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The remarkable properties associated with the localized plasmon resonance (LSPR) in noble metal nanoparticles (NPs) make plasmonics an important topic with multiple applications. When NPs are illuminated by ultrashort laser pulses they undergo a rapid dynamics of energy exchanges which leads to the ultrafast variation of their optical properties, associated with other effects such as broadband photoluminescence, hyperlocalized heat release, electron photoemission, production of reactive oxygen species and nano-cavitation. The design of complex hybrid nanostructures can enable us to tailor the plasmonic properties as to optimize the applications. We have studied some hybrid nanostructures by broadband pump-probe absorption spectroscopy and a dedicated modeling: AuNP-decorated silica fibers and core-shell Au-Ag NPs. Their stationary and transient optical responses are analyzed depending on the NP morphology.

In the developments evoked above the enhanced near field around plasmonic NPs plays a key role. However, the study of the ultrafast transient modulation of the near field is limited by the inability of the conventional numerical tools to catch the small variations of the NP permittivity.

Here, a complex-conjugate pole-residue pair based FDTD method is successfully implemented to simulate the time-dependence of the plasmonic near-field topography. Beyond, the LSPR mode can be resonantly coupled with a photonic mode in a hybrid microcavity for conceiving opticallycontrolled photonic functionalities. The coupling of a 2D array of parallel gold nanorods with the defect mode of a 1D photonic crystal cavity is investigated theoretically. The optical anisotropy enables us to play with several degrees of freedom like field polarization. The ultrafast modulation of the optical response that is predicted in such hybrid nanostructures opens the possibility of their future optimization for designing time-resolved sensors.
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Introduction

The interest of working with nanoscale noble metals (gold, silver and copper) has increased owing to their fascinating optical property called the Surface Plasmon Resonance (SPR). The SPR is a collective oscillation of the conduction electrons of the metal driven by an electromagnetic radiation when the frequency of the latter matches the eigenfrequency of the electron gas in the metal. SPR has two principal domains, Surface Plasmon Polaritons (SPP) [START_REF] Wood | On a remarkable case of uneven distribution of light in a diffraction grating spectrum[END_REF] and Localized Surface Plasmon Resonance (LSPR) [START_REF] Mie | Beiträge zur Optik trüber Medien, speziell kolloidaler Metallösungen[END_REF], both of them gaining a firm understanding in the early of 1900 [START_REF] Maier | Plasmonics: fundamentals and applications[END_REF].

The former deals with plasmon modes propagating along a bulk metal-dielectric interface while the latter concerns about a plasmon oscillation localized in a nanoparticle (NP) the size regime which is small against the wavelength. Despite of being one of the youngest disciplines in the field of optics, plasmonics is yet among the fastest developing ones. Its wide range of applicability, its high sensitivity for optical characterization, the availability of fabrication techniques and the advancements in computing power and speed make it easy to work with [START_REF] Maier | Plasmonics: fundamentals and applications[END_REF].

Noble metal NPs are characterized by their strong absorption of light due to the LSPR. The LSPR frequency and/or its spectral width can be tailored by varying the size, shape and composition of the metal NPs [START_REF] Liz-Marzán | Tailoring surface plasmons through the morphology and assembly of metal nanoparticles[END_REF]. For instance, for a gold nanorod (AuNR), two LSPR modes can be observed that correspond to the light polarization along its longitudinal (LgSPR) or transverse (TrSPR) dimension. The LgSPR mode is the most acute resonance of the two and can be tuned from the visible to near the IR by modifying the NP shape, while the TrSPR is damped and spectrally blue-shifts only weakly from the sphere LSPR. Figure 1 highlights the progress in the preparation/synthesis of NPs of different shapes. Changing either the environment in which the NPs are placed and/or the gap between the NPs (coupling) can strongly alter the spectral position, the number of LSPR modes appearing and their width [START_REF] Jain | Review of some interesting surface plasmon resonance-enhanced properties of noble metal nanoparticles and their applications to biosystems[END_REF][START_REF] Wang | Near-and far-field effects on the plasmon coupling in gold nanoparticle arrays[END_REF][START_REF] Tebbe | Silver-overgrowth-induced changes in intrinsic optical properties of gold nanorods: From noninvasive monitoring of growth kinetics to tailoring internal mirror charges[END_REF]. Moreover, plasmonic NPs are also well known for enhancing the incident electromagnetic field tuned to the resonant frequency near their surface [START_REF] Wang | Near-and far-field effects on the plasmon coupling in gold nanoparticle arrays[END_REF][START_REF] Atanasov | Localization of the electromagnetic field in the vicinity of gold nanoparticles: Surface modification of different substrates[END_REF][START_REF] Imura | Characteristic near-field spectra of single gold nanoparticles[END_REF][START_REF] Wiederrecht | Near-field optical imaging of noble metal nanoparticles[END_REF][START_REF] Tanabe | Field enhancement around metal nanoparticles and nanoshells: a systematic investigation[END_REF]. These rich properties of noble metal NPs have made them of great interest for multiple applications in the stationary regime, biological and biomedical applications [START_REF] Chakraborty | The scattering of gold nanorods in identification of macrophages[END_REF][START_REF] Fratoddi | Highly hydrophilic gold nanoparticles as carrier for anticancer copper (I) complexes: loading and release studies for biomedical applications[END_REF][START_REF] Kim | A gold/silver hybrid nanoparticle for treatment and photoacoustic imaging of bacterial infection[END_REF][START_REF] Eskandari | Gold-silver hybrid nanoparticles as a novel carrier for electrochemical study of redox protein[END_REF][START_REF] Carozza | Two-photon luminescence of gold nanorods: applications to single-particle tracking and spectroscopy[END_REF][START_REF] Adura | Stable conjugates of peptides with gold nanorods for biomedical applications with reduced effects on cell viability[END_REF][START_REF] Huang | Gold nanorods: from synthesis and properties to biological and biomedical applications[END_REF],

