini, D.M. Trucchi, “Optical

characteristics of nanostructured aluminium/diamond composite systems in the visible range,” Diamond and

Related Materials, 132,109669, (2023).
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Surface plasmon-polaritons (SPPs) propagating at dielectric-metal interfaces, due to the coupling
of light with the collective oscillation of free electrons, satisfy the Lorentz reciprocity principle which
is exhibited by the symmetrical propagation of the SPPs in opposite directions. This reciprocity can be
broken when external magnetic field is applied to the system and may result in the creation of
unidirectional SPP propagation within a certain frequency gap [1]. This phenomenon has attracted a
substantial interest in the community since it carried a significant application prospect in the fields of
sensing and communication. Recent works, have however, shown that this unidirectionality does not
hold if one accounts for nonlocal effects in the optical response of the plasmonic system [2,3]. Contrarily
to the local response approximation (LRA) model, nonlocality prevents the existence of unidirectional
band gaps, since nonlocal dispersion would in principle always provide a back propagating mode. This
underlines the importance of consideration of more realistic material models in the theoretical study of
SPPs. Here we investigate SPP propagation in the presence of externally applied magnetic field, within
the framework of quantum hydrodynamic theory (QHT), which accounts for both nonlocality (beyond
the Thomas-Fermi approximation) and electron spill-out. Contrarily to Thomas-Fermi nonlocal dispersion
predictions, the QHT appears to restore the existence of the unidirectional gaps. The results given by the
QHT are compared with previous results, Fig. 1(a).
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Figure 1: (a) Dispersion diagrams calculated for the SPP propagation at the air-magnetized Na interface based
on the local response approximation, LRA (black curve), the Thomas-Fermi hydrodynamic theory, TFHT, nonlocal
model (red curve), and the Quantum hydrodynamic theory, QHT, model (light-blue curve). (b) Real part of the
magnetic field distribution at w = 0.77w,, [green dashed line in (a)] calculated with QHT framework. (c) The
one-dimensional profile of the field extracted from (b) at 0.5 nm below the interface. Indicates field interference
pattern on the right of the dipole source due to the contributions from the two crossing points [green dashed
line in (a)] in the positive k of the QHT dispersion curve.

[1] K. L. Tsakmakidis, L. Shen, S. A., Schulz, X. Zheng, J. Upham, X. Deng., H. Altug, A. F. Vakakis and R. W. Boyd,
Science 356, 1260-1264 (2017).

[2] S.Buddhiraju, Y. Shi, A. Song, . Wojcik, M. Minkov, lan A. D. Williamson, A. Dutt and S. Fan, Nat. commun.
11(1), 674 (2020)

[3] S. Ali Hassani Gangaraj and F. Monticone, Optica 6(9), 1158-1165 (2019)
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The generation of excited non-thermal electrons in plasmonic nanostructures has been the subject of a
great deal of papers mainly due to increasing interest in harvesting these electrons for applications such as
photocatalysis, energy conversion, and nanophotonics [1-3]. One of the main difficulties in designing
efficient energetic electron devices is the intrinsic ultrashort lifetime of these highly energetic carriers, which
generally only live tens to hundreds of femtoseconds before being thermalized into a Fermi-Dirac
distribution.

Here, we have used a combined experimental and theoretical approach [4] to investigate the dynamics
of non-thermal electrons generated following either plasmonic or interband photoexcitation. In particular,
an array of gold nanoparticles deposited on a LiF substrate has been investigated through femtosecond
pump-probe spectroscopy and the experimental measurements have been post-processed guided by the
extended two-temperature model.
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Figure 1: Transient absorbance spectra acquired at increasing time delays (100 fs, 300 fs, 1 ps, 5 ps) between the
pump and the probe pulses, following a) plasmonic and b) interband excitation at 570 nm and 410 nm,
respectively.

The analysis has shown that the appearance time of plasmonicly excited non thermal electrons is
significantly faster than that of the interband excited carriers. This result has been discussed in light of the
different processes involved in the generation of the non-thermal electronic distribution following
photoexcitation. The possible role of spatially localized carriers due to the action of hot spots has also
been discussed.

