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Plenary sessions
Hanbury Brown-Twiss, Hong-Ou-
Mandel, and other landmarks in quan-
tum optics : from photons to atoms

Alain Aspect
alain.aspect@institutoptique.fr

Keywords: quantum optics, entanglement, bell’s inequal-
itiesThe second quantum revolution is based on entan-glement, discovered by Einstein and Schrödinger in1935. Its extraordinary character has been experi-mentally demonstrated by landmark experiments inquantum optics.At Institut d’Optique, we are currently revisitingthese landmarks using atoms instead of photons,and after the observation of the atomic HBT [1] andHOM effects [2], we are progressing towards a testof Bell’s inequalities with pairs of momentum en-tangled atoms [3].This talk will be an opportunity to know "Ev-erything you always wanted to know about HBT,HOM, Bell. . . (but were afraid to ask)."[1] T. Jeltes, J. M. McNamara, W. Hogervorst, W.Vassen, V. Krachmalnicoff, M. Schellekens, A. Per-rin, H. Chang, D. Boiron, A. Aspect, and C. I. West-brook, "Comparison of the Hanbury Brown-Twisseffect for bosons and fermions," Nature 445 (7126),402-405 (2007).[2] Lopes, R., Imanaliev, A., Aspect, A., Cheneau,M., Boiron, D., and Westbrook, C. I. (2015). AtomicHong-Ou-Mandel experiment. Nature, 520(7545),66-68.[3] P. Dussarrat, M. Perrier, A. Imanaliev, R. Lopes,A. Aspect, M. Cheneau, D. Boiron, and C. I. West-brook, "Two-Particle Four-Mode Interferometerfor Atoms," Physical Review Letters 119 (17) (2017).

Quantum fluids of light in semiconduc-
tor lattices

Jacqueline Bloch
jacqueline.bloch@c2n.upsaclay.fr

Keywords: light-matter interaction, quantum simulation,
non-linear optics, semiconductorWhen confining photons in semiconductor lattices,it is possible deeply modifying their physical prop-erties. Photons can behave as finite or even infinitemass particles, photons inherit topological prop-erties and propagate along edge states withoutback scattering, photons can become superfluid

and behave as interacting particles. These arejust a few examples of properties that can beimprinted into fluids of light in semiconductorlattices. Such manipulation of light present notonly potential for applications in photonics, butgreat promise for fundamental studies. During thetalk, I will illustrate the variety of physical systemswe can emulate with fluids of light by presentinga few recent experiments: a photonic benzenemolecule that emits helical photons, a photonic 1Dlattice with topological edge states and photonicgraphene with exotic Dirac cones. Perspectives interms of quantum simulation will be discussed.

Pilot-wave hydrodynamics
John Bush

bush@math.mit.edu

Keywords: walking droplets, pilot waves, quantum
analogsYves Couder and coworkers in Paris discoveredthat droplets walking on a vibrating fluid bathexhibit several features previously thought tobe exclusive to the microscopic, quantum realm.These walking droplets propel themselves by virtueof a resonant interaction with their own wave field,and so represent the first macroscopic realizationof a pilot-wave system of the form proposed formicroscopic quantum dynamics by Louis de Brogliein the 1920s. New experimental and theoreticalresults allow us to rationalize the emergence ofquantum-like behavior in this hydrodynamic pilot-wave system in a number of settings, and exploreits potential and limitations as a quantum analog.

Waves and complexity, towards deep
neural networks with light

Claudio Conti
claudio.conti@uniroma1.it

Keywords: nonlinear waves, disorder, topology, machine
learningComplexity is a notion that has several denota-tions. When applied to wave propagation, firstly,we tackle with Anderson localization, then weconsider statistical phenomena, as rare events, andlastly, we resort to strongly interacting systems,with frustration and nonlinearity, as in turbulenceand spin glasses. Surprisingly - or not - nonlinearoptics cover the whole aspects of this journey incomplexity, leading to impressive results as the ob-servation of replica-symmetry breaking. The touralso includes the more recent topological concepts,which are useful in classifying extreme waves, likeshocks, rogues, and soliton gases. Nowadays, one
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reaches the world of machine learning and artificialintelligence, as the highly nonlinear and disorderedmodels have a remarkable rule in large-scale deepneural networks. One can use waves to solvecomputationally demanding tasks, as in the opticalIsing machines. Reservoir computing in multiplescattering media may open the way to new appli-cations in quantum optics and biomedicine. In mytalk, I will review all these aspects linking wavesand complex systems.

Wave Control and Antenna Radiation
Mechanism in “Time Materials”

Mathias Fink
mathias.fink@espci.fr

Keywords: time material, time reversal, radiationPhotonic crystals andMetamaterials are made fromassemblies of multiple elements usually arrangedin repeating patterns at scales of the order orsmaller than the wavelengths of the phenomenathey influence. Because time and space play asimilar role in wave propagation, wave propagationis affected as well by spatial modulation or bytime modulation of the refractive index. Here weemphasize the role of time modulation. We showthat sudden changes of the medium propertiesgenerate instant wave sources that emerge in-stantaneously from the entire wavefield and canbe used to control wavefield and to revisit theway to create time-reversed waves. Experimentaldemonstrations of this approach will be presented.Periodic time manipulations can also be studied inorder to extend the concept of photonic crystals inthe time domain. The difference between periodictime modulation and periodic spatial modulationwill be emphasized and the way an antenna radi-ates in these two kind of situation will be discussed.

Ciliary Waves
Eva Kanso

kanso@usc.edu

Keywords: fluid dynamics, biological system, ciliaMotile cilia are micron-scale hair-like protrusionsfrom epithelial cells that beat collectively to trans-port fluid. Individual cilia are driven into oscillatorymotion by dynein molecular motors acting on anintricate structure of microtubule doublets referredto as the central axoneme. On the tissue level,cilia beat in a coordinated way and serve diversebiological functions, from mucociliary clearance inthe airways to cerebrospinal fluid transport in thebrain ventricles. Yet, the relationship between thestructure and organization of ciliated tissues and

their biological function remains elusive. Here, Iwill present a series of physics-based models thattake into account minimal cilia features in orderto examine: (1) the emergence of self-sustainedoscillations in individual cilia, (2) the coordinatedbeating of neighboring cilia, and (3) the role of cilia-driven flows in particle transport, mixing, captureand filtering. I will conclude by commenting on theimplications of these models to understanding thebiophysical mechanisms underlying the interactionof ciliated tissues with microbial partners.

Folding in fluids and MHD
Evgenii Kuznetsov
kuznetso@itp.ac.ru

Keywords: vorticity, mhdThe formation of the coherent vortical structuresin the form of thin pancakes for three-dimensionalflows and quasi-shocks of the vorticity in two-dimensional turbulence is studied at the highReynolds regime when, in the leading order, thedevelopment of such structures can be describedwithin the Euler equations for ideal incompressiblefluids. Numerically and analytically on the base ofthe vortex line representation we show that com-pression of such structures and respectively in-crease of their amplitudes are possible due to thecompressibility of the vorticity ω in the 3D case andof the di-vorticity field B = rotω for 2D geometry.It is demonstrated that, in both cases, this growthhas an exponential behavior and can be consideredas folding (analog of breaking) for the divergence-free fields of both vorticity and di-vorticity. Athigh amplitudes this process in 3D has a self-similarbehavior connected the maximal vorticity and thepancake width by the relation of the universal type[1]: ωmax ∝ l−2/3. For the 2D turbulence numeri-cally it is shown thatBmax(t) depends on the quasi-shock thickness according to the same power law:
Bmax(t) ∼ `−α(t), where the exponent α ≈ 2/3,that indicates also in favor of folding for the di-vorticity field [2]. Appearance of the 2/3-law in flu-ids is a consequence of frozenness for both vorticityand di-vorticity fields. In this talk we consider alsothe problem of generation of strong magnetic fieldsin MHD due to the folding mechanism predicted in[3]. On our opinion, the formation of magnetic fil-aments in the convective zone of the Sun can beexplained by this mechanism. At the end of thistalk we discuss the role of folding structures in theformation of the Kolmogorov spectrum in 3D andthe Kraichnan spectrum for two-dimensional tur-bulence.[1] D.S. Agafontsev, E.A. Kuznetsov andA.A.Mai-lybaev, Development of high vorticity structures and
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geometrical properties of the vortex line representa-
tion, Phys. Fluids 30, 095104-13 (2018).[2] E.A. Kuznetsov and E.V. Sereshchenko,
Folding in two-dimensional hydrodynamic turbu-
lence, Pis’ma ZhETF, 109, 231 – 235 (2019)[JETP Letters, 109, issue 4 (2019), DOI10.1134/S0021364019040039].[3] E.A. Kuznetsov, T. Passot and P.L. Sulem,
Compressible dynamics of magnetic field lines for
incompressible MHD flows, Physics of Plasmas, 11,1410-1415 (2004).

Waves in chaotic cavities: dispersion
and delocalization

Stéphane Nonnenmacher
stephane.nonnenmacher@math.u-psud.fr

Keywords: quantum chaos, open wave chaos, eigen-
modes concentration, semiclassical analysisLinear (scalar) waves propagating inside a closedcavity resonate a certain frequencies, determinedby the shape of the cavity: at these frequenciesthe waves exhibit stationary modes (eigenmodes ofthe Laplacian in the cavity). At high frequencies thestructure of these eigenmodes may be complicatedand diverse; it is strongly influenced by the prop-erties of the ray dynamics inside the cavity (billiarddynamics).We will address the situations where this ray dy-namics is chaotic, which defines the realm of Wave(or Quantum) Chaos. I will explain how the twomain ingredients of chaos (instability of trajectories,and infinite recurrence of the trajectories) lead to afast dispersion of the waves, and the impossibilityfor the stationary modes to localize (concentrate)on a small region of the cavity; most eigenmodesrather spread uniformly all over the cavity.This fast wave dispersion is also at work when"open" the chaotic cavity. The stationary modesare then replaced by metastable (or resonant)modes with finite lifetimes. We will show how thedispersion induced by the chaotic ray dynamicsinfluences the distribution of the lifetimes, andthereby the behaviour of the waves at large times.

Eddies and waves in rotating stratified
turbulence

Annick Pouquet
pouquet@ucar.edu

Keywords: inertia-gravity waves, rotation, stratification,
turbulence, atmosphereIn a stratified fluid, the velocity field couples to den-sity fluctuations, supporting inertia-gravity wavesin the presence of rotation, with an anisotropic dis-

persion relation, and leading to a variety of turbu-lence regimes resulting from the interactions be-tween nonlinear eddies and waves. What are thedelimiting factors of these regimes, and what dif-ferentiate them? Several issues will be briefly dis-cussed, such as structures which lead to dissipationrelated to dual energy cascades.Using simple classical models of turbulence,it can be demonstrated phenomenologically andnumerically that strong localized instabilities leadto an effective dissipation in rotating stratifiedturbulence which is proportional to the Froudenumber (ratio of the wave period to the eddy turn-over time). It is correlated to a high kurtosis of thevertical velocity, as found e.g. in the atmosphere.This law also governs the ratio of the amount ofenergy going, in a constant-flux solution, to thelarge scales because of rotation to that going tothe small scales because of stratification. It thusdetermines the mixing efficiency in such flows, andit allows to bridge the gap between strong-waveand strong-eddy flow systems in a simple manner.

Internal waves in a domain with topog-
raphy

Laure Saint-Raymond
laure.saint-raymond@ens-lyon.fr

Keywords: internal waves, continous spectrum, cascadesStratification of the density in an incompressiblefluid is responsible for the propagation of inter-nal waves. In domains with topography, thesewaves exhibit interesting properties. In particular,numerical and lab experiments show that in 2Dthese waves concentrate on attractors for somegeneric frequencies of the forcing (see Dauxois etal). At the mathematical level, this behavior canbe analyzed with tools from spectral theory andmicrolocal analysis.

Changing synaptic networks during the
ontogeny of neonatal retinal waves

Evelyne Sernagor
evelyne.sernagor@newcastle.ac.uk

Keywords: neonatal developement, action potential,
retina, vision, plasticityIn the developing retina, spontaneous waves sweepacross the layer of retinal ganglion cells (RGCs), theoutput cells of the retina. Experimental evidenceindicates that retinal waves play a crucial rolein guiding the refinement of visual connectivity.Using a large-scale, high-density array of 4,096electrodes covering the RGC layer in the neonatalmouse, we have characterized wave spatiotempo-
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ral properties at unprecedented resolution frompostnatal day (P) 2 to P13 (eye opening), whenthey disappear, replaced by visual experience.Wave dynamics undergo profound developmentalchanges. From initial gap junction communica-tion during late gestation (Stage 1), they becomecontrolled by directly interconnected cholinergicstarburst amacrine cells (SACs), the only retinalcholinergic cells (Stage 2 waves). Stage 2 waves areinitially wide spreading with random propagationpatterns and low cellular recruitment. AroundP6-7, they begin to shrink because of emergingGABAergic inhibitory connections and becomedenser, with many more immediate neighbouringRGCs recruited within waves. Direct connectionsbetween SACS withdraw at P10. Waves becomethen driven by newly formed glutamatergic con-nections originating from bipolar cells (Stage 3waves, P10-eye opening). Recent observationsfrom our lab are challenging the hypothesis thatStage 2 waves are driven by SACs. Indeed, wefound a “novel” transient population of cholinergiccells present from P2-9. These cells co-exist withSACs, but they are larger, forming tight clusters inan annulus pattern around the optic disc at P2-3.That annulus expands towards the periphery withdevelopment, until the cell clusters disappear atP10, coinciding with the disappearance of Stage2 waves, suggesting that they may represent atransient hyper-excitable cellular hub responsiblefor the generation of Stage 2 waves. In support,we found that wave origins follow a centrifugalpattern between P2-P9 as well. Stage 3 gluta-matergic waves completely change spatiotemporalpatterns, gradually becoming activity hotspotsthat tile the entire retinal surface. We proposethat Stage 2 waves are important for guiding theestablishment of eye-specific segregation andrefinement of topographic maps in retinal centraltargets. Stage 3 waves, on the other hand, maybe important for carving local retinal networksunderlying the establishment of retinal receptivefields that become functional immediately aftereye opening.

Hydroelastic waves and related prob-
lems

Jean-Marc Vanden-Broeck
j.vanden-broeck@ucl.ac.uk

Keywords: hydroelastic, wavesNonlinear waves propagating at the surface of afluid bounded above by an elastic sheet are con-sidered. The fluid is assumed to be incompressibleand inviscid and the flow to be irrotational. Gravityis included in the dynamic boundary condition. This

configuration can be viewed as a model for wavespropagating under an ice sheet. The understandingof the properties of these waves is importantin polar regions in assuring the safety of humanactivities, such as transportation over ice sheets.The mathematical formulation is similar to that ofthe classical problem of gravity capillary waves.The main difference is that the curvature term inthe dynamic boundary condition is now replacedby a nonlinear term involving higher derivativesof the curvature of the free surface. This allowsfor the existence of new types of waves. Wewill show how to obtain fully nonlinear solutionsby boundary integral equation methods. Bothtwo-dimensional and three-dimensional waveswill be studied. Periodic waves, solitary waves,generalised solitary waves and dark solitons areamong the solutions to be presented.
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Nonlinear Waves
and Turbulence in
Space Plasma
Exact relations in fully developed tur-
bulence: energy cascade rate from the
MHD to the ion-scales

Nahuel Andres
nandres@iafe.uba.ar

Keywords: turbulence, magnetohydrodynamics, hall
effectExact laws derived for incompressible magne-tohydrodynamics (IMHD) turbulence have beenwidely used to gain insight into the problem ofsolar wind (SW) heating through the estimationof the turbulent energy cascade rate. While theincompressibilty assumption can, to some extent,be justified to address large scale SW turbulencewhere alfvénic fluctuations dominate, it is likely tofail to accurately describe sub-ion scale physics,as well as other more compressible plasmas suchas planetary magnetospheres or the interstellarmedium. Here, we will review a set of recentanalytical and numerical results obtained for com-pressible flows within the isothermal closure. First,we will discuss the new exact law derived for com-pressible MHD (CMHD) and emphasize the majordifferences with IMHD, in particular the role of themean (background) magnetic field and plasma den-sity. In the next step, we will discuss the extensionof the laws to compressible Hall-MHD (CHMHD)and discuss the physics brought up by the newterms due to the Hall current. The incompressiblitylimit is further studied using a more compactform that include only increments of the turbulentfields and compared to previous derivations. Thevalidation of the various exact laws are done using3D direct numerical simulations (GHOST codefor the compressible flows and TURBO for theincompressible models). Potential applications ofthe models to estimate the energy cascade rate ofturbulence over a broad range of scales that spanboth the inertial and sub-ion (dispersive) ranges inspacecraft data will be discussed.

Runaway solar-wind electrons and
space plasma turbulence

Stanislav Boldyrev
boldyrev@wisc.edu

Keywords: solar wind, electron distribution function,
plasma turbulenceThe solar wind contains fast, suprathermalelectrons that stream from the sun along theParker-spiraled magnetic field lines. These elec-trons experience very weak Coulomb collisionsand they get collimated in a narrow beam (strahl).When Coulomb collisions are not efficient, thestrahl is broadened by interactions with plasmaturbulence. We argue that at high energies,the strahl electrons can efficiently interact withwhistler waves. We demonstrate how pitch-anglescattering by whistler turbulence can be incor-porated into the kinetic theory of electron strahlbroadening. By measuring the strahl width, onecan estimate the parameters of whistler turbulence.

The electron vortex magnetic hole and
its relatives

David Burgess
d.burgess@qmul.ac.uk

Keywords: plasma waves and structures, electron scale
phenomena, plasma simulations, space plasma observationsTwo-dimensional full particle simulationsof turbulence led to the discovery of theelectron vortex magnetic hole (Haynes etal., Physics of Plasmas 22, 012309 (2015);https://doi.org/10.1063/1.4906356), a coher-ent plasma structure with cylindrical symmetryidentified by a strong dip in the magnetic fielddriven by a population of trapped electrons withpetal-like orbits. Subsequently, Cluster and MMSobservations in the plasmasheet and magne-tosheath have confirmed that such structures,with scales of order several electron gyroradii,exist and have the predicted spatial pattern in theelectron distribution function. The properties ofthese coherent nonlinear structures are explored,and the observational evidence is summarized. Inaddition, other related structures - magnetic dipsand bumps - with similar cylindrical symmetry arediscussed in the context of semi-analytical Vlasovsolutions. The possible role of such structures inturbulence at electron scales is also discussed.
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Study of the dissipation scale in colli-
sionless plasma turbulence

Francesco Califano
francesco.califano@unipi.it

Keywords: reconnection, turbulence, vlasov equation,
dissipationIt has been observed experimentally the occurrenceof a new process, namely electron-only reconnec-tion, where the reconnection dynamics is drivenonly by electrons (e-rec-only) [1]. Recently, a the-oretical study in the context of plasma magnetizedturbulence has given evidence about the possi-bility to drive e-rec-only by fluctuations at scalesof the order of the ion scale length [2] (see Fa-ganello abstract, this Conference). By consideringtwo Vlasov simulations of magnetized plasma tur-bulence where “standard” reconnection or e-rec-only separately occur, we make a compared studyof the turbulence statistical properties, in particu-lar of the structure functions in order to separatethe contribution of the ions at the so-called dissipa-tive scale. We found, in agreementwith experimen-tal [3] and theoretical [4] studies a non-Gaussianstatistics in both the fluid and sub-ion range with atransition from an intermittent to a self-similar be-havior. Our main finding here is that the transitionis observed at a scale length of the order of sev-eral de instead that around di independently fromthe ion dynamics. The transition seems to be drivenmainly by the small scale electron dynamics aroundthe reconnection structures where the electron in-ertial terms become non-negligible.[1] T.D. Phan et al., Electron magnetic reconnec-tion without ion coupling in Earth’s turbulent mag-netosheath, Nature, 2018.[2] F. Califano, S.S. Cerri, M. Faganello, D. Laveder,M. W. Kunz, Electron-only magnetic reconnectionin plasma turbulence, Astrophys. Journal, submit-ted.[3] Kiyani et al., Global Scale-Invariant Dissipationin Collisionless Plasma Turbulence, Phys. Rev. Lett.,2009.[4] E. Leonardis et al., Multifractal scaling and inter-mittency in hybrid Vlasov-Maxwell simulations ofplasma turbulence, Physics of Plasmas, 2016.* This contribution has received funding fromthe European Union’s Horizon 2020 research andinnovation programme under grant agreement No776262 (AIDA, www.aida-space.eu)

The good, the bad and the ugly: kinetic
plasma turbulence in a 3D3V phase
space

Silvio Sergio Cerri
scerri@astro.princeton.edu

Keywords: kinetic plasma turbulence, space plasmas, so-
lar wind, numerical simulations, 3d3v phase-space dynamicsTurbulence and kinetic processes in magnetizedspace plasmas have been extensively investigatedover the past decades via theoretical models, in-
situ spacecraft measurements, and numerical sim-ulations. In particular, multi-point high-resolutionmeasurements from the Cluster and MMS spacemissions brought to light an entire new world ofkinetic processes, taking place at the plasma mi-croscales, and exposed new challenges for theirtheoretical interpretations. A long-lasting debateconcerns the nature of ion and electron scale fluc-tuations in solar-wind turbulence and their dissipa-tion via collisionless plasma mechanisms. Along-side observations, numerical simulations have al-ways played a central role in providing a test groundfor existing theories and models.In this talk, the current advances achieved with3D3V kinetic simulations, as well as the main ques-tions left open (or raised) by these studies willbe discussed. This includes assessing the spectralproperties and intermittency of turbulent fluctua-tions in the sub-ion range[1] and the existence of ananisotropic turbulent cascade involving the entirephase space[2] (i.e., a cascade of free energy thatis anisotropic with respect to the ambient magneticfield in both real and velocity space). Finally, alsopreliminary combined results from recent numeri-cal studies will be presented to assess similaritiesand/or differences in the properties of kinetic-scaleplasma turbulence, estimated from these state-of-the-art 3D kinetic simulations [1,2,3,4].[1] Cerri, Servidio & Califano, ApJL 846, L18 (2017)[2] Cerri, Kunz & Califano, ApJL 856, L13 (2018)[3] Franci et al., ApJ 853, 26 (2018) [4] Groselj et
al., PRL 120, 105101 (2018)

Kinetic Turbulence and Damping in the
Magnetosheath

Christopher Chen
christopher.chen@qmul.ac.uk

Keywords: turbulence, magnetosheath, damping, mmsWith the launch of the MMS spacecraft a fewyears ago, we now have the capability to studyturbulence in the magnetosheath at higher resolu-tion than ever before. Here, I will present recent
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work using the MMS data to investigate the natureof kinetic turbulence at electron scales and thenature of the damping mechanisms of the turbu-lence at these scales. Focussing on an interval ofmagnetosheath data near the magnetopause, thenature of the turbulence was found to change asthe electron inertial scale is reached, transitioningto a regime of inertial kinetic Alfven turbulence- I will present observations and a theoreticalmodel for this turbulence. I will also describe ourrecent application of a field-particle correlationtechnique to the MMS data, which enables theenergy transfer in velocity space to be determined.The results of this are consistent with the presenceof electron Landau damping in the kinetic range.

Electron-only magnetic reconnection in
plasma turbulence

Matteo Faganello
matteo.faganello@univ-amu.fr

Keywords: magnetized turbulence, magnetic reconnec-
tion, vlasov simulations, electron-magnetohydrodynamicsRecently MMS satellites measured a turbulentregime in the solar wind plasma, downstream ofthe Earth’s bow shock, where magnetic recon-nection acting in all the observed current sheets(at the electron skin depth scale) is completelyruled by electrons. These “electron-only” re-connection events are characterized by electronjets unaccompanied by ion outflows, contrary tothe standard picture of magnetic reconnection.Hybrid-Vlasov-Maxwell simulations of magne-tized plasma turbulence, including non-linearelectron inertia effects in the generalized Ohm.slaw, are able to reproduce this behavior as soonas the fluctuation energy is injected at scalesclose the ion-kinetic scales. In this case ionsturn out to be de-magnetized over the wholenumerical domain while electrons follow a nearlyelectron-magnetohydrodynamic evolution leadingto electron-only reconnection. The injection scaleseems to be the control parameter of this behavior:if energy is injected at larger scales ion outflows doform in reconnecting sheets.

Interpreting spacecraft observations of
plasma turbulence with kinetic numeri-
cal simulations in the low electron beta
regime

Luca Franci
l.franci@qmul.ac.uk

Keywords: plasma turbulence, space physics, hybrid

simulations, kinetic alfvén wavesWe present numerical results from high-resolutionhybrid and fully kinetic simulations of plasma tur-bulence, following the development of the energycascade from large magnetohydrodynamic scalesdown to electron characteristic scales. We explorea regime of plasma turbulence where the electronplasma beta is low, typical of environments wherethe ions are much hotter than the electrons, e.g.,the Earth’s magnetosheath and the solar corona, aswell as regions downstream of collisionless shocks.In such range of scales, recent theoretical modelspredict a different behaviour in the nonlinear inter-action of dispersive wave modes with respect towhat is typically observed in the solar wind, i.e., thepresence of so-called inertial kinetic Alfvén waves.We also extend our analysis to scales aroundand smaller than the electron gyroradius, wherehints of a further steepening of the magnetic andelectric field spectra have been recently observedby the NASA’s Magnetospheric Multiscale mission,although not yet supported by theoretical models.Our numerical simulations exhibit a remarkablequantitative agreement with recent observationsby MMS in the magnetosheath, allowing us toinvestigate simultaneously the spectral breakaround ion scales and the two spectral breaks atelectron scales, the magnetic compressibility, andthe nature of fluctuations at kinetic scales.

Gravitational wave turbulence in the
primordial universe

Sébastien Galtier
sebastien.galtier@lpp.polytechnique.fr

Keywords: turbulence, cosmology, waves, inflationThe non-linear nature of the Einstein’s equationsof general relativity suggests that space-time canbe turbulent. Such a turbulence is expected duringthe primordial universe (first second) when gravita-tional waves (GW) have been excited through eg.the merger of primordial black holes. The analyticaltheory of weak GW turbulence, published in 2017[1], is built from a diagonal space-time metric re-duced to the variables t, x and y [2]. The theorypredicts the existence of a dual cascade driven by4–wave interactionswith a direct cascade of energyand an inverse cascade of wave action. In the lattercase, the isotropic Kolmogorov-Zakharov spectrumN(k) has the power law index -2/3 involving an ex-plosive phenomenon. In this context, we developeda fourth-order and a second-order nonlinear diffu-sion models in spectral space to describe GW tur-bulence in the approximation of strongly local inter-actions [3]. We showed analytically that the modelequations satisfy the conservation of energy and
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wave action, and reproduce the power law solu-tions previously derived from the kinetic equations.We show numerically by computing the second-order diffusion model that, in the non-stationaryregime, the isotropic wave action spectrum N(k)presents an anomalous scaling which is understoodas a self-similar solution of the second kind. Theregime of weak GW turbulence is actually limitedto a narrow wavenumber window and turbulenceis expected to become strong at larger scales. Thenthe phenomenology of critical balance can be used.The formation of a condensate may happen and itsrapid growth can be interpreted as an acceleratedexpansion of the universe that could be at the ori-gin of the cosmic inflation. We can show with thisscenario that the fossil spectrum obtained after in-flation is compatible with the latest data obtainedwith the Planck/ESA satellite [4].[1] Galtier & Nazarenko, Turbulence of weakgravitational waves in the early universe, Phys. Rev.Lett. 119, 221101 (2017).[2] Hadad & Zakharov, Transparency of stronggravitational waves, J. Geom. Phys. 80, 37 (2014).[3] Galtier, Nazarenko, Buchlin & Thalabard, Non-linear diffusion models for gravitational wave tur-bulence Physica D 390, 84 (2019).[4] Galtier, Nazarenko & Laurie, Cosmic inflationdriven by space-time turbulence (2019).

Two-fluid plasmas: turbulence, recon-
nection and shocks

Daniel Gómez
gomez@iafe.uba.ar

Keywords: mhd, turbulence, reconnection, shocksIn space plasmas, turbulence, magnetic reconnec-tion and shock propagation are ubiquitous physicalprocesses that have been traditionally studied usinga one-fluid resistive MHD description.Within the theoretical framework of two-fluidMHD, we retain the effects of the Hall current andelectron inertia. Also, this description brings twonew spatial scales into play, such as the ion andelectron inertial lengths. We perform numericalsimulations of the two-fluid equations and studythe physical processes arising at sub-ion and evenelectron scales both three important phenomena inspace plasmas: turbulence, magnetic reconnectionand perpendicular shocks.When a stationary turbulent regime is estab-lished, our simulations show changes in the slopeof the energy power spectrum at the ion andelectron inertial lengths, in agreement with theslopes obtained using dimensional analysis. Usingnon-dissipative two-fluid simulations, we confirmthat magnetic reconnection arises only when

the effects of electron inertia are retained. In astationary regime, we obtain that the reconnectionrate is proportional to the ion inertial length, asit also emerges from a scaling law derived fromdimensional arguments. Finally, using 1D two-fluidsimulations, we show the generation of fast-modeperpendicular shocks with a thickness of a fewelectron inertial lengths.

Plasma turbulence vs. fire hose instabil-
ities: 3-D HEB simulations

Petr Hellinger
petr.hellinger@asu.cas.cz

Keywords: plasma turbulence, kinetic instabilitiesThe relationship between a decaying plasmaturbulence and proton fire hose instabilities ina slowly expanding plasma is investigated usingthree-dimensional hybrid expanding box simula-tions. We impose an initial ambient magnetic fieldperpendicular to the radial direction simulationbox, and we start with an isotropic spectrumof large-scale, linearly-polarized, random-phaseAlfvenic fluctuations with zero cross-helicity. Aturbulent cascade rapidly develops and leads toa weak proton heating that is not sufficient toovercome the expansion-driven perpendicularcooling. The plasma system eventually drives theparallel and oblique fire hose instabilities thatgenerate quasi-monochromatic wave packets thatreduce the proton temperature anisotropy. The firehose wave activity has a low amplitude with wavevectors quasi-parallel/oblique with respect to theambient magnetic field outside of the region dom-inated by the turbulent cascade and is discerniblein one-dimensional power spectra taken only inthe direction quasi-parallel/oblique with respect tothe ambient magnetic field; at quasi-perpendicularangles the wave activity is hidden by the tur-bulent background. The fire hose wave activityreduces intermittency and the Shannon entropybut increases the Jensen-Shannon complexity ofmagnetic fluctuations.

Overviewof the structure and dynamics
of the interaction between solar wind
and cometary plasmas after the Rosetta
Mission

Pierre Henri
pierre.henri@cnrs-orleans.fr

Keywords: space plasma, comet, rosetta, magnetosphere,
solar windCometary induced magnetospheres are archetypes
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of mass-loaded, partially collisional, partiallyionised plasmas, characterised by a wide range ofvarying plasma parameters, where the interplaybetween collisionless and collisional processes areessential to give a global picture of the plasmadynamics. While several cometary fly-by missionshave enabled to pave the way towards the ex-ploration of cometary environments, the Rosettamission was the first space mission to escort acomet along its orbit around the Sun. During morethan two years (2014-2016), the Rosetta orbiterhas monitored comet 67P/CG and its ionised en-vironment, at heliocentric distances ranging from1.2 to 3.8 AU accounting for a variety of cometaryactivity, and at distances from the comet nucleusranging from 1500 km down to the comet nucleussurface itself during the Rosetta Orbiter’s finaldescent. This was the first extensive, long-term,in situ survey of the expanding ionosphere ofa comet which interaction with the solar windforms an induced magnetosphere. In this context,I will review the results obtained from in situobservations made by the different instruments ofthe Rosetta Plasma Consortium (RPC), combinedto state-of-art numerical modelings of cometaryplasma environments, to give an overview of thecurrent understanding of the structure and dynam-ics of a cometary induced magnetosphere. Amongdifferent mechanisms, I will show how plasmawaves traces the signature of plasma mixing atdifferent interfaces (e.g., electron temperature dis-continuities, strong density gradients) and describesome acceleration mechanisms at play in the innercometary plasma.

A Wave-Coherent Structure Duality in
Plasma Turbulence: Are They Two Sides
of the Same Coin?

Gregory G. Howes
gregory-howes@uiowa.edu

Keywords: nonlinear waves, current sheets, turbulence,
dissipationThe dynamics and dissipation of turbulence inweakly collisional space plasmas throughout theheliosphere remains a controversial topic at theforefront of space physics research. Both fluidand kinetic simulations of plasma turbulenceubiquitously generate coherent structures—in theform of current sheets—at small scales, and thelocations of these current sheets appear to beassociated with enhanced rates of dissipation ofthe turbulent energy. The quest to understandthe physical mechanisms by which the energyof turbulent fluctuations is converted to particleenergy or plasma heat has driven vigorous debate

about the relative roles of wave damping processesvs. localized dissipation mechanisms associatedwith current sheets, such as magnetic reconnec-tion. A major unanswered question is how thesecoherent structures arise in the first place. Recentanalytical and numerical work has demonstratedthat strongly nonlinear interactions among coun-terpropagating Alfvén wavepackets—known asAlfvén wave collisions—naturally generate currentsheets self-consistently. Subsequent work hasshown that the dissipation of the turbulent energyis localized near these current sheets but is clearlymediated through the process of collisionlessLandau damping. Together, these results suggestthat framing the debate as a choice between wavesor coherent structures may be a false dichotomy.Rather, is there a duality between wave or coher-ent structure descriptions of the turbulence? Arethey merely alternative descriptions of the samedynamics? I will close with the question aboutwhether there exist aspects of the turbulence thatcannot be described as either waves or structures.

Self-defeating Alfvén waves and self-
sustaining sound in a collisionless, high-
beta plasma

Matthew Kunz
mkunz@princeton.edu

Keywords: waves, instabilities, kinetic, firehose, mirrorMany space and astrophysical plasmas are sohot and dilute that they cannot be rigorouslydescribed as fluids. These include the solar wind,low-luminosity black-hole accretion flows, andthe intracluster medium of galaxy clusters. Wepresent theory and hybrid-kinetic simulations ofthe propagation of shear-Alfvén and ion-acousticwaves in such weakly collisional, magnetized, high-beta plasmas. Following Squire et al. (2016), wedemonstrate that shear-Alfvén waves “interrupt”at sufficiently large amplitudes by adiabaticallydriving a field-biased pressure anisotropy that bothnullifies the restoring tension force and excites asea of ion-Larmor-scale instabilities (viz., firehose)that pitch-angle scatter particles. This physicsplaces a beta-dependent limit on the amplitudeof shear-Alfvén waves, above which they do notpropagate effectively. We also demonstrate thatsimilar physics afflicts compressive fluctuations,except that it is the collisionless damping of suchwaves that is interrupted. Above a beta-dependentamplitude, compressive fluctuations excite ion-Larmor-scale mirror and firehose fluctuations,which trap and scatter particles, thereby impedingphase mixing of the distribution function andyielding MHD-like dynamics. Implications for
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magnetokinetic turbulence and transport will bediscussed.

On the properties of spectral
anisotropies and intermittency in
ion-kinetic scale turbulence.

