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Lecture Sessioft. ChairRuben Pico

12:00 Yusuke Doi, Osaka University
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Measuring velocity of supratransmission in mapsing chain
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Wednesday 06/03/2024

Lecture Sessio. Chair MasayukiKimura

9:00 Juan FR Archilla, Universidaé &evilla

Nonlinear excitations in a sili@athain. Experiments arileory

9:31 : v]e jUddversity of Latvia

Efficient thermostatting of semiclassical Hamiltonian lattice dynamics

10:00Kestutis Staliunas Universitat Politécnica de Catalunya

Hermitian and NorHermitian Light Propagation Effects in Thin Films

10:30 Ramén HerrergpUniversitat Politecnica de Catalunya

Stabilization oflaser and laser array emission by symmetric and asymmetric couplings from
non-Hermitian potentials

11:00 Coffe break

Lecture SessioB. Chair Muriel Botey.

11:30 Rubén PicéUniversitat Politecnica de Valia

TimeVarying and Dynamic Acoustic Metamaterials

12:00 Victor Sanchekorcillo, Universitat Politecnica d&/aléncia
Localized waves in highly nonlinear lattices: theory and experiments.

PhD Student Lectur8ession Chair: Muriel Botey.

12:30 Salim B IvardJniversitat Politecnica de Catalunya

Hybridisation of the different scenarios leading to spatial localisation: hybrid frequency combs-in non
Hermitian Kerr Cavities.

12:50 Nayeem AkhterUniversitat Politecnica de Catalunya

Unidirectional mode coupling in nddermitian waveguides

13:10 Jaime Galiana, Universitat Politecnica ¥&lencia

Simulation methods for the study of tirnearying acoustic systems

13:30Lunch Fideua aHogar del Pescadarithin the port of Grau de Gandia
15:30DiscussionsExploring complex spacetime syste for unconventionasound control
17:30 Lighthouse walk. Dinner at No Name in Grau de Gandia.

Thursday 07/03/2024

10:00Discussiompanel 1:Breathers in molecular dynamic€hair: Yusuke Doi
12:00Discusssion pan@t Experiments on breather€hair: Yosuke Watanabe
Lunch:

15:00: Private discussions

Cultural activities: Guided visit to Real Monasterio de San Jeroni de Cotalba.

Friday 08/032024. Molecular Science InstitutdCMOL) Burjassot Campus. University daléncia
11:00 Modulation of the optical properties of Cg=Cri(n-L). By Andrés Cantarero

12:00The Laboratory obptical properties of two dimensional semiconductors. Byndrés Cantarero.
14:30 Lunch Paellaat Levante Restaurarih Benisano

16:30 Visit toValéncieguided by Praf AndrésCantarercand LLWEM GarciaRaffi.

Saturday 09/03/2024
Discussion Panel Breathers in electrical lattice€hair:M Kimura
Closing: Juan FR Archilla
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Nonlinear excitations in a silicate chain. Experiments and theory.
Juan FR Archilla: v]e P Susuke DJj Masayuki Kimuré
tUniversidad de Sevill&evilla, SpainfUniversity of LatviaRiga, Latvia
30saka UniversityDsaka, JaparfSetsunan Universit Osaka, Japan

We present some experiments in silicates that show the existence of nonlinear excitations that
transport energy and can transport electric charge without the presence of an electric field. The energy
of the nonlinear excitations is provided by the impataipha particles. We present different models for
which it is possible to obtain long
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Efficient thermostatting of semiclassical Hamiltonian lattice dynamics

. v]e it Gban F.R. Archifla

tUniversity of Latvia, Riga, Latvidyniversidad de Sevilla, Sevilla, Spain

In this work, we propose mixed canonicaicrocanonical equilibrium distribution and develop
thermostat methods for semiclassical Hamiltonian lattice equations. In semiclasaitditdtian lattice
models, the crystal lattice is described by classical Hamiltonian dynamics, whereas an extra charge
(electron or hole) is modeled as a quantum particle within the tigihtling approximation. Such models

are of significant scientific ingptance. A particular application is hyperconductivity, i.e., the
experimental observation of charge transport without the presence of an external electric field when a
silicate is bombarded with alpha particles. The charge is carried through the crystahbnear lattice
excitations. In the present work, the canonical equations for a semiclassical Hamiltonian describing the
coupled latticecharge dynamics are coupled to an efficient stochastic thermostat, which drives the
system to the equilibrium distoution at a prescribed temperature with minimal perturbations to the
Hamiltonian trajectories while at the same time ensuring the conservation of the charge probability. The
properties of the proposed efficient thermostatting are explored and numeria#iyonstrated on a
phenomenological semiclassical Hamiltonian lattice model.