[1] M. L. Brongersma, N. J. Halas, and P. Nordlander, Nat. Nanotechnol. 10, 25 (2015).
[2] L. Zhou, D. F. Swearer, C. Zhang, H. Robatjazi, H. Zhao, L. Henderson, L. Dong, P. Christopher, E. A. Carter, P.
Nordlander, and N. J. Halas, Science 362, 69 (2018).

[3] A. Schirato, M. Maiuri, A. Toma, S. Fugattini, R. P. Zaccaria, P. Laporta, P. Nordlander, G. Cerullo, A.
Alabastri, and G. D. Valle, Nat. Photonics 14, 723 (2020).

[4] P. O’'Keeffe, D. Catone, L. Di Mario, F. Toschi, M. Magnozzi, F. Bisio, A. Alabastri, R. Proietti Zaccaria, A.
Toma, G. Della Valle, and A. Paladini, Laser Photonics Rev. 2100017 (2021).
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Iron is one of the most common and important elements on earth and it plays critical roles in many
natural and biochemical processes?. Iron concentration is therefore an important parameter for water
environmental quality and, with the rapid development of modern industry, this topic is gaining more
and more relevance. Convenient, rapid, high sensitive and on-site iron determination is thus important
for environmental safety and human health, and nanotechnology may offer some options.

In this regard, we developed a sensing system for the detection of Fe(lll) in water, based on 7-
mercapto-4-methylcoumarine (MMC) stabilized silver coated gold nanostars (GNS@Ag@MMC)3,
exploiting a redox reaction between the Fe(lll) cation and the silver shell of the nanoparticles. This
sensor can detect Fe(lll) by simultaneously monitoring changes in the LSPR and SERS spectra of
GNS@Ag@MMC as a function of added Fe(lll). The specific selectivity of the GNS@Ag@MMC sensor
towards iron has been verified monitoring the LSPR and SERS response to other cations.
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Figure 1: Schematic representation of GNS@Ag@MMC synthesis and LSPR and SERS —based detection of Fe(lll).

[1] Z.Yan, L. Hu, and J. You, Anal. Methods. 8, 5738-5754 (2016).
[2] I. Pedre, G. Alicia Gonzalez, Miner. Eng. 185, 2022.
[3] M. Parmigiani, B. Albini, G. Pellegrini, et al, Nanomaterials. 12, 2022.
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Light-matter interaction has a fundamental role in numerous fields of science and technology.
Nowadays, new techniques and technologies permit light control and manipulation at the nanoscale, giving
access to novel regimes of interaction with matter. In this view, the “strong coupling” condition is reached
when the exchange rate of energy between a confined electromagnetic field and a quantum emitter is faster
than any other relaxation process. Only then, the overall system can exhibit novel hybrid states endowed
with inherently different physico-chemical properties, which no longer belong to its separate
components. The investigation of these system has massively involved the scientific community in a
large variety of applications such as lasing [1], quantum information [2], and chemical reactions [3].
For these purposes, different kind of photonic cavities has been and can be designed and investigated;
among them, open cavities sustaining Surface Plasmon Polaritons (SPPs) represent one of the most
promising platforms due to its ease of material placement and polariton exploitation into the
chemistry and material science domains [4].