Simone Landi
slandi@arcetri.astro.it

Keywords: space and astrophysical plasmas, plasma
turbulence, numerical simulations, plasma kinetic theory,
hybrid modelThe spectral properties at ion kinetic scalesare studied by means of high-resolution three-dimensional numerical simulations using a hybridcodes which integrates the Vlasov system equa-tions for the ions while it treats the electron asa neutralising fluid. We show that the observedanisotropy is less than what expected by theoriesof plasma turbulence at such scales. More specif-ically, we observe that the spectral anisotropy isfrozen once the magnetic energy cascade reachesthe ion kinetic scales. However, the non-linearenergy transfer is still in the perpendicular directionwith respect to the magnetic field, only advectedin the parallel direction as expected balancing thenon-linear energy transfer time and the decor-relation time. Such result can be explained by aphenomenological model based on the formationof strong intermittent two-dimensional structuresin the plane perpendicular to the local mean fieldthat fulfill some prescribed aspect ratio eventuallydepending on the scale. This model supports theidea that small scales structures, such as reconnect-ing current sheets, contribute significantly to theformation of the turbulent cascade at kinetic scales.

1/f spectra in collisionless magnetized
plasmas: a lesson from solar wind in situ
observations

Lorenzo Matteini
lorenzo.matteini@obspm.fr

Keywords: plasmas, turbulence, mhd, solar windA puzzling property of fast solar wind magneticfluctuations is that, despite their large amplitude,they induce little variations in the strength of themagnetic field, thus maintaining a low level of com-pressibility in the plasma.At the same time, in addition to the well-knownKolmogorov MHD inertial range spectrum withslope -5/3, larger scales of fast streams are char-acterised by a shallower slope, close to -1. This 1/frange is considered the energy reservoir feeding the

turbulent cascade at smaller scales, although its ori-gin is not well understood yet.These aspects are usually addressed as separateproperties of the plasma, however, we suggest thata link between the two exists and we propose aphenomenological model in which a 1/f spectrumfor large scales can be derived as a consequenceof the low magnetic compressibility condition.Remarkably this model, although simple, cancapture most of the variability observed in situ inthe solar wind and explain spectral differences inwind regimes. Moreover, our model provides aprediction for the evolution of the 1/f range closeto the Sun that it will be possible to test soonthanks to the forthcoming observations of ParkerSolar Probe.

Fluidization of collisionless plasma tur-
bulence

Romain Meyrand
romain.meyrand@lpp.polytechnique.fr

Keywords: plasma turbulence, landau damping, plasma
echo, solar windTwo textbook physical processes compete tothermalize turbulent fluctuations in collisionlessplasmas: Kolmogorov’s “cascade” to small spatialscales, where dissipation occurs, and Landau’sdamping, which transfers energy to small scalesin velocity space via “phase mixing”, also leadingto dissipation. By direct numerical simulationsand theoretical arguments, I will show during thispresentation that in a magnetized plasma, anothertextbook process, plasma echo, brings energy backfrom phase space and on average cancels the effectof phase mixing. Energy cascades effectively asit would in a fluid system and thus Kolmogorovwins the competition with Landau for the freeenergy in a collisionless turbulent plasma. Thisreaffirms the universality of Kolmogorov’s pictureof turbulence and explains, for example, the broadKolmogorov-like spectra of density fluctuationsobserved in the solar wind.

Rotating MHD turbulence
Sergey Nazarenko

sergey.nazarenko@unice.fr

Keywords: mhd, turbulence, magnetostrophic wavesTurbulence in rotating Magneto-hydrodynamicsystems is studied theoretically and numerically.In the linear limit, when the velocity and magneticperturbations are small, the system supports twotypes of waves. When the rotation effects arestronger than the ones of the external magnetic
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field, one of these waves contains most of thekinetic energy (inertial wave) and the other–mostof the magnetic energy (magnetostrophic wave).The weak wave turbulence (WWT) theory fordecoupled inertial and magnetospheric wavesystems was previously derived by Galtier (2014).In the present paper, we derive theory of strongturbulence for such waves based on the criticalbalance (CB) approach conjecturing that the linearand nonlinear timescales are of similar magnitudesin a wide range of turbulent scales. Regimes ofweak and strong wave turbulence are simulatednumerically. The results appear to be in goodagreement with the WWT and CB predictions,particularly for the exponents of the kinetic andmagnetic energy spectra.

Energy cascade rate in compressible
MHD and Hall-MHD flows: spacecraft
observations in the near-Earth space vs
theoretical predictions

Fouad Sahraoui
fouad.sahraoui@lpp.polytechnique.fr

Keywords: solar wind, turbulence, data, mhdCompressible turbulence has been a subject of ac-tive research within the space physics communityover the past years. It is thought to be essential forunderstanding the physics of the solar wind (forinstance the heating of the fast wind), planetarymagnetospheres and the interstellar medium (starformation). Using recently derived exact laws ofcompressible isothermal MHD and the THEMISand CLUSTER spacecraft data we investigate thephysics of the fast and slow solar winds and theEarth magnetosheath. We emphasize the roleof density fluctuations in enhancing both theenergy cascade rate and the turbulence spatialanisotropy by analyzing different types of turbulentfluctuations (magnetosonic and Alfvénic-like), andshow how kinetic instabilities can regulate theenergy cascade rate. This has motivated furtherinvestigation of the sub-ion scale cascade usingMMS high time resolution data and the exact lawsof the Hall-MHD model (see talk by Andrés et al.).Preliminary results on the estimation of the fluidcascade rate at sub-ion and its possible connectionto kinetic dissipation will be discussed.

Partition of turbulent energy between
particle species in astrophysical plasmas

Alexander Schekochihin
alex.schekochihin@physics.ox.ac.uk

Keywords: plasma turbulence, gyrokinetics, heatingPerhaps the most popular and most productiveroute by which the theoretical machinery of fusionscience has been ported to astrophysical plasmaswas the application of gyrokinetic theory to theproblem of collisionless plasma turbulence in ac-cretion flows and in the heliosphere, in particular tothe question of how energy is partitioned betweenspecies (ions and electrons) when this turbulenceis thermalised. After many years of promising, butperhaps not entirely conclusive advances in thisarea, the latest news is that we finally have somequantitative grasp on the answer: GK turbulencepromotes disequilibration of species: at highbeta, ions are preferentially heated; at low beta,electrons are. This conclusion is supported byGK simulations, which are finally able to give us aheating vs. beta and Ti/Te curve [Kawazura et al.2019, PNAS 116, 771] and, in the case of low beta,also by relatively rigorous theory [Schekochihinet al. 2019, JPP in press/arXiv:1812.09792]. Iwill review this progress, spell out caveats (ofcourse there are caveats), and describe the nextsteps, including some theoretical progress on thehigh-beta regime.

Phase-space cascade in turbulent plas-
mas: observations and theory

Sergio Servidio
sergio.servidio@fis.unical.it

Keywords: turbulence, plasmas, kinetic theoryPlasma turbulence has been investigated usinghigh-resolution ion velocity distribution measure-ments by the Magnetospheric Multiscale mission(MMS) in the Earth’s magnetosheath. This novelobservation of a highly structured particle distribu-tion suggests a cascade process in velocity space.Complex velocity space structure is investigatedusing a three-dimensional Hermite transform,revealing, for the first time in observational data, apower-law distribution of moments. In analogy tohydrodynamics, a Kolmogorov approach leads di-rectly to a range of predictions for this phase-spacetransport. The combined use of state-of-the-artMMS data sets, novel implementation of a Hermitetransform method, scaling theory of the velocitycascade and kinetic simulations opens new path-ways to the understanding of plasma turbulenceand the crucial velocity space features that lead todissipation in plasmas.
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Modeling imbalanced Alfvén-wave tur-
bulence from MHD to electron scales

Pierre-Louis Sulem
sulem@oca.eu

Keywords: space plamas, turbulence, alfvén waves, gy-
rofluidsAfter discussing some open problems concerningAlfvén and kinetic Alfvén wave turbulence in thesolar wind, and the transition between these tworegimes, we introduce a two-field reduced gyrofluidmodel which includes ion finite Larmor radius cor-rections, parallelmagnetic fluctuations and electroninertia, and thus covers a spectral range extendingfrom MHD to electron scales [1]. The model repro-duces the usual phenomenology of balanced turbu-lence in the regimes of dispersive, kinetic and iner-tial Alfvénwaves and provides, as suggested by pre-liminary direct numerical simulations, an efficienttool to address the sub-ion dynamics in the imbal-anced regime. Furthermore, starting from the ki-netic equations of weak turbulence, a nonlinear dif-fusion model retaining only strongly local interac-tions is derived and phenomenologically extendedto strong turbulence by a suitable modification ofthe transfer time which, in the case of balanced tur-bulence, is consistent with critical balance [2]. Theassociated scale anisotropy turns out to be affectedby the degree of imbalance. In this framework, Lan-dau damping is modeled using the dissipation rategiven by the linear kinetic theory, with a modifica-tion of the transfer time taking into account the ef-fect of temperature homogenization along themag-netic field lines. Extension of the gyro-fluid modelincluding coupling to slowmagnetosonicwaves andthus permitting the decay instability will be brieflydiscussed.[1] T. Passot, P.L. Sulem and E. Tassi, Gyrofluidmodeling and phenomenology of low βe Alfvénwave turbulence, Phys. Plasmas, 25, 042107, 2018.[2] T. Passot and P.L. Sulem, Imbalanced kineticAlfvén wave turbulence: from weak turbulencetheory to nonlinear diffusion models for the strongregime, J. Plasma Phys., in press.

Hamiltonian reduced gyrofluid models
Emanuele Tassi
etassi@oca.eu

Keywords: gyrofluid models, hamiltonian systemsReduced fluid models provide a useful tool for qual-itative investigations of low-frequency phenomenain plasmas, in the presence of a strong, meancomponent of the magnetic field. Applications ofsuch models include, for example, magnetic re-

connection and turbulence, both in laboratory andastrophysical plasmas. In particular, when investi-gating phenomena occurring on scales comparablewith the ion Larmor radius, the so called reducedgyrofluid models become especially relevant. Inthe non-dissipative limit, reduced gyrofluid modelsare supposed to possess a Hamiltonian structure,as is the case for all dynamical plasma models. Inaddition to its relevance for guaranteeing correctqualitative properties of the dynamics, the knowl-edge of the Hamiltonian structure can also be ofuse, for instance, for the identification of familiesof invariants, particularly relevant in the two-dimensional limit, or for stability analyses. In thistalk I will present a rather general framework forderiving a class of Hamiltonian reduced gyrofluidmodels accounting for equilibrium temperatureanisotropies and magnetic perturbations parallel tothe mean magnetic field, which could make suchmodels relevant for applications to space plasmas.

Energy Dissipation and Phase Space
Dynamics in Eulerian Vlasov-Maxwell
Plasmas

Jason Tenbarge
tenbarge@princeton.edu

Keywords: vlasov simulations, kinetic processes, turbu-
lence, space physics

We present a novel algorithm for the numericalsolution of the multi-species, non-relativistic,Vlasov-Maxwell system in the Gkeyll simulationframework, which uses high order discontinuousGalerkin finite elements to discretize the system onan upto a 3D-3V phase space grid. The resultingnumerical method is robust and retains a numberof important properties of the continuous system,such as conservation of mass and energy, yet themethod is computationally efficient and performswell at scale on cutting edge high performancecomputational resources. We leverage the pristinephase space representation made possible bydirectly discretizing phase space to examine energydissipation in a variety of systems relevant tospace and astrophysical plasmas. Specifically, weemploy the field-particle correlation technique andFourier-Hermite decomposition in phase space todirectly diagnose the exchange of energy betweenfields and particles and the flow of energy inphase space. We present results from a varietyof simple systems, including magnetic pumping,resonant wave damping, and Langmuir turbulence,and we also apply the field-particle correlationtechnique to 2D-3V Vlasov-Maxwell simulationsof reconnection and turbulence.
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Velocity-space cascade in nearly colli-
sionless plasmas

Francesco Valentini
francesco.valentini@unical.it

Keywords: plasma turbulence, vlasov simulations, kinetic
processesMulti-dimensional Eulerian simulations of the hy-brid Vlasov-Maxwell model[1] have been employedto investigate the role kinetic effects in turbulentplasmas at typical ion scales. Numerical resultssuggest that kinetic effects manifest through thedeformation of the ion distribution function, withpatterns of non-Maxwellian features being concen-trated near regions of strong magnetic gradients.The velocity-space departure from Maxwellian ofthe ion velocity distributions has been also re-covered in observational data from spacecraft. Ina recent paper, Servidio et al.[2] investigated thevelocity-space cascade process suggested by thehighly structured shape of the ion velocity distribu-tion detected by the NASA Magnetospheric Multi-scale mission. Through a tree-dimensional Hermitetransform, these authors pointed out a power-lawdistribution of moments and provided a theoreticalprediction for the scaling, based on a Kolmogorovapproach. Here, the possibility of a velocity-space cascade is investigated in the strongly mag-netized case, in kinetic simulations of turbulenceat ion scales. Through the Hermite decomposi-tion of the ion velocity distribution from the simula-tions, we found that (i) the plasma displays spectralanisotropy in velocity space, due to the presenceof the background magnetic field, (ii) the distribu-tion of energy is in agreement with the prediction inRef. [2] and (iii) the activity in velocity space showsa clear intermittent character in space, being en-hanced close to coherent structures, such as the re-connecting current sheets produced by turbulence.Finally, in order to explore the possible role of inter-particle collisions, collisional and collisionless simu-lations of plasma turbulence have been comparedusing Eulerian Hybrid Boltzmann-Maxwell simula-tions, that explicitly model the proton-proton colli-sions through the nonlinear Dougherty operator.References[1] Valentini, F. et al., J. Comput. Phys. 225 2007,753-770[2] Servidio, S. et al., Phys. Rev. Lett. 119 2017,205101

The Debye mission: measuring
electron-scale turbulence in the so-
lar wind

Daniel Verscharen
d.verscharen@ucl.ac.uk

Keywords: electron-scales, space mission, turbulence,
wave-particle interactions, instabilitiesDebye is a proposed and pre-selected mission con-cept in response to ESA’s F-class call. Debye willconsist of a main spacecraft with instrumentationto measure electrons, ions, electric fields, and mag-netic fields; and up to three deployable spacecraftthat measure magnetic fields only. The deploy-able spacecraft will fly around the main spacecraft,covering different and varying baselines. In thisconfiguration, Debye will measure electron-scalefluctuations and their effects on the electron dis-tribution function. The key science question forthe Debye mission is: How are electrons heatedin astrophysical plasmas? In order to answer thistop-level science question, Debye’s first objectiveis to identify the nature of electron-scale turbu-lent fluctuations. Then it will measure the rapidtransfer of energy from the fields to the particlesthrough high-cadence and high-resolution electronmeasurements. Finally, Debye will study the par-tition of energy between particle species and thedependence of the energy transfer on the plasmaconditions.In this presentation, we discuss the sciencequestions and our proposed pathways to scienceclosure for the Debye mission. Moreover, wediscuss the implications of Debye science for theturbulence-research communities in the fields ofspace, astrophysics, and laboratory plasma physics.
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Nonlinear Waves at
Interfaces
Scaling the viscous Hydraulic Jump

Médéric Argentina
mederic.argentina@univ-cotedazur.fr

Keywords: hydraulic jump, fluid surfaceThe formation mechanism of hydraulic jumpshas been proposed by Belanger in 1828 andrationalised by Lord Rayleigh in 1914. As theFroude number becomes higher than one, the flowsuper criticality induces an instability which yieldsthe emergence of a steep structure at the fluidsurface. Strongly deformed liquid-air interfacecan be observed as a jet of viscous fluid impingesa flat boundary at high enough velocity. In thisexperimental setup, the location of the jumpdepends on the viscosity of the liquid, as shownby T. Bohr et al. in 1997. In 2014, A. Duchesne etal. have established the constancy of the Froudenumber at jump. Hence, it remains a contradiction,in which the radial hydraulic jump location mightbe explained through inviscid theory, but is alsoviscosity dependent. We present a model basedon the 2011 Rojas et al. PRL, which solves thisparadox. The agreement with experimental mea-surements is excellent not only for the predictionof the position of the hydraulic jump, but also forthe determination of the fluid thickness profile.We predict theoretically the critical value of theFroude number, which matches perfectly to thatmeasured by Duchesne et al.

scikit-fdiff, a new tool for PDE solving
Nicolas Cellier

contact@nicolas-cellier.net

Keywords: pde, finite difference, softwareScikit-FDiff (formerly known as Triflow) is a newtool, written in pure Python, that focus on reducingthe time between the developpement of the math-ematical model and the numerical solving. It allowsan easy and automatic finite difference discretiza-tion, thanks to a symbolic processing that can dealwith systems of multi-dimensional partial differen-tial equation with complex boundary conditions.Using finite differences and the method of lines,it allows the transformation of the original PDE intoan ODE, providing a fast computation of the tem-poral evolution vector and the Jacobian matrix. Thelater is pre-computed in a symbolic way and sparse

by nature. It can be evaluated with as few compu-tational resources as possible, allowing the use ofimplicit and explicit solvers at a reasonable cost.Classic ODE solvers have been implemented (ormade available from dedicated python libraries),including backward and forward Euler scheme,Crank-Nickolson, explicit Runge-Kutta. More com-plexes ones, like improved Rosenbrock-Wannerschemes up to the 6th order, are also available. Thetime-step is managed by a built-in error computa-tion, which ensures the accuracy of the solution.The main goal of the software is to minimize thetime spent writting numerical solvers to focus onmodel development and data analysis.Scikit-Fdiff is then able to solve toy cases in afew line of code as well as complex models. Extratools are available, such as data saving during thesimulation, real-time plotting and post-processing.It has been validated with the shallow-water equa-tion on dam-breaks and the steady-lake case. It hasalso been applied to heated falling-films, droppletspread and simple moisture flow in porous medium.

Nonlinear, short-crested and localized
waves

Amin Chabchoub
amin.chabchoub@sydney.edu.au

Keywords: directional localizations, solitons, rogue wavesSolitons and breathers are known to model sta-tionary and extreme localizations in nonlineardispersive media. Indeed, a series of laboratoryexperiments, for instance in water waves, opticsand BEC, confirmed the validity of the the uni-directional nonlinear Schrödinger equation (NLSE)to describe the spatio-temporal dynamics of suchwaves. In this study, we report observations ofslanted, and thus, directional localized envelopesoliton and breather dynamics in a water wavebasin. The water surface displacement has beenstereo-reconstructed using a marker-net, deployedat the center of the basin, and two synchronizedhigh-speed cameras. The results are in verygood agreement with the hyperbolic 2D+1 NLSpredictions and confirm for the first time thatshort-crested as well as slanted strongly-localizedwaves can be also described by a simplified nonlin-ear wave framework.

On an improved model for long internal
gravity waves

Didier Clamond
didierc@unice.fr

Keywords: internal wave, shallow layers, improved
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dispersionWe consider 2D irrotational flows of incom-pressible fluids stratified in two homogeneousshallow layers, bounded below by a horizontalimpermeable bottom and above by a rigid lid.Weakly dispersive fully nonlinear equations ofSerre-Green-Nagdhi type are often used to modellong internal waves. We show how to improvethese equations with better dispersive propertiesand reduced Kelvin-Helmholtz instability, whileremaining asymptotically consistent and keepingall the conservation laws.

Experimental evidence of hydrody-
namic instantons and their unifying role
in the theory of rogue waves

Giovanni Dematteis
giovannidematteis@gmail.com

Keywords: surface gravity waves, extreme events,
instanton, large deviation theoryWe interpret the formation of rogue waves ina wave flume in light of tools of large deviationtheory. By numerical optimization we compute theinstantons of the problem, i.e. the most likely real-izations leading to extreme surface elevations viathe governing nonlinear Schroedinger dynamics.We show that strikingly the typical extreme eventsof the experiment closely follow the instantonevolution, with small fluctuations around it. Thisis true accross all of the explored forcing regimes,unifying and extending the existing limiting resultsfor the linear and highly nonlinear cases.

Interfacial nonlinearities to damp slosh-
ing waves

Benjamin Dollet
benjamin.dollet@univ-grenoble-alpes.fr

Keywords: sloshing, foams, contact angle hysteresisSloshing describes the oscillations of liquids inreservoirs. It is often detrimental and can lead e.g.to coffee spilling, or to destabilisation of tankersand spacecrafts, especially in its large-amplitude,nonlinear regimes. Therefore, understanding andoptimising its damping is of primary importancefor applications. Presenting experimental measure-ments and the associated theoreticaI modeling, Iwill discuss two ways to increase sloshing dampingby interfacial effects: either using a foam layer, or,in the case of partial wetting, tuning the contactangle hysteresis. Interestingly, these two strategieslead to novel nonlinearities which, contrary to theusual large-amplitude effects, manifest themselves

all the most that sloshing amplitude is small, leadingto singularities like the finite-time arrest of theoscillations of the liquid/air interface.

Birth of a hydraulic jump
Alexis Duchesne

alexis.duchesne@univ-lille.fr

Keywords: hydraulic jump,The hydraulic jump, i.e., the sharp transition be-tween a supercritical and a subcritical free-surfaceflow, has been extensively studied. However, animportant question has been left unanswered: Howdoes a hydraulic jump form? Wepresent here an ex-perimental and theoretical study of the formationof stationary hydraulic jumps in centimeter-sizedchannels.We start with an empty channel and thenchange the flow rate abruptly from zero to aconstant value. This leads to the formation of astationary hydraulic jump in a two stage process.Firstly, the channel fills quickly (∼ 1 s). Initiallythe liquid layer shows a linearly increasing heightprofile and a front position with a square rootdependence on time. When the height of the liquidfront reaches a critical value, it remains constantthroughout the rest of the filling process. At lowflow rate the jump forms during the filling of thechannel whereas the jump appears at a later stagewhen the flow rate is high. Secondly, the influenceof the downstream boundary condition makes thejump move slowly (∼ 10 s) upstream to its finalposition with exponentially decreasing speed.

Hypergravity Wave Turbulence
Eric Falcon

eric.falcon@univ-paris-diderot.fr

Keywords: wave turbulence, nonlinear waves, high-
gravity experiments, fluid mechanicsWave turbulence occurs in various domains ofphysics (plasma physics, elasticity, or fluid mechan-ics) but is far to be completely understood, notablyfor ocean surface waves. By using a large-diametercentrifuge, we are able to tune the gravity field upto 20 times the Earth acceleration. This new tech-nique then allows us to report the first observationof gravity wave turbulence on the surface of a fluidin hyper-gravity environment. This is also a uniquesolution to significantly expands the inertial rangeof gravity wave turbulence in laboratory. Waveturbulence properties are then reported as functionof the gravity level, and we show that the usualenergy transfer by nonlinear wave interactions aremodified by large-scale container modes.
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Internal gravitywaves generated by tur-
bulent flows

Benjamin Favier
favier@irphe.univ-mrs.fr

Keywords: internal waves, thermal convectionMany geophysical and astrophysical fluids, includ-ing planetary atmospheres, stars and oceans, con-sist of turbulent flows adjacent to stably-stratifiedfluid layers. Because waves can drive large-scaleflows, increase scalar mixing and are sometimeseasier to observe than turbulent motions, two im-portant questions for these fluids are: how muchenergy goes from the turbulence into internalwaves in the stable layer? What kind of waves (i.e.what wavenumbers and frequencies) are generatedmost efficiently?In this talk we will answer these two questionsby presenting a theoretical prediction for theenergy flux spectrum of waves generated byturbulent convection and comparing it with resultsfrom 3D direct numerical simulations (DNS) ofself-organised convective–stably-stratified fluids.We will show that DNS and theory agree well forthe range of strong turbulence-strong stratificationparameters tested, giving some confidence in theanalytical expression for the energy flux spectrumof the waves, which is based on a theory thatassumes waves are generated by Reynolds stressesdue to eddies in the turbulent region. We hopethat our results will help quantify wave generationin geophysical and astrophysical fluids.

Leidenfrost Effect: The life of a levitat-
ing water droplet on a hot vapour layer

Thomas Frisch
thomas.frisch@inphyni.cnrs.fr

Keywords: drops, leidenfrostThe Leidenfrost effect is a physical phenomenon inwhich a liquid droplet floats on its own evaporat-ing vapour due to the presence of a hot substrateunderneath. This effect was discovered by JohanLeidenfrost in 1771 and investigated by John Tyn-dall as narrated in his book “Heat: a mode of mo-tion (1875). Leidenfrost droplets constitutes an in-teresting out of equilibrium system which can be anice playground for laboratory experiments on cap-illarity and fluid motion. In my talk, I will reviewthe recent experimental and theoretical studies thatwe have undergone in our laboratory. I will discussthe behaviour of Leidenfrost droplets in the super-levitation regime [1,2] which takes place for a verysmall droplet radius and reveals the signature of the

end of the lubrication regime. I will also discuss anew technique for generating Leidenfrost dropletat ambient temperature (20 Celcius) by using a low-pressure atmosphere [3]. These droplets could haveapplications as micro-reactors. Finally, I will exposetheoretical and experimental results on Leidenfrostdroplets which are confined in a two-dimensionalgeometry bymeans of aHele-Shaw cell [4,5], in par-ticular their oscillations and the dynamics of a grow-ing hole. Finally, I will conclude with some ques-tions on their interface fluctuations when the sys-tem is close to the Leidenfrost transition.[1] Take off of small Leidenfrost droplets, F Ce-lestini, T Frisch, Y Pomeau, Physical review letters109 (2012)[2] The Leidenfrost effect: From quasi-sphericaldroplets to puddles, Y Pomeau, M Le Berre, F Ce-lestini, T Frisch, Comptes Rendus Mecanique 340(2012)[3] Room temperature water Leidenfrostdroplets, F Celestini, T Frisch, Y Pomeau SoftMatter 9 (2013)[4]Two-dimensional Leidenfrost droplets in aHele-Shaw cell, F Celestini, T Frisch, A Cohen, C Ra-ufaste, L Duchemin, Y Pomeau, Physics of Fluids 26(2014)[5] Hole growth dynamics in a two-dimensionalLeidenfrost droplet, C Raufaste, F Celestini, ABarzyk, T Frisch, Physics of Fluids 27 (2015)

Singularity turbulence
Christophe Josserand

christophe.josserand@ladhyx.polytechnique.fr

Keywords: turbulence, singularity, cascadesWe will discuss the singularity induced turbulenceobtained using a simple model based on the focus-ing non-linear Schrödinger equation. We observea transition from a smooth dynamics towards astrong turbulence regime as the control parametersincrease. This strong turbulence regime consists ofthe midst of the singularities of the NLS equationshealed by the viscosity. Kolmogorov-like spectraare observed and will be discussed in the contextof the cascade phenomenology. Co-authors: YvesPomeau and Sergio Rica

Energy cascade in internal wave attrac-
tors

Sylvain Joubaud
sylvain.joubaud@ens-lyon.fr

Keywords: internal waves, stratified flows, instabilities,
laboratory experimentsInternal gravity waves play an important role in
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various geophysical flows. Oceans or atmospheresare indeed stratified in density and support thepropagation of such waves. They significantlycontribute in the mixing of the ocean, the redis-tribution of energy and momentum in the middleatmosphere or the transport of sediments andplankton. The subsequent mechanism for theenergy transfer from large scales of the injectedenergy to small scales where dissipation occursis therefore a critical issue in the dynamics of theocean or the atmosphere, and also an importantfundamental question. In this talk, we will focuson the fate of internal gravity waves in a trape-zoidal geometry of the confined fluid domain. Thepeculiar dispersion relation of these waves lead tostrong variation of the wave beam upon reflectionon a slope. In such a configuration, the focusing ofinternal waves prevails, leading to convergence ofinternal wave rays toward closed loops, the internalwave attractors. The high concentration of energyin attractors make them prone to instabilities. Wewill show that this experimental set-up modelsa cascade of triadic interactions and provide anefficient energy pathway from global scale motionsto small scale overturning events, which inducessignificant mixing.

Resonances of Internal Gravity Waves
in Stratified Shear Flows

Patrice Le Gal
legal@irphe.univ-mrs.fr

Keywords: gravity, waves, resonance, stratification, insta-
bilityWe will present here a new instability mechanismthat affects the Plane Couette flow and the PlanePoiseuille flow when these flows are stably strati-fied in density along the vertical direction, i.e. or-thogonal to the horizontal shear. Stratified shearflows are ubiquitous in nature and in a geophysi-cal context, we may think to water flows in sub-marine canyons, to winds in deep valleys, to cur-rents along sea shores or to laminar flows in canalswhere density stratification can be due to tempera-ture or salinity gradients. Our study is based on twosets of laboratory experiments with salt stratifiedwater flows, on linear stability analyses and on di-rect numerical simulations. It follows recent inves-tigations of instabilities in stratified rotating or nonrotating shear flows: the stratorotational instability[2],[3], the stratified boundary layer instability [4]where it was shown that these instabilities belongto a class of instabilities caused by the resonant in-teraction of Doppler shifted internal gravity waves.Our laboratory experiments for Plane Couette andPlane Poiseuille flows, based on visualizations and

PIV measurements, show in both cases the appear-ance of braided wave patterns when the experi-mental parameters, depending on the Reynolds andFroude numbers, are above a threshold. The nonlinear saturation of the instability leads to a me-andering in the horizontal plane arranged in layersstacked along the vertical direction [5]. Compari-son with theoretical predictions for the instabilitythreshold and the critical wavenumbers calculatedby linear analysis is excellent. Moreover, direct nu-merical simulations permit to complete the descrip-tion of this instability that can be interpreted asa resonant interaction of boundary trapped waves[6].[1] S. Orszag, JFM 50(4), 689-703, 1971.[2] M. Le Bars & P. Le Gal, Phys. Rev. Lett. 99,064502, 2007.[3] G. Rüdiger, T. Seelig, M. Schultz, M. Gellert,Ch. Egbers & U. Harlander, GAFD,111, 429-447,2017.[4] J. Chen, Y. Bai, & S. Le Dizès, JFM 795, 262-277, 2016.[5] D. Lucas, C.P. Caulfield, R. R. Kerswell,arXiv:1808.01178, 2019.[6] G. Facchini, B. Favier, P. Le Gal, M. Wang, M.Le Bars, JFM 853, 205-234, 2018.

Transition from inertial wave turbulence
to geostrophic turbulence in rotating
fluids - an experimental study

Thomas Le Reun
lereun@irphe.univ-mrs.fr

Keywords: instability, rotating fluids, geophysics, inertial
waves, turbulenceWe present an experimental investigation of theturbulent saturation of the flow driven by para-metric resonance of inertial waves in a rotatingfluid. In our setup, a half-meter wide ellipsoid filledwith water is brought to solid body rotation, andthen undergoes sustained harmonic modulationof its rotation rate. This triggers the exponentialgrowth of a pair of inertial waves via a mechanismcalled the libration-driven elliptical instability.Once the saturation of this instability is reached,we observe a turbulent state for which energy issupplied through the resonant inertial waves only.Depending on the amplitude of the rotation ratemodulation, two different saturation states areobserved. At large forcing amplitudes, the satu-ration flow main feature is a steady, geostrophicanticyclone. Its amplitude vanishes as the forcingamplitude is decreased while remaining abovethe threshold of the elliptical instability. Belowthis secondary transition, the saturation flow is asuperposition of inertial waves which are in weakly
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non-linear resonant interaction, a state that couldasymptotically lead to inertial wave turbulence. Inaddition to being a first experimental observationof a wave-dominated saturation in unstable rotat-ing flows, the present study is also an experimentalconfirmation of the model of Le Reun et al, PRL2017 who introduced the possibility of these twoturbulent regimes. The transition between thesetwo regimes and there relevance to geophysicalapplications are finally discussed.

Circular hydraulic jump and inclined
jump

Laurent Limat
laurent.limat@univ-paris-diderot.fr

Keywords: hydraulic jump, wavesWe have investigated the flow and interfacestructures involved in a circular hydraulic jumpformed by impacting a large horizontal disk witha jet of viscous liquid. Among other results, wefound that the Froude number at the jump entryseems to be locked to a critical, constant value.This empirical condition, when combined with thelarge scale lubrication flow structure leads to a“à la Bohr” scaling, with Logarithmic correctionsthat can be explicitly calculated, in agreementwith recent theoretical and numerical modeling.In a second step, we have investigated the jumpstructure formed when the jet and the impacteddisk are inclined of the same amount, after varyingthe wetting conditions on the disk (hydrophilic,partial wetting and superhydrophobic). The resultsare very sensitive to the wetting properties as wellas to the flow rate and plate inclination. We havetried to interpret the scaling laws observed withsimple models generalizing Watson approach ofthe circular hydraulic jump.

Statistics and models for Faraday pilot
waves

Paul Milewski
p.a.milewski@bath.ac.uk

Keywords: faraday waves, hydrodynamic quantum
analogies, complex systemFaraday pilot waves are a newly discovered hydro-dynamic structure that consists a bouncing dropletwhich creates, and is propelled by, a Faraday wave.These pilot waves can behave in extremely complexways exhibiting a classical form of wave-particleduality, and result in dynamics mimicking quantummechanics, including multiple quantisation andprobabilistic particle distributions reminiscent ofQM. I will show a simple surface wave-droplet

fluid model derived from the fluid equations, thatcaptures many of the features observed, and focuson rationalising the emergence of the statistics ofcomplex states and on building models describingparticle statistics.

Wave turbulence at the surface of wa-
ter: the role of bound waves on inter-
mittency

Nicolas Mordant
nicolas.mordant@univ.grenoble-alpes.fr

Keywords: gravity waves, wave turbulence, intermittencyBy using a stereoscopic imaging technique, wecould obtain a space-time resolved measurementof wave turbulence at the surface of water in a 13-m diameter tank. Wave are excited by meter-sizedwedge wave makers that are close to omnidirec-tional. A frequency-wavenumber analysis showsthat a turbulent regime develops that is made of asuperposition of free waves and bound waves asexpected for gravity surface waves. These boundwaves result from triadic nonlinear interaction thatprovide energy to Fourier modes that are not lyingon the linear dispersion relation (and thus nonresonant). By performing a filtering in the Fourierspace, we can remove the bound wave contribu-tion to keep only the free wave one and we show,first, that the observed weak turbulence is indeedweakly nonlinear and, second, that the filtered fieldis much closer to Gaussian statistics. Furthermorethe observed intermittency is strongly reduced sothat the free-wave field is close to Gaussian at allscales.

Bacteria display optimal transport near
surfaces

Fernando Peruani
peruani@unice.fr

Keywords: bacteria, surface, mobilityThe near-surface swimming patterns of bacteriaare determined by hydrodynamic interactionsbetween the bacteria and the surface, which trapthe bacteria in smooth circular trajectories thatlead to inefficient surface exploration. Here, wecombine experiments with a data-driven mathe-matical model to show that the surface explorationof a pathogenic strain of Escherichia coli resultsfrom a complex interplay between motility andtransient surface adhesion events. These eventsallow the bacteria to break the smooth circulartrajectories and regulate their transport proper-ties by exploiting stop events that are facilitated

Waves Côte d’Azur 2019



NONLINEAR WAVES AT INTERFACES 28

by surface adhesion and lead to characteristicintermittent motion on surfaces. We find thatthe experimentally measured frequency of thesestop-adhesion events coincides with the value thatmaximizes bacterial surface diffusivity accordingto our mathematical model. We discuss the appli-cability of our experimental and theoretical resultsto other bacterial strains on different surfaces.Our findings suggest that swimming bacteria usetransient adhesion as a generic mechanism toregulate surface motion.

Intermittency and Leray singularities
Yves Pomeau

pomeau@lps.ens.fr

Keywords: turbulence, intermittency, leray singularitiesReal turbulent flows display intense and short livedvelocity fluctuations. This is the phenomenon ofintermittency. In 1934 Leray introduced the ideaof finite time singularities of the incompressiblefluid equations with smooth initial data. Leraysingularities occur at given points of space andtime. Their analysis give a precise relation betweenthe large velocity and the large acceleration oneshould observe, a result opposite to the predic-tion of K41 scaling laws. Leray-like scaling areamazingly well verified in the velocity records ofturbulence measured in Modane wind tunnel. I’llintroduce Leray’s idea and make the connectionwith the presentation by Christophe Josserand atthis conference.