References
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in silicates. J. Phys: Conf. Ser. (to appear), arXiv.2308 (2024).

[2] JFR Archilla anddjars. Spectral properties of exact polarobreathers in semiclassical systems.
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[3]J Bajars and JFR Archilla. Splitting methods for serlassical Hamiltonian dynamics of charge transfer
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Exploring complex spacetimesystems for unconventional light and sound wave control
(STWaveControl)

Muriel Botey!, Ramon Herreré, Salim B. Ivars Nayeem Akhtel Kestutis $aliunas-2.

Universitat Politecnica de CatalunyiCREA

We present and overview of the current staend ongoing works of the subproject frobniversitat
Politecnica de Catalunya (UP®J the coordinated projecExploring complex spacetime systems for
unconventional light and sound wave contr(bTWaveContro[},2,3].

a) X o b) GHT c) Multicolor GHT

2" Generation (1850-1995)

Antificial Dielectrics /B

Fig.1. a) Consecutive generations in metamaterial evolution [4]b) Generalized Hilbert Transform to
design non-Hermitian media to control the field flow, corresponding to the 3rd metamaterials
generation c) Multicolor-HT to design frequency selective materials

The present project aims at studyirmpmplex artificial metamaterials includimpacetime structures for

the control of wavessee Fig. 1The scope of the project holds an intrinsic multidisciplinary character
since effects arising from the interaction between waves and artificial spacetime structured materials
apply generally to light and sound waves. Such effects form the basis of ¢éserprproposal for a
collaboration between the Nonlinear Dynamics, Nonlinear Optics and Lasers research group/BCthe
and the Acoustics Waves in Complex Media research group at the Universitat Politecviaémza
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Dynamics of waves in a pairwise interaction symmetric lattice.
Yusuke Doi
Osaka UniversityDsakaJapan

The pairwise interaction symmetric lattice (PISL) is a nonlinear lattice that supports smooth mobility of
discrete breathers (DBs) by introducing lenagpge nonlinear interactions satisfying a certain symmetry
of interactions[1, 2]. In this talk, we introde the structure of the PISL. Moreover, somenumerical
results of dynamics of waves in the PISL such as modulational instability of zone boundary mode and
interaction between moving DBs and normal modes are presented.

Tr'=20,v=1/10 Tr'=20,v=1/5

References:
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discrete breathers, PhyRev. Lett.117, 014101 (2016).
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Nonlinearity,33, 5142 (2020).
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Experiments on Spatially Localized Vibrations in Magnetechanical Resonator Array
Masayuki Kimura
SetsunanUniversity, Osaka, Japan

Spatially localized vibrations in nonlinear resonator arrays, which are called intrinsic localized modes
(ILMs) or discrete breathers (DBs), have been observed in a variety of real physical systems such as, eve
in mechanical systems, nonlinearly coupled pendula [1,2], mitgohanical cantilever arrays [3], and
linearly coupled pendula [4]. We have also iahted magnetemechanical resonator arrays [5,6] to
observe ILM/DB and to manipulate its position. The photos of the arrays are shown below. Recently, we
have studied magnetically coupled tvadegreeof-freedom resonators. In this presentation,
experimentalsystems of the magnetmechanical resonator arrays will be introduced with observation
results, and recent progress on the twegreeof-freedom resonator arrays will be shown.

\ %

Magnetically coupled cantilever array [6].
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Stabilization of laser and laser array emission by symmetric and asymmetric couplings from
Hermitian potentials

Ramon Herrero

Universitat Politecnica d Catalunya, Spain

Spatiotemporal instabilities in lasers and laser arrays induce temporally unstable and low spatial quality
emission. Simultaneous intracavity modulations of refractive index and-lgsénlead to efficient
stabilization mechanisms. The staldtibn can be based on the suppression of the modulation
instability, on the stabilization of specific stationary solutions or on field localization. The stabilization
mechanism is shown in Vertical Cavity Semiconductor Emitting Lasers, Edge Emittingrichserays

of Edge Emittig Laser
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Time-Varying and Dynamic Acoustic Metamaterials
Rubén Picg Javier RedondoVictor J. SGnchadorcillo-.

Unstituto de Investigacién para la Gestion Integrada de Zonas Costeras, Universitat Politecnica de
ValénciaCampus de Gandia.