Here, we present the steady and time-dependent characterization of an open optical cavity that
can be combined in the visible range with an appropriate quantum emitter (dye molecules, low
dimensional semiconductors, etc). The aforementioned system consists of a nano-patterned surface
made on a metallic thin film (e.g. Au, Ag, or Al) where the periodicity of the holes defines the SPP
modes propagating at the metal/dielectric interface. Therefore, by controlling the geometry of the
pattern, it is possible to easily overlap the plasmonic resonances with the nanomaterial elementary
excitation(s), thus promoting hybrid state formation. This work is in line with recent transient
reflectivity results obtain on different plexciton systems [5], [6], and provides a wider investigation of
the available SPP platforms.
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Lithium niobate (LiNbOs3) has been intensively employed in photonics due to its broad transparency
window in the visible and near-infrared and its strong electro-optical response [1]. Recent technological
progress in nanofabrication has enabled structuring LiNbOs; at the nanoscale, leading to ground-
breaking advances in the fields of nano-optics [1]. In particular, due to its strong second-order nonlinear
optical response, applications to nonlinear nano-optics are flourishing [1,2]. For example, LiNbO;
metasurfaces were specifically designed for the generation of photon pairs via spontaneous parametric
down-conversion (SPDC) [3]. In this quantum process, a second-order nonlinear material interacts with
an incoming photon, generating two entangled photons whose energies summed are equal to the input
one. We report here on the realization and optical characterization of a LiNbOs; nanostructured
resonator for SPDC as an ultimately compact source
of photon pairs. One key issue of SPDC in nano-
devices is the short interaction length, yielding a
broad angular and spectral range of emission. In
addition, the small volume of material inherently
yields weak signals. Therefore, we tailored the
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Figure 1: a) Electric field norm distribution of the
eigenmode aimed at (wavelength A= 1450 nm)
simulated with a finite-element method. b) Far-field
distribution of the simulated SPDC emission at A = 1450
nm based on an analytical SPDC source distribution. c)
Scanning electron micrograph of the nanostructure
with groove and cut. d) Example of a photon corre-
lation measurement on a single resonator (excitation 5
mW power at wavelength 785 nm, 10 min exposure
time). At zero time delay, a peak of “true” coincidences
N.,; emerges against the background of accidental
coincidences N,... Inset: Energy level diagram of
degenerate SPDC pumped at a frequency w.

tightening the emission to a numerical aperture (NA)
of NA=0.2. The SPDC emission simulated at A= 1450
nm via an analytical nonlinear polarization density
vector adapted to the simulated distribution of the
pump field is shown in Figure 1b with the two lobes
indicating its directionality. To suppress competing
whispering-gallery-like eigenmodes, we introduced
two lateral cuts, visible in the scanning electron
micrograph of a fabricated resonator in Figure 1c. The
resonators are directly milled in a 500 nm-thick
LiNbOs film on a silica substrate by a focused (Ga*) ion
beam (FIB) machine, resulting in sharp spatial
features. An example of a photon correlation
measurement on a single resonator can be seen in
Figure 1d, where a distinct coincidence peak indicates

the generation of photon pairs. A coincidence rate exceeding 300 Hz/W was achieved, sizably more than
in the only other report — to the best of our knowledge — of SPDC in LiNbOs particles (15 Hz/W in 4 um
sized microcubes) [4]. Designs like the one we propose here can find application in integrated devices
as miniaturized room-temperature sources of non-classical light for quantum technologies.

[1] A. Fedotova, et al., ACS Photonics 9, 3745-3763 (2022).

[2] L. Carletti, et al., ACS Photonics 8, 731-737 (2021).

[3] T.Santiago-Cruz, et al., Nano Lett. 21, 4423-4429 (2021).

[4] N. M. H. Duong, et al., Opt. Mater. Express. 12, 3696-3704 (2022).
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Edge detection is a central process in Computer Vision, Artificial Intelligence and Augmented/Virtual
Reality, allowing operations such as object recognition and detection, classification, and image
compression. These new technologies rely on processing of large image files and may require real-time
operation, leading to large energy consumption and an ever-increasing demand in hardware processing
power. Recently, several optical analog computing alternatives based on metasurfaces have been
presented, which allow performing mathematical operations at the speed of light with extremely low
power consumption [1]. While very promising, these initial demonstrations are limited to passive
operations, which are imprinted in the metasurface's nanoscale geometry and constituent materials. At
the same time, active tuning of the mathematical operation performed by the metasurface would greatly
enhance the applicability in real world technologies.

Transmission

0.0 T T v T
560 580 600 620 640 660

Wavelength (nm)

Figure 1: (a) lllustration of the metasurface composed of SiNx nanobeams capped with a WS2-hBN-graphene
structure. (b) Transmission spectra of the metasurface device, showing the large modulation induced by the
excitation or suppression of the excitonic resonance.

Transition metal dichalcogenides are 2D Van-der-Waals materials which support excitonic resonances
at room temperature due to their high binding energies. These materials display large changes of their
optical properties at the exciton wavelength when the material’s carrier density is increased through
electrostatic gating, making them ideal for applications in active nanophotonic devices [2]. Here, we
propose an active metasurface performing a switchable second-order spatial differentiation by
leveraging the coupling between a Fano resonance supported by a SiNx nanobeam structure and an
exciton resonance in a monolayer WS, (Figure 1 (a)). The WS; layer is combined with an hBN and
graphene electrode to form a parallel plate capacitor, which enables the modulation of the charge
carrier density. This provides active tuning of the coupling strength between the Fano resonance and
the excitonic resonance.