Spin lattices of walking droplets
Giuseppe Pucci

giuseppe.pucci@univ-rennes1.fr

Keywords: hydrodynamic analogs, walking droplets,
wave-mediated collective motionA droplet bouncing on the surface of a vibrat-ing liquid bath can self-propel across the surfacethrough interaction with the wave field it gener-ates by bouncing. These walking droplets or “walk-ers” comprise a droplet and its guiding wave, andhave been shown to exhibit several behaviors ana-log to quantum systems. Most analogs consider asingle walker interacting with boundaries or experi-encing external forces. Controlling multiple walkersis challenging as their continuous wave-mediatedinteractions usually lead to pair bound states anddroplet-droplet coalescence. Here I show that mul-tiple walkers can be manipulated by designing thebottom topography of the vibrating bath as a latticecomposed of deeper regions separated by shallowregions. Specifically, I show that circular wells at

the bottom of the fluid bath encourage individualdroplets to walk in clockwise or counter-clockwisedirection along circular trajectories centered at thelattice sites. A thin fluid layer between the wells en-ables wave-mediated interactions between neigh-boring walkers resulting in ordered rotation dynam-ics across the lattice. When the pair coupling is suf-ficiently strong, interactions between neighboringdroplets may induce local spin flips leading to ferro-magnetic or anti-ferromagnetic order. In addition,an anti-ferromagnetic to ferromagnetic transitionis obtained when the whole bath is rotating. Ourexperiments demonstrate the spontaneous emer-gence of collective behavior of walkers that mimicspin lattices.This work has been done at MassachusettsInstitute of Technology with Pedro J. Saenz, SamE. Turton, Alexis Goujon, Rodolfo R. Rosales, JörnDunkel and John W. M. Bush.

When wind waves become Francis soli-
tons

Marc Rabaud
rabaud@fast.u-psud.fr

Keywords: wind-waves, solitonsWhen wind blows above a liquid surface, wind-waves form. We will show that if the liquid isviscous enough these waves becomes stronglynon-linear solitary waves.

Nonlinear waves in Plateau borders
Christophe Raufaste

christophe.raufaste@unice.fr

Keywords: plateau border, hydraulic jump, capillarityPlateau borders are the liquid microchannels foundat the intersection between bubbles inside liquidfoams. They concentrate most of the mass andtheir role is essential to account for the foamsdrainage and mechanical properties. During thispresentation, experiments and results will beshown about the relaxation of a single Plateau bor-der that is subject to external perturbations. Wewill see how a negative effective surface tensiondrives the dynamics, with a special emphasis onregimes dominated by inertial flows and nonlinearwaves.

Waves Côte d’Azur 2019



NONLINEAR WAVES AT INTERFACES 29

N
on

lin
ea
rW

av
es

at
In
te
rf
ac
es

Sheared falling film flows: a numerical
study

Christian Ruyer-Quil
christian.ruyer-quil@univ-smb.fr

Keywords: falling and sheared films, continuation meth-
odsThis work is devoted to the analysis of a counter-current gas-liquid film flow in an inclined channel.Our purpose is to consider how travelling wavesgenerated at the free surface of the film by theclassical Kapitza instability mechanism are af-fected by the gaseous turbulent flow. We aimat reproducing the experimental results obtainedby Sophie mergui and Nicolas Kofman at FASTlaboratory. Travelling wave solutions, i.e. waveswhich remain stationary in their moving frame,have been found numerically. The approach isone-sided as the interfacial stress is a functionof the interface position only (we use Camassa’smodel to compute the shear exerted by the gasflow onto the liquid). A pseudo-spectral approachis followed where a projection of the unknownsonto Chebyshev polynomial functions is performedand the primitive equations are evaluated at theGauss-Lobatto points, which results in the elim-ination of the normal coordinate. By invoking apenalization method to account for the continuityof the stresses at the free surface, an autonomousdynamical system of large dimension is obtained.Travelling wave solutions are then obtained asHopf bifurcations of the Nusselt flat-film solutionby means of a predictor-corrector continuationmethod (ATO07p software. A good agreementis found at a relatively low superficial gas speed.Though only qualitative, the proposed one-sidedmodelling is able to retrieve qualitatively theexperimental observations: enhancement of waveamplitude, lowering of phase velocity and reduc-tion of the number of capillary ripples.

Interference Model for an Array of
Wave-Energy-Absorbing Flexible Struc-
tures

Benjamin Thiria
benjamin.thiria@espci.fr

Keywords: surface waves, interference, energy harvestingThe present work focuses on the local effects ofwave-structure interactions within an array of os-cillating absorbers to optimize global effects, suchas reflection, damping, and energy absorption. Weuse a model system of flexible blades, subjectedto monochromatic waves, and develop a simplified

one-dimensional model to predict optimal config-urations, depending on various parameters, whichinclude the number of blades, their spacing, andtheir flexibility. Optimal configurations are foundto be close to regular patterns, and the impact ofarray configurations is shown to be limited regard-ing wave dissipation, mainly due to a competitionbetween reflection and absorption.
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Nonlinear Waves in
Biology
A sub-Riemannian model with
frequency-phase and its application
to orientation map construction

Emre Baspinar
emre.baspinar@inria.fr

Keywords: cortical models, sub-riemannian geometry,
orientation maps, neurogeometry, visual perceptionOur objective is to develop a geometrical modelof the primary visual cortex in accordance withthe neural characteristics of the cortex and con-struct orientation maps by using the relevant modelgeometry. Our departure point is the visual cor-tex model of the orientation selective cortical neu-rons, which was presented in [1] by Citti andSarti. We spatially extend this model to a five di-mensional sub-Riemannian geometry and providea novel geometric model of the primary visual cor-tex which models orientation-frequency selective,phase shifted cortical cell behavior and the associ-ated neural connectivity. This model extracts ori-entation, frequency and phase information of anygiven two dimensional input image. We employ inparticular an input imagewith uniformly distributedwhite noise as the mathematical interpretation ofinternal stimulation on the retinal plane. Then, westart from the very first step mechanisms of visualperception and by using our sub-Riemannian modelin order to extract visual features from the noise im-age, we provide a neurally inspired geometric pro-cedure for multi-feature orientation map construc-tion.Bibliography [1]: G. Citti and A. Sarti, “A corticalbased model of perceptual completion in theroto-translation space,” Journal of MathematicalImaging and Vision, vol. 24, no. 3, pp. 307–326,2006.

Scaling up individual behavior to predict
population spread: experiments with
microscopic insects

Vincent Calcagno
vincent.calcagno@inra.fr

Keywords: spatial spread, diffusion, individual interac-
tions, movement, insects, group dynamicsUnderstanding how behavioral processes, inter-individual variability and interactions shape the

spatial spread and dispersal of animal populationsis a major challenge in ecology. Trichogrammaparasitic waps are among the smallest insectsin the world (less than 500 micrmeters long).They are grown and released by millions in thefield to protect crops from insect pests, so thatunderstanding their spatial propagation dynamicsis critical to predict performance. I’ll presenthow a novel experimental system coupled withhigh-throughput tracking of individual movementsby computer vision can give insight into the spatialspread of groups of parasitoid individuals overlarge temporal (one entire day) and spatial (sixmeters, ca. 12,000 body lengths) scales in thelab. In particular I’ll show how population spreadis well described by heterogeneous diffusion,whereby individuals switch between two statesdynamically (active versus sedentary) dependingon their encounter with other individuals or withresource items. I’ll also show how these rathercomplex movement strategies ultimately generatea fairly simple Gaussian spatial distribution of hostparasitism around the release point.

The role of cortical waves in shaping the
dynamic processing of visual informa-
tion

Frédéric Chavane
frederic.chavane@univ-amu.fr

Keywords: visual neuroscience, cortical wave, motion
integrationSince the pioneering work of the Hubel andWiesel,the visual system is mostly conceived as a feed-forward hierarchical flow of sensory information.Accordingly, low-level visual information (such asposition and orientation) is extracted locally withinstationary receptive fields and is rapidly cascadedto downstream areas to encode more complex fea-tures. Such a framework implies that processing ateach level of processing must be fast, efficient andmostly confined to network of neurons with over-lapping receptive fields. In recent work, however,we have demonstrated that any local stationarystimulus is, in itself, generating waves propagatingwithin each cortical steps of visual processing.Visual information thus does not stay confined to aparticular retinotopic location but instead invadesneighboring cortical territory, connecting neuronswith neighboring receptive fields. What could bethe computational advantage of cortical waves inthe processing visual information? We have shownthat, in response to a non-stationary sequence ofvisual stimuli, such as an object moving along atrajectory, these waves interact non-linearly withfeedforward and feedback streams. They hereby
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shape the representation of moving stimuli withincortical retinotopic maps to encode accurately theobject velocity.

Evolutionary path to a minimal biologi-
cal clock

Attila Csikász-Nagy
attila.csikasz-nagy@kcl.ac.uk

Keywords: switch-like behavior, oscillatory behavior, cell
regulationSwitch-like and oscillatory dynamical systems arewidely observed in biology. We investigate thesimplest biological switch that is composed ofa single molecule that can be autocatalyticallyconverted between two opposing activity forms.We propose that this single molecule systemcould work as a primitive biological sensor andshow by steady state analysis of a mathematicalmodel of the system that it could switch betweenpossible states for changes in environmental sig-nals. Particularly, we show that a single moleculephosphorylation-dephosphorylation switch couldwork as a nucleotide or energy sensor. We alsonotice that a given set of reductions in the reactionnetwork can lead to the emergence of oscillatorybehaviour. We propose that evolution could haveconverted this switch into a single molecule oscil-lator, which could have been used as a primitivetimekeeper. I will discuss how the structure of thesimplest known circadian clock regulatory system,found in cyanobacteria, resembles the proposedsingle molecule oscillator. Besides, I will speculateif such minimal systems could have existed in anRNA world. I will also present how the regulatorynetwork of the cell cycle could have emerged fromthis system and what are the consequences ofthis possible evolution from a single antagonistickinase-phosphatase network.

Coupled oscillators in mammalian cells
Franck Delaunay

franck.delaunay@univ-cotedazur.fr

Keywords: coupled oscillators, mammalian cellsMost organisms have evolved a circadian timingsystem to adapt their physiology and behaviour tothe daily environmental changes resulting from therotation of the earth on its axis. This is achievedthrough a self-sustained oscillatory gene networkpresent in virtually all cells and which temporallycoordinates a plethora of molecular, cellular andphysiological processes. Interestingly, daily syn-chronous rhythms of the cell division cycle areobserved in many species including humans. This

strongly suggests that the circadian clock and thecell cycle machineries are functionally connected.Consistently, several molecular mechanisms un-derlying this crosstalk have been uncovered duringthe last 10-15 years. However, despite this mech-anistic knowledge, how the temporal organizationof cell division at the single cell level producescoherent daily rhythm at the tissue level and howthe clock and cell cycle dynamics are coordinatedhave remained elusive. Using multispectral fluo-rescent imaging of genetically modified single livecells, computational methods and mathematicalmodelling we have addressed this issue in mousefibroblastic cells. This approach revealed that inunsynchronized cells, the cell cycle and circadianclock robustly phase-lock each other in a 1:1fashion so that in an expanding cell population thetwo oscillators oscillate in a synchronized way witha common frequency. Further, pharmacologicalsynchronization of cellular clocks reveals additionalphase-locked clock states. The temporal coordina-tion of cell division by phase-locking to the clockat a single cell level has significant implicationsbecause circadian disruption is increasingly beinglinked to the pathogenesis of many diseases in-cluding metabolic diseases and cancer.

Nonlinear propagating waves in the
awake brain and their possible role

Alain Destexhe
destexhe@unic.cnrs-gif.fr

Keywords: mean-field model, excitation, inhibition, visual
cortexVarious propagating waves occur in the brain, atdifferent spatial and temporal scales. We reporthere on a mixed theoretical and experimentalstudy of propagating waves in visual cortex of theawake monkey. Optical imaging measurements ofthe primary visual cortex (V1) revealed that everyvisual stimulus is followed by a propagating wavesat sub-millimeter scale and with a propagating ve-locity of about half a meter per second. When twopropagating waves collide, their combined action islargely sublinear, which reveals suppressive effects.Mean-field models can reproduce this nonlinearinteraction if inhibitory neurons have a higher gainthan excitatory neurons, and if they interact viaconductance-based mechanisms. Finally, an exter-nal decoder can correctly discern the two stimuli,but only if the propagating waves are suppressive.We conclude that the suppressive nonlinearityof propagating waves enable to disambiguatevisual stimuli and thus participate to a finer visualdiscrimination. Supported by the CNRS, ANR andthe EU (Human Brain Project).
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Studying self-organized patterning of
peatland ecosystems with Appropriate
Complexity Landscape Modeling

Maarten Eppinga
maarten.eppinga@geo.uzh.ch

Keywords: peatland ecosystems, self-organization, veg-
etation patterns, scale-dependent feedback, critical transi-
tionsThe surface of northern and tropical peatlandecosystems frequently exhibits self-organized pat-terning of densely vegetated hummocks and moresparsely vegetated hollows. Theoretical studies sofar suggest multiple alternative mechanisms thatcould be driving this pattern formation. The longtime span associated with peatland surface patternformation, however, limits possibilities for empiri-cally testing cause-effect relationships through fieldmanipulations. We present a reaction-advection-diffusion model that describes spatial interactionsbetween vegetation, nutrients, hydrology, and peat.Modification of the model’s reaction terms and thehydraulic conductivity function enable the studyof pattern formation as driven by three differentmechanisms: peat accumulation, water ponding,and nutrient accumulation. By on-and-off switch-ing of each mechanism, we created a full-factorialdesign to see how these mechanisms affected sur-face patterning (pattern of vegetation and peatheight) and underlying patterns in nutrients and hy-drology.Results revealed that different combinations ofstructuring mechanisms lead to similar types ofpeatland surface patterning but contrasting under-lying patterns in nutrients and hydrology. Thesecontrasting underlying patterns suggested that thepresence or absence of the structuring mecha-nisms can be identified by relatively simple short-term field measurements of nutrients and hydrol-ogy, meaning that longer-term field manipulationscould be circumvented. Performing these empiri-cal tests in similarly patterned peatland complexesalong a Eurasian climatic gradient, we found thatthe underlying patterns in nutrients and hydrologyreversed along the climatic gradient, corroboratingthe main prediction of the model framework.This study follows the Appropriate ComplexityLandscape Modelling approach, in that it exploresmultiple pattern-forming mechanisms in a modelenvironment, and subsequently confront thesepredictions to empirical data. This approach maynot only be useful for northern peatlands but for(sub)tropical peatlands as well. This notion is illus-trated with current work in progress, in which westudy multiple mechanisms that may drive peatland

pattern formation in the Florida Everglades.

Steady and wave-like patterns in flux-
based auxin transport models

Etienne Farcot
etienne.farcot@nottingham.ac.uk

Keywords: active transport, ode models, nonlinear
dynamicsAuxin is a major plant hormone, and its spatialdistribution in plant tissues is a key driver of plantstructure and geometry. Auxin transport is acomplex process, combining cell-to-cell diffusionand active transport. The latter is mediated bymembrane-bound transporters whose inhomoge-neous distribution is controlled by auxin itself. Thedetails of this process are still largely unknown,despite numerous recent advances. In this work,the focus is on a mathematical model implementingone of the current biological assumptions, whichis that auxin flux is the variable controlling trans-porters’ distribution. We show that identical auxinpatterns can be achieved by distinct transportersdistributions, and characterize these in graphtheoretical terms. Under a condition of regularityof the dependence of transporters on the flux, wecan prove that one of these steady states, withzero flux everywhere, is asymptotically stable forany choice of parameters. When the condition ofregularity is not satisfied the same steady statemay undergo bifurcations and become unstable. Inparticular, we can observe stable oscillations takingthe form of a travelling wave of auxin, on a row ofcells.

Self-organization of mitotic waves de-
pends on the spatial geometry of the
system

Lendert Gelens
lendert.gelens@kuleuven.be

Keywords: mitotic waves, cell cycleWhether a cell will grow and divide is a highlyregulated decision that is controlled by a largeand complex network of genes and proteins. Ourunderstanding of how these network componentscollectively work together in space and time isstill limited. In our lab, we combine theory ofnonlinear dynamics and complex systems withbiological experiments in order to gain new insightsinto cell cycle regulation. Here, I will discuss ourwork on cell division coordination in frog embryos.Upon fertilization, the early Xenopus leavis frogegg quickly divides about ten times to go from
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a single cell with a diameter of a millimeter toseveral thousands of cells of somatic cell size (tensof microns). Using frog cell-free extracts, one canreconstitute in vitro the biochemical reactions thatregulate these clock-like cell divisions. On theone hand, such extract experiments allow us toidentify how the presence of feedback loops in themolecular network ensures robust cell cycle oscilla-tions. On the other hand, we find that cell divisionis spatially coordinated via biochemical waves,whose properties depend on the dimensions of thespatial environment. By carrying out experimentsin Teflon tubes of varying diameter, we show thatmitotic waves are driven by an internal pacemakerin thinner tubes, while they are boundary-driven inthicker tubes. We show how changing the spatialgeometry of the system effectively tunes therelative strength of two pacemaker regions, thusreversing the direction of propagation of mitoticwaves.

Pattern formation in marine clonal plant
meadows

Damia Gomila
damia@ifisc.uib-csic.es

Keywords: pattern formation, ecology, clonal plants,
competitionCompetition for water or nutrients or interactionswith herbivores drive spatial instabilities in land-scapes of terrestrial plants, resulting in patternformation phenomena that have been a subjectof intense research in the last years. Observa-tions from aerial images and side -scan sonardata have recently revealed analogous patternforming phenomena in submerged vegetation inthe Mediterranean Sea [1], mainly in meadows ofseagrasses such as Posidonia oceanica and Cymod-ocea nodosa. Starting from growth rules of theseclonal plants, we have derived amacroscopic modelfor the plant density able to provide an explanationto the observed submarine hexagonal patterns orisolated ‘fairy circles’, and landscapes of spots andstripes. The essential ingredient is a competitiveinteraction at a distance of 20-30m. Beyond aqualitative description of the observed patterns,and their prevalence under different meadowconditions, the model fits well measurements ofthe population density of Posidonia, which showgreat variability close to the coast, where patternstypically appear.

Circadian rhythms: a theoretical and
practical view on internal 24-hour tim-
ing

Achim Kramer
achim.kramer@charite.de

Keywords: circadian rythms, cell oscillatorsCircadian clocks are endogenous oscillators thatdrive 24-hour rhythms in physiology, metabolismand behaviour of almost all life on earth. Circadianclocks are found at all levels -from cells, tissues andorgans to the entire organism. In mammals, themaster circadian clock resides in the hypothalamicsuprachiasmatic nuclei (SCN) and coordinates dailyrhythms of sleep and wakefulness, core body tem-perature and hormone secretion (such as cortisol,melatonin and many others). It is synchronizedto Earth’s rotation primarily by light-dark cycles– a process called ‘entrainment’, which is crucialfor an organisms’ fitness. Little is known aboutwhich oscillator qualities determine entrainment,i.e. entrainment range, phase and amplitude.Using mathematical modelling combined withexperimental studies we found that couplingamong single cell oscillators governs fundamentalproperties of circadian clock systems. In addition,we will present our recent development thatallows the assessment of the phase of humancircadian rhythms by a single time-point measure-ment using machine-learning algorithms at highdimensional time-series data from human bloodcell transcriptomes. Since the internal circadianphase of humans is different for each individualand does not correspond to external clock time,such a precision medicine tool (BodyTime) enablingthe personalization of healthcare according to thepatient’s circadian clock is urgently needed.

Reaction-Diffusion Systems on Struc-
tured and Evolving Manifolds

Andrew Krause
krause@maths.ox.ac.uk

Keywords: pattern formation, manifolds, growth, hetero-
geneityI will discuss recent work with biologists related tounderstanding particular structural characteristicsin the whiskers of mice, and in synthetic quorum-sensing mechanisms of bacteria. These scientificproblems are typically modelled using reaction-diffusion systems, and one is often interestedin emergent spatial and spatiotemporal patternsfrom instabilities of a homogeneous equilibrium.I will use these scientific questions to motivate
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fundamentally mathematical questions regardinginstabilities and the emergence of patterns in com-plex domains. First I will discuss the well-knowneffects of how manifold structure impacts themodes which may become unstable in reactiondiffusion systems, and hence how the kinds ofpatterns we may observe on manifolds can changedue to geometry directly. More strikingly, I willdiscuss recent work where coupling between twodifferent simple planar geometries leads to highlynon-intuitive results regarding the role of geom-etry. Finally I will discuss results on instabilitieson a large class of time-evolving manifolds, andshow that one can derive a meaningful notion ofinstability of the homogeneous state even in thisexplicitly time-dependent setting. The technicalTheorems in this last part may also have applicationfar beyond the realm of developmental biology,as they generalize notions of instability to a largeclass of non-autonomous systems.

Modeling cortical spreading depression
induced by the hyperactivity of in-
terneurons

Martin Krupa
krupa@unice.fr

Keywords: cortical spreading depression, biophysical
modelingCortical spreading depression (CSD) is a wave oftransient intense neuronal firing leading to a longlasting depolarizing block of neuronal activity. Itis a proposed pathological mechanism of migrainewith aura. Some molecular/cellular mechanisms ofmigraine with aura and of CSD have been identifiedstudying a rare genetic form: familial hemiplegicmigraine (FHM). FHM type 1 & 2 are caused bymutations of the CaV 2.1 Ca2+ channel and theglial Na+/K+ pump, respectively, leading to facili-tation of CSD in mouse models mainly because ofincreased glutamatergic transmission/extracellularglutamate build-up. FHM type 3 mutations ofthe SCN1A gene, coding for the voltage gatedsodium channel NaV 1.1, cause gain of functionof the channel and hyperexcitability of GABAergicinterneurons. This leads to the counterintuitivehypothesis that intense firing of interneurons cancause CSD ignition. To test this hypothesis insilico, we developed a computational model of anE-I pair (a pyramidal cell and an interneuron), inwhich the coupling between the cells in not justsynaptic, but takes into account also the effectsof the accumulation of extracellular potassiumcaused by the activity of the neurons and of thesynapses. In the context of this model, we showthat the intense firing of the interneuron can

lead to CSD. We have investigated the effect ofvarious biophysical parameters on the transition toCSD, including the levels of glutamate or GABA,frequency of the interneuron firing and the efficacyof the KCC2 co-transporter. The key element forCSD ignition in our model was the frequency ofinterneuron firing and the related accumulation ofextracellular potassium, which induced a depolar-izing block of the pyramidal cell. This constitutes anew mechanism of CSD ignition.

Timing of fungal spore release dictates
survival during atmospheric transport

Daniele Lagomarsino Oneto
daniele.lagomarsino@univ-cotedazur.fr

Keywords: atmospheric transport, fungal spore, turbu-
lence, dispersalThe fungi disperse spores to move across land-scapes and spore liberation takes different patterns.While many species release spores intermittently,others release spores at specific times of dayor night according to intrinsic rhythms. Despiteintriguing evidence of diurnal rhythms, why thetiming of spore liberation would matter to a fungusremains an open question. Here we use state-of-the-art numerical simulations of atmospherictransport with meteorological data to follow thetrajectory of many spores released in the openatmosphere at different times of day, during dif-ferent seasons and at different locations acrossNorth America. While individual spores followun-predictable trajectories due to turbulence,in the aggregate patterns emerge: statistically,spores released during the day fly for severaldays, while spores released at night return to theground within a few hours. Differences are causedby intense turbulence during the day and weakturbulence at night. The pattern is widespreadbut its reliability varies, for example, day/nightpatterns are stronger in southern regions, wheretemperatures are warmer. Results provide a set oftestable hypotheses explaining intermittent andregular patterns of spore release as strategies tomaximize spore survival in the air. Species withshort lived spores reproducing where there isstrong and regular turbulence during the day, forexample in Mexico, will maximize survival by rou-tinely releasing spores at night. Where cycles areweak, for example in Canada during spring, therewill be no benefit to releasing spores at the sametime every day. We also challenge the perceptionof atmospheric dispersal as risky, wasteful, andbeyond control of a sporocarp; our data suggestthe timing of spore liberation may be finely tunedby a fungus to maximize fitness during atmospheric
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transport.

Waves of cerebral cortex depolariza-
tion: focus on a novel mechanism of
migraine-linked cortical spreading de-
pression induced by hyperactivation of
GABAergic neurons.

Massimo Mantegazza
mantegazza@ipmc.cnrs.fr

Keywords: spreading depolarization, cortical spreading
depression, migraine, sodium channels, gabaergic neurons.Spreading depolarization (SD) refers to waves ofabrupt, sustained mass depolarization in the graymatter of the central nervous system, observedin different pathological conditions. Corticalspreading depression (CSD) is a SD generatedin well-nourished and oxygenated tissue, andcharacterized by transient intense neuronal firingleading to a long lasting depolarizing block ofneuronal activity. CSD is a proposed pathologicalmechanism of migraine. Some molecular/cellularmechanisms of migraine with aura and of CSDhave been identified studying a rare genetic form:familial hemiplegic migraine (FHM). FHM type 3 iscaused by mutations of the SCN1A gene, leading togain of function of NaV1.1 sodium channels, whichare essential for GABAergic neurons’ excitability. Iwill present our recent results about mechanismsof induction of CSD caused by gain of function ofNav1.1. Acute activation of Nav1.1 with a selectivetoxin in brain slices, mimicking the effect of FHM3mutations, induce SD selectively in the cerebralcortex. We tested the role of GABAergic neuronsby activating them with optogenetic techniques.Hyperactivity of interneurons is sufficient to igniteCSD by spiking-induced extracellular K+ build-upin the cerebral cortex, but not in other brainstructures. GABAergic and glutamatergic synaptictransmission was not required for CSD initiation,but glutamatergic transmission was implicated inCSD propagation in the cortex. These results revealthe key role of Nav1.1 and GABAergic neurons ina novel mechanism of CSD initiation, which canbe relevant for FHM3 and possibly also for othertypes of migraine.

Modelling spontaneous propagating
waves in the early retina

Dora Matzakos-Karvouniari
theodora.karvouniari@univ-cotedazur.fr

Keywords: retinal waves, dynamical systems, biophysical
modelling, nonlinear dynamics

During early retina development, waves of activitypropagate across the retina and play a key role inbuilding the early visual system. In vertebratesspecies, upon maturation and before eye-opening,transient networks of cells generate these waves,characterized by 3 consecutive stages. Here, wefocus on the biophysical detailed modelling of thesecond stage (stage II), during which waves arecontrolled by directly interconnected specific cells,the cholinergic starburst amacrine cells (SACs)which are able to burst autonomously. We proposeplausible underlying mechanisms for: i) waves gen-eration at the single neuron level, ii) propagation atthe network level in a landscape marked by previ-ous waves prints and iii) waves termination. Basedon a bifurcation analysis we show how biophysicalparameters control retinal waves characteristicsand we provide a theoretical condition for wavespropagation and disappearance. Moreover, weshow that the continuous decrease of the strengthof the acetylcholine synaptic coupling, associatedwith the crossing of a synchronization transition,impacts dramatically the waves distribution. Wereport especially on the existence of power lawdistributions of the avalanche size not only at thesynchronization threshold, but also for a wholerange of coupling strength. This may play a keyrole in the ability of the retina to respond to visualstimuli by maximizing its dynamical range.

Cellular waves formed during collective
bacterial predation

TâmMignot
tammignot@gmail.com

Keywords: biochemical oscillations, bacteria, rippling
waves, motilityA current challenge in developmental biologyis to bridge molecular and multicellular scales.This task is especially complex in animals giventhat the dimension gap spans several orders ofmagnitude. In this context, multicellular microbescan be especially powerful because their lifecyclerarely exceeds a few days and it can be capturedover relatively small surfaces in devices as simpleas a petri dish. In addition, these organisms allowsophisticated genetic manipulations and imagingapproaches. In our laboratory, we study Myxococ-cus xanthus for its ability to predate and developcollectively over other microbial preys. Duringthis presentation, I will present an interdisciplinaryapproach combining genetics, quantitative imagingand mathematical modeling to decipher howsingle Myxococcus cells direct their movementsand cooperate to develop collectively and formperiodic patterns called rippling waves over prey
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bacteria. In general, the findings suggest thatsymmetry breaking and pattern formation ariseby biochemical oscillations, that arise from shortrange interactions and propagated from discretesites in the community.

An exact firing rate model reveals the
differential effects of chemical versus
electrical synapses in spiking networks

Ernest Montbrió
ernest.montbrio@upf.edu

Keywords: firing rate models, neural field models, syn-
chronization, oscillations, spiking neuron networksChemical and electrical synapses shape the collec-tive dynamics of neuronal networks. Numeroustheoretical studies have investigated how, sepa-rately, each of these type of synapses contributesto the generation of neuronal oscillations, but theircombined effect is less understood. This limitationis further magnified by the impossibility of tradi-tional neuronal mean field models —often referredto as firing rate models— to account for electricalsynapses. Here we perform a comparative analysisof the dynamics of heterogeneous populations ofquadratic integrate-and-fire neurons with chem-ical, electrical, and both chemical and electricalcoupling. In the thermodynamic limit, we show thatthe population’s mean-field dynamics is exactlydescribed by a system of two ordinary differentialequations for the center and the width of the dis-tribution of membrane potentials -or, equivalently,for the population-mean membrane potential andfiring rate. These firing rate equations describe,in a unified framework, the collective dynamics ofthe ensemble of spiking neurons, and reveal thatboth chemical and electrical coupling are mediatedby the population firing rate. Furthermore, whilechemical coupling shifts the center of the distri-bution of membrane potentials, electrical couplingtends to reduce the width of this distributionpromoting the emergence of synchronization.The analysis of the firing rate equations allowsus to obtain exact formulas for all Saddle-Nodeand Hopf boundaries, and to construct phasediagrams characterizing the dynamics of the orig-inal network of spiking neuron. In networks withinstantaneous chemical synapses the phase dia-gram is characterized by a codimension-two Cusppoint, and by the presence of persistent states forstrong excitatory coupling. In contrast, the phasediagram for electrically coupled networks is de-termined by a Takens-Bogdanov codimension-twopoint, which entails the presence of oscillationsand greatly reduces the possibility of persistentstates. In this case oscillations arise either via

a Saddle-Node-Invariant-Circle bifurcation, orthrough a supercritical Hopf bifurcation -as shownusing weakly nonlinear stability analysis. Finally,we show that the Takens-Bogdanov bifurcationscenario is generically present in networks withboth chemical and electrical coupling.

Traveling waves shape neural computa-
tions in vision

Lyle Muller
lmuller2@uwo.ca

Keywords: computational neuroscience, systems neuro-
science, visionNew recording technologies allow neuroscientiststo record from cortex with high spatial and tempo-ral resolution. For the first time, we can visualizethe complex activity patterns in cortical populationsduring natural sensory behaviors. Because theseimaging experiments occur in intact biological sys-tems, however, certain restrictions are inevitable.In particular, the signal-to-noise ratio (SNR) remainslow relative to other scientific imaging domains.In our research, we have developed new signalprocessing techniques to analyze nonlinear wavesin high-noise multisite data. With these tools, wehave found unexpected structure in the dynamicsof cortical populations during natural sensorybehavior. First, we found that small visual stimulievoke far-reaching propagating waves in the awakemonkey. In recent work, we have found thatspontaneous, internally-generated traveling wavesmodulate sensitivity to visual stimuli in the awakemarmoset. These results indicate that travelingwaves shape neural computations during normalvision and have more general implications for theway we think about noise in the brain.

Waves in viscously coupled chains of
overdamped oscillators: The gecko’s
papilla.

Oreste Piro
oreste.piro@uib.es

Keywords: excitability, oscillations, hearing, otoacoustic-
emissionsThe hearing organ of lizards -papilla- has beenmodelled as a chain of over-damped (inertia-less)bio-mechanical self-oscillators mutually coupledby a combination of viscous and elastic forces.In the extreme case when the elastic ones arenegligible the combination of viscous couplingand overdamping leads to the study of unusualclass of extended dynamical systems defined by
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a nonlocal spatial operator. In other words, thelack of inertia in the dynamics of the individualoscillators effectively mutates the original, locallydefined coupling into one defined by a global,albeit exponentially weakening, prescription. Inthis talk we present a number of counterintuitiveconsequences of this phenomenon on the prop-agation of perturbations along the media, as wellas on the expected synchronization behaviourof the chain. Other characteristics of papillae istonotopy: the oscillators proper frequencies arearranged in an increasing order along the chain.The combination of different types of couplingsand tonotopy, produces characteristic collectivefrequency spectra that one could associate withdistinguishably stable spontaneous otoacousticemissions observed in individual of certain lizards’species like tokkai gecko for instance. We explorethis phenomenon in simple settings.

Halfway between phase and amplitude
oscillators

Antonio Politi
a.politi@abdn.ac.uk

Keywords: collective dynamics, partial synchronyCollective properties of oscillators are often anal-ysed by running simulations for increasingly largeensembles of elements. Therefore, analyticalapproaches/results are definitely welcome as theyplay the role of references for validating the resultson the various scenarios that are otherwise onlynumerically observed. Here we show that the wellknownmodel of mean-field coupled, Stuart-Landauoscillators can be semi- analytically studied at amacroscopic level in an intermediate regime, wherethe oscillators maintain some typical features ofphase-oscillators (remaining aligned along a closedsmooth curve), but amplitude oscillations manifestthemselves as fluctuations of the curve itself.Our approach allows characterising the collectivedynamics for different values of the couplingstrengths and in particular to find evidence ofself-consistent partial synchrony and an intriguingcollective-chaos regime characterised by a smallnumber of positive exponents and a seeminglyhigh-dimensional dynamics.

Ubiquitous abundance scaling of plank-
ton distributions and ocean dynamics
from a network theory approach

Enrico Ser-Giacomi
enrico.sergiacomi@gmail.com

Keywords: network theory, plankton, abundance distri-
butions, lagrangian transport, marine ecologyI will first focus on scaling properties obtained fromthe analysis of Species Abundance Distributions(SADs) of planktonic organisms. Using the datasetgathered by the Tara Oceans expedition for ma-rine microbial eukaryotes (protists) we explore howSADs of planktonic local communities vary acrossthe global ocean. We find that the decay in abun-dance ofmore than the 99%of species is commonlygoverned by a power-law. Moreover, the power-law exponent varies by less than 10% across lo-cations and does not show biogeographical signa-tures suggesting that large-scale ubiquitous ecolog-ical processes could govern the assembly of suchcommunities.I will then introduce a Network Theory frame-work developed for the characterization of fluidtransport dynamics in the ocean. The discretiza-tion of the sea surface in small equal-sized cellsbrings to the construction of a new kind of net-work networks, called Lagrangian Flow Networks(LFNs), that describe water exchanges between dif-ferent regions of the seascape. Using Network The-ory concepts & tools we can study dispersion andmixing at both local and global scales evidencingrelationships between network measures and dy-namical properties of the flow. Among possible ap-plications, such a framework provides a systematiccharacterization of the dispersal of planktonic life-stages of marine organisms which helps to under-stand the connectivity and structural complexity ofmarine populations.I will finally discuss possible perspectives toinvestigate the effects of ocean transport andmixing on planktonic community assembly in theMediterranean using the LFN methodology.