plasmon-enhanced fluorescence [START_REF] Lin | Plasmon-enhanced fluorescence provided by silver nanoprisms for sensitive detection of sulfide[END_REF][START_REF] Li | Plasmon-enhanced fluorescence spectroscopy[END_REF][START_REF] Fu | Plasmon-enhanced fluorescence from single fluorophores end-linked to gold nanorods[END_REF][START_REF] Ming | Strong polarization dependence of plasmon-enhanced fluorescence on single gold nanorods[END_REF][START_REF] Tovmachenko | Fluorescence enhancement by metal-core/silica-shell nanoparticles[END_REF][START_REF] Aslan | Metal-enhanced fluorescence using anisotropic silver nanostructures: critical progress to date[END_REF], surface enhanced Raman scattering (SERS) [START_REF] Wang | Surface-enhanced raman scattering by composite structure of gold nanocube-PMMA-gold film[END_REF][START_REF] Nikoobakht | Surface-enhanced raman scattering of molecules adsorbed on gold nanorods: off-surface plasmon resonance condition[END_REF][START_REF] Keating | Heightened electromagnetic fields between metal nanoparticles: surface enhanced raman scattering from metal-cytochrome c-metal sandwiches[END_REF], photothermal therapy [START_REF] Ma | A core-shell gold nanorod@layered double hydroxide nanomaterial with high efficient photothermal conversion and its application in antibacterial and tumor therapy[END_REF][START_REF] Ali | Gold-nanoparticle-assisted plasmonic photothermal therapy advances toward clinical application[END_REF][START_REF] Huang | Gold nanoparticles: optical properties and implementations in cancer diagnosis and photothermal therapy[END_REF] and manipulation of nanobjects and/or light at the nanoscale [START_REF] Song | Manipulation of light at the nanoscale for high-performance spectroscopic and optical applications[END_REF][START_REF] Otte | Guiding light in monolayers of sparse and random plasmonic meta-atoms[END_REF][START_REF] Maier | Optical pulse propagation in metal nanoparticle chain waveguides[END_REF] being some.