We employ the Finite-Difference Time-Domain method to simulate the spectral response of the device
(Figure 1 (b)), and a modulation of 20% and 40% is obtained in transmission and reflection, respectively.
This modulation allows the mathematical operation to be turned ON or OFF. Experimental
measurements of the nanobeam’s transmission show good agreement with the FDTD simulations.
Looking forward, we are developing a new 2D stamping technique to transfer monolayers onto nano
patterned surfaces, which will allow combination of metasurfaces with 2D material heterostructures.

[1] A. Cordaro, H. Kwon, D. Sounas, A. F. Koenderink, A. Alu, and A. Polman, Nano Lett. 19, 12, 8418-8423 (2019)
[2]J. Lynch, L. Guarneri, D. Jariwala, J. van de Groep; J. Appl. Phys. 132, 9, 091102 (2022)
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Here in this contribution we describe the process of coating of gold nanostars (GNS) SERS chips
with an ultra-thin layer of polydopamine (PDA). PDA is a versatile biopolymer with great adhesive
properties [1] that spontaneously self-polymerize from dopamine (DA) in weak alkaline media and in
presence of oxygen [2]. The final goal of the project is to exploit adhesive properties of PDA to increase
affinity of SERS chips towards given targets.

The process of the PDA layer formation was carefully studied with different techniques (Figure 1):

1. The thickness and the spatial homogeneity of the PDA layer have been analyzed by varying the
polymerization conditions.

2. SERS measurement using a model Raman reporter allowed to evaluate the effect of PDA layer
thickness on the enhancement factors of the substrate.

To complete the investigation, we performed similar experiments on colloidal samples of GNS,
using Uv-Visibile, SERS and TEM characterization.
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Figure 1: schematic representation of the SERS-chip synthetic path (a), substrate characterization techniques
employed (b) and the currently studied applications.

[1] W. Ye, H. Huang, W. Yang, X. Wang, C. Ren, Q. Hu, Y. Li, B. Ren, Analyst 2017, 142, 3459-3467
[2] H. Lee, S. M. Dellatore, W. M. Miller, P. B. Messersmith, Science (80-. ). 2007, 318, 426—430.
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The study of nanostructure-enhanced chiroptical light-matter interactions is progressing towards the
detection of chiral molecules at ultralow concentrations and ultrafast time scales. The understanding of the
temporal response of the chiral molecule, the spatiotemporal response of the nanostructure and response
of molecules in presence of the nanostructure becomes important for the determination of the molecular
chirality and quantitative estimation of the chirality parameters.

Using Mie theory and the finite difference time domain method, we theoretically study the
spatiotemporal response of a dielectric (silicon) and plasmonic (silver) nanosphere for an ultrashort pulse
excitation (see Fig.1a). We show that while the optical chirality enhancement (OCE) by plasmonic spheres
requires the presence of the incident (the pulsed excitation) and scattered fields, dielectric nanospheres can
provide OCE even after the incident light (excitation) completely vanishes as long as the dielectric NPs
support resonant electric (a;) and magnetic (b;) modes. The OCE in the scattered field of the dielectric
particle is observed due to the interference of the fields of electric and magnetic modes (see Fig.1b). We
further demonstrate spectral tuning of the spatial distribution of OCE by controlling the phase between the
electric and magnetic resonant modes in a dielectric nanosphere.

The work highlights the understanding and manipulation of the ultrafast and nanoscale spatiotemporal
evolution of the near-field OCE around resonant nanospheres excited by fs-pulsed excitation and may find
applications in spatiotemporal control of the chiroptical response of nanostructures.
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Figure 1: a) A schematic showing an ultrafast optical illumination of a nanosphere and near field optical chirality
(OC). The time-dependent OC in the scattered field for the silicon and silver nanospheres is shown in the inset.
b) The effect of electric (a1) and magnetic (b1) dipole mode interference (blue, left axis) on the OCE spectrum
(red, right axis) obtained at a point in the equatorial plane for silicon nanosphere.