Selection of striped, gapped and spot-
ted vegetation patterns in a reaction-
advection-diffusion model

Eric Siero
eric.siero@gmail.com

Keywords: vegetation patterns, self-organisation, turing
instability, drylandsSpatial vegetation patterns with different mor-phologies (gaps, stripes/labyrinths, spots) havebeen observed in many drylands worldwide. Thesepatterns are thought to be caused by a water fluxfrom bare to vegetated areas.Reaction(-advection)-diffusion models can helpexplain why these spatial patterns form. Buthow does the pattern morphology depend on thechoice of model? And what does this imply for realecosystems?
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Computational modeling of seizure
spread on a cortical surface and the
theta-alpha electrographic pattern

Viktor Sip
viktor.sip@univ-amu.fr

Keywords: epilepsy, computational modeling, seizure
propagationIntracranial electroencephalography is a standardtool in clinical evaluation of patients with focalepilepsy. Various early electrographic seizurepatterns differing in frequency, amplitude, andwaveform of the oscillations are observed inintracranial recordings. The pattern most commonin the areas of seizure propagation is the so-calledtheta-alpha activity (TAA), whose defining fea-tures are oscillations in the theta-alpha rangeand gradually increasing amplitude. A deeperunderstanding of the mechanism underlying thegeneration of the TAA pattern is however lacking.We show by means of numerical simulation thatthe features of the TAA pattern observed on animplanted depth electrode in a specific epilepticpatient can be plausibly explained by the seizurepropagation across an individual folded corticalsurface. In order to demonstrate this, we employfollowing pipeline: First, the structural model ofthe brain is reconstructed from the T1-weightedimages, and the position of the electrode contactare determined using the CT scan with implantedelectrodes. Next, the patch of cortical surfacein the vicinity of the electrode of interest is ex-tracted. On this surface, the simulation of theseizure spread is performed using The Virtual Brainframework. As a mathematical model the Epileptormodel in its field formulation is employed. Thesimulated source activity is then projected to thesensors using the dipole model, and this simulatedstereo-electroencephalograpic (SEEG) signal iscompared with the recorded one. The resultsshow that the simulation on the patient-specificcortical surface gives a better fit between therecorded and simulated signals than the simulationon generic surrogate surfaces. Furthermore, theresults indicate that the spectral content anddynamical features might differ in the source spaceof the cortical gray matter activity and amongthe intracranial sensors, questioning the previousapproaches to classification of seizure onset pat-terns done in the sensor space, both based onspectral content and on dynamical features. Inconclusion, we demonstrate that the investigationof the seizure dynamics on the level of corticalsurface can provide deeper insight into the largescale spatiotemporal organization of the seizure.

At the same time it highlights the need for a robusttechniques for inversion of the observed activityfrom sensor to source space that would takeinto account the complex geometry of the corticalsources and the position of the intracranial sensors.

A neural field model for color percep-
tion unifying assimilation and contrast

Anna Song
ansonang3@gmail.com

Keywords: color-space interactions, color perception in
context, neural field, color matchingWe address the question of color-space inter-actions in the brain by proposing a neural fieldmodel of color perception with spatial context, forthe visual area V1 of the cortex. Our frameworkreconciles two opposing perceptual phenomena,known as simultaneous contrast and chromaticassimilation. They have been previously shownto act synergistically, so that at some point inan image, the color seems perceptually moresimilar to that of the adjacent neighbors, whilebeing more dissimilar from that of remote ones.Thus their combined effects are enhanced in thepresence of a spatial pattern, and can be measuredas larger shifts in color matching experiments.Our model supposes a hypercolumnar structurecoding for colors in V1, and relies on the notionof color opponency introduced by Hering. Theconnectivity kernel of the neural field exploits thebalance between attraction and repulsion in colorand physical spaces, so as to reproduce the signreversal in the influence of neighboring points. Thecolor sensation at a point, defined from a steadystate of the neural activities, is then extracted asa nonlinear percept conveyed by an assembly ofneurons. It connects the cortical and perceptuallevels, because we describe the search for a colormatch in asymmetric matching experiments asa mathematical projection of color sensations.We validate our color neural field alongsidethis color matching framework, by performing amulti-parameter regression to psychophysical dataproduced by Monnier & Shevell (2004, 2008), andourselves. All the results show that we are able toexplain the nonlinear behavior of shifts along oneor two dimensions in color space, which cannot bedone using a simple linear model.
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Anticipation in the retina and the pri-
mary visual cortex : towards an inte-
grated retino-cortical model for motion
processing

Selma Souihel
selma.souihel@inria.fr

Keywords: retina, primary visual cortex, anticipation,
connectivity, dynamical systemsThe retina is able to perform complex tasks andgeneral feature extraction, allowing the visual cor-tex to process visual stimuli with more efficiency.With regards to motion processing, an interestingand useful task performed by the retina is antic-ipation and trajectory extrapolation. Anticipationin the retina lies in the fact that the peak of reti-nal ganglion cells response is shifted, occurring be-fore the object reaches the center of the receptivefield, and can be explained by gain control mecha-nisms occurring at the level of bipolar and ganglioncells. Trajectory extrapolation on the other handis related to a rise in the activity before the objectenters the receptive field of the cell and is carriedout through electrical synapses (gap junctions) con-necting ganglion cells. This extrapolation has alsobeen observed at the level of the primary visualcortex, where lateral propagation drives the activ-ity ahead of the input, denoting predictive compu-tations. Motion encoding in the retina also involvesamacrine cells, which connect bipolar cells to eitherbipolar or ganglion cells, but their role has not beeninvestigated yet in motion anticipation.The first contribution of our work lies in thedevelopment of a generalized 2D model of theretina with three layers of ganglion cells : FastOFF cells with gain control accounting for antici-pation, direction selective cells connected via gapjunctions, and Y-cells connected through amacrinecells, accounting for motion extrapolation.Thismodel affords a mathematical analysis via dynam-ical systems theory and allows to outline the roleof lateral connectivity (gap junctions and amacrinecells) in motion perception, anticipation and tra-jectory extrapolation. The second contributionis the use of the output of our retina model asan input to a mean field model of the primaryvisual cortex to reproduce motion anticipation asobserved in VSDI recordings of V1. We presentresults of the integrated retino-cortical model formotion processing, and study how anticipationand extrapolation depend on stimuli parameterssuch as speed, shape and trajectory. Through theintegrated retina-cortical model we emphasizethe mechanisms defining motion anticipation,due to the cooperation of gain control and lateralconnectivity at the level of the retina and lateral

connectivity in the cortex. Moreover, we showhow cortical nonlinearities due to a different gainbetween excitatory and inhibitory neurons shapethe cortical response thus affecting object recogni-tion.

Networks of piecewise linear neural
mass models

Rüdiger Thul
ruediger.thul@nottingham.ac.uk

Keywords: neural mass models, networks, synchrony,
nonsmooth dynamicsNeural mass models are ubiquitous in large scalebrain modelling. At the node level they are writtenin terms of a set of ordinary differential equationswith a nonlinearity that is typically a sigmoidalshape. Using structural data from brain atlasesthey may be connected into a network to investi-gate the emergence of functional dynamic states,such as synchrony. With the simple restrictionof the classic sigmoidal nonlinearity to a piece-wise linear caricature we show that the famousWilson-Cowan neural mass model can be explicitlyanalysed at both the node and network level. Theconstruction of periodic orbits at the node level isachieved by patching together matrix exponentialsolutions, and stability is determined using Floquettheory. For networks with interactions describedby circulant matrices, we show that the stabilityof the synchronous state can be determined interms of a low-dimensional Floquet problem pa-rameterised by the eigenvalues of the interactionmatrix. Moreover, this network Floquet problemis readily solved using linear algebra, to predictthe onset of spatio-temporal network patternsarising from a synchronous instability. We furtherconsider the case of a discontinuous choice forthe node nonlinearity, namely the replacementof the sigmoid by a Heaviside nonlinearity. Thisgives rise to a continuous-time switching network.The stability of a periodic orbit is now treatedwith a modification of Floquet theory to treat theevolution of small perturbations through switchingmanifolds via the use of saltation matrices. Atthe network level the stability analysis of the syn-chronous state is considerably more challenging.

Front pinning due to spatial heterogene-
ity in a reaction-diffusionmodel of trop-
ical tree cover

Bert Wuyts
bw398@ex.ac.uk
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Keywords: spatial ecology, reaction-diffusion equations,
travelling fronts, maxwell pointPrevious empirical work has hypothesised thattropical forest and savanna are two alternative sta-ble states as a result of fire-vegetation feedbacks.The hysteresis associated with such dynamic im-plies that when an area of tropical forest is exposedto shocks such as deforestation or drought, it canremain locked into a savanna state unless it experi-ences large increases in rainfall. In my PhD, I haveprovided empirical and theoretical evidence that in-stead of two alternative stable states and hystere-sis, there is only a predictable front, occurring ata single tipping point, the Maxwell point. This be-comes clear after spatial heterogeneity and spatialinteraction are taken into account.In the presentation, I will start with some back-ground on tropical tree cover bistability. Then, I usea simple reaction-diffusion equation with bistablereaction term to explain travelling wave frontsunder homogeneous forcing and front pinningunder heterogeneous forcing. After showing howthe pinning location can be derived from data, I willbriefly show the data analysis results. I will thenfinally introduce and analyse the reaction-diffusionmodel of Amazonian tree cover. It will becomeclear towards the end that spatial heterogeneitycan lead to the false impression of bistability andhysteresis when in fact there is only a front.
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Partial Differential
Equations andMod-
elization
Asymptotics properties of the small
data solutions of the Vlasov-Maxwell
system

Léo Bigorgne
leo.bigorgne@u-psud.fr

Keywords: hyperbolic pdes, vector field method, null
structure, non linear equationsThe Vlasov-Maxwell system is a classical modelin plasma physics. Glassey and Strauss provedglobal existence for the small data solutions ofthis system under a compact support assumptionon the initial data. I will present how vector fieldmethods can be applied to revisit this problem. Inparticular, it allows to remove all compact supportassumptions on the initial data and obtain sharpasymptotics on the solutions. We will also discussthe null structure of the system which constitutesa crucial element of the proof.

Branches of traveling waves for the
Nonlinear Schrödinger equation

David Chiron
david.chiron@univ-cotedazur.fr

Keywords: schrödinger equation, traveling waves, vor-
ticesWe consider the cubic Nonlinear Schrödingerequation in the plane with condition of modulusone at infinity. This model possesses travelingwaves. We shall present two types of results ofexistence of (smooth) branches of traveling waves:a theoretical one obtained in collaboration with E.Pacherie for small speeds and numerical resultsobtained in collaboration with C. Sheid on theexcited states for this model.

On singularity formation for the un-
steady Prandtl’s system

Charles Collot
cc5786@nyu.edu

Keywords: boundary layers, prandtl’s equations, separa-
tion, singularity

Prandtl’s equations arise in the description ofboundary layers in fluid dynamics. Solutionsmight form singularities in finite time, with thefirst reliable numerical studies performed by VanDommelen and Shen in the early eighties, and arigorous proof done later in the nineties in theseminal work of E and Engquist in two dimensions.This singularity formation is intimately linked witha phenomenon: the separation of the boundarylayer. The precise structure of the singularity hashowever not been confirmed yet mathematically.This talk will first describe the dynamics of theinviscid model, for which we explain how the VanDommelen and Shen singularity appears generi-cally. Then, for the full viscous model, the secondpart of the talk will focus on the obtention ofdetailed asymptotics for the solution at a relevantparticular location. This is a collaboration with T.-E.Ghoul, S. Ibrahim and N. Masmoudi.

Two asymptotic regimes of the Landau-
Lifshitz equation

Philippe Gravejat
philippe.gravejat@u-cergy.fr

Keywords: landau-lifshitz equation, sine-gordon equa-
tion, schrödinger equationThe Landau-Lifshitz equation gives account of thedynamics of magnetization in ferromagnets. Thegoal of this talk is to describe the rigorous deriva-tion of two aymptotic regimes of this equationcorresponding to the Sine-Gordon equation andthe cubic Schrödinger equation. This talk is basedon two papers in collaboration with André de Laire(University of Lille).

Long time behavior of the solutions of
NLW on the d-dimensional torus

Benoit Grebert
benoit.grebert@univ-nantes.fr

Keywords: non linear wave equation, control of high
sobolev norms, normal forms.We consider the non linear wave equation (NLW)on the d-dimensional torus

utt −∆u+mu+ f(u) = 0 x ∈ T d

where f = ∂uF is analytic on a neighborhood ofthe origin and which is at least of order 2 at the ori-gin. Let u(t) be a solution corresponding to a smallinitial datum u(0) ∈ Hs(T d). We prove that wecontrol [u(t)]s that mix the Hs norm of the ε−β(r)

lower Fourier modes of the solution u and the en-ergy norm of the remaining higher modes duringlong times of order ε−r .
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Our general strategy applies to any HamiltonianPDEs whose linear frequencies satisfy only a firstMelnikov condition. In particular it also appliesto the Hamiltonian Boussinesq abcd system andthe Whitham-Boussinesq system in water wavestheory. Joint work with Joackim Bernier and ErwanFaou.

Nonlinear stability and instability re-
sults for gravitational kinetic models

Mohammed Lemou
mohammed.lemou@univ-rennes1.fr

Keywords: stability and instability, kinetic models,
gravitational systemsThe orbital nonlinear stability of steady statessolutions to the gravitational Vlasov-Poissonsystem, which are decreasing functions of theenergy, has been proved in 2012. However, thisresult is partially based on compactness argumentsand does not provide a complete quantitativeinformation on the perturbation. In this talk, I willstart by presenting a quantitative version of thisnonlinear stability result. In particular a refinedfunctional inequality on extended rearrangementsof functions is proved, which is then combinedwith a Poincaré-like inequality. Another advantageof this approach is its applicability to other systemslike the so-called Hamiltonian Mean Field (HMF),where the space domain is bounded and wherethe decreasing property of the steady states is nomore sufficient to guarantee their stability. In fact,an additional explicit criteria is needed for HMF,under which the non-linear stability is proved. Ina last part of this talk, we show that this criteria issharp by proving a nonlinear instability result forHMF when the criteria is not satisfied. To this aim,we use an iterative procedure that was introducedby Grenier in a different context.

Equidistribution of toral eigenfunctions
along hypersurfaces

Gabriel Rivière
gabriel.riviere@univ-nantes.fr

Keywords: harmonic analysis, laplace eigenfunctionsI will discuss asymptotic properties of Laplaceeigenfunctions on the flat torus in the highfrequency limit. I will present results showingequidistribution of these eigenfunctions alonghypersurfaces with nonvanishing curvature. This isa joint work with Hamid Hezari (U.C. Irvine).

Control of nonlinear parabolic PDEs
Lionel Rosier

lionel.rosier@mines-paristech.fr

Keywords: control of pdes, carleman estimatesIt is by now well known that the use of Carlemanestimates allows to establish the controllability totrajectories of nonlinear parabolic equations. How-ever, by this approach, it is not clear how to decidewhether a given function is indeed reachable.That issue has obtained very recently almost sharpresults in the linear case. In this talk, we investigatethe set of reachable states for a nonlinear heatequation in dimension one. The nonlinear part isassumed to be an analytic function of the spatialvariable x, the unknown y, and its derivative yx. Byinvestigating carefully a nonlinear Cauchy problemin x in some space of Gevrey functions, and therelationship between the jet of space derivativesand the jet of time derivatives, we derive an exactcontrollability result for small initial and final datathat can be extended as analytic functions onsome ball of the complex plane. This is a jointwork with Camille Laurent (Sorbonne Univer-sité). It time allows, works in progress about thereachable states for KdV and for ZKwill be outlined.

Uniqueness and non-degeneracy for a
class of semilinear elliptic equations

Simona Rota Nodari
simona.rota-nodari@u-bourgogne.fr

Keywords: uniqueness, non-degeneracy, nonlinear
schrödinger equationIn this talk, I will present a result on the uniquenessand the non-degeneracy of positive radial solutionsfor a class of semilinear elliptic equations. Next,I will illustrate this result with two examples: anonlinear Schrödinger equation for a nucleonand a Schrödinger equation with a double powernon-linearity. This talk is based on joint works withMathieu Lewin.

Resonances of random quantum sys-
tems

Martin Vogel
vogel@math.unistra.fr

Keywords: scattering resonances, random potentials,
wave scatteringThe resonances of Schrödinger operators can beused to describe the large time behaviour of awave scattered by a potential. In this context, the
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resonances which are the closest from the realaxis are the most relevant. The distribution ofresonances for potentials which decay rapidly atinfinity has been studied a lot. On the other hand,for random potentials, there are very few knownresults. In this talk, I will discuss some recentresults concerning the distribution of resonancesfor some random Schrödinger operators (joint workwith F. Klopp).
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Wave Phenomena
in Disordered Sys-
tems
Fluctuating Forces Induced by Non
Equilibrium and Coherent Light Flow

Eric Akkerman
eric@physics.technion.ac.il

Keywords: non equilibrium, disordered mediaIn this work we present an unexpected example offluctuation induced forces caused by classical lightpropagating in a scattering medium. In weakly dis-ordered media, light intensity has long ranged spa-tial fluctuations (speckle) associated to mesoscopiccoherent effects. These intensity fluctuations in-duce a new type of measurable radiation forces.The effect is fully understood and characterizedby means of an effective Langevin description ofthe light flow, where coherent mesoscopic effectsare the source of the noise.This approach is of particular interest sinceit maps the problem of coherent multiple lightscattering onto an effective non equilibrium lightflow. A clear asset of this type of approach is inits dependence upon two parameters only, thusmaking it a candidate to efficient machine learningalgorithms.

Experimental evidence for Band Gap
Formation and Anderson localization
regimes for microwaves in hyperuni-
form 2D materials

Geoffroy Aubry
geoffroy.aubry@unifr.ch

Keywords: photonic band gap, disorder, hyperuniformity,
anderson localization, microwavesRecently, it has been shown that disordered di-electrics can show a photonic band gap in the pres-ence of structural correlations [1], but 30 years af-ter John’s seminal proposal on the interplay be-tween the photonic pseudo band gap in disor-dered photonic crystals and Anderson localiza-tion [2], a controlled experimental study of thetransport properties in between ordered and disor-dered states is still lacking. In this talk, I present newexperimental and numerical results obtained for a2D system composed of high index dielectric cylin-

ders in air [3] placed according to stealthy hyper-uniform point patterns [1]. Measurements are per-formed in themicrowave range (1 to 10GHz). In ad-dition to the (local) density of states and the Thou-less conductance, we can access experimentally thefield amplitude which allows us to unambiguouslyvisualize single eigenmodes in finite size open sys-tems for all the transport regimes such as stealthy-transparent, diffusion, Anderson-localization andthe band gap [4], as a function of the degree ofstealthiness χ. Our observations are supported bythe analysis of the spreading of thewave in the timedomain.[1] M. Florescu, S. Torquato, and P. J. Steinhardt
Designer disordered materials with large, complete
photonic band gaps PNAS 106, 20658 (2009) [2]S. John Strong localization of photons in certain dis-
ordered dielectric superlattices Phys. Rev. Lett. 58,2486 (1987).[3] D. Laurent et al. Localized Modes in a Finite-
Size Open Disordered Microwave Cavity Phys. Rev.Lett. 99, 253902 (2007). [4] L. Froufe-Pérez etal., Band gap formation and Anderson licalization
in disordered photonic materials with structural
correlations PNAS 114, 9570 (2017).

Fluctuations at the Anderson localiza-
tion transition of 3D light

Romain Bachelard
bachelard.romain@gmail.com

Keywords: light scattering in disordered media, anderson
localizationAnderson localization of 3D light has eludeddefinitive experimental proofs for many years,both for technical and fundamental reasons. Apartfrom the difficulty of producing highly scatteringsamples, a major challenge is identifying an un-ambiguous signature of the phase transition inexperimentally feasible situations. We here discussthe correspondence between the collapse of theconductance, the increase in intensity fluctuationsat the localization transition and the Ioffe-Regelcriterion, thus connecting the macroscopic andmicroscopic approaches of localization. Intensityfluctuations thus appear as a proper signature tostudy the localization transition in 3D.

Far from equilibrium dynamics of a 2D
ultracold Bose gas in an harmonic trap :
dynamical symmetry and breathers

Jérôme Beugnon
beugnon@lkb.ens.fr
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Keywords: quantum gas, 2d bose gas, scale invariance,
gross-pitaevskii/non-linear schrodinger equation, breathersWe study experimentally the dynamics of a cold gasof particles confined in a single plane. We prepareuniformly-filled clouds with different shapes (disk,squares, triangles) and monitor the time evolutionof their density profile when applying an isotropicharmonic confinement. We operate in a regimewhere the gas is well described by a classical fieldwhose evolution is given by the Gross-Pitaevskii(GP) equation. We show that the presence of a dy-namical symmetry, described by the SO(2,1) group,leads to conserved quantities in the time evolutionand allows us to relate different experimentalsituations by a scaling transform. Suprisingly, wealso observe, for specific shapes, time periodicsolutions of the GP equation, that we identify asbreathers. Reference : arXiv:1903:04528

Light scattering and dipole-dipole inter-
actions in cold and hot vapors

Antoine Browaeys
antoine.browaeys@institutoptique.fr

Keywords: dipole-dipole interactions, light scattering,
dense atomic vaporsThis talk will present recent experiments that weperformed on the study of near-resonance lightscattering in dense laser-cooled and hot atomicvapors. In both cases, the large density resultsin a strong influence of the interactions betweenlight-induced dipoles. We will compare our mea-surements of the coherent scattering on bothsystems to theoretical models and show that whilethe qualitative behaviors are correctly reproducedfor hot and cold vapors, the quantitative agreementis only achieved in the hot vapor case. The talkwill also come back to the origin of the collectiveLamb shift in hot atomic vapors and present itas an indirect consequence of the dipole-dipoleinteractions between atoms.

Transmission eigenchannels in diffusive
media

Hui Cao
hui.cao@yale.edu

Keywords: diffusion, localization, coherent wave trans-
port, transmission matrix, transmission eigenchannelTransmission eigenchannels are building blocksof coherent wave transport through multiple-scattering media. High transmission eigenchannelcan have near unity transmittance. Wavefrontshaping techniques have been developed to selec-tively couple light into such channels to enhance

light transmittance through multiple-scatteringmedia. It has been shown that coupling light intohigh-transmission channels not only enhancesthe transmittance, but also modifies the depthprofile of energy density inside the medium. Wediscover that the transmission eigenchannels of awide multiple-scattering slab exhibit transverselylocalized incident and outgoing intensity profiles,even in the diffusive regime far from Andersonlocalization. Such transverse localization can be un-derstood with optical reciprocity, local coupling ofspatial modes, and non-local intensity correlationsof multiply-scattered light. Experimentally, we ob-serve transverse localization of high-transmissionchannels with finite illumination area. Transverselocalization of high-transmission channels en-hances optical energy densities inside and on theback surface of the turbid media, which will beimportant for imaging and sensing applications.We further demonstrate that selective couplingof light into a single transmission eigenchannelmodifies the range of angular memory effect.High-transmission channels have a broader rangeof memory effect than a plane wave or a Gaussianbeam. Thus will provide a wider field-of-view formemory-effect-based imaging through multiple-scattering media.

Focusing and imaging through disor-
dered media using all optical feedback

Nir Davidson
nir.davidson@weizmann.ac.il

Keywords: focusing and imaging in scattering media, op-
tical feedback,Focusing and imaging through inhomogeneous, dis-ordered media challenges many applications in op-tics. Examples range from focusing through atmo-spheric turbulence in optical communication and LI-DAR applications, to focusing through biological tis-sues in optical microscopy and laser nano-surgeryapplications. Wavefront shaping with spatial lightmodulators can focus light through a disorderedmedium but finding the desired wavefront requireslong acquisition times. Here, we exploit an all op-tical feedback in order to image and focus lightthrough a disordered media at much shorter timescales.We experimentally demonstrate that by placingthe scattering medium directly inside the lasercavity, the appropriate wavefront, which focusesand images the light through the medium, is chosenby the laser itself. This occurs as a result of modecompetition and without the need for complicatedcomputer controlled phase modulators and elec-tronic feedback algorithms. The optimal wavefront
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is found by the laser in less than 500 ns, whichis orders of magnitude faster than the reportedwavefront shaping record.

The Quantum Boomerang Effect
Dominique Delande

dominique.delande@lkb.upmc.fr

Keywords: cold atmos, anderson localizationWhen a wavepacket is launched with a finitevelocity in free space, it follows a balistic motion,both in classical and quantum mechanics. In thepresence of a disordered potential, the genericclassical behavior, described by the Boltzmanequation, is a random walk - that is a diffusivemotion at long time - whose charateristic lengthis the mean free path. The center of mass of theclassical "wavepacket" first drifts balistically in thedirection of the initial velocity, slowly slows downand ends up at long time displaced by one meanfree path. The quantum dynamics is drasticallydifferent: the center of mass first drifts balisti-cally, but rapidly performs a U-turn and slowlyreturns to its initial position. I will describe this"Quantum Boomerang" effect both numericallyand analytically in dimension 1, and show that itis partially destroyed by weak particle interactionswhich act as a decoherence process. The QuantumBoomerang effect is also present in higher dimen-sions, provided the dynamics is Anderson localized.

Intensity correlations to probe light
scattering in optically thick cold atomic
cloud

Mathilde Fouché
mathilde.fouche@inphyni.cnrs.fr

Keywords: intensity correlation, light scattering, optically
thick cold atomic cloudThe study of fluctuations and correlations oftengives access to information not contained in aver-aged values. Among the many statistical propertiesof a fluctuating field, the intensity correlation func-tion is largely used in a number of areas, from as-tronomy, to quantumoptics, particle physics, and tomesoscopic optics. In the latter, it has been appliedto the fluctuations of light scattered by a disorderedmedium. First used in the single-scattering regimewith a technique known as dynamic light scatteringor quasielastic light scattering, it was then extendedto strong multiple-scattering regime.In this talk, I will present different results ob-tained with intensity correlation measurements onlight scattered by a cold atomic cloud. We firstapplied this technique to cold atoms under purely

ballistic motion and we investigate the transitionbetween the single and the multiple-scatteringregime. When the atoms are driven by a stronglaser field, one measures the well-known Mollowtriplet, a fundamental signature of quantum optics.Finally, by coupling the intensity correlation to thebeat note technique, one has access to the firstand second order correlation functions, allowing inparticular to test the validity of the Siegert relationin different configurations.

Uncorrelated configurations and ex-
treme statistics of the field in reverber-
ation chambers stirred by tunablemeta-
surfaces

Jean-Baptiste Gros
jean-baptiste.gros@espci.fr

Keywords: reconfigurable metasurface, chaotic rever-
beration chamber, extreme value statistics, random matrix
theoryReverberation chambers are currently involvedin a large variety of applications ranging fromcomputational imaging to electromagnetic (EM)compatibility testing as well as the character-ization of antenna efficiency, wireless devicesor MIMO systems . In most of the above men-tioned applications, the related measurements arebased on statistical averages and their fluctua-tions. We introduce a very efficient mode stirringprocess based on electronically reconfigurablemetasurfaces (ERMs) developed by the youngstart-up GREENERWAVE . By locally changingthe field boundary conditions, the ERMs allow togenerate a humongous number of uncorrelatedfield realizations even within small reverberationchambers. We fully experimentally characterizethis stirring process by determining the number ofuncorrelated realizations via the autocorrelationfunction of the transmissions. Thanks to the hugesize of uncorrelated samples thus produced, weare able to experimentally investigate the extremevalue statistics of the EM field very precisely andcompare them with theorical predictions deducedfrom the random matrix theory (RMT). Based onthe fluctuations of field’s maxima, the IEC-standarduniformity criterion parameter σdB is for instanceinvestigated and reveals the performance of thestirring with ERM’s. We compare the experimentalresults on the uniformity criterion parameterwith a corresponding RMT model where the onlyparameter, the modal overlap, is extracted via thequality factor. We find a very good agreement.
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Strong disorder in correlated potentials
such as speckles and topological sys-
tems and their relevance to experiments

Michael Hilke
hilke@physics.mcgill.ca

Keywords: disorder, correlated potentialsAdding disorder to a system of quantum particlesor excitations can lead to dramatic changes oftheir properties, including Anderson localization.While there are effective approximations to de-scribe consequences of disorder, such as the Bornapproximation, they generally fail at large disorder.Here will we review an approach based on anon-linear approximation, which can be applied toarbitrary correlated potentials and which is alsoeffective at high disorder strengths. This formal-ism leads to interesting results in experimentalsystems, such as speckle potentials, disorderedquantum wires and vibrational topological states ingraphene, which will be discuss in this talk.

Elastic Scattering Time of Ultracold
Atoms in Disordered Potentials

Vincent Josse
vincent.josse@institutoptique.fr

Keywords: ultracold atoms, disordered systems, anderson
localizationI will report on an extensive study of the elasticscattering time τmathrms of matter-waves inoptical disordered potentials. Using direct experi-mental measurements, numerical simulations andcomparison with first-order Born approximationbased on the knowledge of the disorder properties,we explore the behavior of time τmathrms overmore than three orders of magnitude, ranging fromthe weak to the strong scattering regime. Westudy in detail the location of the crossover and,as a main result, we reveal the strong influence ofthe disorder statistics, especially on the relevanceof the widely used Ioffe-Regel-like criterion time
klmathrms ∼ 1. While it is found to be relevantfor Gaussian-distributed disordered potentials, weobserve significant deviations for laser speckledisorders that are commonly used with ultracoldatoms. Our results open the path for a better con-nection between experimental investigations ofcomplex transport phenomena, such as Andersonlocalization, to microscopic theories.

Topological physics with microwaves
Fabrice Mortessagne

fabrice.mortessagne@unice.fr

Keywords: topological photonics, interface states, reflec-
tive limitersBand theory has been one of the major achieve-ments of condensed matter physics during thesecond half of the last century. Tight-bindingmodel and Bloch theorem give a clear understand-ing of electronic dispersion relations in metalsand semiconductors. The discovery of quantumHall effect in the 80’s marks the emergence oftopology in transport properties: The recognitionthat the Hall conductance at the plateaus canbe understood in terms of topological invariantsknown as Chern numbers. Playing the role of anorder parameter in a “topological phase transition“,Chern number and others topological invariantsare nowadays intensively studied in the activefield of topological insulators. These conceptsextend far beyond the scope of solid-state physics,and several research groups proposed alternativeexperimental platforms using cold atoms, photons,polaritons, and other classical waves. The Wavesin Complex Systems group in Nice has developedartificial condensed-matter systems by meansof microwave resonator lattices. I will present aselection of results obtained the last 5 years.

Subradiance, collective anti-resonance
and energy transfer of coupled quantum
emitters in confined geometries

Helmut Ritsch
helmut.ritsch@uibk.ac.at

Keywords: coupled quantum emitters, subradianceAn array of closely spaced, dipole coupled quan-tum emitters exhibits collective energy shifts aswell as super- and subradiance with characteris-tic tailorable spatial radiation patterns. Ring shapeconfigurations exhibit exponential suppression ofspontaneous emission and lossless excitation trans-port. Optimizing the geometry with respect to thespatial profile of a near resonant optical structuresallows to increase the ratio between light scatter-ing into the cavity mode and free space by orders ofmagnitude. This comes with very distinct nonlinearparticle number scaling for the strength of coherentlight-matter interactions versus collective decay. Inparticular, for subradiant states the collective coop-erativity increases much faster than the linear Ndependence of independent emitters in the low ex-citation regime. This extraordinary collective en-
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hancement is manifested both, in the intensity andphase profile of the sharp collective emitter anti-resonances detectable at the cavity output port viatransmission spectroscopy. Subradiant atomic exci-tations show a much larger effective cooperativitythan superradiant states.References:Plankensteiner, David, et al. "Cavity antires-onance spectroscopy of dipole coupled subradi-ant arrays." Physical review letters 119.9 (2017):093601M Moreno-Cardoner, et. Al. “Extraordinarysubradiance with lossless excitation transfer indipole-coupled nano-rings of quantum emitters”arXiv preprint arXiv:1901.10598, 2019.

Introducing the random anti-laser: co-
herent perfect absorption in disordered
media

Stefan Rotter
stefan.rotter@tuwien.ac.at

Keywords: scattering, disorder, wave front shapingAbstract: In my talk I will present the concept ofrandom anti-lasing, i.e., the time-reverse of randomlasing. In the same way as a random laser emits aspatially complex but coherent wave at its first las-ing threshold, the random anti-laser absorbs such acomplex incoming field perfectly. We recently im-plemented this concept in amicrowave experiment,where an absorber is embedded in the middle of adisordered medium [1]. Measuring the 8x8 scatter-ing matrix of this structure allows us to calculateand then generate an incoming wave field that getsabsorbed by more then 99.7[1] Pichler, Kühmayer, Böhm, Brandstötter,Ambichl, Kuhl, and Rotter, Nature 567, 351 (2019)

Quantum and nonlinear effects in trans-
mission of light through planar arrays of
atoms

Janne Ruostekoski
j.ruostekoski@lancaster.ac.uk

Keywords: atom-light interactions, cold atomsWe simulate the coupled quantum dynamics ofclosely-spaced atoms and light by solving thequantum many-body master equation. In theforward scattering of light from planar arrays anduniform slabs of cold atoms we identify quantummany-body effects that are robust to positionfluctuations and strong dipole-dipole interactions.This is obtained by comparing the full quantumsolution to a semiclassical model that ignores

quantum fluctuations.

Resolution of the "exponent puzzle" for
the Anderson transition in doped semi-
conductors

Rudo Römer
r.roemer@warwick.ac.uk

Keywords: anderson localization, metal-insulator transi-
tion, doped semi-conductors, electronic structureThe Anderson metal-insulator transition (MIT)is central to our understanding of the quantummechanical nature of disordered materials. Despiteextensive efforts by theory and experiment, thereis still no agreement on the value of the criticalexponent
u describing the universality of the transition—theso-called “exponent puzzle.” In this talk, going be-yond the standard Anderson model, we employ abinitio methods to study the MIT in a realistic modelof a doped semiconductor. We use linear-scalingdensity functional theory to simulate prototypesof sulfur-doped silicon (Si:S). From these we buildlarger tight-binding models close to the criticalconcentration of the MIT. When the dopant con-centration is increased, an impurity band formsand eventually delocalizes. We characterize theMIT via multifractal finite-size scaling, obtainingthe phase diagram and estimates of
u. Our results suggest an explanation of thelong-standing exponent puzzle, which we link tothe hybridization of conduction and impurity bands.