Beyond, when these NPs are illuminated by ultrashort laser pulses, they undergo a rapid dynamics of energy exchanges. First, the LSPR of the NPs is excited, then the exchange process begins with the redistribution of the absorbed energy within the electron gas by electron-electron collisions, which lasts for a few hundred femtoseconds [START_REF] Block | Tracking ultrafast hot-electron diffusion in space and time by ultrafast thermomodulation microscopy[END_REF][START_REF] Del Fatti | Nonequilibrium electron dynamics in noble metals[END_REF][START_REF] Inouye | Ultrafast dynamics of nonequilibrium electrons in a gold nanoparticle system[END_REF]. This is then followed by the energy exchange between the electron gas and the metal lattice, hence heating the NP. The heat is finally
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transferred toward the surrounding environment at the interface by phonon-phonon scattering which lasts from tens up to hundreds of picoseconds depending on the laser pulse intensity, size of the NP and heat transport properties of the host medium [START_REF] Palpant | Photothermal properties of gold nanoparticles[END_REF]. These ultrafast energy exchanges prompt the variation of the electron distribution within the NPs and consequently, the resulting dielectric function variation drives the transient modulation of their optical properties, which can be monitored both temporally and spectrally by pump-probe spectroscopy [START_REF] Silva | Ultrafast optical response of plasmonic structures beyond the perturbative regime: evidence of universal saturation dynamics[END_REF][START_REF] Wang | Broadband spectral signature of the ultrafast transient optical response of gold nanorods[END_REF][START_REF] Guillet | Spectral dependence of the ultrafast optical response of nonspherical gold nanoparticles[END_REF]. The laserinduced transient modulation of the optical properties of NPs, which has been extensively studied [START_REF] Block | Tracking ultrafast hot-electron diffusion in space and time by ultrafast thermomodulation microscopy[END_REF][START_REF] Del Fatti | Nonequilibrium electron dynamics in noble metals[END_REF][START_REF] Inouye | Ultrafast dynamics of nonequilibrium electrons in a gold nanoparticle system[END_REF][START_REF] Wang | Broadband spectral signature of the ultrafast transient optical response of gold nanorods[END_REF][START_REF] Guillet | Spectral dependence of the ultrafast optical response of nonspherical gold nanoparticles[END_REF][START_REF] Kim | Ultrafast nonlinear optical responses of dielectric composite materials containing metal nanoparticles with different sizes and shapes[END_REF][START_REF] Takeda | Dispersion of nonlinear dielectric function of Au nanoparticles in silica glass[END_REF][START_REF] Link | Femtosecond transientabsorption dynamics of colloidal gold nanorods: Shape independence of the electron-phonon relaxation time[END_REF][START_REF] Juvé | Cooling dynamics and thermal interface resistance of glass-embedded metal nanoparticles[END_REF][START_REF] Del Fatti | Ultrafast optical nonlinear properties of metal nanoparticles[END_REF], has helped to explain the various phenomena that occur in recent developments like electron photoemission [START_REF] Douillard | Optical properties of metal nanoparticles as probed by photoemission electron microscopy[END_REF][START_REF] Lang | Spatial-and energyresolved photoemission electron from plasmonic nanoparticles in multiphoton regime[END_REF], photoluminescence [START_REF] Haug | Hot-electron intraband luminescence from single hot spots in noble-metal nanoparticle films[END_REF], plasma generation around nanoparticle [START_REF] Labouret | Nonthermal model for ultrafast laser-induced plasma generation around a plasmonic nanorod[END_REF], nano-cavitation [START_REF] Boulais | Plasma mediated off-resonance plasmonic enhanced ultrafast laser-induced nanocavitation[END_REF] or production of reactive oxygen species in aqueous media [START_REF] Labouret | Plasmon-assisted production of reactive oxygen species by single gold nanorods[END_REF]. In most of these developments, the ultrafast modulation of the plasmonic near field enhancement plays a role. It is then vital to study the physics behind the optical response of metal NPs depending on their morphology, selected for unique functionalities.

The transient spectral signature of the NP optical response strongly depends on their shape [START_REF] Wang | Broadband spectral signature of the ultrafast transient optical response of gold nanorods[END_REF][START_REF] Guillet | Spectral dependence of the ultrafast optical response of nonspherical gold nanoparticles[END_REF]. Consequently, in an ensemble of NPs, the shape distribution is a key parameter to be accounted for in the analysis. Beyond, working with monometallic NPs limits the spectral region of significant transient signal. For instance, AuNPs display their LSPR in the visible or near IR while AgNPs demonstrate their LSPR in the near UV. These two metals can be coupled together such that their molar ratio can also be used as a LSPR tuning parameter in addition to the conventional ones (size, shape, and hosting environment) [START_REF] Tebbe | Silver-overgrowth-induced changes in intrinsic optical properties of gold nanorods: From noninvasive monitoring of growth kinetics to tailoring internal mirror charges[END_REF][START_REF] Hamon | Controlling the symmetry of supercrystals formed by plasmonic core-shell nanorods with tunable cross-section[END_REF][START_REF] Jiang | Unraveling the evolution and nature of the plasmons in (Au core)-(Ag shell) nanorods[END_REF][START_REF] Hou | Core-shell noble metal nanostructures templated by gold nanorods[END_REF][START_REF] Park | Full-color tuning of surface plasmon resonance by compositional variation of Au@Ag core-shell nanocubes with sulfides[END_REF][START_REF] Yu | Bimetallic Au/Ag core-shell nanorods studied by ultrafast transient absorption spectroscopy under selective excitation[END_REF]. This may be achieved, either in the form of a homogeneous alloy [START_REF] Cottancin | Size effects in the optical properties of Au n Ag n embedded clusters[END_REF], or in the form of a core-shell arrangement. Several spectral and temporal features have been observed by using core-shell bimetallic NPs. In the transient regime, they demonstrate low frequency acoustic vibration modes (phonon dynamics) which are very sensitive to the amount of the material being deposited onto the core. This has
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been studied both experimentally and theoretically, leading to a possible application of these NPs as nano-balances for mass sensing [START_REF] Fernandes | Acoustic vibrations of au nano-bipyramids and their modification under Ag deposition: a perspective for the development of nanobalances[END_REF][START_REF] Crut | Time-domain investigation of the acoustic vibrations of metal nanoparticles: size and encapsulation effects[END_REF][START_REF] Yu | Probing silver deposition on single gold nanorods by their acoustic vibrations[END_REF][START_REF] Cardinal | Acoustic vibrations in bimetallic Au@Pd core-shell nanorods[END_REF]. However, for the study of the ultrafast electron dynamics of anisotropic metal-metal (core-shell) configurations, most of the works reported to date are experimental [START_REF] Yu | Bimetallic Au/Ag core-shell nanorods studied by ultrafast transient absorption spectroscopy under selective excitation[END_REF][START_REF] Zarick | Ultrafast excited-state dynamics in shape-and composition-controlled gold-silver bimetallic nanostructures[END_REF]. The unavailability of theoretical investigations for these cases may be due to the complexity of the theoretical treatment of the heat transport at the metal-metal interface which requires a careful consideration of the interface shape and the different thermodynamic properties of the metals.