[1] Polavarapu P L. Chiral analysis: advances in spectroscopy, chromatography and emerging methods.
2018.

[2] Ayuso D, Ordonez A F, and Smirnova O. PCCP 24, 26962-26991 (2022).

[3] Tang, Y, and Adam E. C. Phys Rev Lett. 104, 163901 (2010).

[4] Lin, Z-H., Zhang, J., & Huang, J-S. Nanoscale 13, 9185 (2021).

[5] Lin, D. & Huang, J-S. Opt. Exp. 22, 7434-7445 (2014).
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Label free detection in a single-molecule regime is a great challenge. It is now well-recognized
technique to perform an experiment in a single molecular regime however, that is labelled with fluorescent
molecule. Out of several label free detection, Raman spectroscopy is an emerging method due to its
selective signals in fingerprint regime. Plasmonic nanopores are on the other hand, useful to control
the spatial confinements in single molecule regime. A nice composition of these two methodologies
could be useful for the achievements of the detection and sequencing of DNA and proteins in single
molecular regime. The ability of recognizing the sequence of DNA in single nucleotide regime or sequence
of proteins in single amino acid level have been demonstrated. In these cases, a single polymeric unit
is absorbed on plasmonic surface and delivered through a plasmonic pores. Here, we demonstrated
on bowl-shaped gold nanopores capable of direct Raman detection of single A-DNA molecules in flow
through pore. The bowl shape allows two advantages in these experiments. The foremost optical effect
enables to focus the incident laser into the nanopore to generate a single hot spot with no cut off in
pore size. The second one is the trapping of the particle due to its shapes. The curved surface allows the
electrical trapping of the molecule efficiently and guide the unidirectional movements. Therefore, we
achieved ultrasmall focusing of NIR light in a spot of 3 nm that enables to detect 7 consecutive bases
along the DNA chain during the translocation. Furthermore, we found a novel electro-fluidic mechanism
to manipulate the molecular trajectory within the pore volume so that the molecule is pushed toward
the hot spot thus improving the detection efficiency[1].

[1 TY.Zhao et al.

99



Session M-Z Friday, July 7" 10:30-11:30

Bloch Surface Waves in Resonant Structures

Zongyuan Tang,»>* Giorgio Zambito,> Maria Caterina Giordano,® Yanjun Liu,? Francesco Buatier de
Mongeot, and Emiliano Descrovit

Dept. of Applied Science and Technology, Polytechnic University of Turin — Turin, Italy
(*zongyuan.tang@polito.it)
2Dept. of Electrical and Electronic Engineering, Southern University of Science and Technology —
Shenzhen, China
3Dept. of Physics, University of Genoa — Genoa, Italy

Introduction

With the development of integrated photonics, Bloch Surface Waves (BSW) are attracting more and
more attention as an alternative to plasmonic platforms. Being evanescently bound to a surface, BSW
require energy and momentum matching for coupling from free-space radiation. Generally, oil
immersion optics and diffraction gratings [1-2] are the two main methods used to this aim.

In this work, we introduce resonant structures equipped with grating couplers on the surface of one-
dimensional photonic crystal (1DPC) to provide BSW excitation. We show experimental characterization
of linear Fabry-Perot cavities inscribed within thin polymeric film tailoring all-dielectric 1DPC.

Experiment

Fabrication of the surface corrugations is performed by means of a probe-assisted technique
(NanoFrazor, Heidelberg) that uses an atomic force microscopy (AFM) heated probe to induce a local
evaporation of the polymer layer at high spatial resolution. The PPA film is spun with a thickness of
approximately 60 nm and then patterned with linear cavities surrounded by linear grating couplers.