Light diffusion, Band gap formation and
Localization in Hyperuniform Dielectric
Materials

Frank Scheffold
frank.scheffold@unifr.ch

Keywords: disordered photonics, photonic band gap
materials anderson localization, mesoscopic wave transport,
hyperuniform structuresWe report on the fabrication and characterizationof disordered hyperuni- form photonic materialsin two and three dimensions. We first discussthe fabrication of polymer templates of networkstructures using direct laser writing (DLW) lithogra-phy. Next we demonstrate how these mesoscopicpolymer networks can be converted into siliconmaterials by infiltration and double-inversion.The resulting hyperuniform photonic materialsdisplay a pronounced pseudo gap in the opticaltransmittance in the short-wave infrared. Toobtain a deeper understanding of the physical
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parameters dictating the properties of disorderedphotonic materials we investigate band gaps,and we report Anderson localization in hyperuni-form structures using numerical simulations ofthe density of states and optical transport. Ourresults show that, depending on the frequencyof in- cident radiation, a disordered, but highlycorrelated, dielectric material can transition fromphoton diffusion to Anderson localization and to abandgap. In two dimensions we can also identifya regime, near the gap, dominated by tunnellingbetween weakly coupled states. 1) N. Muller,J. Haberko, C. Marichy, and F. Scheffold, SiliconHyper- uniform Disordered Photonic Materialswith a Pronounced Gap in the Shortwave Infrared,Adv. Optical Mater. 2, 115-119 (2014) 2) Luis S.Froufe-Pérez, M. Engel, P. F. Damasceno, N. Muller,J. Haberko, S. C. Glotzer, and F. Scheffold, Roleof short-range order and hyperuni- formity in theformation of band gaps in disordered photonicmaterials, Phys. Rev. Lett. 117, 053902 (2016)3) Luis S. Froufe-Pérez, M. Engel, J.J. Saenz, F.Scheffold, Band gap formation and Andersonlocalization in disordered photonic materials withstructural correlations, Proceedings of the NationalAcademy of Sciences, 114 (36), 05130 (2017) 4)J. Haberko,Luis S. Froufe-Pérez,and F. Scheffold,https://arxiv.org/abs/1812.02095

Topological mode selection
Henning Schomerus

h.schomerus@lancaster.ac.uk

Keywords: disorder, topological photonics, lasersTopological photonics aims to replicate fermionicsymmetries as feats of precision engineering. HereI show how to enhance these systems via effectssuch as gain, loss and nonlinearities that do nothave a direct electronic counterpart. This leads toa topological mechanism of mode selection [1,2,3],formation of compactons in flat band condensates[4], and topological excitations in lasers when lin-earized around their working point [5]. The result-ing effects show a remarkable practical robustnessagainst disorder, which arises from the increasedspectral isolation of the manipulated states.[1] Topologically protectedmidgap states in com-plex photonic lattices, H. Schomerus, Opt. Lett. 38,1912 (2013).[2] Selective enhancement of topologically in-duced interface states in a dielectric resonatorchain, C. Poli, M. Bellec, U.Kuhl, F. Mortessagne, H.Schomerus, Nat. Commun. 6, 6710 (2015).[3] Topological Hybrid Silicon Microlasers, H.Zhao et al., Nat. Commun. 9, 981 (2018)[4] Exciton-polaritons in a two-dimensional Lieblattice with spin-orbit coupling, C. E. Whittaker et

al., Phys. Rev. Lett. 120, 097401 (2018).[5] Topological dynamics and excitations in lasersand condensates with saturable gain or loss, S.Malzard, E. Cancellieri, and H. Schomerus, Opt.Express 26, 22506-22518 (2018).

Anderson localization of vector waves
Sergey Skipetrov

sergey.skipetrov@lpmmc.cnrs.fr

Keywords: anderson localization, disorder, scattering,Anderson localization was first discovered for elec-trons in disordered solids but later was shown totake place for various types of waves in disorderedmedia. For three-dimensional (3D) disorder, ittakes place only in a restricted band of frequen-cies, separated from the rest of the spectrum bymobility edges, and only when the disorder isstrong enough. Our recent results indicate that thevector nature of waves (microwaves, light, elasticwaves) used in the experiments on Andersonlocalization, plays an important role. In particular,the transverse electromagnetic waves cannot belocalized by a random 3D arrangement of resonantpoint-like scatterers (atoms), whereas the elasticwaves, which have a longitudinal component aswell, can be localized in a way very similar toscalar waves. However, the localization of light canstill be made possible by putting the atoms in astrong external magnetic field. We will present aunified view on Anderson localization and computethe localization phase diagrams and the criticalparameters (mobility edges and critical exponents)of Anderson localization transitions for elasticwaves and light scattered by atoms in a strongmagnetic field. Despite the differences betweenthese two systems, they turn out to belong to thesame universality class.

Light induced collective dynamics
and long-range interactions between
nanoparticles

Juan José Sáenz
juanjo.saenz@dipc.org

Keywords: optical binding, random fields, collective phe-
nomena, dispersion forces, non-conservative optical forcesWe review a number of intriguing predictions re-garding the dynamics of plasmonic nanoparticlesunder crossed laser fields [1]. As a recent exam-ple, we will discuss the self-organized collective be-havior of gold nanoparticles moving in aqueous so-lution under a non-conservative optical vortex lat-tice. As we will see, above a critical field inten-sity and concentration, the interplay between op-
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tical forces, thermal fluctuations and hydrodynamicpairing leads to a spontaneous transition towardssynchronized motion [2].Light induced forces are usually stronglyanisotropic depending on the interference land-scape of the external fields. This is in contrastwith the familiar isotropic van der Waals and, ingeneral, Casimir-Lifshitz interactions between neu-tral bodies arising from random electromagneticwaves generated by equilibrium quantum andthermal fluctuations. It has been recently shownthat non-equilibrium, quasi-monochromatic, ran-dom fluctuating light fields can be used to induceand control isotropic, translational invariant, dis-persion forces between small colloidal particles[3]. Interestingly, when the light frequency ofa quasi-monochromatic isotropic random fieldis tuned to an absorption line (at the so-calledFröhlich resonance) we will see that the attractiveforce between two identical molecules or resonantnanoparticles follows a gravity-like inverse squaredistance law [4]. Our results generalize Lorentz’s[5] (and Spitzer-Gamow’s “Mock Gravity” [6])electromagnetic version of the remarkable Fatio-LeSage’s corpuscular theory of gravity introducedas early as in 1690.[1] Albaladejo, S., et al., Nano letters, 9, 3527(2009); Zapata I, et al., Phys. Rev. E 93,062130 (2016); Luis-Hita J. et al., ACS Photonics,3, pp.1286 (2016); Meléndez. M. et al., Phys. Rev.E 99, 022603 (2019).[2] Delgado-Buscalioni, R. et al., Phys. Rev. E 00,002600 (2018)[3] Brügger, G. et al., Nat. Commun., 6, 7460(2015)[4] Luis-Hita, J. et al., arXiv:1802.05648 (2018)[5] Lorentz, H.A., Lectures on Theoretical Physics.(1927)[6] Gamow, G., Rev. Mod. Phys., 21, 367 (1949)

Influencing subradiance by thermal mo-
tion

Patrizia Weiss
patrizia.weiss@inphyni.cnrs.fr

Keywords: cold atoms, subradiance, cooperative decayWe experimentally and numerically study thesubradiant decay in an ensemble of cold atoms as afunction of the temperature. In the experiment weare recording the temporal switch-off dynamics ofthe light scattered by a cold-atom sample driven bya weak laser pulse (linear-optics regime). As sub-radiance is usually interpreted as an interferenceeffect, it is not obvious that the finite temperatureof the sample and for this the atomic motiondon’t introduce a source of dephasing with direct

impact on the decay dynamics. We observe thatsubradiance is rather robust against an increaseof the temperature, the measurements show onlya slight decrease of the subradiant decay timewhen increasing the temperature up to several mil-likelvins, and in particular we measure subradiantdecay rates that are much smaller than the Dopplerbroadening, which might be counter-intuitive.In the numerical simulations we can observe acomplete breakdown of subradiance, which occursat high temperature, when the Doppler broadeningis larger than the natural decay rate of a single atom.

Non-Hermiticity in opticalmicrocavities
Jan Wiersig

jan.wiersig@ovgu.de

Keywords: microcavities, exceptional points, nonorthog-
onalityWe discuss two aspects of non-Hermiticity inoptical microcavities. First, we theoreticallydemonstrate third-order exceptional points inwhispering-gallery cavities. Second, we reveal therole of mode nonorthogonality in the dynamics ofwaves propagating in open systems with localizedlosses.

Controlling light and matter with coop-
erative radiation

Susanne Yelin
syelin@g.harvard.edu

Keywords: superradiance, subradiance, atomic array,
single-photon nonlinearityIt is well known that spontaneous emission, typ-ically assumed to be an independent processfor each atom, can be correlated due to the in-terference of light emitted by different atoms.Cooperative radiation phenomena such as Dicke’ssuperradiance has been explored in systems rang-ing from individual atoms to black holes. Recently,such cooperative radiation emerged as a promisingmethod for manipulating systems ranging fromunordered gases to ordered atomic arrays totwo-dimensional semiconductor materials. I willdiscuss several theoretical ideas relating to super-and subradiance as well as potential applications ofsuch effects.
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Spatiotemporal
Phenomena in Non-
linear Optics
Complex solitons in vertical-cavity
surface-emitting lasers with frequency-
selective feedback

Thorsten Ackemann
thorsten.ackemann@strath.ac.uk

Keywords: vcsel, vector vortex beams, solitons, light
bulletBroad-area vertical-cavity surface-emitting lasers(VCSELs) with feedback from an external cavityemerged as a highly controllable and versatile toolto investigate spatio-temporal self-organization.The external cavity provides natural means forcontrol and to induce time-dependent behavior,which -via space-time analogy in systems withdelay- can lead to quasi-3D spatial dynamics, inparticular spatio-temporal solitons and potentiallylight bullets. The high circular symmetry of VCSELsalso allows for the investigation of vectorial effectsin light-matter coupling. I will present investiga-tions on the spontaneous appearance of vectorvortex beams in a VCSEL with frequency-selectivefeedback with a radial, spiral and hyperbolic polar-ization structure and their interpretation as highorder vectorial solitons. The role of the feedbackloop in controlling birefringence will be elucidated.Potential extensions to spin-orbit coupling of light,topological states and the inclusion of carrier spinare discussed as well as mode-locking these states.

Controlling light by light
Shalva Amiranashvili

shalva.amiranashvili@wias-berlin.de

Keywords: solitons, rogue waves, analogue gravity,
ultrashort pulses, four wave mixingWe discuss propagation of ultrashort solitarypulses in nonlinear single-mode optical fibers.Each pulse creates a moving perturbation ofthe refractive index; the perturbation is capableto scatter co-propagating pulses. An ultrashortoptical soliton serves, under suitable conditions,as an impenetrable mirror for the group-velocitymatched small-amplitude waves. Reflection of suchwaves by a quickly moving mirror in dispersivemedia is a rich source of the intriguing phenomena

including analogue event horizons and radiation atnegative frequencies. On the other hand, energyexchange between the scattered pump waves andthe soliton provides an effective way to manipulatethe soliton, e.g., to fix its frequency or to compressit to a large extent.

Soliton Explosions and Optical Rogue
Waves

Neil Broderick
n.broderick@auckland.ac.nz

Keywords: fibre lasers, mode-locking, nonlinear optics,We will present our recent results regarding theobservation of soliton explosions in an all-normaldispersion fibre laser. Using a real time dispersiveFourier transform we were able to make singleshot measurements of the spectrum showing howthe explosion happens in frequency space andhow this translates to the temporal behaviour ofthe pulse. Simulations of the generalised nonlinearSchrodinger equation agree well with the experi-mental results and highlight the regions betweenstability and chaos in such systems. Further inves-tigations highlight the presence of optical roguewaves and chimera states in such a laser which willbe discussed in the presentation.

Asymmetric balance in symmetry
breaking

Stephane Coen
s.coen@auckland.ac.nz

Keywords: spontaneous symmetry breaking, nonlinear
optics, optical resonators, polarization dynamics, optical
fibresSpontaneous symmetry breaking is central to ourunderstanding of physics and explains many natu-ral phenomena, from cosmic scales to sub-atomicparticles. Its use for applications requires deviceswith a high level of symmetry, but engineeredsystems are always imperfect. Surprisingly, theimpact of such imperfections has barely been stud-ied, and restricted to a single asymmetry. Here,we experimentally study spontaneous symmetrybreaking in presence of two controllable asymme-tries. We remarkably find that the characteristicfeatures of spontaneous symmetry breaking, whiledramatically destroyed by one asymmetry, canbe entirely restored when a second asymmetry isintroduced. In essence, asymmetries are found tobalance each other. Our study illustrates aspects ofthe universal unfolding of the pitchfork bifurcation,and provides new insights into a key fundamentalprocess. It also has practical implications, showing
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that asymmetry can be exploited as a new degreeof freedom. In particular, it would enable sensorsbased on symmetry breaking or exceptional pointsto reach divergent sensitivity even in presence ofimperfections. Our experimental implementationbuilt around an optical fibre ring additionallyconstitutes the first observation of the polarizationsymmetry breaking of passive driven nonlinearresonators.

Laser modelocking beyond Haus: the
coherent master equation

Germán J. De Valcárcel
german.valcarcel@uv.es

Keywords: laser modelocking, master equation, coherent
effectsHaus master equation (HME) is the standardtheoretical approach to laser modelocking whichhas proven successful in many different situa-tions. However HME is unable to account forlight-matter coherent effects which are at thebasis of certain types of laser modelocking andfrequency comb generation in, e.g., quantum-dotand quantum-cascade lasers. Here we present anew theoretical framework for master equationlaser modelocking modeling, which consistentlyincorporates coherent effects: the coherent masterequation (CME). As a proof of its coherent nature,CME captures the Risken-Nummedal-Graham-Haken self-modelocking instability. We apply thenew approach to an amplitude-modulated mode-locked laser, whose CME yields predictions thatdiffer from HME which are most prominent whenthe gain recovery time is comparable or shorterthan the cavity roundtrip time. These divergentpredictions include the existence of non-Gaussianpulses and the asymmetric effect of the modulationfrequency, which are verified experimentally in anactively modelocked semiconductor laser with along external cavity.

Nonlinear Interaction and Symmetry
Breaking of Light in Optical Microres-
onators

Pascal Del’Haye
pascal.delhaye@npl.co.uk

Keywords: nonlinear optics, microresonators, symmetry
breaking, photonics, kerr effectUltra-high-Q microresonators can confine ex-tremely large amounts of optical energy in tinymode volumes. This talk will focus on recentrealizations of nonlinear interaction of counter-

propagating light in these resonators. Particularly,above a certain threshold power, light of a givenfrequency can only circulate in one direction.Experimental and theoretical results show spon-taneous symmetry breaking that follows from theinteraction of the counterpropagating light. Theresulting nonreciprocity of the light propagationin the microresonators can be used for novelapplications including integrated photonic isolatorsand circulators.

Giant broadband refraction and nonlin-
ear optics in ferroelectric super-crystals

Eugenio Delre
eugenio.delre@uniroma1.it

Keywords: nonlinear optics, photonics, ferroelectrics,
super-crystals, second-harmonic-generationWe review recent progress in the study of linearand nonlinear propagation in ferroelectric super-crystals. The three-dimensional super-lattice ofspontaneous polarization vortices leads to giantbroadband refraction across the entire visiblespectrum. Absence of diffraction, chromatic dis-persion, and propagation normal to the crystalfacets is compatible with giant values of index ofrefraction larger that 25. The huge values of opticalsusceptibility greatly enhance second-harmonicgeneration efficiency with broadband spectral andangular acceptance.

Spatio-temporal molding of light in
caustic networks

Cornelia Denz
denz@uni-muenster.de

Keywords: caustics, random matter, spatio-temporal
pattern formation, extreme waves, branched flows, rogue
waves,Caustic light revolutionized optics in the last decadein the areas of structured light and random waves.On the one hand, tailored caustic beams serve asfabricating light for (nonlinear) material process-ing, transfer complex momentum flows for ad-vanced micro-manipulation, and enable novel high-resolution imaging methods. On the other hand,the random focusing of light rays forms networksof caustics that appear as high-intensity ramifica-tions in many optical systems. This linear focus-ing, caused by strong wavefront aberrations anddenoted as branched flow, yields waves with ex-treme amplitudes – so called rogue waves, origi-nally studied in oceanography. Optics has provento be a vast testbed to investigate different lin-ear and nonlinear mechanisms for the formation of
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rogue waves as spatio-temporal wave phenomena.Though there are indications that the two differentmechanisms described above, branched flows andnonlinear modulation instabilities, contribute to theformation of rogue waves, the influence of theirmutual interplay on the rogue wave statistic is stillan open question.In our contribution, we exploit a nonlinear pho-torefractive material as an optical platform to in-vestigate these different mechanisms for roguewave formation simultaneously in a single system.We show that free-space branched flows of lightcaused by wavefront distortions in form of corre-lated Gaussian random fields (GRFs) focus to caus-tic networks with controllable extension and sharp-ness, which in turn determine the probability for theoccurrence of optical rogue waves. This focusingcan be enhanced by propagating GRFs in a nonlin-ear refractive index structure with focusing nonlin-earity. Beyond propagating in homogeneousmedia,we fabricate two-dimensional tailored photonic dis-order in such a photorefractive crystal and investi-gate themutual interplay of linear focusing by GRFsand scattering. We find optimal conditions for en-hanced focusing of waves with extreme intensitiesby controlling the size and strength of the disor-dered photonic refractive index structure.Thus, in our contribution, we will link differentmechanisms for rogue wave formation that arecommonly studied separately and discuss theirinterplay. Our work demonstrates that differentfocusing mechanisms can enhance or depress theformation of rogue waves, thereby introducingan optical platform that allows exploring roguewaves far beyond the optical realization, and allowsnew insights into general spatio-temporal wavedynamics.

Nonlinear polariton fluids
Lorenzo Dominici

lorenzo.dominici@gmail.com

Keywords: polaritons, strong coupling, nonlinear fluids,
solitons, quantum vorticesPolaritons are very interesting quasiparticles, thatare generated in semiconductors as a hybrid mix-ture of light and the material’s optical excitation.They inherit a strong nonlinearity from the exci-ton component while keeping a high coherence aswell as a nonparabolic dispersion from the photoncounterpart. These features can activate, amongother effects, Bose-Einstein condensation [1], non-linear quantum fluid dynamics [2] and even quan-tum correlations [3]. In this talk we will show varie-gated nonlinear spatiotemporal reshaping phenom-ena inmicrocavity polaritons, where thewhole fluid

can be described by a collective wavefunction char-acterised by bistability regions, solitons and quan-tum vortices. We will also discuss the fundamentalrepulsive nonlinearity of exciton-polaritons, whichcan trigger the formation of two-dimensional X-waves [4], or ignite expanding shock waves andsustain stable dark soliton rings [5]. In particular,we will describe a novel effect of retarded nonlin-earity inversion, that results in the dynamical for-mation of a bright soliton [5]. The simultaneouspresence of the central density singularity and theradially-expanding cloud recall the exotic structuresthat are also seen in condensed matter bosonic su-pernovas. Finally, we will show how we can seedand track quantum vortices in the polariton fluid onthe picosecond timescale. These quantum vorticesare characterized by a central phase singularity sur-rounded by an azimuthally-winding cloud. The ob-servations highlight a rich nonlinear phenomenol-ogy, such as the vortex spiralling, splitting, and theordered branching into newly generated secondarycouples [6]. These events remind of the particlepair generation effect. Remarkably, we also observethat vortices placed in close proximity experienceattractive-repulsive scenarios. Such nonlinear vor-tex pair-interactions can be described by a tune-able effective potential [7], reminiscent of Lennard-Jones potential existing between molecules.[1] Kasprzak et al., Nature 443, 409 (2006)[2] Lerario et al., Nat. Phys. 13, 837 (2017)[3] Delteil et al., Nat. Materials 18, 219 (2019)[4] Gianfrate et al., Light Sci. Appl. 7, e17119(2018)[5] Dominici et al., Nat. Commun. 6, 8993 (2015)[6] Dominici et al., Sci. Adv. 1, e1500807 (2015)[7] Dominici et al., Nat. Commun. 9, 1467 (2018)

Real-time measurement of instabilities
in optical fibres and optical fibre lasers

John M. Dudley
john.dudley@univ-fcomte.fr

Keywords: solitons, lasers, ultrafast optics

There have been many recent dramatic ad-vances in the real-time measurement of ultrafastnon-repetitive optical signals based on the use ofthe dispersive Fourier transform in the frequencydomain, or time-lens approaches and relatedtechniques in the time domain. In the contextof propagation in nonlinear optical fibres, thesereal-time methods were initially used to studymodulation instability, supercontinuum generationand rogue-wave phenomena, but were rapidlyapplied to study instabilities in modelocked lasers.In this presentation, we will review our recent

Waves Côte d’Azur 2019



SPATIOTEMPORAL PHENOMENA IN NONLINEAR OPTICS 58

work in this area, including results studying single-pass instabilities in optical fibre, as well as recentwork studying complex pulse evolution behaviorobserved during the generation of dissipativesoliton structures in a fiber laser. These resultsprovide a unique picture of the internal evolutionof dissipative solitons in a laser system, and weanticipate further applications in understandingthe underlying laser dynamics and optimizing laserperformance and stability.

Analogue gravity in rotating spacetimes
Daniele Faccio

daniele.faccio@glasgow.ac.uk

Keywords: photon fluids, analogue gravitySuperradiant gain is the process in which wavesare amplified via their interaction with a rotatingbody, examples including evaporation of a spinningblack hole and electromagnetic emission from arotating metal sphere. We will first discuss the caseof photon fluids, i.e. room temperature superfluidsgenerated by a laser beam propagating in a non-linear defocusing material. Prior work has alreadydemonstrated the superfluid nature of the 2Dbeam profile in this setting and we have recentlystudied that by injecting a vortex pump beam, it ispossible to generate a rotating spacetime metricand experimentally identify the horizon and ergo-sphere. Numerical studies based on the NonlinearSchrodinger equation now illustrate the conditionsunder which experiments are expected to observesuperradiance by analyzing the optical currents inthe system. Finally, we will examine a differentscenario, more akin to the sutation examined in1971 by Zel’dovich, i.e. a rotating cylinder. Weelucidate theoretically how superradiance maybe realized in the field of acoustics, and predictthe possibility of non-reciprocally amplifying orabsorbing acoustic beams carrying orbital angu-lar momentum by propagating them through anabsorbing medium that is rotating. We discussa possible geometry for realizing the superradi-ant amplification process using existing technology.

Predicting Extreme Events in Modula-
tion Instability Using Machine Learning

Goery Genty
goery.genty@tuni.fi

Keywords: modulation instability, real-time measure-
ments, machine learningThe study of instabilities that drive extreme eventsis central to nonlinear science. Perhaps, the mostcanonical form of nonlinear instabilities is mod-

ulation instability (MI) describing the exponentialgrowth of a weak perturbation on top of a con-tinuous background. In optical fibres, when driveninitially by small-amplitude noise, MI has beenshown to lead to the emergence of localized tem-poral breathers with random statistics. It has alsobeen suggested that these dynamics may be asso-ciated with the emergence of extreme events orrogue waves [1,2]. However, direct measurementin the time-domain of the breather properties isextremely challenging, requiring complex time-lenssystems that typically suffer from drastic experi-mental constraints [3,4]. Real-time spectral mea-surement techniques such as the dispersive Fouriertransform (DFT) on the other hand are commonlyused to measure ultrafast instabilities [5]. Althoughrelatively simple to implement, the DFT only pro-vides spectral information. Here, we show howmachine learning can overcome this restriction tostudy time-domain properties of optical fibre mod-ulation instability based only on spectral intensitymeasurements. Specifically, we demonstrate thatit is possible to train a supervised neural networkto correlate the spectral and temporal propertiesof modulation instability using numerical simula-tions, and then apply the trained neural network tothe analysis of high dynamic range experimental MIspectra and yield the temporal probability distribu-tion for the highest peaks in the instability field [6].[1] D.R. Solli, C. Ropers, P. Koonath and B.Jalali, "Optical roguewaves", Nature 450, 1054-057(2007).[2] J.M. Dudley, F. Dias, M. Erkintalo, and G.Genty, "Instabilities, breathers and rogue waves inoptics," Nat. Photonics 8, 755–764 (2014).[3] K. Goda and B. Jalali, "Dispersive Fouriertransformation for fast continuous single-shotmea-surements", Nat. Photon. 7, 102-112 (2013).[4] M. Närhi, et al. "Real-time measurements ofspontaneous breathers and rogue wave events inoptical fibre modulation instability," Nat. Commun.7, 13675 (2016).[5] P. Suret et al., "Single-shot observation of opti-cal rogue waves in integrable turbulence using timemicroscopy," Nat. Commun. 7, 13136 (2016).[6] M. Narhi et al., ”Machine learning analysisof extreme events in optical fibre modulationinstability,” Nat. Commun. 9, 4923 (2018)

The LANER: optical networks as com-
plex lasers

Giovanni Giacomelli
giovanni.giacomelli@isc.cnr.it

Keywords: lasers, networks, dynamics, fibers, opticsWe present the main features of a recently intro-
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duced system capable of laser action: the complexactive optical network, or lasing network (LANER).The system is experimentally realized with opticalfibers linked each other with couplers and with oneor more coherently amplifying sections. A lineartheoretical description shows how the LANERcan be considered as a generalization of the laserwith the physical network acting as a complicatedcavity, and can be represented by directed graphsdisclosing the analogies with the problem ofquantum chaos on graphs. Experiments in simpleconfigurations are reported, with evidence of lasingaction and its characterization. Examples of spectraof the detected emitted intensity are obtained indifferent cases, in a phenomenological agreementwith the numerical findings of the theory.

ThirdOrderDispersion in Time-Delayed
Systems: Applications to the Passive
Mode-locking of VECSELs

Julien Javaloyes
julien.javaloyes@uib.es

Keywords: third order dispersion, ultrashort pulses, mode-
locking, time delayed systemsTime-Delayed dynamical systems (DDSs) material-ize in situations where distant, point-wise, nonlin-ear nodes exchange information that propagates ata finite speed. They describe a large number of phe-nomena in nature and they exhibit a wealth of dy-namical regimes such as localized structures, frontsand chimera states. A fertile perspective lies in theirinterpretation as spatially extended diffusive sys-tems which holds in the limit of long delays. How-ever, DDSs are considered devoid of dispersive ef-fects, which are known to play a leading role inpattern formation and wave dynamics. In particu-lar, second order dispersion in nonlinear extendedmedia governs the Benjamin-Feir (modulational) in-stability and also controls the appearance of cavitysolitons in injected Kerr fibers. Third order disper-sion is the lowest order non-trivial parity symmetrybreaking effect, which leads to convective instabil-ities and drifts.In this contribution, we review our recent resultsregarding how second and third order dispersionmay appear naturally in DDSs by using a moregeneral class of Delayed Systems, the so-calledDelay Algebraic Delay Differential Equations. Thisclass of DDS appears for instance in the modelingof Vertical External-Cavity Surface-Emitting Lasers(VECSELs) and we illustrate our general resultstudying the effect of third order dispersion ontothe optical pulses found in the output of a passivelymode-locked VECSEL and link our results with theGires-Tournois interferometer. We show that third

order dispersion leads to the creation of satelliteson one edge of the pulse which induces a newform of pulse instability. Our results are in goodagreement with the experiment. Finally, we con-nect these results with the possibility of obtainingLight bullets, that is to say, pulses of light that aresimultaneously confined in the transverse and thepropagation directions, in mode-locked VECSELs.

Nonlinear polariton phenomena in
semiconductor microcavities and slab
waveguides

Dmitry Krizhanovskii
d.krizhanovskii@sheffield.ac.uk

Keywords: polariton, soliton, continuum generation,
cherenkovWhen light propagates through an optically activesemiconductor material hybridisation of the opticaland electronic excitations (photons and excitons)may occur. This leads to the formation of novelquasi-particles, so-called polaritons. The excitoncomponent in the polariton wavefunction leads togiant repulsive interactions between the two col-liding quasi-particles (giant Kerr-like nonlinearity),which enable control of light by light at ultrafastspeeds. This is potentially useful for applicationsin all-optical signal processing. The strong polari-ton nonlinearity also results inmany-body phenom-ena ranging from superfluid-like behaviour of lightto Bose-Einstein condensation and ultra-low powersoliton physics which develop on short time- andlength-scale at very weak excitation powers. In mytalk I am going to review several nonlinear polari-ton phenomena including backward Cherenkov ra-diation by polariton solitions, spin domain forma-tion, vortex-vortex generation, polygon pattern for-mation and spatio-temporal continuum generation[1-5] .References:1. “Spatiotemporal continuum generation inpolariton waveguides” PM Walker et al., DNKrizhanovskii Light: Science & Applications 8 (1), 6(2019)2. “Spin domains in one-dimensional con-servative polariton solitons” M Sich et al., DNKrizhanovskii ACS Photonics 5 (12), 5095-5102(2019)3. “Backward Cherenkov Radiation Emitted byPolariton Solitons in a Microcavity” D. V. Skryabin,Y. Kartashov, O. Egorov, D. Krizhanovskii, M. Sich,J. Chana, L. E. Tapia-Rodriguez, M. S. Skolnick, P. M.Walker, E. Clarke, and B. Royall. Nature Comm. 8,1554 (2017)4. “Transition from propagating polariton solitonsto a standing wave condensate induced by interac-
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tions” M Sich, JK Chana, et al., D N KrizhanovskiiPhys. Rev. Letters 120 (16), 167402 (2018)5. “Ultra-low-power hybrid light–matter soli-tons”, P. M. Walker, L. Tinkler, D. V. Skryabin et al.,and D. N. Krizhanovskii, Nature Comm. 6, 8317(Oct 2015)

Statistical properties of the speckle pat-
tern at the output of a multimode opti-
cal fiber

Cristina Masoller
cristina.masoller@upc.edu

Keywords: speckle pattern, speckle contrastsSpeckle patterns are intensity patterns producedby coherent waves interfering with each other.They typically occur due to reflections of coherentlaser light in rough surfaces or in media withscattering particles on the scale of the wavelength.Speckle is often undesired in imaging because ofthe grainy image produced. On the other hand, thespatial correlations present in the speckle patterncontain information that can be used to reconstructthe object that generates the speckle. Low-costvibration sensors have been demonstrated, whichmeasure the frequency of the vibrations by mon-itoring the speckle pattern that changes in time.As speckle patterns are wavelength-dependent,after calibration they can also be exploited forimplementing low-cost high precision wavemeter.In this contribution we study experimentally howthe statistical properties of the speckle patternat the output of a multimode fiber, generated byusing as light source a diode laser in the visiblerange, depend on the exposure time of the CCDcamera and on the degree of coherence of thelight, which is controlled by varying the laser pumpcurrent from below to above the threshold. Usingthe standard speckle contrast measure (the meanintensity of the pattern normalized to the standarddeviation), we determine under which conditionsthe speckle pattern can be either minimized ormaximized.

Parametric interactions in multimode
fibers

Guy Millot
guy.millot@u-bourgogne.fr

Keywords: nonlinear parametric interaction, grin mul-
timode fiber, self-imaging effect, geometric parametric
instability, intermodal four wave mixing and modulational
instabilityOver the last few years, it has been demonstrated

that multimode fibers (MMFs) offer novel oppor-tunities to explore the nonlinear coupling betweenthe temporal and spatial effects. In particular,the process of periodic self-imaging (SI) of lightoccurring inside graded-index (GRIN) MMFs hasbeen found to play a major role in the nonlinearpropagation of optical pulses with normal dis-persion. In this talk, we focus on the spectralevolutions of an input narrowband multimodebeam induced by the SI effect. First, we show thatwhen a large number of modes is initially excitedin a highly multimode fiber, SI leads to an originalphenomenon of geometric parametric instabilitycharacterized by the generation of an intense fre-quency comb spanning from the near-ultraviolet tothe near infrared. On the other hand, for powerfulpulses, all parametric sidebands are characterizedby a bell-shape beam similar to that emergingfrom a single-mode fiber. By limiting the nonlinearinteractions to the lowest order fiber modes only,we study the influence of a superimposed seedcentered on the first-order parametric Stokes side-band, on the efficiency of the multiple sidebandgeneration processes. We show that the injectedseed can stimulate the generation of new spectralsidebands in the visible and near-infrared regionsof the spectrum. The second part of the talk isdedicated to intermodal four-wave-mixing andmodulational instability that occur in a few-modeGRIN fiber. We show that far-detuned (from 200up to 450 THz) frequency conversion is obtainedvia intermodal four-wave-mixing with an importantrole played by a secondary pump in the subse-quent supercontinuum generation. Moreover, weobserve a strong power dependence of intermodalmodulational instability. Finally, we introduce theconcept of spectral control of parametric sidebandsin GRIN MMFs by tailoring their linear refractiveindex profile with a Gaussian dip into the refractiveindex profile.

Symmetry breaking of the non nonlin-
ear stage of modulation instability : a
complete experimental characterization
in optical fibers

Arnaud Mussot
arnaud.mussot@univ-lille.fr

Keywords: fpu recurence, modulation instability, four
wave mixing, soliton, akhmediev breatherWe report an original method enabling a noninvasive characterization in phase and intensityof the longitudinal evolution of the main spectralcomponents involved in the Fermi Pasta Ulamrecurence process. We will show that it allows toevidence the symmetry breaking of the process.
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Future prospects and recent results will be pre-sented.

Rotating spatio-temporal structures
and rotating cavity solitons in scalar
and vectorial Kerr resonators

Gian-Luca Oppo
g.l.oppo@strath.ac.uk

Keywords: turing patterns, cavity solitons, orbital angular
momentumWe consider generalisations of the Lugiato-Lefevermodels for transverse Kerr cavities with one ortwo field components and pumped by beams carry-ing optical angular momentum (OAM). These stud-ies complete early investigations that focused onoptical parametric oscillators, semiconductor het-erostructures and photorefractive materials, re-spectively [1]. In particular we find analytical ex-pressions that fully describe two-dimensional ro-tating Turing structures and rotating cavity soli-tons in single field (scalar) Kerr resonators. Ro-tating localised states on a transverse ring can beconsidered as slow light pulses with fully control-lable speed and structure for use in optical quantummemories and delay lines.The inclusion of a second field component in thelight-matter interaction inside the cavity offers fur-ther degrees of control in the shape, rotation andpolarization of the nonlinear structures. Numericalsimulations of coupled circularly polarized beamswith inputs of equal, opposite and different OAM,result in fully-structured optical beams made of pe-riodic or localised nonlinear structures and a mul-titude of shapes, phases, polarization, singularitiesand dynamics. Applications of these rotating struc-tures to particlemanipulation, optical beam shapingand photonic devices will also be discussed.[1] G.-L. Oppo et al., Phys. Rev. E 63, 066209(2001); R. Kheradmand et al., Opt. Express 11,3612 (2003); V. Caullet et al., Phys. Rev. Lett. 108,263903 (2012)

Non linear diffraction
Nicolas Pavloff

nicolas.pavloff@u-psud.fr

Keywords: wave breaking, dispersive shock waves, airy
beamsIn a nonlinear medium, the phase and amplitudeof a coherent beam are affected by nonlinearity.This modifies the laws of geometrical optics andmay also lead to a gradient catastrophe resultingin complex optical patterns. I will discuss twosuch configurations resulting in the formation of a

dispersive shock in a local nonlinear medium andof an Airy beam in a highly nonlocal one.