As has been mentioned earlier, most of the applications of the transient optical response of plasmonic NPs depend on the near-field topography around the NPs which undergoes a transient variation by itself. This ultrafast transient modulation of the plasmonic near field can be used to develop time resolved sensors, based on the same considerations as for the stationary plasmon enhanced fluorescence or SERS. Beside, by coupling the LSPR with a resonant mode of an electromagnetic cavity one can benefit from several optically controlled photonic functionalities. In the stationary regime, near field enhancement and confinement as well as absorbance increase were demonstrated by exploiting the coupling of spherical NPs with photonic crystals [START_REF] Barth | Nanoassembled plasmonic-photonic hybrid cavity for tailored light-matter coupling[END_REF][START_REF] Jiménez-Solano | Integration of gold nanoparticles in optical resonators[END_REF]. Beyond, our team could achieve an efficient signal modulation on a picosecond timescale by optimizing this plasmonic-photonic coupling when inserting spherical gold NPs in a microcavity [START_REF] Wang | Large and ultrafast optical response of a one-dimensional plasmonic-photonic cavity[END_REF][START_REF] Wang | Coupling localized plasmonic and photonic modes tailors and boosts ultrafast light modulation by gold nanoparticles[END_REF]. More complex configurations can be envisaged, playing with NP shape and light polarization to generate new functionalities. In addition, the strong near field and the possibility to modulate it at an ultrafast timescale may open outlooks for developments based on the near-field energy transfer from a plasmonic NP coupled to a cavity to other neighboring objects being light-responsive.

Therefore, for all these developments, studying the space-as well as time-dependent near-field variations [START_REF] Hensen | Spatial variations in femtosecond field dynamics within a plasmonic nanoresonator mode[END_REF][START_REF] Koya | Coherent control of gap plasmons of a complex nanosystem by shaping driving femtosecond pulses[END_REF] inside and around NPs is vital. Unfortunately, catching these small variations of a NP's optical properties along their dynamics cannot be achieved by using the conventional phenomenological models that are applied in most of numerical approaches for modeling the dielectric function of dispersive media like metals. This may explain the absence, in the literature, of studies assessing numerically the ultrafast transient near field topography of plasmonic nanostructures.

This Ph.D. work aims at addressing, to some extent, the issues that we have evoked above, the overall goal being to understand the physical processes involved in the ultrafast response of plasmonic materials that incorporate noble metal NPs. The work contains the interpretation of both experimental (obtained by time-resolved pump-probe spectroscopy) and theoretical results.

The general structure of the dissertation is as follows.

All the theoretical foundations that have been used for this study will be summarized in the first chapter. The chapter will begin by presenting the optical properties of noble metals in their bulk form, by taking a closer look at their electronic band structure and pointing out the main contributors (interband and intraband transitions) to their frequency-dependent dielectric function.