The optical characterization is performed on a modified inverted microscope, equipped with oil-
immersion optics. Both illumination and collection are performed through a NA=1.49 obijective.
[llumination is provided by using polarization-controlled white-light from a halogen lamp. In order to
assure a better control on the BSW coupling, the illumination beam can be selectively moved across the
objective back focal plane, in order to steer the incidence angle on the 1DPC. In this way, BSW can be
coupled in Kretschmann-like fashion, exploiting the objective as a cylindrical prism, with no need of
grating couplers. Instead, an almost-normal incidence can be used in case grating couplers are present.
Collected light is Fourier-filtered with a beam blocker in order to let only light propagating at large angles
to reach the image plane. In Figure 1(a) the dark-field of a linear cavity is shown, with the central bright
line representing the scattered light from the cavity mode. This image is projected onto the entrance slit
of the spectrometer, which is aligned with the spacer, thus allowing space-dependent spectral
measurements. In Figure 1(b), a typical spectrum of the cavity mode is shown, with a peak at 2.16 eV
that is well matching the resonance expected from calculations (2.11 eV).
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Figure 1. (a) Dark-field image of the linear cavity upon illumination through BSW coupled through oil-immersion
objective; (b) scattering spectrum measured corresponding to the bright spacer appearing in the centre of the
cavity.

[1] E. A. Bezus, D. A. Bykov, and L. L. Doskolovich, Nanophotonics 10, 4331-4340 (2021).
[2] M. Scaravilli, G. Castaldi, A. Cusano, and V. Galdi, Opt. Express 24, 27771-27784 (2016).

100



Session M-Z Friday, July 7" 10:30-11:30

Vibrational Strong and Ultra-Strong Coupling Using Surface Lattice
Resonances

Francesco Verdelli,! Joost Scheers,2 Mohamed S. Abdelkhalik,2 Andrea Baldi,? Jaime Gémez Rivas®**

Dutch Institute For Fundamental Energy Research — Eindhoven, The Netherlands (f.verdelli@differ.n)
2Eindhoven University of Technology— Eindhoven, The Netherlands
3Vrije Unversiteit Amsterdam - Amsterdam, The Netherlands
4Eindhoven Hendrik Casimir Institute - Eindhoven, The Netherlands
°Institute for Complex Molecular Systems — Eindhoven, The Netherlands

Plasmonic particles arranged in periodic arrays support narrow optical modes known as surface
lattice resonances (SLRs). SLRs are the result of the coherent scattering by nanoparticles enhanced by
in-plane diffraction in the array.[1] These plasmonic arrays act as open optical cavity with good field
confinement on the surface, making them an interesting and accessible tool to investigate light-matter
coupling. In our work, we optimize these arrays to overlap their SLRs with molecular vibrations of thin
molecular films and liquids to achieve the strong light-matter coupling regime. These arrays undergo
vibrational strong coupling (VSC) with the C=0 bond of poly(methyl metacrylate), with a splitting of 76
cm™ (see Fig. 1a),[2] and ultra-strong coupling with the OH bond of water/sodium hydroxide, with a
splitting of 550 cm™ (see Fig.1b), which is 16% of the energy of the hydroxyl vibration.[3] Despite a
clear measurement of the Rabi splitting in the infrared spectra for both the strong and ultra-strong
coupling, spontaneous Raman spectroscopy, micro-Raman imaging, and stimulated Raman
measurements do not show any polariton signatures (Figs. 1c). Our results introduce SLRs as a novel
platforms to investigate light-matter phenomena under strong coupling regime, such as polaritonic
chemistry. These plasmonic arrays maintain the spectral position of their SLRs for a long period of time
and are easy to fabricate on large areas, making them ideal for possible industrial applications.
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Figure 1: a) Extinction measurement of bare PMMA (black) and strongly coupled system (orange). The array of
gold microdisks is shown as an inset. b) Extinction measurements of the ultra-strong coupled system. The TE
(black curve) and TM (red curve) polarizations are shown as insets. c) Spontaneous Raman measurement on

the bare polymer film (black curve) and on the strongly coupled system (orange curve).

[1] Rodriguez, Said Rahimzadeh Kalaleh, et al. "Coupling bright and dark plasmonic lattice
resonances." Physical Review X 1.2 (2011).

[2] Verdelli, Francesco, et al. "Chasing Vibro-Polariton Fingerprints in Infrared and Raman Spectra Using
Surface Lattice Resonances on Extended Metasurfaces." The Journal of Physical Chemistry C (2022)

[3] Frisk Kockum, Anton, et al. "Ultrastrong coupling between light and matter." Nature Reviews Physics 1.1
(2019)
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