Disorder-induced acceleration of wave
condensation in multimode fibers

Antonio Picozzi
antonio.picozzi@u-bourgogne.fr

Keywords: optical turbulence, condensation, thermaliza-
tion, multimode fibersRecent studies on wave turbulence revealed that apurely classical system of randomwaves can exhibita process of condensation that originates from thedivergence of the Rayleigh-Jeans (RJ) equilibriumdistribution, in analogy with the quantum Bose-Einstein condensation (see references in [1]). How-ever, the observation of optical wave condensationin a conservative (cavity-less) configuration is hin-dered by the prohibitive large propagation lengthsrequired to achieve the RJ thermalization.A phenomenon of spatial beam self-cleaninghas been recently discovered in multimode opticalfibers (MMFs), whose underlying mechanism stillremains debated [2]. Light propagation in MMFsis affected by a structural disorder of the material.We formulate a wave turbulence kinetic descrip-tion of the randomwaves accounting for the impactof the disorder. The theory unexpectedly revealsa dramatic acceleration of thermalization and con-densation by several orders of magnitudes, whichcan probably explain the effect of spatial beam self-cleaning as a macroscopic population of the funda-mental mode of the MMF [1]. The theory also ex-plains why spatial beam self-cleaning has not beenobserved in step-index MMFs.Our experiments in MMFs evidence the transi-tion to light condensation: By decreasing the ki-netic energy (’temperature’) below a critical value,we observe a transition from the incoherent ther-mal RJ distribution towave condensation [1]. Theseobservations are corroborated by the experimentalevidence that beam self-cleaning is characterizedby a turbulence cascade of kinetic energy towardthe higher-order modes of the MMF [3].[1] A. Fusaro et al., Dramatic acceleration of wavecondensation mediated by disorder in multimodefibers, PRL 122, 123902 (2019)[2] K. Krupa et al., Spatial beam self-cleaning inmultimode fibres, Nature Phot. 11, 237 (2017)[3] E. V. Podivilov et al., Hydrodynamic 2D turbu-lence and spatial beam condensation in multimodeoptical fibers, PRL 122, 103902 (2019)
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Single-shot observations of modulation
instability in optical fibres : full complex
field acquisition and space-time evolu-
tion

Stephane Randoux
stephane.randoux@univ-lille.fr

Keywords: modulational instability, optical fibers, fast
detection, nonlinear schrodinger equationLight propagating in optical fibers might undergo amodulation instability which leads to the break-upof a continuous wave field. In this presentation,we review recent experiments where both theintensity and phase of the field are recorded at theoutput of a fiber thanks to an improved temporalimaging system, showing in details the formationof ultra-fast nonlinear structures. We also showhow the spatio-temporal evolution of the intensitycan be revealed using a recirculating fiber loop.

Competing mechanisms of nonlinear
modulation instability

Stefano Trillo
trlsfn@unife.it

Keywords: modulation instability, breathersThe nonlinear stage of modulation instability(MI) is extremely rich. For periodic perturbationsmultiple recurrences occurs according to a complexhomoclinic structure that represents the contin-uation of MI in the depleted stage. When theperturbation becomes localized the MI recurrencesbreak down and different scenarios are possible.A quite universal scenario is the developmentof an auto-modulation, i.e. a strongly oscillatingstructure within a characteristic wedge-shapedregion that smoothly connect to the background.However, for sufficiently generic perturbationsthe auto-modulation can be accompanied by theemission of breather pairs. In this talk we discusshow to predict the parameters of such breathers interms of simple formulas.

Spatio-temporal dynamics in fibre lasers
Sergei Turitsyn

s.k.turitsyn@aston.ac.uk

Keywords: coherent structures, spatio-temporal dynam-
ics, fibre lasersUnderstanding of the properties of nonlinearphotonic systems is important both for the funda-mental science and because of their relevance tonumerous applications of light technology. Nonlin-

earity is an essential component in the design ofnumerous photonic devices, but it is often shunnedby engineers in view of its practical intractabilityand greatly increased difficulty of comprehen-sion of system behavior. The understanding andmastering of nonlinear effects can translate intoimproving performance of the existing devices andenabling a new generation of engineering concepts.However, many measurement techniques and sig-nal processing methods have been developed andoptimised for linear systems. Understanding ofnonlinear dynamics would greatly benefit fromnew measurement approaches. I will review ourrecent works on the nonlinear science of fibrelasers, including spatio-temporal dynamics andnew approaches for theoretical and experimentalanalysis of such systems.

Molded nonlinear light wave packets
and applications

Stelios Tzortzakis
stzortz@iesl.forth.gr

Keywords: filaments, extreme fields, thz, silicon photon-
ics, materials engineeringThe nonlinear propagation of ultrashort laser pulsesin the form of solitons, filaments and light bulletsis an exciting research field [1]. Beyond the ba-sic studies on the complex spatio-temporal phe-nomena involved, the field is driven significantly byits numerous applications, like for example in ma-terials engineering, remote spectroscopy, but alsofor their use as powerful secondary sources acrossthe electromagnetic spectrum [2]. Here we discussour recent advances in molding the shape, tem-poral and spectral properties of filaments [3] andsome corresponding applications enabled throughthese advances. We demonstrate how it becomespossible, for the first time after 20 years of re-search, to achieve localized and controlled modifi-cation of the index of refraction in the bulk of sili-con [4]. This advance opens the way for laser pro-cessing in the exciting field of silicon photonics. Wealso discuss our recent advances in developing in-tense THz secondary sources using tailored laserfilaments. We demonstrate that one may obtainpowerful THz radiation using unconventional me-dia, like liquids, where the medium presents stronglinear absorption [5]. The mechanism responsiblefor this counterintuitive result is a phase locked sec-ond harmonic component in the filament that re-sults in strong transient electron currents that ra-diate intense THz fields. Finally, we will also bediscussing the way in achieving extreme THz elec-tric and magnetic fields, in excess of GV/cm andkilo-Tesla strengths respectively, using intense two-
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color mid-infrared filaments [6,7].[1] P. Panagiotopoulos et al., Nat. Commun. 4,2622 (2013)[2] K. Liu et al., Optica 3, 605-608 (2016)[3] A. D. Koulouklidis et al., Phys. Rev. Lett. 119,223901 (2017)[4] M. Chanal et al., Nat. Commun. 8, 773 (2017)[5] I. Dey et al., Nat. Commun. 8, 1184 (2017)[6] V. Fedorov and S. Tzortzakis, Phys. Rev. A 97,063842 (2018)[7] V. Y. Fedorov, and S. Tzortzakis, Opt. Express26, 31150-31159 (2018)

Nonlinear wave phenomena in delay
differential models of multimode lasers

Andrei Vladimirov
vladimir@wias-berlin.de

Keywords: multimode lasers, mode-locking, delay differ-
ential equations, bifurcations, dissipative solitonsMultimode lasers are widely used in medical,industrial, and technological applications. In par-ticular, mode-locked semiconductor lasers arelow cost, compact, and efficient sources of shortoptical pulses with high repetition rates suitablefor application in telecommunication networks. Aconventional technique to the theoretical studiesof these lasers is based on numerical integrationof a system of partial differential equations forthe electric field envelope and carrier density.Here we use an alternative approach to describemultimode lasers, based on the use of delay dif-ferential equations (DDEs). We investigate DDEmodels of different multimode laser devices, -nonlinear mirror mode-locked lasers generatingshort optical pulses, frequency swept lasers witha long dispersive fiber delay line, and broad areaexternal cavity semiconductor lasers. In addition tonumerical simulations of these models we performan analytical linear stability analysis that revealsmodulational, Turing-type, and flip instabilities ofCW regimes. We demonstrate the existence ofbistability, chaotic regimes, square waves, as wellas temporal and spatio-temporal (light bullets)localised structures of light and discuss their prop-erties and interaction.

Spatiotemporal multimode light waves
Stefan Wabnitz

stefan.wabnitz@uniroma1.it

Keywords: optical fibers; nonlinear optics, fiber ampli-
fiers, kerr effectNonlinear propagation of optical pulses in multi-mode fibers is subject to complex spatio-temporal

phenomena. We outline different strategies forthe control and optimization of nonlinear modecoupling. The first approach involves transversewavefront shaping of the input beams, whichpermits to launch an optimized mode combination,that results in the generation of a stable nonlinearmode alphabet at the fiber output. The secondapproach involves the longitudinal variation of thecore diameter of multimode active and passivetapers, which leads to tailored supercontinuumgeneration with high spatial beam quality.
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Hybrid-Kinetic Simulations of Low- and
High-Beta Turbulence 1©

Lev Arzamasskiy
leva@astro.princeton.edu

Keywords: turbulence, instabilitiesA lot of astrophysical environments, such as ac-cretion flows around black holes, the intraclustermedium, and the solar wind, are weakly collisional(or collisionless) and well magnetized. We presentresults from hybrid-kinetic simulations of turbu-lence relevant to these systems. Our low-beta sim-ulations (where beta is the ratio of thermal andmag-netic pressures) reproduce the observed preferen-tial perpendicular ion heating and the developmentof non-thermal beams in the ion distribution func-tion in the solar wind. Our high-beta simulationsfocus on the effects of kinetic micro-instabilitieson the turbulent cascade, in particular, how theydisrupt inertial-range Alfven waves and introducean effective collisionality in otherwise collisionlessplasma.
Quantum Fluids of light in atomic va-
pors 2©

Pierre Azam
pierre.azam@inphyni.cnrs.fr

Keywords: shockwaves, rubidium, thermal vapors, fluids
of lightSince its discovery in 1995, Bose-Einstein Con-densation (BEC) is a powerful object for quantumexperiments. Its coherence offers a lot of possi-bilities for measuring quantum phenomena. Eventhough BEC is well studied with ultracold atomscloud, an analogy for classical waves propagatingin a non-linear medium can be established andcondensation of classical waves has been pre-dicted. Our experiment is based on the use of anatomic vapor as a non linear medium. By heatinga Rubidium cell, we create a nonlinear mediumwith adjustable non linearity. By modifying theproperties of the incident laser beam (shape, size,frequency, etc) we are able to study a wide range ofphenomena. After the observation of preconden-sation of classical waves in this system, we turnedto a study of shock wave creation in this system.We will present first results on this investigation,

including numerical and experimental comparisons.

Towards the generation of light-bullets
in semiconductor lasers 3©

Adrian Bartolo
adrian.bartolo@inphyni.cnrs.fr

Keywords: solitons, semiconductor lasers, localized struc-
turesLocalized structures (LS) are nonlinear solutions ofdissipative systems characterized by a correlationrange much shorter than the size of the system.Since they are individually addressable, LS can beused as fundamental bits for information processingin optical resonators. While spatial LS are confinedpeaks of light appearing in the transverse sectionof broad-area resonators, temporal LSs are shortpulses travelling back and forth in the longitudi-nal direction of the cavity. Spatial and temporal LShave been observed independently in semiconduc-tor lasers systems based on a gain medium coupledto a saturable absorber.In this work we present preliminary resultsfor the generation of spatio-temporal localizedstructures, also called “Light bullets”, in semicon-ductor lasers. In this case, light is stored in thethree spatial dimensions, leading to informationprocessing with disruptive performances in termsof bit rate, resilience and agility. Despite the effortmade in nonlinear optics, only fading LB have beenobserved so far experimentally. Our approachconsists of chasing “dissipative” LB, which willbe robust and suitable to applications. Accord-ingly, once LB will be obtained and characterized,their application to information processing willbe addressed by targeting a three-dimensionalelectro/optical buffer. The results shown wereobtained using a vertical external cavity surfaceemitting laser, composed by a gain mirror and asemiconductor saturable absorber mirror (SESAM).These components have been properly engineeredfor matching the parameters requirements forimplementing light bullets, which require a cavityroundtrip time much larger than the carrier relax-ation time, a large Fresnel number and a bistableresponse of the system. We show that self-imagingcondition between the gain section and the SESAMenables the first two conditions, while bistabilitycan be obtained by designing the modulation depthof the SESAM.
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MMS observations of particle velocity
distribution functions and field-particle
correlator 4©

Etienne Behar
etienne.behar@lpp.polytechnique.fr

Keywords: plasma, mms, dataWe present our current work on the analysis ofMMS data carried out in particular with particlevelocity distribution functions (VDF). We proposemethods that tackle the high time resolution ofthese four-dimensional data sets, in various refer-ence frames and coordinate systems. In particular,we explore the feasibility of obtaining spatial andtime derivatives of the VDF, with the inherent pricein terms of time resolution/integration. Togetherwith field measurements, these derivatives enablethe quantification of the various terms of thePoisson-Vlasov equations, with the ultimate goalof a direct measurement of the energy exchangetaking place between fields and particles, as afunction of velocity, following the effort initiatedby Howes et al. 2017 and Chen et al. 2019.

Study of brownian motion at short time
scales 5©

Louis Bellando
louis.bellando-de-castro@u-bordeaux.fr

Keywords: optical tweezer, brownian motionWe experimentally study the brownian motion ofan optically trapped micrometric particle in liquidsat ultrashort timescales in order to reveal the ef-fects of fluid compressibility on its dynamics.To that purpose, standard trapping and detec-tion schemes are coupled to femtosecond "pump-probe" experiment to take advantage of the hightemporal resolution of time resolved ultrafast spec-troscopy experiments. The goal is to achieve aproper measurement of the instantaneous velocityof the brownian particle beyond the ballistic regimeto probe the influence of compressibility effects onthe motion of the trapped sphere, measurementthat has never been made and remains elusive. Theexpected spatial and temporal resolutions (0.15 fmat 1 ps) provided by these techniques will allow usto measure the Velocity Auto Correlation Functionto obtain an evidence of compressibility effects onthe particle dynamic.This type of study provides new features intoinvestigations of non equilibrium physics related tobrownian motion and optical tweezers.

Structure and evolution of magneto-
hydrodynamic solitary waves with Hall
and finite Larmor radius effects 6©

Enrique Bello-Benítez
ebello@ing.uc3m.es

Keywords: magnetohydrodynamics, solitary wavesThere exist a broad variety of nonlinear-wavephenomena in the solar wind. Different typesof stable large-amplitude solitary waves are typ-ically observed in these plasmas. The study ofsmall amplitude waves can be described by well-known equations: Korteweg-de-Vries (KdV), modi-fied KdV, Derivative Nonlinear Schrödinger (DNLS)and triple-degenerate DNLS. However, magneto-hydrodynamic (MHD) fluid equations aremore suit-able for the analysis of large-amplitude structures,which is the approach used in this work [1] —to beprecise, MHD equations with Hall effect and FiniteLarmor Radius (FLR) corrections to the double adi-abatic pressure tensor. Assuming travelling wavesolutions, the system of partial differential equa-tions yields a set of 5 ordinary differential equa-tions (ODEs) governing the spatial profile of the ve-locity and magnetic-field vectors —if double adia-batic equations of state are used for the gyrotropicpressures. The procedure to derive these equationsfollows Ref. [2], but some discrepancies are shown[1]. The existence of solitary-wave solutions in dif-ferent parametric regimes is rigorously proved inthis system of ODEs using concepts and tools fromthe theory of dynamical systems. Two key featuresof the concerning ODEs are: (1) the system is re-versible and (2) the existence of an invariant whichallows reducing the effective dimension of the sys-tem from 5 to 4. These characteristics are guar-anteed if equations of state are used for the pres-sures. Nevertheless, only stable structures havephysical interests and are expected to be observedin space. The global stability of the solitary waves isinvestigated by numerical spectral simulations us-ing two different closures for the pressures: (1)double adiabatic equations and (2) evolution equa-tions including the FLR work terms [3], which guar-antee energy conservation and better reproducesthe real physics. In case (1), it is found that thesolitary waves may have a stable core even if thebackground is unstable. The background instabil-ity seems to disappear when the energy-conservingmodel (2) is considered. In this case, stable solitarywaves are found that survive long time without sig-nificant deformation.References[1] E. Bello-Benítez, G. Sánchez-Arriaga, T. Pas-sot, D. Laveder and E. Siminos, Phys. Rev. E 99,023202 (2019).
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[2] E. Mjølhus, Nonlin. Proc. Geophys. 16, 251(2009).[3] P. L. Sulem and T. Passot, J. Plasma Phys. 81,325810103 (2015).

Deformation of an elastic material
paired with a tree structure 7©

Michaël Brunengo
michael.brunengo@univ-cotedazur.fr

Keywords: respiratory physiotherapy, elasticity, fluid
mechanicsIn order to model effects of automated treatmentof respiratory physiotherapy with focused pulses,we study deformation of an elastic material underoscillating constraints on its boundaries. Moreoverthe system is linked to a symmetrical and dichoto-mous tree built as series of cylinders, idealizingbronchial tree. To do so, under infinitesimal straintheory, we consider that a change a volume on anarea of the material creates airflow. Then we forceit to flow in the tree and to go through hydrody-namic resistance. This coupling adds friction tothe system and gives information on total airflowcreated at the top of the tree, i.e. at the mouth,under pressure on boundaries.

Plasma acceleration by the non-linear
interaction of three crossed parallel
Alfvén wave packets 8©

Khalil Daiffallah
dfkhalil@gmail.com

Keywords: electron acceleration, alfvén waves collision,
phase-mixing, nonlinear phenomena, numerical simulationWe are doing numerical simulation with a (PIC)code to interact a parallel Alfvén wave packet withtwo another parallel Alfvén wave packets thathave already interacted. The crossing of the twoinitial Alfvén waves generates density gradientsin the plasma (APAWI process, Mottez (2012,2015)). Then, the passage of the third Alfvén waveacross this interaction region gives rise to powerfulaccelerated electron beams in the parallel directionthrough phase-mixing process. The efficiency ofthis process depends substantially on the polarityand the amplitude of the wave packets.

Competition between Kelvin-
Helmholtz and nonlinear Lower Hybrid
drift instabilities along Mercury-like
magnetopause 9©

Jérémy Dargent
jeremy.dargent@df.unipi.it

Keywords: kelvin-helmholtz instability, lower hybrid drift
instability, particle-in-cell simulationsBoundary layers in space plasmas are always thelocations of many phenomena allowing the mixingof plasma. But for a given boundary, differentmechanisms can coexist and compete one witheach others. In our work, we look at velocity shearboundary layers with a gradient of density and/ormagnetic field. We observe that in presence ofa density gradient, a lower hybrid drift instability(LHDI) develops along the layer much quickerthan the Kelvin-Helmotz instability (KHI). Althoughthe two instability develops at different scales(both spatial and temporal), we observe that thenonlinear phase of the LHDI can compete andeven suppress the KHI, depending on the densitygradient in the layer. Such a result can make usreconsider the main mixing mechanisms in plasmalayers with strong density gradient, such as Mer-cury magnetopause.

Optimal Analog Data Compression with
Reconfigurable Wave-Chaotic Systems
10©

Philipp Del Hougne
philipp.delhougne@gmail.com

Keywords: analog wave-based signal processing, recon-
figurable wave-chaotic system, metasurface, wave front
shaping, chaotic microwave cavityPropagation of waves through wave-chaotic sys-tems completely scrambles incident wave fronts.Recent computational imaging devices leveragethis property to take compressed measurements ofmultiple input data streams. Here, we demonstratethat carefully configured wave-chaotic systemscan optimally compress multiple incoming datastreams. Using tunable metasurfaces, we reconfig-ure the boundary conditions of chaotic microwavecavities and report an experimental in-situ proof ofthe concept.
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Smooth branch of travelling waves for
the Gross-Pitaevskii equation in dimen-
sion 2 for small speed 11©

Pacherie Eliot
eliot.pacherie@univ-cotedazur.fr

Keywords: travelling wave, gross-pitaevskii, pdeWe construct a smooth branch of travelling wavesolutions for the 2 dimensional Gross-Pitaevskiiequations for small speed. These travelling wavesexhibit two vortices far away from each other.We also compute the leading order term of thederivatives with respect to the speed. We con-struct these solutions by an implicit function typeargument. In collaboration with David Chiron

Fluids of light in nonlinear crystals 12©
Aurélien Eloy

aurelien.eloy@inphyni.cnrs.fr

Keywords: fluids of light, photorefractive effect, superflu-
idityQuantum fluids of light merge many-body physicsand nonlinear optics, revealing quantum hydro-dynamic features of light when it propagates innonlinear media. One of the most outstandingevidence of light behaving as an interacting fluidis its ability to carry itself as a superfluid. Here,we report a direct experimental detection of thetransition to superfluidity in the flow of a fluid oflight past an obstacle in a bulk nonlinear crystal.In this cavityless all-optical system, we extracta direct optical analog of the drag force exertedby the fluid of light and measure the associateddisplacement of the obstacle. Both quantities dropto zero in the superfluid regime characterized bya suppression of long-range radiation from theobstacle. The experimental capability to shapeboth the flow and the potential landscape pavesthe way for simulation of quantum transport incomplex systems.

Alternative exact law for homogeneous
compressible turbulent flows: from
Hall-MHD to hydrodynamics 13©

Renaud Ferrand
renaud.ferrand@lpp.polytechnique.fr

Keywords: mhd, hall effect, exact lawsFluid and plasma turbulence is a longstanding prob-lem in physics. Studying its dynamics can help un-derstanding various processes such as mass trans-port and energy dissipation, in particular in colli-

sionless systems like most of the astrophysical plas-mas. The solar wind heating problem, which is man-ifested by a slower decrease of the ion tempera-ture as function of the heliocentric distance thanthe prediction from the adiabatic expansion modelof thewind, is one example of such problemswhereturbulence can help give an explanation.A way to study fluid or plasma turbulence is toestimate the total energy cascade rate, which is theenergy transferred from the largest scales into thedissipative scales of the system. This is made pos-sible by the use of exact laws, which link the en-ergy cascade rate to the physical variables of theflow. Significant progress has been made in re-cent years on deriving various forms of exact lawsfor different compressible flows: HydroDynam-ics (HD), MagnetoHydroDynamics (MHD) and Hall-MagnetoHydroDynamics (HMHD). Some of themwere used successfully to estimate the energy cas-cade rate in the solar wind and the magnetosheath,but at the expense of making additional assump-tions that made different mathematical terms in-volved in the laws accessible to in-situ measure-ments.Here we present an alternative exact law forcompressible Hall-MHD turbulence. This law ismore compact and easier to compute in numericalsimulations and spacecraft data, thus reducing thememory load and time required to compute theenergy cascade rate. We also show the validity ofthis new law in the limit of compressible HD usinghigh-resolution simulation data of HD turbulencespanning the subsonic and supersonic regimes.

Light scattering by arrays of ultracold
atoms with sub-walength spacing 14©

Igor Ferrier-Barbut
igor.ferrier-barbut@institutoptique.fr

Keywords: ultracold atoms, light-matter interactions,
cooperative scatteringUltracold atoms offer a unique platform to studythe interaction of near-resonant light with anensemble of resonant emitters. Our experimentsprobe an ensemble of alkali atoms cooled to atemperature where the inhomogeneous Dopplerbroadening is negligible and a two-level system canbe isolated, so that cooperative scattering effectstake place. We study in particular the dense regimewhere the interatomic distance is shorter than thewavelength of the light. In this regime the atomsinteract strongly via the resonant dipole-dipoleinteractions, and their collective response is signif-icantly modified with respect to the individual one.The geometrical arrangement plays in addition acrucial role in the enhancement of cooperative
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effects. We will present our recent experimentalprogress towards tailoring atomic ensembles withsub-wavelength interatomic distance, as well asperspectives in the short term for light-matterinteraction experiments in such ensembles.

Propagation of waves along superfluid
vortices trapping particles 15©

Umberto Giuriato
umberto.giuriato@oca.eu

Keywords: superfluid, vortex, waves, particlesSuperfluids like liquid helium or ultracold atomicBose-Einstein condensates are an exotic stateof matter in which quantum effects appear on amacroscopic scale. One of the main features of su-perfluids is the presence of topological defects withquantised circulation, known as quantum vortices.These vorticity filaments can reconnect dissipatingenergy through sound emission and thus they playa central role in superfluid turbulence. At the sametime, helicoidal waves (called Kelvin waves) canpropagate along the vortex filaments and interactnonlinearly among themselves, contributing to theenergy transfer towards small scales. An importantexperimental breakthrough occurred in 2006,when quantum vortices were directly visualised byusing micrometer-sized hydrogen particles. Sincethese particles are trapped inside the vortex corethey can be used to track the motion of vorticesthemselves. Thanks to this method, quantumvortex reconnections and Kelvin wave propagationhave been observed. Nowadays, particles arestill the main experimental tool used to visualisequantum vortices and to study their dynamics. Ouraim is to study the propagation of waves along asuperfluid vortex filament, when active particlesare trapped inside its core. We perform numericalsimulations of a self-consistent model based on theGross-Pitaevskii (GP) equation, in which particlesare described as localised potentials depleting thesuperfluid and following a Newtonian dynamics.In a former work we have shown that this modelis able to reproduce the capture of a particle bya quantum vortex line. Now we study how thedynamics of a collection of particles (impurities)already set inside the vortex reflects the motion ofthe vortex itself. We measure the spatiotemporalspectra of the system, showing how the presenceof particles induces a nontrivial modification ofthe vortex wave dispersion relation. In order toexplain the numerical results, we develop a theorythat mixes hydrodynamic equations and basicsolid-state concepts. In particular, we point outa remarkable analogy with the propagation ofelectrons in a crystal lattice.

Magnetic coherent structures in the
presence of equilibrium temperature
anisotropy 16©

Camille Granier
camille.granier@etu.u-bordeaux.fr

Keywords: magnetic vortices, temperature anisotropy,
gyrofluid models, hamiltonian systemsCoherent magnetic structures such as magneticvortex chains have been observed in the solar windclose to the Earth by the Cluster spacemission (Per-rone et al. (2016, 2017)). Making use of a gyrofluidmodel, we investigate the existence of analyticalsolutions of magnetic vortex type and study theirstability. The adopted model can provide a non-linear description of turbulent collisionless magne-tized plasmas accounting for ion finite Larmor ra-dius, equilibrium temperature anisotropy and fluc-tuations of the component of the magnetic fieldparallel to the direction of a strong and uniformguide field. The model possesses a noncanonicalHamiltonian structure which provides a convenientframework for the use of analytical tools, such asthe Energy-Casimir method for determining stabil-ity conditions. We carry out investigations for someasymptotic regimes of the model, such as for in-stance in the limit of a large ion-to-electron perpen-dicular equilibrium temperature ratio, with negligi-ble electron inertia effects, and compare our resultswith those found recently in the framework of a re-duced magnetohydrodynamics model (Jovanovic etal. 2018).References :- D. Perrone, O. Alexandrova, O. W. Roberts, S.Lion, C. Lacombe, A. Walsh, M. Maksimovic andI. Zouganelis. The Astrophysical Journal, 849:49,2017- D. Perrone, O. Alexandrova, A. Mangeney, M.Maksimovic, C. Lacombe, V. Rakoto, J. C. Kasper,and D. Jovanović. The Astrophysical Journal,826:196, 2016- D. Jovanović, O. Alexandrova, M. Maksimović,M. Belić. J. Plasma Phys., vol. 84, 2018

Kinetic Turbulence in Astrophysical
Plasmas: Waves and/or Structures? 17©

Daniel Groselj
daniel.groselj@ipp.mpg.de

Keywords: plasma turbulence, waves, coherent struc-
turesThe question of the relative importance of co-herent structures and waves has for a long time
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attracted a great deal of interest in astrophysicalplasma turbulence research, with a more recentfocus on kinetic scale dynamics. Here we utilizehigh-resolution observational and simulation datato investigate the nature of waves and structuresemerging in a weakly collisional, turbulent kineticplasma. Observational results are based on insitu solar wind measurements from the Clusterand MMS spacecraft, and the simulation resultsare obtained from an externally driven, three-dimensional fully kinetic simulation. Using a setof novel diagnostic measures we show that boththe large-amplitude structures and the lower-amplitude background fluctuations preserve linearfeatures of kinetic Alfvén waves to order unity.This quantitative evidence suggests that the kineticturbulence cannot be described as a mixture ofmutually exclusive waves and structures but mayinstead be pictured as an ensemble of localized,anisotropic wave packets or “eddies” of varyingamplitudes, which preserve certain linear waveproperties during their nonlinear evolution.

A Hamiltonian regularisations of
barotropic Euler equations 18©

Billel Guelmame
billel.guelmame@unice.fr

Keywords: barotropic euler equations, regularisationsThe inviscid Burgers, Euler and Saint-Venantequations are nonlinear hyperbolic PDEs modelingfluid flows and surface water waves propagatingin shallow water. These equations, prominent inphysics, are the subject of numerous mathematicaland numerical investigations. It is well-knownthat these equations develop shocks in finite time,even for regular initial conditions. These shocksare problematic, in particular, for numerical simu-lations. Therefore, several techniques have beenproposed to regularized these equations. Addingviscosity or/and dispersion into the equations canavoid the formation of shocks. Here, we studya regularization of barotropic Euler equations,which conserves the energy, and generalize theconservative regularization of the Saint-Venantequations proposed by Clamond and Dutykh in2017.

Short-distance propagation of nonlin-
ear optical pulses 19©

Mathieu Isoard
mathieu.isoard@u-psud.fr

Keywords: nonlinear fluid, fluid of light, optics, dispersive
shock waves

We theoretically describe the quasi one-dimensional transverse spreading of a lightpulse propagating in a defocusing nonlinear opticalmaterial in the presence of a uniform backgroundlight intensity. For short propagation distancesthe pulse can be described within a nondispersiveapproximation by means of Riemann’s approach.We are also able to calculate the wave-breakingtime, at which nonlinear nondispersive spreadingleads to a gradient catastrophe. The theoreticalresults are in excellent agreement with numericalsimulations. Experimental and theoretical stud-ies have demonstrated the occurence of wavebreaking even in absence of background. Ourresults exhibit this feature and the correspondingtheoretical wave-breaking time agrees very wellwith simulations.

2D spatiotemporal extreme event in
quadratic nonlinear crystal 20©

Raphael Jauberteau
raphael.jauberteau@etu.unilim.fr

Keywords: cascading process, quadratic soliton, second
harmonic generationSolitonic waves are nonlinear self-sustained wavesobservable in a large number of conditions and var-ious fields of physics, from electronics to optics viafluidics. Quadratic quasi-solitons have been earlypredicted by Karamzin et al. [1] and later observedby Torruellas et al. [2]. These types of self-guidedbeams have been seen, after modulation instability,in 2D spatial structures [3]. More recently, it hasbeen shown that Peregrine solitons, and Akhme-diev Breathers, could be obtained in quadratic ma-terials [4].In this paper we show spontaneous 2D quadraticextreme events, generated and controlled withnon-collinear beams. We launched a large colli-mated beam (R = 200 µm, 30 ps) in a 8X8X30 mmKTP crystal cut for type II second harmonic genera-tion. Beams first experienced a strong self-focusingleading to a stable 2D confined propagation. Be-cause of the spatial walk-off due to the nonlinearcrystal anisotropy, the trapped beams come withspatial reorientation, controlable by the initial po-larization state. Additional self-confined events canappear in the transverse output pattern by increas-ing the input peak power. Such nonlinear spatialreshaping of the initial beam can also provide a wayto control the apparition of 2D nonlinear periodicstructures, a situation that reminds the AkhmedievBreathers solution, only valid in 1D.These effects could be used to implement all-optical logic functions with ultrafast switching, butalso to mimic the effect of a nonlinear saturable ab-
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sorber able to realize ultrafast temporal pulse re-shaping. The self-trapping process acts like a spatialself-cleaning process, which changes a set of initialnon-collinear beams into a single one.[1] Yu. N. Karamzin et al., Sov. Phys. JETP 41,414(1976).[2] W. E. Torruellas et al., Phys. Rev. Lett. 74,5036 (1995).[3] M. Delqué, et al., Optics Comm. 284,1401–1404 (2011).[4] F. Baronio et al., Opt. Lett., 42, 1756-1759(2017).

A microwave realization of the chiral
GOE 21©

Ulrich Kuhl
ulrich.kuhl@univ-cotedazur.fr

Keywords: random matrix theory, chiral ensemblesThe universal features of the spectra of chaoticsystems are well reproduced by the correspond-ing quantities of the random matrix ensembles [1].Depending on symmetry with respect to time re-versal and the presence or absence of a spin 1/2there are three ensembles: the Gaussian orthog-onal (GOE), the Gaussian unitary (GUE), and theGaussian symplectic ensemble (GSE). With a fur-ther particle-antiparticle symmetry there are in ad-dition the chiral variants of these ensembles [2].Relativistic quantummechanics is not needed to re-alize the latter symmetry. A tight-binding systemmade up of two subsystems with only interactionsbetween the subsystems but no internal interac-tions, such as a graphene lattice with only nearestneighbor interactions, will do it as well. First resultsof a microwave realization of the chiral GOE (theBDI in Cartan’s notation) will be presented, wherethe tight-binding system has been constructed by alattice made up of dielectric cylinders [3].[1] O. Bohigas, M. J. Giannoni, and C. Schmit.Characterization of chaotic spectra and universal-ity of level fluctuation laws. PRL 52, 1 (1984).[2] C. W. J. Beenakker. Random-matrix theoryofMajorana fermions and topological superconduc-tors. Rev. Mod. Phys. 87, 1037 (2015).[3] S. Barkhofen, M. Bellec, U. Kuhl, and F.Mortessagne. Disordered graphene and boronnitride in a microwave tight-binding analog. PRB87, 035101 (2013).

Local energy transfers in incompressible
MHD turbulence 22©

Denis Kuzzay
denis.kuzzay@obspm.fr

Keywords: turbulence, magntohydrodynamics, energy
transfersWe present a local (in space and time) approachto the study of scale-to-scale energy transfers inmagnetohydrodynamic (MHD) turbulence. Thisapproach is based on performing local averagesof the physical fields, which amounts to filteringscales smaller than some parameter `. A key stepin this work is the derivation of a local Kármán-Howarth-Monin relation which can be interpretedas a coarse-grained energy balance. This provides alocal form of Politano and Pouquet’s 4/3-law with-out any assumption of homogeneity or isotropy,which is exact, non-random, and connects wellto the usual statistical notions of turbulence.After a brief presentation of this approach, wefirst apply it to turbulent data obtained via athree dimensional direct numerical simulation ofthe forced, incompressible MHD equations fromthe John Hopkins turbulent database. The localKármán-Howarth-Monin relation holds well. Thespace statistics of local cross-scale transfers isstudied, their means and standard deviations beingmaximum at inertial scales, and their probabilitydensity functions (PDFs) displaying very widetails. Events constituting the tails of the PDFsare shown to form structures of strong transfers,either positive or negative, which can be observedover the whole available range of scales. As ` isdecreased, these structures become more andmore localized in space while contributing to anincreasing fraction of the mean energy cascaderate. Second, we show how the same approachcan be applied to spacecraft data where the maindifficulty lies in the fact that measurements arerestricted to few points, in one small region ofspace at a time, and a single scale. We compareour approach to results obtained from Cluster andMMS data using the LET proxy, and highlight itsimportance to the understanding of solar windturbulence and solar wind heating.

Investigating properties of solar wind
turbulence at sub-ion scales with in situ
data and numerical simulations 23©

Lorenzo Matteini
lorenzo.matteini@obspm.fr

Keywords: plasmas, turbulence, kinetic physics, solar
wind, hybrid simulationsWe investigate the transition of the solar wind tur-bulent cascade from MHD to sub-ion range bymeans of in situ observations and hybrid numeri-cal simulations. First, we focus on the angular dis-tribution of wave-vectors in the kinetic range, be-tween ion and electron scales, using Cluster mag-
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netic field measurements. Observations suggestthe presence of a quasi-2D gyrotropic distributionaround themean field, confirming that turbulence ischaracterised by fluctuations with k⊥ � k‖ in thisrange; this is consistent with what is usually foundat larger MHD scales, and in good agreement withour hybrid simulations.We then consider the magnetic compressibilityassociated with the turbulent cascade and itsevolution from large-MHD to sub-ion scales. Theratio of field-aligned to perpendicular fluctuations,typically low in the MHD inertial range, increasessignificantly when crossing ion scales and its valuein the sub-ion range is a function of the totalplasma beta, with higher magnetic compressibilityfor higher beta. Moreover, we observe that thisincrease has a gradual trend from low to high betain the data; this behaviour is well captured by thenumerical simulations. The level of magnetic fieldcompressibility that is observed in situ and in thesimulations is in fairly good agreement with theprediction based on kinetic Alfvén waves (KAW),especially at high beta, suggesting that in thekinetic range explored the turbulence is supportedby KAW-like fluctuations.