Recent advances in metamaterials have dramatically extended the range of modern metamaterial

properties [1]. Timevarying metamaterials are materials whose properties depend on the temporal
variation of their physical parameters induced by an external amwf energy [2]. We propose a

10
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Localized waves ihighly nonlinear lattices: theory and experiments
Victor JSancheaMorcillo?, Vitalyi Guse¥, Noé JiméneZz and RubénPicd

3 Instituto de Investigacidn para la Gestién Integrada de Zonas Costeras (IGIC), Universitat Politécnica de Valéncia,
Paranimf 1, 46730 Gandia (Spain), victorsm@upv.es

2 Le Mans Université, av. O. Messiaen, 72085, Le Mans (France), vitali.goussev@univ-lemans.fr

3Instituto de Instrumentacién para Imagen Molecular (i3M), Universitat Politécnica de Valéncia, Camino de Vera
S/N, 46020 Valéncia (Spain), nojigon@i3m.upv.es

Sunmmary: Wave propagation in a highly nonlinear system of coupled rotators is investigated. A discrete
nonlinear wave equation is obtained, and the main characteristics of its propagating solutions are
discussed. An experiment was designed to test the analyticadligions. Nonlinear signatures as
amplitude-dependent dispersion, bistability and sefiodulations, and strong localization are observed
and discussed.

Highly nonlinear systems, including those where any linear response is absent (fully nonlineaskystem
have been much ledasvestigated than weakly nonlinear systems. Some known examples are granular
media [1], or connected discs performing torsional motions [2]. In such systems, any arbitrarily small
perturbation may lead to significant nonlinear effecThe absence of linear waves defines also the so
calledacoustic vacuum, a medium where the speed of sound as defined by classical acoustics vanishes.
Such systems are also known to support highly localized wavespictons.

a)  —p— . .. e Figure 1 Three neightour elements of the infinite

n-1 n n+1

rotator lattice. a) Thelattice at rest, with rotating
elementsconnectedby unstressedsprings.

b) Latticeexcitedwith a symmetrianode k= and

¢) Latticeexcitedwith the antisymmetricmode k=2.

We present atheoretical/experimental study ofhe dynamics of mechanical waves propaggtin a
highly nonlinear onealimensional latticeconsisting of rotating elementswith massm and inertia
moment/, coupled by linear springd-ig. 1) The nonlinearity, of geomatal origin, is of cubic type. In
the case of absence of paress of the springs in the rest stqféig. 1a)linear terms are absent and the
system is purely nonlineaThe equation of motion for thisattice has been derivedor a general
geometry (forarbitrary springto- rotator length ratio), and its different limitsave beerexplored.

The equation of motion for rotaton is defined by its angle,. Wave propagation in this system is
described by the nonlinear discrete equation

where a, b and i are geometrical parameters dependent on the spring lerigémd radius of rotatoR.

As the systemdescribed by Eqg. (1s highly nonlinear, it does not show linear dispersion at all,
presenting what has been called an acoustic vacuum. Moreokerpbtained nonlinear dispersion is of
optical phonon typei.e. the wavelength increases with the frequency of the wé&igure 2 shows the
dispersion relation of the first harmonic (the wave at the excitation frequency). Note the presence of
upper-lower bandgaps. Note also that, since the frequency in Fig. 2 is normalized to the amplitude of

11
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excitation,this means that, for a given excitation frequency, the dispersion relation can be tuned by the
excitation amplitude.

Analytical solutions for the amplited of the fundamental wave and its third harmonic have been
obtained in the rotating wave approximatio©ther interesting feature of the system is that the
amplitude of the third harmonic vanishes for a particulamode, i.e. the system supports purely
harmonic waves.

1.2
1.0p— u=0.5 ] Figure 2Dispersionrelation for the casels=R
T~ (u=0.5). Frequencyis normalized to th

> 08 \ ] amplitude of the excitation, thereforewave:
§ 06 - ] can be propagatingr evanescentdepending
= T~ on the initial amplitude.
= 0.4

0.2

005 05 10 15 20 25 30

wavenumber

Notably, we also obtain highlgcalized solutions (compactdike), and study their existence conditions.

An experiment has been designed to check the main predictions of the theory. The system is excited at
the boundary by driving harmonically the angle of the first rotator, andniaion of each rotator is
tracked by video and processed to obtain the time evolution of the angles. Measurements show
evidences of the nonlinear characteristics of the system, as the generation of harigistedility and
selfmodulations, andhe predicted amplitude-dependent transition from evanescent to propagating

References

[1] V Nesterenko, Dynamics of heterogeneous materials, Springer (2001).
[2] OV Rudenko and EB3blodovAcoust. Phys.57, 51:58 (2011).