Imbalanced kinetic Alfvén wave turbu-
lence 24©

George Miloshevich
george.miloshevich@oca.eu

Keywords: kinetic, gyrofluid, leith, turbulence, simulationA Hamilitonian 2-field reduced gyrofluid model forkinetic Alfvén waves taking into account ion FLRcorrections, parallel magnetic field fluctuationsand electron inertia, is used to study turbulentcascades, from the MHD to the electron ranges, inthe case of imbalance between waves propagatingalong or opposite to the direction of the ambientmagnetic field. The weak turbulence formalismin the absence of electron inertia leads to kineticequations for the spectral densities of total energyand generalized cross-helicity, which reduce tothose of RMHD at large scales, and REMHDat small scales. Leith-type nonlinear diffusionequations are derived in the limit of ultra-localinteractions and a phenomenological formulation isobtained for the strong turbulence regime. Theseequations are studied analytically and integratednumerically. For a given level of imbalance in theMHD range, the flux of cross-helicity is muchsmaller when a dispersive range is present beforedissipation scales are reached. Large imbalanceleads to steeper sub-ion range spectra.

Combination of Kerr Beam Self-
Cleaning and Supercontinuum Gen-
eration in Tapered Ytterbium-doped
Multimode Fiber with Parabolic Core
Refractive Index and Doping Profile 25©

Alioune Niang
alioune.niang@unibs.it

Keywords: nonlinear optics fibers, kerr effect, fiber optics
amplifiers, supercontinuum generationThe non-linear multimode optical fibers are openeda new window to study the spectral, spatial andtemporal degrees of freedom of light beamsthat has been received a great fundamental andapplicative interest during the last decades. Inthis article, we demonstrate spatial beam self-cleaning and supercontinuum generation in a newtype of multimode fiber amplifier, consisting ofa Ytterbium-doped (Yb-doped) multimode fibertaper with parabolic index refractive and dopingprofile, and a length of 9.5 m with a core diameterexponentially decreasing along its length from 120to 40 microns. The beam self-cleaning, a bell-shaped output beam profile, has been achievedin passive configuration with an input beam peakpower threshold of 20 kW and further increasingthe input power causes no significant frequencyconversion that can be attributed to the firstRaman Stokes sideband. In active configuration,the gain leads to combine self-cleaning with super-continuum generation, spanning from the visibleto the mid-infrared (520-2600 nm), which is dueto the geometric parametric instability and theRaman stokes sideband. In both configurations,the self-beam cleaning in the tapered fiber can beascribed to the accelerated self-imaging. Finally,we studied the evolution of self-cleaning and supercontinuum generation as a function of taper lengthin active configuration to analyze the spatial andspectral beam dynamics resulting accelerated self-imaging. We observed that the speckled outputspatial distribution in the first meters evolved intoa dual lobe, LP11 mode, and finally into the funda-mental mode (LP01). The results obtained confirmthe combination of accelerated self-imaging withlandscape dissipative in the tapered Yb-dopedmultimode fiber with graded index profile thatleads to control spectral and spatial light beams inthe active mode.
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Multidimentional Iterative Filtering: a
new approach for investigating plasma
turbulence in numerical simulations 26©

Emanuele Papini
papini@arcetri.inaf.it

Keywords: magnetic reconnection, plasma turbulence,
numerical simulationsTurbulent space and astrophysical plasmas havea complex dynamics, which involve nonlinearcoupling across different temporal and spatialscales. There is growing evidence that impulsiveevents, such as magnetic reconnection instabilities,bring to a spatially localized enhancement ofenergy dissipation, thus speeding up the energytransfer at small scales. Indeed, capturing such adiverse dynamics is challenging. In this work, weemploy the Multidimensional Iterative Filtering(MIF) method, a novel multiscale technique for theanalysis of non-stationary non-linear multidimen-sional signals. Unlike other traditional methods(e.g., based on Fourier or wavelet decomposition),MIF natively performs the analysis without anyprevious assumption on the functional form ofthe signal to be identified. Using MIF, we carryout a multiscale analysis of Hall-MHD and Hybridparticle-in-cell numerical simulations of decayingplasma turbulence. Preliminary results assessthe ability of MIF to detect localized coherentstructures and to separate and characterize theircontribution to the turbulent dynamics.

Dissipation induced modulation insta-
bilities: gain-through-losses in nonlin-
ear optics 27©

Auro Michele Perego
a.perego1@aston.ac.uk

Keywords: modulation instabilities, parametric amplifi-
cation, loss-induced amplificationWe present results on a dissipative modulationinstability caused by the presence of asymmetricspectral losses for signal and idler waves. Suchinstability can occur without satisfying standardphase-matching conditions and has applications ina variety of nonlinear optical systems especially inthe design of a novel class of fiber optics parametricamplifiers, optical parametric oscillators and opticalfrequency combs sources.

Loss-induced tuneable optical fre-
quency combs in a normal dispersion
fibre resonator 28©

Auro Michele Perego
a.perego1@aston.ac.uk

Keywords: modulation instability, optical frequency
combsWe present a novel method to generate Kerroptical frequency combs with tuneable repetitionrate in normal dispersion externally driven opticalresonators. Our novel technique is based on apeculiar way of achieving phase-matching thanksto intracavity filtering. We demonstrate experi-mentally an optical frequency comb with 100 GHztuneability in the repetition rate and we providea theoretical formula to predict the filter-inducedphase-matching condition. Our results could beparticularly relevant for tuneable optical frequencycombs generation in the visible part of the elec-tromagnetic spectrum where normal dispersionprevents exploiting existing techniques.

Temporal solitons in a delayed model of
a semiconductor laser 29©

Alexander Pimenov
pimenov@wias-berlin.de

Keywords: semiconductor laser, chromatic dispersion,
temporal solitonsIn the last few years temporal localised structuressuch as dissipative solitons observed in opticalring cavities received significant experimental andtheoretical attention. Under some simplifyingassumptions these solitons can be studied phe-nomenologically in the standard PDE frameworksof Lugiato-Lefever equation (LLE) and Haus masterequation. On the other hand, delayed differentialequation (DDE) models of semiconductor lasersproved to be very useful in qualitative analysis ofvarious dynamical regimes for very wide realisticparameter ranges, and they can adequately rep-resent different experimental set-ups. Recently,we demonstrated how the effect of chromaticdispersion arising due to dispersive element inthe cavity such as a fiber loop can be modelledusing a time-delay system, and derived a conditionfor modulational instability in the anomalousdispersion regime. This result allows us to makea theoretical connection between DDE modelsand LLE, and discuss the conditions under whichsolitons can be observed in semiconductor lasers.
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Electron physics in Kelvin-Helmholtz in-
stability in magnetized plasmas 30©

Francesco Pucci
francesco.pucci@kuleuven.be

Keywords: kinetic instabilities, numerical simulationsRolled-up vortices associated to the Kelvin-Helmholtz instability (KHI) have been detected byin-situ observations around the Earth, Saturn andMercury magnetospheres due to the interactionwith the solar wind. KHI in magnetized plasmashave been widely studied numerically in the frame-work of a fluid, hybrid, and full kinetic approach,while only very few studies have focused on thephysics of electrons because of computationalconstraints. In this work we present a full kineticparticle in cell study of the KHI spanning a rangeof scales going from fluid to electron scales. Thesimulation is initialized with an extended fluidequilibrium including finite ion Larmor radiuseffects. Our large-scale configuration includestwo-possible alignment of the vorticity with thebackground magnetic field each one correspondingto the interaction of the solar wind with the dawnand dusk side of a planet. We discuss electronheating and acceleration by analyzing temperatureanisotropy and particle distribution functions. Twofluid simulations have suggested that KHI instabil-ity can lead to the onset of the mirror instability.Our full kinetic approach confirms such hypothesis.We discuss the formation of mirror modes in oursimulations.

Can the state space of spatially ex-
tended systems andof timedelayed sys-
tems be reconstructed from the time se-
ries of a scalar variable? 31©

Carlos Quintero-Quiroz
carlos.alberto.quintero@upc.edu

Keywords: spatially extended systems, bistable system,
manifold, delayed feedback, reconstructed, pseudo-spaceThe space-time representation of high-dimensionaldynamical systems that have a well defined char-acteristic time scale has proven to be very usefulto deepen the understanding of such systemsand to uncover hidden features in their outputsignals. By using the space-time representationmany analogies between one-dimensional spatiallyextended systems (1D SESs) and time delayedsystems(TDSs) have been found, including similarpattern formation and propagation of localizedstructures.An open question is whether suchanalogies are limited to the space-time repre-

sentation, or it is also possible to recover similarevolution in a low-dimensional pseudo-space. Toaddress this issue, we analyze a 1D SES (a bistablereaction-diffusion system), a scalar TDS (a bistablesystem with delayed feedback), and a non-scalarTDS (a model of two delay-coupled lasers). In thesethree examples, we show that we can reconstructthe dynamics in a three-dimensional phase space,where the evolution is governed by the same poly-nomial potential. We also discuss the limitations ofthe analogy between1D SESs and TDSs.

Olfactory navigation by hunting octo-
puses: how to take decisions using a
broken signal 32©

Nicola Rigolli
nrigolli@unice.fr

Keywords: navigation, octopus, turbulence, olfactionBiological systems are surrounded by fluids andevolved spectacular adaptations to decode thesparse information brought by turbulence. Myresearch project focuses on octopuses huntingin the ocean: they localize their prey using tur-bulent odor, water movement and pressure. Imodel octopuses and their environment usingstatistical fluid dynamics and decision theory. Inmy simulations a turbulent scalar (odor) evolvesin water from a localized source (prey). Odor isan intermittent quantity that spreads from thesource disgregating in fluctuating puffs. The shapeof these intermittent puffs changes as they aredeformed by the turbulent airflow far from thesource. Detections occur within a conical volumewhich is the typical shape of the plume. I amcurrently developing algorithms to understandhow can a octopus interpret this fluctuating signalto find its prey. Does it need a spatial or temporalmemory for successful inference? I will show thatsimple inferences can be accomplished simply byaveraging over the body of the octopus. However,to extract reliable information for more complextasks, the dynamic features of this broken signalmust be used.

Nozaki-Bekki Holes in a Long Laser 33©
Amy Roche

amy.roche@mycit.ie

Keywords: nozaki-bekki holes, long laser, fdml, octLong cavity fiber-based swept source lasers arepromising devices with a wide range of potentialapplications ranging from communications to lifesciences. For example, Fourier Domain Mode-Locked (FDML) lasers, which are commonly used
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for Optical Coherence Tomography (OCT) imagingapplications, are long cavity lasers incorporating anintra-cavity resonator which is driven in resonancewith the cavity round trip time. The coherenceproperties of such swept sources are of majorimportance as they define the image quality. Thepurpose of this work is to analyze the mechanismthat deteriorates the coherence of long lasers. Inour experiment, the laser included a 100nm widesemiconductor optical amplifier at 1310nm and afiber cavity that could vary from 20m to 20km. Thelaser emission wavelength was controlled using afiber based intra-cavity filter with a bandwidth of10GHz. Near the lasing threshold and/or for fastcarrier decay rate, we observed the appearance ofperiodic power dropouts with stable Nozaki-Bekkiholes (NBH) that circulate in the laser cavity. As afunction of the injection current, the laser couldoperate in various regimes including bi-stabilitybetween NBH and stable (cw) operation, unstableNBH or chaotic operation. Such behavior indicatesthat the interplay between the injection currentand carrier decay rate can lead to highly coherentemission of a long cavity laser.

A simplified model of aquatic locomo-
tion 34©

Jesus Sanchez Rodriguez
jesus.sanchez@inphyni.cnrs.fr

Keywords: aquatic locomotion, inviscid flow theoryWe have developed a simple model of aquatic loco-motion. Using the theory of complex variables, wehave estimated the hydrodynamic forces acting onan infinite thin rigid plate of length L, following theseminal Work of Theordorsen [1].By considering the different possible motions ofthe swimmer, we calculate the velocity potentialto derive the pressure by means of the generalisedBernoulli relation. We show that the effect of flowunsteadiness is the principal mechanism for loco-motion [2].We impose a periodic rotation of the tail in orderto approximate the undulatory motion of the swim-mer. We show the linear dependence of longitudi-nal velocity on the angular frequency predicted byGazzola et al [3] . We also predict that the trans-verse motion presents the same frequency as theforcing whereas the longitudinal motion is a linearfunction of time plus a periodic term with doublefrequency.Finally, by taking the angle of the tail as a smallparameter we perform a perturbative expansion toobtain an equation linking swimming velocity to thedifferent parameters involved in swimming. The re-sults arised from this perturbative method are in

high accordance with the numerical results.[1] Theodorsen, T., General theory of aerody-namic instability and the mechanism of flutter,NACA TR No. 496, 1934[2] Garrick, I. E., Propulsion of a flapping and os-cillating airfoil, NACA TR No. 567, 1936[3] Gazzola, M., Argentina, M., & Mahadevan, L, Scaling macroscopic aquatic locomotion, NaturePhysics 10 (10), 758-761, 2014

Neuron-like dynamics of semiconduc-
tor lasers with optical feedback 35©

Jordi Tiana-Alsina
jordi.tiana@upc.edu

Keywords: photonic neurons, semiconductor lasers,
optical feedback, excitability, time series analysisNeuromorphic photonics is a new paradigm forultra-fast neuro-inspired optical computing thatcan revolutionize information processing and arti-ficial intelligence systems. To implement practicalphotonic neural networks is crucial to identify low-cost energy-efficient laser systems that can mimicneuronal activity. Here we study experimentallythe spiking dynamics of a semiconductor laser withoptical feedback under periodic modulation of thepump current, and compare with the dynamicsof a neuron that is simulated with the stochasticFitzHugh-Nagumo model, with an applied periodicsignal whose waveform is the same as that used tomodulate the laser current. Sinusoidal and pulse-down waveforms are tested. We find that the laserresponse and the neuronal response to the periodicforcing, quantified in terms of the variation of thespike rate with the amplitude and with the periodof the forcing signal, is qualitatively similar. Wealso compare the laser and neuron dynamics usingsymbolic time series analysis. The characterizationof the statistical properties of the relative timingof the spikes in terms of ordinal patterns unveilssimilarities, and also some differences. Our resultsindicate that semiconductor lasers with opticalfeedback can be used as low-cost, energy-efficientphotonic neurons, the building blocks of all-opticalsignal processing systems; however, the externalcavity needed for optical feedback limits the laserintegration in photonic integrated circuits

Multisection semiconductor laser for
optical coherence tomography 36©

Alexis Verschelde
alexs.verschelde@inphyni.cnrs.fr

Keywords: multisection lasers, optical coherence tomo-
graphie, sweep source, vernier effect
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Optical coherence tomography (OCT) is a non-invasive three-dimensional imaging technique ofscattering media used in applications such as medi-cal diagnostics and industrial testing in manufactur-ing lines. Swept Source-OCT (SS-OCT) requires alaser whose wavelength can be rapidly and contin-uously swept over a broad spectral range. Nowa-days, most swept source lasers (SSL) technologiesrely on mechanical filters whose sweeping speedis limited to 100 kHz. Multisection semiconductorlasers are electrically tunable lasers that offer thepossibility to reach sweeping speeds up to theMHzregime. The technology is based on semiconductorslot mirrors having comb reflectivity spectra. Thespacing of the comb spectral lines is imposed by theperiodicity of the slots. The electrical injection ofthese mirror sections allows to shift the reflectiv-ity spectra by the variation of the refractive indexof the medium. By ensuring that the period of theslots are different between the front and back mir-rors, two incommensurate comb reflection spectracan be formed. The Vernier effect occurs due tothe interference of the two offset combs when in-dependent electrical tuning of the two mirror sec-tions is realised. This Vernier effect is responsiblefor wide and fast frequency sweeps. However suchSS lasers based on the Vernier effect display modehops during the laser operation that induce a lossof coherence.In this work, we analyse the spectral featuresof semiconductor multisection slot lasers whenthe mirror sections are electrically tuned. Basedon our cartographies of the laser emission wave-length as a function of the mirrors currents, weintend to provide an electrical path for a rapidand quasi-continuous wavelength sweep over abroad bandwidth. This work paves the way forfurther explorations of the opto-electronic controlof the multisection lasers coherence during a fullwavelength sweep.

Spontaneous Symmetry Breaking, In-
stability, and Chaos in Ring Resonators
37©

Michael Woodley
michael.woodley@npl.co.uk

Keywords: symmetry, oscillations, chaos, resonatorsWhen a ring resonator is pumped with laser light ofsufficient intensity, then the refractive index – andso the resonant frequency – of the resonator canbe modulated by the intensity of the light within it– a phenomenon known as the Kerr nonlinearity. Ifthe resonator is pumpedwith two laser beams, thenthis effect can give rise to spontaneous symmetrybreaking in the two optical modes within the res-

onator. We present analytical, numerical, and ex-perimental evidence for a rich range of exotic be-haviours exhibited by this symmetry-broken light,including oscillations (implying periodic energy ex-change between the modes), period-doubling, andchaos. These optical modes are described by thefollowing coupled system of ordinary differentialequations:

ė1,2 = ẽ1,2 − [1 + i(A|e1,2|2 +B|e2,1|2 −∆1,2)]e1,2,

Where ẽ1,2 and e1,2 are the input and coupledelectric field amplitudes for each beam, respec-tively, and ∆1,2 are the frequency detunings of thelaser beams, with respect to the non-Kerr-shiftedcavity resonance frequency. The coefficientsA and
B denote the strengths of self- and cross-phasemodulation, respectively – i.e., the extent to whichthe modes interact with themselves and with eachother. The physics of this dynamical system is notonly of fundamental interest, but is also importantfor the construction of integrated all-optical cir-cuitry and devices, such as isolators, circulators,logic gates, advanced sensors, oscillators, andscramblers.

Waves Côte d’Azur 2019



LIST OF PARTICIPANTS 77

Li
st
of

pa
rt
ic
ip
an
ts

List of participants
Ackemann, Thorsten
thorsten.ackemann@strath.ac.uk

Akkerman, Eric
eric@physics.technion.ac.il

Albert, Mathias
mathias.albert@inphyni.cnrs.fr

Amiranashvili, Shalva
shalva.amiranashvili@wias-berlin.de

Andres, Nahuel
nandres@iafe.uba.ar

Argentina, Médéric
mederic.argentina@univ-cotedazur.fr

Arzamasskiy, Lev
leva@astro.princeton.edu

Aspect, Alain
alain.aspect@institutoptique.fr

Aubry, Geoffroy
geoffroy.aubry@unifr.ch

Avitabile, Daniele
Daniele.Avitabile@nottingham.ac.uk

Azam, Pierre
pierre.azam@inphyni.cnrs.fr

Bachelard, Romain
bachelard.romain@gmail.com

Banon, Jean-Philippe
jean-philippe.banon@espci.fr

Barjot, Kevin
kevin.b.94@hotmail.fr

Barland, Stéphane
stephane.barland@univ-cotedazur.fr

Bartolo, Adrian
adrian.bartolo@inphyni.cnrs.fr

Baspinar, Emre
emre.baspinar@inria.fr

Behar, Etienne
etienne.behar@lpp.polytechnique.fr

Bellando, Louis
louis.bellando-de-castro@u-bordeaux.fr

Bellec, Matthieu
bellec@unice.fr

Bello-Benítez, Enrique
ebello@ing.uc3m.es

Bellows, Simon
stxssbe@nottingham.ac.uk

Besse, Nicolas
nicolas.besse@oca.eu

Beugnon, Jérôme
beugnon@lkb.ens.fr

Bigorgne, Léo
leo.bigorgne@u-psud.fr

Bloch, Jacqueline
jacqueline.bloch@c2n.upsaclay.fr

Boldyrev, Stanislav
boldyrev@wisc.edu

Boughdad, Omar
omar.boughdad@unice.fr

Bouquet, Serge
sbouquet@cea.fr

Broderick, Neil
n.broderick@auckland.ac.nz

Browaeys, Antoine
antoine.browaeys@institutoptique.fr

Brunengo, Michaël
Michael.BRUNENGO@univ-cotedazur.fr

Burgess, David
D.Burgess@qmul.ac.uk

Bush, John
bush@math.mit.edu

Calcagno, Vincent
vincent.calcagno@inra.fr

Califano, Francesco
francesco.califano@unipi.it

Camelin, Patrice
patrice.camelin@inphyni.cnrs.fr

Cao, Hui
hui.cao@yale.edu

Carroll, Mark
mark.carroll@strath.ac.uk

Cassam-Chenaï, Patrick
cassam@unice.fr

Waves Côte d’Azur 2019



LIST OF PARTICIPANTS 78

Cellier, Nicolas
contact@nicolas-cellier.net

Cerri, Silvio Sergio
scerri@astro.princeton.edu

Cessac, Bruno
bruno.cessac@inria.fr

Chabchoub, Amin
amin.chabchoub@sydney.edu.au

Chavane, Frédéric
frederic.chavane@univ-amu.fr

Chen, Christopher
christopher.chen@qmul.ac.uk

Chiron, David
david.chiron@univ-cotedazur.fr

Chériaux, Gilles
gilles.cheriaux@inphyni.cnrs.fr

Cipris , Ana
ana.cipris@inphyni.cnrs.fr

Clamond, Didier
didierc@unice.fr

Coen, Stephane
s.coen@auckland.ac.nz

Collot, Charles
cc5786@nyu.edu

Conti, Claudio
claudio.conti@uniroma1.it

Csikász-Nagy, Attila
attila.csikasz-nagy@kcl.ac.uk

D’Angelo, Christophe
christophe.dangelo@unice.fr

Daiffallah, Khalil
dfkhalil@gmail.com

Dargent, Jérémy
jeremy.dargent@df.unipi.it

Davidson, Nir
nir.davidson@weizmann.ac.il

De Micheli, Marc
marc.de-micheli@inphyni.cnrs.fr

De Valcárcel, Germán J.
german.valcarcel@uv.es

Del Hougne, Philipp
philipp.delhougne@gmail.com

Del’Haye, Pascal
pascal.delhaye@npl.co.uk

Delre, Eugenio
eugenio.delre@uniroma1.it

Delande, Dominique
Dominique.Delande@lkb.upmc.fr

Delaunay, Franck
franck.delaunay@univ-cotedazur.fr

Dematteis, Giovanni
giovannidematteis@gmail.com

Denz, Cornelia
denz@uni-muenster.de

Desroches, Mathieu
mathieu.desroches@inria.fr

Destexhe, Alain
destexhe@unic.cnrs-gif.fr

Dollet, Benjamin
benjamin.dollet@univ-grenoble-alpes.fr

Dominici, Lorenzo
lorenzo.dominici@gmail.com

Doya, Valérie
valerie.doya@unice.fr

Duchesne, Alexis
alexis.duchesne@univ-lille.fr

Dudley, John M.
john.dudley@univ-fcomte.fr

Eliot, Pacherie
Eliot.PACHERIE@univ-cotedazur.fr

Eloy, Aurélien
aurelien.eloy@inphyni.cnrs.fr

Eppinga, Maarten
maarten.eppinga@geo.uzh.ch

Faccio, Daniele
daniele.faccio@glasgow.ac.uk

Faganello, Matteo
matteo.faganello@univ-amu.fr

Falcon, Eric
eric.falcon@univ-paris-diderot.fr

Farcot, Etienne
etienne.farcot@nottingham.ac.uk

Favier, Benjamin
favier@irphe.univ-mrs.fr

Waves Côte d’Azur 2019



LIST OF PARTICIPANTS 79

Li
st
of

pa
rt
ic
ip
an
ts

Ferrand, Renaud
renaud.ferrand@lpp.polytechnique.fr

Ferrier-Barbut, Igor
igor.ferrier-barbut@institutoptique.fr

Fink, Mathias
mathias.fink@espci.fr

Fouché, Mathilde
mathilde.fouche@inphyni.cnrs.fr

Franci, Luca
l.franci@qmul.ac.uk

Fraysse, Nathalie
fraysse@unice.fr

Frisch, Thomas
thomas.frisch@unice.fr

Galtier, Sébastien
sebastien.galtier@lpp.polytechnique.fr

Gelens, Lendert
lendert.gelens@kuleuven.be

Genty, Goery
goery.genty@tuni.fi

Giacomelli, Giovanni
giovanni.giacomelli@isc.cnr.it

Gil, Lionel
lionel.gil@inphyni.cnrs.fr

Giudici, Massimo
massimo.giudici@inphyni.cnrs.fr

Giuriato, Umberto
umberto.giuriato@oca.eu

Gomila, Damia
damia@ifisc.uib-csic.es

Granier, Camille
camille.granier@etu.u-bordeaux.fr

Gravejat, Philippe
philippe.gravejat@u-cergy.fr

Grebert, Benoit
benoit.grebert@univ-nantes.fr

Gromovyi, Maksym
maksym.gromovyi@c2n.upsaclay.fr

Gros, Jean-Baptiste
jean-baptiste.gros@espci.fr

Groselj, Daniel
daniel.groselj@ipp.mpg.de

Guelmame, Billel
billel.guelmame@unice.fr

Guerin, William
william.guerin@inphyni.cnrs.fr

Gómez, Daniel
gomez@iafe.uba.ar

Hahn, Oliver
oliver.hahn@oca.eu

Hellinger, Petr
petr.hellinger@asu.cas.cz

Henri, Pierre
pierre.henri@cnrs-orleans.fr

Hilke, Michael
hilke@physics.mcgill.ca

Homann, Holger
holger.homann@oca.eu

Howes, Gregory G.
gregory-howes@uiowa.edu

Hua, Xin
xin.hua@unice.fr

Huyet, Guillaume
guillaume.huyet@inphyni.cnrs.fr

Hébert, Frédéric
frederic.hebert@univ-cotedazur.fr

Ingremeau, Maxime
maxime.ingremeau@unice.fr

Isoard, Mathieu
mathieu.isoard@u-psud.fr

Jauberteau, Raphael
raphael.jauberteau@etu.unilim.fr

Javaloyes, Julien
julien.javaloyes@uib.es

Jedrkiewicz, Ottavia
ottavia.jedrkiewicz@uninsubria.it

Josse, Vincent
vincent.josse@institutoptique.fr

Josserand, Christophe
christophe.josserand@ladhyx.polytechnique.fr

Joubaud, Sylvain
sylvain.joubaud@ens-lyon.fr

Junca, Stephane
junca@unice.fr

Waves Côte d’Azur 2019



LIST OF PARTICIPANTS 80

Kanso, Eva
kanso@usc.edu

Kramer, Achim
achim.kramer@charite.de

Krause, Andrew
krause@maths.ox.ac.uk

Kreyder, Geoffrey
geoffrey.kreyder@etu.uca.fr

Krizhanovskii, Dmitry
d.krizhanovskii@sheffield.ac.uk

Krstulovic, Giorgio
krstulovic@oca.eu

Krupa, Martin
krupa@unice.fr

Kuhl, Ulrich
ulrich.kuhl@univ-cotedazur.fr

Kunz, Matthew
mkunz@princeton.edu

Kuznetsov, Evgenii
kuznetso@itp.ac.ru

Kuzzay, Denis
denis.kuzzay@obspm.fr

Labeyrie, Guillaume
guillaume.labeyrie@inphyni.cnrs.fr

Lagomarsino Oneto, Daniele
Daniele.LAGOMARSINO@univ-cotedazur.fr

Landi, Simone
slandi@arcetri.astro.it

Lapenta, Giovanni
thierry.passot@oca.eu

Laveder, Dimitri
laveder@oca.eu

Lavorenti, Federico
f.lavorenti@studenti.unipi.it

Le Gal, Patrice
legal@irphe.univ-mrs.fr

Le Reun, Thomas
lereun@irphe.univ-mrs.fr

Legrand, Olivier
olivier.legrand@unice.fr

Lemaire, Louisiane
louisiane.lemaire@inria.fr

Lemou, Mohammed
mohammed.lemou@univ-rennes1.fr

Limat, Laurent
laurent.limat@univ-paris-diderot.fr

Lippi, Gian Luca
gian-luca.lippi@inphyni.cnrs.fr

Lu, Zhuorui
zhuorui.lu@univ-cotedazur.fr

Mantegazza, Massimo
mantegazza@ipmc.cnrs.fr

Marconi, Mathias
mathias.marconi@inphyni.cnrs.fr

Masoller, Cristina
cristina.masoller@upc.edu

Masson, Roland
roland.masson@univ-cotedazur.fr

Matteini, Lorenzo
lorenzo.matteini@obspm.fr

Matzakos-Karvouniari, Dora
theodora.karvouniari@univ-cotedazur.fr

Meyrand, Romain
romain.meyrand@lpp.polytechnique.fr

Michaut, Claire
claire.michaut@oca.eu

Mignot, Tâm
tammignot@gmail.com

Milewski, Paul
p.a.milewski@bath.ac.uk

Millot, Guy
Guy.Millot@u-bourgogne.fr

Miloshevich, George
george.miloshevich@oca.eu

Montbrió, Ernest
ernest.montbrio@upf.edu

Mordant, Nicolas
nicolas.mordant@univ.grenoble-alpes.fr

Mortessagne, Fabrice
Fabrice.Mortessagne@unice.fr

Muller, Lyle
lmuller2@uwo.ca

Mussot, Arnaud
arnaud.mussot@univ-lille.fr

Waves Côte d’Azur 2019



LIST OF PARTICIPANTS 81

Li
st
of

pa
rt
ic
ip
an
ts

Nazarenko, Sergey
sergey.nazarenko@unice.fr

Niang, Alioune
alioune.niang@unibs.it

Noblin, Xavier
xavier.noblin@unice.fr

Nonnenmacher, Stéphane
stephane.nonnenmacher@math.u-psud.fr

Noullez, Alain
alain.noullez@oca.eu

Olmi, Simona
simona.olmi@inria.fr

Oppo, Gian-Luca
g.l.oppo@strath.ac.uk

Papini, Emanuele
papini@arcetri.inaf.it

Passot, Thierry
thierry.passot@oca.eu

Pavloff, Nicolas
nicolas.pavloff@u-psud.fr

Perego, Auro Michele
a.perego1@aston.ac.uk

Peruani, Fernando
peruani@unice.fr

Picozzi, Antonio
Antonio.Picozzi@u-bourgogne.fr

Pimenov, Alexander
pimenov@wias-berlin.de

Piro, Oreste
oreste.piro@uib.es

Pistone, Lorenzo
lorenzo.pistone@unito.it

Planchon, Fabrice
fabrice.planchon@unice.fr

Polanco, Juan Ignacio
juan-ignacio.polanco@oca.eu

Politano, Hélène
politano@unice.fr

Politi, Antonio
a.politi@abdn.ac.uk

Pomeau, Yves
pomeau@lps.ens.fr

Ponty, Yannick
Yannick.Ponty@oca.eu

Pouquet, Annick
pouquet@ucar.edu

Prati, Franco
franco.prati@uninsubria.it

Pucci, Giuseppe
giuseppe.pucci@univ-rennes1.fr

Puel, Marjolaine
marjolaine.puel@univ-cotedazur.fr

Pécou Gambaudo, Elsiabeth
elisabeth.pecou@univ-cotedazur.fr

Quintero-Quiroz, Carlos
carlos.alberto.quintero@upc.edu

Rabaud, Marc
rabaud@fast.u-psud.fr

Randoux, Stephane
stephane.randoux@univ-lille.fr

Raphael, Pierre
pierre.raphael@unice.fr

Raufaste, Christophe
christophe.raufaste@unice.fr

Rigolli, Nicola
nrigolli@unice.fr

Ritsch , Helmut
Helmut.Ritsch@uibk.ac.at

Rivière, Gabriel
gabriel.riviere@univ-nantes.fr

Roche, Amy
amy.roche@mycit.ie

Rodrigues, Yuri
yuri.rodrigues@inria.fr

Rosier, Lionel
lionel.rosier@mines-paristech.fr

Rota Nodari, Simona
simona.rota-nodari@u-bourgogne.fr

Rotter, Stefan
stefan.rotter@tuwien.ac.at

Ruostekoski , Janne
j.ruostekoski@lancaster.ac.uk

Ruyer-Quil, Christian
christian.ruyer-quil@univ-smb.fr

Waves Côte d’Azur 2019



LIST OF PARTICIPANTS 82

Römer, Rudo
r.roemer@warwick.ac.uk

Sahraoui, Fouad
fouad.sahraoui@lpp.polytechnique.fr

Saint-Raymond, Laure
laure.saint-raymond@ens-lyon.fr

Sanchez Rodriguez, Jesus
jesus.sanchez@inphyni.cnrs.fr

Scheffold, Frank
Frank.Scheffold@unifr.ch

Scheid, Claire
Claire.Scheid@unice.fr

Schekochihin, Alexander
alex.schekochihin@physics.ox.ac.uk

Schomerus, Henning
h.schomerus@lancaster.ac.uk

Seminara, Agnese
agnese.seminara@univ-cotedazur.fr

Ser-Giacomi, Enrico
enrico.sergiacomi@gmail.com

Sernagor, Evelyne
evelyne.sernagor@newcastle.ac.uk

Servidio, Sergio
sergio.servidio@fis.unical.it

Siero, Eric
eric.siero@gmail.com

Sip, Viktor
viktor.sip@univ-amu.fr

Skipetrov, Sergey
sergey.skipetrov@lpmmc.cnrs.fr

Song, Anna
ansonang3@gmail.com

Souihel, Selma
selma.souihel@inria.fr

Stéphano, Jonathan
jstephano@unice.fr

Sulem, Pierre-Louis
sulem@oca.eu

Sáenz, Juan José
juanjo.saenz@dipc.org

Taher, Halgurd
halgurd.taher@inria.fr

Tanzilli, Sébastien
sebastien.tanzilli@inphyni.cnrs.fr

Tassi, Emanuele
etassi@oca.eu

Tenbarge, Jason
tenbarge@princeton.edu

Thiria, Benjamin
benjamin.thiria@espci.fr

Thul, Rüdiger
ruediger.thul@nottingham.ac.uk

Tiana-Alsina, Jordi
jordi.tiana@upc.edu

Tissoni, Giovanna
giovanna.tissoni@inphyni.cnrs.fr

Trillo, Stefano
trlsfn@unife.it

Turconi, Margherita
margherita.turconi@oca.eu

Turitsyn, Sergei K.
s.k.turitsyn@aston.ac.uk

Tzortzakis, Stelios
stzortz@iesl.forth.gr

Valentini, Francesco
francesco.valentini@unical.it

Vanden-Broeck, Jean-Marc
j.vanden-broeck@ucl.ac.uk

Veltz, Romain
romain.veltz@inria.fr

Verscharen, Daniel
d.verscharen@ucl.ac.uk

Verschelde, Alexis
alexs.verschelde@inphyni.cnrs.fr

Vladimirov, Andrei
vladimir@wias-berlin.de

Vogel, Martin
vogel@math.unistra.fr

Wabnitz, Stefan
stefan.wabnitz@uniroma1.it

Weiss, Patrizia
patrizia.weiss@inphyni.cnrs.fr

Wiersig, Jan
jan.wiersig@ovgu.de

Waves Côte d’Azur 2019



LIST OF PARTICIPANTS 83

Li
st
of

pa
rt
ic
ip
an
ts

Woodley, Michael
michael.woodley@npl.co.uk

Wuyts, Bert
bw398@ex.ac.uk

Yelin, Susanne
syelin@g.harvard.edu

Zuniga-Perez, Jesus
jzp@crhea.cnrs.fr

Waves Côte d’Azur 2019



INDEX OF CONTRIBUTORS 84

Index of contributors
AAckemann, Thorsten . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55Akkerman, Eric . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47Amiranashvili, Shalva . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55Andres, Nahuel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13Argentina, Médéric . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23Arzamasskiy, Lev . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65Aspect, Alain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .9Aubry, Geoffroy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47Azam, Pierre . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65
BBachelard, Romain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47Bartolo, Adrian . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65Baspinar, Emre . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31Behar, Etienne . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66Bellando, Louis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66Bello-Benítez, Enrique . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66Beugnon, Jérôme . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47Bigorgne, Léo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43Bloch, Jacqueline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9Boldyrev, Stanislav . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13Broderick, Neil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .55Browaeys, Antoine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .48Brunengo, Michaël . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .67Burgess, David . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13Bush, John . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
CCalcagno, Vincent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31Califano, Francesco . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14Cao, Hui . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48Cellier, Nicolas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23Cerri, Silvio Sergio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14Chabchoub, Amin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .23Chavane, Frédéric . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31Chen, Christopher . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14Chiron, David . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43Clamond, Didier . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23Coen, Stephane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .55Collot, Charles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43Conti, Claudio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9Csikász-Nagy, Attila . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .32
DDaiffallah, Khalil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67Dargent, Jérémy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67Davidson, Nir . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48De Valcárcel, Germán J. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56Del Hougne, Philipp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67Del’Haye, Pascal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56Delande, Dominique . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49Delaunay, Franck . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32Delre, Eugenio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56Dematteis, Giovanni . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