[3] YSKivsharPhys Rev. E.48, R43(1993).
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Measuring velocity of supratransmission in a masgring chain
Yosuke Wataabe
Setsunan UniversityDsakaJapan

Propagation velocity of nonlinear localized oscillations in a mpegg chain is measured. The chain
emulates the FermPastaUlam one of beta type and sinusoidal driyiwith large amplitude and high
frequency at the one end may excite the propagating localized oscillations [1], the supratransmission
[2,3]. The propagating velocity appears to be nearly constant throughout the propagation.

’ | | |
TR S & 3 ! | | | | |
' S hah s o DN R Y NS S0 N PR SRR P G e G

e W

Sapshot of the propagation of nonlinear localized oscillation in the rsas®g chain. In the movie
some osclllators are marked with color points to be tracked.

wmy=42.0

Tracking results of the propagationslo€alized oscillations, in which color coding coincides with tl
figure shown above.
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PHD STUDENB&ESSION:

Unidirectional mode coupling in nofiHermitian waveguides
Nayeem Akhter
Universitat Politecnica de Catalonya

We propose an albptical control of the mode dynamics in multimode waveguides, by simultaneous
modulation of the refractive index and dfie gain/loss coefficient. The induced unidirectional mode
coupling, yields to the enhancement or reduction of the excitation of higher order transverse modes,
depending on the modulation parameters. In the latter case, th@patiical modecleaning is oberved,
resulting in an almost singimode spatially coherent output. While coupling towards higher order
modes, enhances pulsing and, eventually, leads to supercontinuum generation. We analytically predict
the effect on a coupled mode theory for 1D wavetgs, which is numerically proven solving the wave
propagation equation. The proposal is generalized to the more involved case of 2D waveguides for
different geometries. We expect these results to pave the way towards novelenmitian photonics
applicatbns.

Hybridisation of the different scenarios leading to spatial localisation: hybrid frequency combs in-non
Hermitian Kerr Cavities.
Salim Benadouda Ivars

This study introduces a novel scenario for the formation of dissipative localised structureslimear
systems. Traditionally, soliton formation relays on the existence of at least two different potentially
stable stationary states: either two uniform states (flat), or a uniform and a patterned state. Each
formation scenario holds unique featureshich can be typically found in optical cavities with either
normal and anomalous dispersion, respectively. However, we show how the introduction of a periodic
non-Hermitian modulation in Kerr cavities induces a hybridisation of these two establishednisets,
resulting in a new scenario that combines properties of both. As a consequence, the basal stationary
states exhibit dual behavior, where a state can act as either flat or patterned under the same
parameters. This phenomenon arises from the stadtilim of periodic solutions comprising trains of
dark solitons, which are unstable in the unmodulated case.

These findings expand the fundamental understanding of localised structures in nonlinear science,
introducing a new paradigm for their formation. gmd a fundamental scope, the work holds significant
implications, especially for frequency comb generation, as the hybridisation blends anomalous and
normal dispersion properties within a normal dispersive cavity. This allows for the stabilisation of new
new families of frequency combs associated to stable solitons, molecules, and patterns. Additionally, it
leads to an unexpected and reversible mechanisms fortieed comb manipulation and control.

14
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Simulation methods for the study of timevarying acoustic systems

Jaime GaliandNieves, Javier RedondoVictor J. Sdnchédorcillo:, Rubén Pico

Unstituto de Investigacién para la Gestion Integrada de Zonas Costeras, Universitat Politécnica de
Valéncia, Campus de Gandia.

In the last yearsthe study of timevarying materials by means of simulations is gaining interest. In this
work we focus on the FDTD method for the simulation ofietdependent models. Due to the
complexity of implementing moving systems using this method, different teciasidpave been studied

to approximate the solution of these systems.

Firstly, boundary conditions have been implemented as FIR filters obtained from the acoustic
admittance calculated using the transfer matrix method. In this way, the response of thensgisEach

time instant can be calculated and applied at a single point.

Secondly, FDTD has been combined with the Inmersed Boundary Method (IBM) for the simulation of
time-varying systems.

Finally, an implementation has been implemented from analyt@giressions of a static Helmholtz
resonator. Once the system has been validated, we will proceed to the implementation of the same
system, but timevariant.

Figure:Dispersion relation of an static Helmholtz resonator obtained from the analytical expmess
(purple) and the results from the FDTD simulations (white).
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