Denz, Cornelia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56Destexhe, Alain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32Dollet, Benjamin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24Dominici, Lorenzo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57Duchesne, Alexis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24Dudley, John M. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
EEliot, Pacherie . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68Eloy, Aurélien . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68Eppinga, Maarten . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
FFaccio, Daniele . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58Faganello, Matteo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15Falcon, Eric . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24Farcot, Etienne . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33Favier, Benjamin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25Ferrand, Renaud . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68Ferrier-Barbut, Igor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68Fink, Mathias . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10Fouché, Mathilde . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49Franci, Luca . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .15Frisch, Thomas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
GGómez, Daniel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16Galtier, Sébastien . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15Gelens, Lendert . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33Genty, Goery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58Giacomelli, Giovanni . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58Giuriato, Umberto . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69Gomila, Damia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34Granier, Camille . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69Gravejat, Philippe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43Grebert, Benoit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43Gros, Jean-Baptiste . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49Groselj, Daniel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69Guelmame, Billel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
HHellinger, Petr . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16Henri, Pierre . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16Hilke, Michael . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50Howes, Gregory G. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
IIsoard, Mathieu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
JJauberteau, Raphael . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70Javaloyes, Julien . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59Josse, Vincent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50Josserand, Christophe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

Waves Côte d’Azur 2019



INDEX OF CONTRIBUTORS 85

Joubaud, Sylvain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
KKanso, Eva . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10Kramer, Achim . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .34Krause, Andrew . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34Krizhanovskii, Dmitry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59Krupa, Martin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35Kuhl, Ulrich . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71Kunz, Matthew . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17Kuznetsov, Evgenii . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10Kuzzay, Denis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
LLagomarsino Oneto, Daniele . . . . . . . . . . . . . . . . . . . . . . . . 35Landi, Simone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18Le Gal, Patrice . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26Le Reun, Thomas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26Lemou, Mohammed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44Limat, Laurent . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
MMantegazza, Massimo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36Masoller, Cristina . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60Matteini, Lorenzo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18, 71Matzakos-Karvouniari, Dora . . . . . . . . . . . . . . . . . . . . . . . . 36Meyrand, Romain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18Mignot, Tâm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36Milewski, Paul . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27Millot, Guy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60Miloshevich, George . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72Montbrió, Ernest . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37Mordant, Nicolas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27Mortessagne, Fabrice . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50Muller, Lyle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37Mussot, Arnaud . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
NNazarenko, Sergey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18Niang, Alioune . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72Nonnenmacher, Stéphane . . . . . . . . . . . . . . . . . . . . . . . . . . .11
OOppo, Gian-Luca . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61
PPapini, Emanuele . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73Pavloff, Nicolas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61Perego, Auro Michele . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73Peruani, Fernando . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27Picozzi, Antonio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61Pimenov, Alexander . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73Piro, Oreste . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37Politi, Antonio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38Pomeau, Yves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28Pouquet, Annick . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11Pucci, Francesco . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74Pucci, Giuseppe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28
QQuintero-Quiroz, Carlos . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74

RRömer, Rudo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51Rabaud, Marc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .28Randoux, Stephane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62Raufaste, Christophe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28Rigolli, Nicola . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74Ritsch , Helmut . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50Rivière, Gabriel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44Roche, Amy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74Rosier, Lionel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44Rota Nodari, Simona . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44Rotter, Stefan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .51Ruostekoski , Janne . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51Ruyer-Quil, Christian . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29
SSáenz, Juan José . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52Sahraoui, Fouad . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19Saint-Raymond, Laure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11Sanchez Rodriguez, Jesus . . . . . . . . . . . . . . . . . . . . . . . . . . . 75Scheffold, Frank . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51Schekochihin, Alexander . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19Schomerus, Henning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52Ser-Giacomi, Enrico . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38Sernagor, Evelyne . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11Servidio, Sergio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19Siero, Eric . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38Sip, Viktor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39Skipetrov, Sergey . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52Song, Anna . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39Souihel, Selma . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40Sulem, Pierre-Louis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20
TTassi, Emanuele . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20Tenbarge, Jason . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20Thiria, Benjamin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29Thul, Rüdiger . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40Tiana-Alsina, Jordi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75Trillo, Stefano . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62Turitsyn, Sergei . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62Tzortzakis, Stelios . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62
VValentini, Francesco . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21Vanden-Broeck, Jean-Marc . . . . . . . . . . . . . . . . . . . . . . . . . 12Verscharen, Daniel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21Verschelde, Alexis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75Vladimirov, Andrei . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63Vogel, Martin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
WWabnitz, Stefan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63Weiss, Patrizia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53Wiersig, Jan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53Woodley, Michael . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76Wuyts, Bert . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
YYelin, Susanne . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53

Waves Côte d’Azur 2019



INDEX OF KEYWORDS 86

Index of keywords
2d bose gas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 483d3v phase-space dynamics . . . . . . . . . . . . . . . . . . . . . . . . 14
abundance distributions . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38action potential . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11active transport . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .33airy beams . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .61akhmediev breather . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60alfvén waves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20alfvén waves collision . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67analog wave-based signal processing . . . . . . . . . . . . . . . . 67analogue gravity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55, 58anderson localization . . . . . . . . . . . . . . . . . . . . . . . .47, 49–52anticipation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .40aquatic locomotion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75atmosphere . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11atmospheric transport . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35atom-light interactions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51atomic array . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53
bacteria . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27, 36barotropic euler equations . . . . . . . . . . . . . . . . . . . . . . . . . . 70bell’s inequalities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9bifurcations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63biochemical oscillations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36biological system . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10biophysical modeling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35biophysical modelling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36bistable system . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74boundary layers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43branched flows . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56breathers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48, 62brownian motion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66
capillarity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28carleman estimates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44cascades . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11, 25cascading process . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70caustics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56cavity solitons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61cell cycle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33cell oscillators . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34cell regulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32chaos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76chaotic microwave cavity . . . . . . . . . . . . . . . . . . . . . . . . . . . 67chaotic reverberation chamber . . . . . . . . . . . . . . . . . . . . . . 49cherenkov . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59chiral ensembles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71chromatic dispersion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73cilia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10circadian rythms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34clonal plants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34coherent effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56coherent structures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62, 69coherent wave transport . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48cold atmos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

cold atoms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51, 53collective dynamics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38collective phenomena . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52color matching . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39color perception in context . . . . . . . . . . . . . . . . . . . . . . . . . 39color-space interactions . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39comet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16competition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34complex system . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27computational modeling . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39computational neuroscience . . . . . . . . . . . . . . . . . . . . . . . . 37condensation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61connectivity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40contact angle hysteresis . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24continous spectrum . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .11continuation methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29continuum generation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59control of high sobolev norms . . . . . . . . . . . . . . . . . . . . . . .43control of pdes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44cooperative decay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53cooperative scattering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68correlated potentials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50cortical models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31cortical spreading depression . . . . . . . . . . . . . . . . . . . .35, 36cortical wave . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31cosmology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .15coupled oscillators . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32coupled quantum emitters . . . . . . . . . . . . . . . . . . . . . . . . . . 50critical transitions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33current sheets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
damping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19, 66delay differential equations . . . . . . . . . . . . . . . . . . . . . . . . . 63delayed feedback . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74dense atomic vapors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48diffusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31, 48dipole-dipole interactions . . . . . . . . . . . . . . . . . . . . . . . . . . . 48directional localizations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23disorder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9, 47, 50–52disordered media . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47disordered photonics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51disordered systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50dispersal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35dispersion forces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52dispersive shock waves . . . . . . . . . . . . . . . . . . . . . . . . . 61, 70dissipation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14, 17dissipative solitons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .63doped semi-conductors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51drops . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25drylands . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38dynamical systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36, 40dynamics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58
ecology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34eigenmodes concentration . . . . . . . . . . . . . . . . . . . . . . . . . . 11

Waves Côte d’Azur 2019



INDEX OF KEYWORDS 87

elasticity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67electron acceleration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67electron distribution function . . . . . . . . . . . . . . . . . . . . . . . 13electron scale phenomena . . . . . . . . . . . . . . . . . . . . . . . . . . 13electron-magnetohydrodynamics . . . . . . . . . . . . . . . . . . . 15electron-scales . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21electronic structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51energy harvesting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29energy transfers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71entanglement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9epilepsy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39exact laws . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68exceptional points . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53excitability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37, 75excitation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32extreme events . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24extreme fields . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62extreme value statistics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49extreme waves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56
falling and sheared films . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29faraday waves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27fast detection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62fdml . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74ferroelectrics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56fiber amplifiers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63fiber optics amplifiers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72fibers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58fibre lasers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55, 62filaments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62finite difference . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23firehose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17firing rate models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37fluid dynamics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10fluid mechanics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24, 67fluid of light . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70fluid surface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23fluids of light . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .65, 68foams . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24focusing and imaging in scattering media . . . . . . . . . . . . 48four wave mixing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55, 60fpu recurence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60fungal spore . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
gabaergic neurons. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36geometric parametric instability . . . . . . . . . . . . . . . . . . . . . 60geophysics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26gravitational systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44gravity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26gravity waves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27grin multimode fiber . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60gross-pitaevskii . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68gross-pitaevskii/non-linear schrodinger equation . . . . 48group dynamics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .31growth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34gyrofluid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72gyrofluid models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20, 69gyrofluids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20gyrokinetics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
hall effect . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13, 68hamiltonian systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20, 69harmonic analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44hearing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

heating . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19heterogeneity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34high-gravity experiments . . . . . . . . . . . . . . . . . . . . . . . . . . . 24hybrid model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18hybrid simulations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15, 71hydraulic jump . . . . . . . . . . . . . . . . . . . . . . . . . . 23, 24, 27, 28hydrodynamic analogs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28hydrodynamic quantum analogies . . . . . . . . . . . . . . . . . . . 27hydroelastic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12hyperbolic pdes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43hyperuniform structures . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51hyperuniformity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47
improved dispersion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23individual interactions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31inertia-gravity waves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11inertial waves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .26inflation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15inhibition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32insects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31instabilities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17, 21, 25, 65instability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .26instanton . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24intensity correlation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49interface states . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50interference . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29intermittency . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27, 28intermodal four wave mixing and modulational instability60internal wave . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23internal waves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11, 25inviscid flow theory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
kelvin-helmholtz instability . . . . . . . . . . . . . . . . . . . . . . . . . .67kerr effect . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56, 63, 72kinetic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17, 72kinetic alfvén waves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15kinetic instabilities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16, 74kinetic models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44kinetic physics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71kinetic plasma turbulence . . . . . . . . . . . . . . . . . . . . . . . . . . . 14kinetic processes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .20, 21kinetic theory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
laboratory experiments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25lagrangian transport . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38landau damping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18landau-lifshitz equation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43laplace eigenfunctions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44large deviation theory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24laser modelocking . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56lasers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52, 57, 58leidenfrost . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .25leith . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72leray singularities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28light bullet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55light scattering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48, 49light scattering in disordered media . . . . . . . . . . . . . . . . . 47light-matter interaction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9light-matter interactions . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68localization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48localized structures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65long laser . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74loss-induced amplification . . . . . . . . . . . . . . . . . . . . . . . . . . 73

Waves Côte d’Azur 2019



INDEX OF KEYWORDS 88

lower hybrid drift instability . . . . . . . . . . . . . . . . . . . . . . . . . 67
machine learning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9, 58magnetic reconnection . . . . . . . . . . . . . . . . . . . . . . . . . . 15, 73magnetic vortices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69magnetized turbulence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15magnetohydrodynamics . . . . . . . . . . . . . . . . . . . . . . . . . 13, 66magnetosheath . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14magnetosphere . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16magnetostrophic waves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18magntohydrodynamics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71mammalian cells . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32manifold . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .74manifolds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .34marine ecology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38master equation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56materials engineering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62maxwell point . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41mean-field model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32mesoscopic wave transport . . . . . . . . . . . . . . . . . . . . . . . . . 51metal-insulator transition . . . . . . . . . . . . . . . . . . . . . . . . . . . 51metasurface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67mhd . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10, 16, 18, 19, 68microcavities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53microresonators . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56microwaves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47migraine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36mirror . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17mitotic waves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33mms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14, 66mobility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27mode-locking . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55, 59, 63modulation instabilities . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73modulation instability . . . . . . . . . . . . . . . . . . . .58, 60, 62, 73modulational instability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62motility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36motion integration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31movement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31multimode fibers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61multimode lasers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63multisection lasers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
navigation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74neonatal developement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11network theory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38networks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40, 58neural field . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39neural field models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37neural mass models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40neurogeometry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31non equilibrium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47non linear equations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43non linear wave equation . . . . . . . . . . . . . . . . . . . . . . . . . . . 43non-conservative optical forces . . . . . . . . . . . . . . . . . . . . . 52non-degeneracy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44non-linear optics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9nonlinear dynamics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33, 36nonlinear fluid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70nonlinear fluids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57nonlinear optics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .55, 56nonlinear optics fibers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72nonlinear parametric interaction . . . . . . . . . . . . . . . . . . . . 60nonlinear phenomena . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .67nonlinear schrödinger equation . . . . . . . . . . . . . . . . . . . . . 44

nonlinear schrodinger equation . . . . . . . . . . . . . . . . . . . . . 62nonlinear waves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9, 17, 24nonorthogonality . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53nonsmooth dynamics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40normal forms. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43nozaki-bekki holes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74null structure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43numerical simulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67numerical simulations . . . . . . . . . . . . . . . . . . . 14, 18, 73, 74
oct . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74octopus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74ode models . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33olfaction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74open wave chaos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11optical binding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52optical coherence tomographie . . . . . . . . . . . . . . . . . . . . . 75optical feedback . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48, 75optical fibers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62optical fibers; nonlinear optics . . . . . . . . . . . . . . . . . . . . . . 63optical fibres . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55optical frequency combs . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73optical resonators . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55optical turbulence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61optical tweezer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66optically thick cold atomic cloud . . . . . . . . . . . . . . . . . . . . 49optics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .58, 70orbital angular momentum . . . . . . . . . . . . . . . . . . . . . . . . . . 61orientation maps . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31oscillations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37, 76oscillatory behavior . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32otoacoustic-emissions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
parametric amplification . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73partial synchrony . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38particle-in-cell simulations . . . . . . . . . . . . . . . . . . . . . . . . . . 67particles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69pattern formation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .34pde . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23, 68peatland ecosystems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .33phase-mixing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67photon fluids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58photonic band gap . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47photonic band gap materials anderson localization . . .51photonic neurons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75photonics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56photorefractive effect . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68pilot waves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9plankton . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38plasma . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66plasma echo . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18plasma kinetic theory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18plasma simulations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13plasma turbulence . . . . . . . . 13, 15, 16, 18, 19, 21, 69, 73plasma waves and structures . . . . . . . . . . . . . . . . . . . . . . . . 13plasmas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18, 19, 71plasticity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11plateau border . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28polariton . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59polaritons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57polarization dynamics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55prandtl’s equations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43primary visual cortex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40pseudo-space . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74

Waves Côte d’Azur 2019



INDEX OF KEYWORDS 89

quadratic soliton . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70quantum analogs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .9quantum chaos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11quantum gas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48quantum optics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9quantum simulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9quantum vortices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
radiation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10random fields . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52random matrix theory . . . . . . . . . . . . . . . . . . . . . . . . . . . 49, 71random matter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56random potentials . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44reaction-diffusion equations . . . . . . . . . . . . . . . . . . . . . . . . 41real-time measurements . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58reconfigurable metasurface . . . . . . . . . . . . . . . . . . . . . . . . . 49reconfigurable wave-chaotic system . . . . . . . . . . . . . . . . .67reconnection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14, 16reconstructed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74reflective limiters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50regularisations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70resonance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26resonators . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76respiratory physiotherapy . . . . . . . . . . . . . . . . . . . . . . . . . . . 67retina . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11, 40retinal waves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36rippling waves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36rogue waves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23, 55, 56rosetta . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16rotating fluids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26rotation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11rubidium . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65
scale invariance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .48scale-dependent feedback . . . . . . . . . . . . . . . . . . . . . . . . . . 33scattering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51, 52scattering resonances . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44schrödinger equation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43second harmonic generation . . . . . . . . . . . . . . . . . . . . . . . . 70second-harmonic-generation . . . . . . . . . . . . . . . . . . . . . . . .56seizure propagation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39self-imaging effect . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60self-organisation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38self-organization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33semiclassical analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11semiconductor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9semiconductor laser . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73semiconductor lasers . . . . . . . . . . . . . . . . . . . . . . . . . . . 65, 75separation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43shallow layers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23shocks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16shockwaves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65silicon photonics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62simulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72sine-gordon equation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43single-photon nonlinearity . . . . . . . . . . . . . . . . . . . . . . . . . . 53singularity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25, 43sloshing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24sodium channels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36software . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23solar wind . . . . . . . . . . . . . . . . . . . . . . . 13, 14, 16, 18, 19, 71solitary waves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66soliton . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59, 60solitons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .23, 28, 55, 57, 65

space and astrophysical plasmas . . . . . . . . . . . . . . . . . . . . 18space mission . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21space physics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15, 20space plamas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20space plasma . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16space plasma observations . . . . . . . . . . . . . . . . . . . . . . . . . . 13space plasmas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14spatial ecology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .41spatial spread . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .31spatially extended systems . . . . . . . . . . . . . . . . . . . . . . . . . . 74spatio-temporal dynamics . . . . . . . . . . . . . . . . . . . . . . . . . . .62spatio-temporal pattern formation . . . . . . . . . . . . . . . . . . 56speckle contrasts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60speckle pattern . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60spiking neuron networks . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37spontaneous symmetry breaking . . . . . . . . . . . . . . . . . . . . 55spreading depolarization . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36stability and instability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44stratification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11, 26stratified flows . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25strong coupling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57sub-riemannian geometry . . . . . . . . . . . . . . . . . . . . . . . . . . . 31subradiance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .50, 53super-crystals . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56supercontinuum generation . . . . . . . . . . . . . . . . . . . . . . . . . 72superfluid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69superfluidity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68superradiance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53surface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27surface gravity waves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24surface waves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29sweep source . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75switch-like behavior . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32symmetry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76symmetry breaking . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56synchronization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .37synchrony . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40systems neuroscience . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .37
temperature anisotropy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69temporal solitons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73thermal convection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25thermal vapors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65thermalization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61third order dispersion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59thz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62time delayed systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59time material . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10time reversal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10time series analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75topological photonics . . . . . . . . . . . . . . . . . . . . . . . . . . . 50, 52topology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9transmission eigenchannel . . . . . . . . . . . . . . . . . . . . . . . . . . 48transmission matrix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48traveling waves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43travelling fronts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .41travelling wave . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68turbulence . . . . 11, 13–21, 25, 26, 28, 35, 65, 71, 72, 74turing instability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38turing patterns . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61
ultracold atoms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50, 68ultrafast optics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57ultrashort pulses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55, 59

Waves Côte d’Azur 2019



INDEX OF KEYWORDS 90

uniqueness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
vcsel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55vector field method . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43vector vortex beams . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55vegetation patterns . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33, 38vernier effect . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75vision . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11, 37visual cortex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32visual neuroscience . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31visual perception . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31vlasov equation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14vlasov simulations . . . . . . . . . . . . . . . . . . . . . . . . . . . 15, 20, 21vortex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69vortices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43vorticity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
walking droplets . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9, 28wave breaking . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61wave front shaping . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .51, 67wave scattering . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .44wave turbulence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24, 27wave-mediated collective motion . . . . . . . . . . . . . . . . . . . 28wave-particle interactions . . . . . . . . . . . . . . . . . . . . . . . . . . 21waves . . . . . . . . . . . . . . . . . . . . . . . . . . . 12, 15, 17, 26, 27, 69wind-waves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

Waves Côte d’Azur 2019



ORGANIZATION 91

Organization
General Chairs
Stéphane Barland, Thierry Passot, Fabrice Planchon

Program Chairs
Médéric Argentina, Mathieu Desroches, Maxime Ingremeau, Robin Kaiser, Thierry Passot, GiovannaTissoni

Scientific committee
Médéric Argentina, Mathias Albert, Daniele Avitabile, Stéphane Barland, Matthieu Bellec, BrunoCessac, Francesco Califano, Didier Clamond, Mathieu Desroches, Thomas Frisch, Massimo Giudici,Guillaume Huyet, Maxime Ingremeau, Robin Kaiser, Giorgio Krstulovic, Ulrich Kuhl, Gilles Lebeau, ClaireMichel, Mathias Marconi, Sergey Nazarenko, Thierry Passot, Elisabeth Pécou, Fabrice Planchon, JeanRajchenbach, Pierre Raphaël, Christophe Raufaste, Fouad Sahraoui, Agnese Seminara, Giovanna Tissoni,Romain Veltz, Jesús Zúñiga-Pérez

Local organizing committee
Mathias Albert, Médéric Argentina, Stéphane Barland, Matthieu Bellec, Mathieu Desroches, MaximeIngremeau, Ulrich Kuhl, MathiasMarconi, ClaireMichel, Fabrice Planchon, Christophe Raufaste, GiovannaTissoni

Thanks
All the communication and logistics staff at Université Côte d’Azur, financial and administrative staffat Académie des Systèmes Complexes, Institut de Physique de Nice, INRIA Méditerranée, LaboratoireJean-Alexandre Dieudonné and Observatoire de la Côte d’Azur.

Image credits: shutterstock.com 782184877, nuagesdemots.fr

Waves Côte d’Azur 2019

shutterstock.com
nuagesdemots.fr


ORGANIZATION 92

Waves Côte d’Azur 2019






	Plenary sessions
	Hanbury Brown-Twiss, Hong-Ou-Mandel, and other landmarks in quantum optics : from photons to atoms
	Quantum fluids of light in semiconductor lattices
	Pilot-wave hydrodynamics
	Waves and complexity, towards deep neural networks with light
	Wave Control and Antenna Radiation Mechanism in “Time Materials”
	Ciliary Waves 
	Folding in fluids and MHD
	 Waves in chaotic cavities: dispersion and delocalization
	Eddies and waves in rotating stratified turbulence
	Internal waves in a domain with topography
	Changing synaptic networks during the ontogeny of neonatal retinal waves
	Hydroelastic waves and related problems

	Nonlinear Waves and Turbulence in Space Plasma
	Exact relations in fully developed turbulence: energy cascade rate from the MHD to the ion-scales
	Runaway solar-wind electrons and space plasma turbulence
	The electron vortex magnetic hole and its relatives
	Study of the dissipation scale in collisionless plasma turbulence
	The good, the bad and the ugly: kinetic plasma turbulence in a 3D3V phase space
	Kinetic Turbulence and Damping in the Magnetosheath
	Electron-only magnetic reconnection in plasma turbulence
	Interpreting spacecraft observations of plasma turbulence with kinetic numerical simulations in the low electron beta regime
	Gravitational wave turbulence in the primordial universe
	Two-fluid plasmas: turbulence, reconnection and shocks
	Plasma turbulence vs. fire hose instabilities: 3-D HEB simulations
	Overview of the structure and dynamics of the interaction between solar wind and cometary plasmas after the Rosetta Mission
	A Wave-Coherent Structure Duality in Plasma Turbulence: Are They Two Sides of the Same Coin?
	Self-defeating Alfvén waves and self-sustaining sound in a collisionless, high-beta plasma
	On the properties of spectral anisotropies and intermittency in ion-kinetic scale turbulence.
	1/f spectra in collisionless magnetized plasmas: a lesson from solar wind in situ observations
	 Fluidization of collisionless plasma turbulence
	Rotating MHD turbulence
	Energy cascade rate in compressible MHD and Hall-MHD flows: spacecraft observations in the near-Earth space vs theoretical predictions
	Partition of turbulent energy between particle species in astrophysical plasmas
	Phase-space cascade in turbulent plasmas: observations and theory
	Modeling imbalanced Alfvén-wave turbulence from MHD to electron scales 
	Hamiltonian reduced gyrofluid models
	Energy Dissipation and Phase Space Dynamics in Eulerian Vlasov-Maxwell Plasmas
	Velocity-space cascade in nearly collisionless plasmas
	The Debye mission: measuring electron-scale turbulence in the solar wind

	Nonlinear Waves at Interfaces
	Scaling the viscous Hydraulic Jump
	scikit-fdiff, a new tool for PDE solving
	Nonlinear, short-crested and localized waves
	On an improved model for long internal gravity waves
	Experimental evidence of hydrodynamic instantons and their unifying role in the theory of rogue waves
	Interfacial nonlinearities to damp sloshing waves
	Birth of a hydraulic jump
	Hypergravity Wave Turbulence
	Internal gravity waves generated by turbulent flows
	Leidenfrost Effect: The life of a levitating water droplet on a hot vapour layer
	Singularity turbulence
	Energy cascade in internal wave attractors
	Resonances of Internal Gravity Waves in Stratified Shear Flows
	Transition from inertial wave turbulence to geostrophic turbulence in rotating fluids - an experimental study
	Circular hydraulic jump and inclined jump
	Statistics and models for Faraday pilot waves
	Wave turbulence at the surface of water: the role of bound waves on intermittency
	Bacteria display optimal transport near surfaces
	Intermittency and Leray singularities
	Spin lattices of walking droplets
	When wind waves become Francis solitons
	Nonlinear waves in Plateau borders
	Sheared falling film flows: a numerical study
	Interference Model for an Array of Wave-Energy-Absorbing Flexible Structures

	Nonlinear Waves in Biology
	A sub-Riemannian model with frequency-phase and its application to orientation map construction
	Scaling up individual behavior to predict population spread: experiments with microscopic insects
	The role of cortical waves in shaping the dynamic processing of visual information
	Evolutionary path to a minimal biological clock
	Coupled oscillators in mammalian cells
	Nonlinear propagating waves in the awake brain and their possible role
	Studying self-organized patterning of peatland ecosystems with Appropriate Complexity Landscape Modeling
	Steady and wave-like patterns in flux-based auxin transport models
	Self-organization of mitotic waves depends on the spatial geometry of the system
	Pattern formation in marine clonal plant meadows
	Circadian rhythms: a theoretical and practical view on internal 24-hour timing
	Reaction-Diffusion Systems on Structured and Evolving Manifolds
	Modeling cortical spreading depression induced by the hyperactivity of interneurons
	Timing of fungal spore release dictates survival during atmospheric transport
	Waves of cerebral cortex depolarization: focus on a novel mechanism of migraine-linked cortical spreading depression induced by hyperactivation of GABAergic neurons. 
	Modelling spontaneous propagating waves in the early retina
	Cellular waves formed during collective bacterial predation
	An exact firing rate model reveals the differential effects of chemical versus electrical synapses in spiking networks
	Traveling waves shape neural computations in vision
	Waves in viscously coupled chains of overdamped oscillators: The gecko's papilla.
	Halfway between phase and amplitude oscillators
	Ubiquitous abundance scaling of plankton distributions and ocean dynamics from a network theory approach
	Selection of striped, gapped and spotted vegetation patterns in a reaction-advection-diffusion model
	Computational modeling of seizure spread on a cortical surface and the theta-alpha electrographic pattern
	A neural field model for color perception unifying assimilation and contrast
	Anticipation in the retina and the primary visual cortex : towards an integrated retino-cortical model for motion processing
	Networks of piecewise linear neural mass models
	Front pinning due to spatial heterogeneity in a reaction-diffusion model of tropical tree cover

	Partial Differential Equations and Modelization
	Asymptotics properties of the small data solutions of the Vlasov-Maxwell system
	Branches of traveling waves for the Nonlinear Schrödinger equation
	On singularity formation for the unsteady Prandtl's system
	Two asymptotic regimes of the Landau-Lifshitz equation
	Long time behavior of the solutions of NLW on the d-dimensional torus
	Nonlinear stability and instability results for gravitational kinetic models
	Equidistribution of toral eigenfunctions along hypersurfaces
	Control of nonlinear parabolic PDEs
	Uniqueness and non-degeneracy for a class of semilinear elliptic equations
	Resonances of random quantum systems

	Wave Phenomena in Disordered Systems
	Fluctuating Forces Induced by Non Equilibrium and Coherent Light Flow
	Experimental evidence for Band Gap Formation and Anderson localization regimes for microwaves in hyperuniform 2D materials
	Fluctuations at the Anderson localization transition of 3D light
	Far from equilibrium dynamics of a 2D ultracold Bose gas in an harmonic trap : dynamical symmetry and breathers
	Light scattering and dipole-dipole interactions in cold and hot vapors
	Transmission eigenchannels in diffusive media
	Focusing and imaging through disordered media using all optical feedback
	The Quantum Boomerang Effect
	Intensity correlations to probe light scattering in optically thick cold atomic cloud
	Uncorrelated configurations and extreme statistics of the field in reverberation chambers stirred by tunable metasurfaces
	Strong disorder in correlated potentials such as speckles and topological systems and their relevance to experiments
	Elastic Scattering Time of Ultracold Atoms in Disordered Potentials
	Topological physics with microwaves
	Subradiance, collective anti-resonance and energy transfer of coupled quantum emitters in confined geometries 
	Introducing the random anti-laser: coherent perfect absorption in disordered media
	Quantum and nonlinear effects in transmission of light through planar arrays of atoms
	Resolution of the "exponent puzzle" for the Anderson transition in doped semiconductors
	Light diffusion, Band gap formation and Localization in Hyperuniform Dielectric Materials
	Topological mode selection
	Anderson localization of vector waves
	Light induced collective dynamics and long-range interactions between nanoparticles
	Influencing subradiance by thermal motion
	Non-Hermiticity in optical microcavities
	Controlling light and matter with cooperative radiation

	Spatiotemporal Phenomena in Nonlinear Optics
	Complex solitons in vertical-cavity surface-emitting lasers with frequency-selective feedback
	Controlling light by light
	Soliton Explosions and Optical Rogue Waves
	Asymmetric balance in symmetry breaking
	Laser modelocking beyond Haus: the coherent master equation
	Nonlinear Interaction and Symmetry Breaking of Light in Optical Microresonators
	Giant broadband refraction and nonlinear optics in ferroelectric super-crystals
	Spatio-temporal molding of light in caustic networks
	Nonlinear polariton fluids
	Real-time measurement of instabilities in optical fibres and optical fibre lasers
	Analogue gravity in rotating spacetimes
	Predicting Extreme Events in Modulation Instability Using Machine Learning
	The LANER: optical networks as complex lasers
	Third Order Dispersion in Time-Delayed Systems: Applications to the Passive Mode-locking of VECSELs
	Nonlinear polariton phenomena in semiconductor microcavities and slab waveguides
	Statistical properties of the speckle pattern at the output of a multimode optical fiber
	Parametric interactions in multimode fibers
	Symmetry breaking of the non nonlinear stage of modulation instability : a complete experimental characterization in optical fibers
	Rotating spatio-temporal structures and rotating cavity solitons in scalar and vectorial Kerr resonators
	Non linear diffraction
	Disorder-induced acceleration of wave condensation in multimode fibers
	Single-shot observations of modulation instability in optical fibres : full complex field acquisition and space-time evolution
	Competing mechanisms of nonlinear modulation instability
	Spatio-temporal dynamics in fibre lasers
	Molded nonlinear light wave packets and applications
	Nonlinear wave phenomena in delay differential models of multimode lasers
	Spatiotemporal multimode light waves

	Poster session
	Hybrid-Kinetic Simulations of Low- and High-Beta Turbulence 1
	Quantum Fluids of light in atomic vapors 2
	Towards the generation of light-bullets in semiconductor lasers 3
	MMS observations of particle velocity distribution functions and field-particle correlator 4
	Study of brownian motion at short time scales 5
	Structure and evolution of magnetohydrodynamic solitary waves with Hall and finite Larmor radius effects 6
	Deformation of an elastic material paired with a tree structure 7
	Plasma acceleration by the non-linear interaction of three crossed parallel Alfvén wave packets 8
	Competition between Kelvin-Helmholtz and nonlinear Lower Hybrid drift instabilities along Mercury-like magnetopause 9
	Optimal Analog Data Compression with Reconfigurable Wave-Chaotic Systems 10
	Smooth branch of travelling waves for the Gross-Pitaevskii equation in dimension 2 for small speed 11
	Fluids of light in nonlinear crystals 12
	Alternative exact law for homogeneous compressible turbulent flows: from Hall-MHD to hydrodynamics 13
	Light scattering by arrays of ultracold atoms with sub-walength spacing 14
	Propagation of waves along superfluid vortices trapping particles 15
	Magnetic coherent structures in the presence of equilibrium temperature anisotropy 16
	Kinetic Turbulence in Astrophysical Plasmas: Waves and/or Structures? 17
	A Hamiltonian regularisations of barotropic Euler equations 18
	Short-distance propagation of nonlinear optical pulses 19
	2D spatiotemporal extreme event in quadratic nonlinear crystal 20
	A microwave realization of the chiral GOE 21
	Local energy transfers in incompressible MHD turbulence 22
	Investigating properties of solar wind turbulence at sub-ion scales with in situ data and numerical simulations 23
	Imbalanced kinetic Alfvén wave turbulence 24
	Combination of Kerr Beam Self-Cleaning and Supercontinuum Generation in Tapered Ytterbium-doped Multimode Fiber with Parabolic Core Refractive Index and Doping Profile 25
	Multidimentional Iterative Filtering: a new approach for investigating plasma turbulence in numerical simulations 26
	Dissipation induced modulation instabilities: gain-through-losses in nonlinear optics 27
	Loss-induced tuneable optical frequency combs in a normal dispersion fibre resonator 28
	Temporal solitons in a delayed model of a semiconductor laser 29
	Electron physics in Kelvin-Helmholtz instability in magnetized plasmas 30
	Can the state space of spatially extended systems and of time delayed systems be reconstructed from the time series of a scalar variable? 31
	Olfactory navigation by hunting octopuses: how to take decisions using a broken signal 32
	Nozaki-Bekki Holes in a Long Laser 33
	A simplified model of aquatic locomotion 34
	Neuron-like dynamics of semiconductor lasers with optical feedback 35
	Multisection semiconductor laser for optical coherence tomography 36
	Spontaneous Symmetry Breaking, Instability, and Chaos in Ring Resonators 37

	List of participants
	Index of contributors
	Index of keywords
	Organization