Based on this, we then calculate the dielectric functions of Au and Ag that fit well with their experimental data. Following that, the LSPR properties of their NPs will be described based on a simple electrostatic approximation. The discussion starts with the case of a symmetric spherical NP and extends the idea to nanords and ensembles of NPs. This chapter will also highlight about the three-temperature model (3TM) which is suited for the theoretical study of thermal dynamics in plasmonic structures over "long" times where both the initial non-thermal regime is completed and the energy exchange with the surrounding medium enters into play. It enables us to calculate
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the electron and metal lattice temperatures inside a NP and the heat dissipation into its host environment. From these temperature dynamics, the transient optical response can be determined through the calculation of the time evolution of the NP dielectric function. Finally we will present the basic principles of time-resolved pump-probe spectroscopy.

In the second chapter, both the stationary and transient optical responses of silica nanowires decorated by nonspherical AuNPs will be presented. The experimental results will be reproduced theoretically and the ultrafast transient spectral dynamics of the sample will be interpreted by invoking the influence of the shape distribution of NPs in the sample and the LSPR coupling with interband transitions close to their threshold. This work has been achieved in close collaboration with partners from ISM-CNR, Rome.

The third chapter will be devoted to the study of the optical response of cuboidal AuNR@Ag (core@shell) NPs elaborated by our partners from LPS laboratory in Orsay. Both the stationary and the ultrafast transient responses will be studied depending on the Ag-shell thickness. The results will be analyzed by relying on theoretical calculations which satisfactorily reproduce the experimental data. This study also strongly involves our colleagues from Italy.

In chapter four, a complex-conjugate pole-residue pair (CCPRP) based FDTD method will be used to calculate the spatial, temporal and spectral dependence of the field inside and around a spherical AuNP. The ultrafast modulation of the near field will be analyzed by accounting for the influence of the different contributors to the near field (propagating or non-propagating). This work has been achieved in collaboration with a partner from CEA-LIST, a former master student in the team.

Finally, in the fifth chapter, we will prospectively investigate plasmonic-photonic coupling by theoretical means. We will consider an anisotropic configuration in which AuNRs have been used

to investigate polarization-controlled photonic functionalities. Both the stationary and transient responses will be explored. 

Introduction

Contrary to their bulk counterpart, noble metal nanoparticles (NPs) possess a fascinating optical property called surface plasmon resonance (SPR) which arises from the electromagnetic-field driven collective oscillation of their conduction electrons as a result of their dielectric confinement.

This dissertation aims at studying both the stationary and transient optical responses of plasmonic nanoparticles, focusing on gold and silver. Hence, understanding the electronic characteristics of these metals and their interaction with electromagnetic radiation is crucial. The purpose of this first chapter is therefore to highlight the theoretical fundamentals by first focusing on the dovetailed optical response of noble metals in their bulk form, and then proceed to the specific properties that Cu is the less chemically stable noble metal among the three, making it difficult to control its size and shape during the synthesis of its NPs (CuNPs) as it is highly prone to oxidation. This makes it difficult to apply in the domain of plasmonics. Au is the most stable noble metal and is mostly used as a support for the preparation of anisotropic NPs. The spectral domain in which we will be focusing extends from near UV to near IR, i.e., for photons with energies between about 1 eV and 4 eV. These energies are too low to be able to excite electrons from the bands below the d-bands. Therefore, only the d-valence bands and the s-and/or p-conduction band govern the optical response of the noble metals for this spectral domain.

Conduction electrons

As we have pointed out above, the conduction electrons that populate the sp-band are delo- As can be seen, the Fermi surfaces of Au and Ag are roughly spherical -the perfect sphere corresponding to the case of a free electron gas-except at the L and X points of their Brillouin zone due to the weak ionic potential [START_REF] Ashcroft | Solid state physics[END_REF]. Conduction electrons can therefore be considered almost CHAPTER 1. OPTICAL RESPONSE OF NOBLE METAL NANOPARTICLES: BACKGROUND AND TOOLS free and hence are also termed as "quasi-free" electrons, which gives noble metals the well-known high thermal and electrical conductivities. Their dispersion law can then be considered as quasiparabolic and the following dispersion relation can be employed [START_REF] Ashcroft | Solid state physics[END_REF]:

calized
E(k) = 2 k 2 2 m * , ( 1.1) 
where E, k and m * are the energy, wave vector and effective mass of the conduction electrona and is the reduced Planck constant. The use of effective mass also allows to write the density of electronic states ρ(E) in the conduction band in a form similar to that of a free electron gas with mass m * [START_REF] Ashcroft | Solid state physics[END_REF]:

ρ(E) = 1 2 π 2 2 m * 2 3/2 √ E ≈ 1 2 π 2 2 m 2 3/2 √ E . (1.2)
For a quasi-free electron gas at internal equilibrium of temperature T e (thermal regime), the occupancy probability density (or electron distribution) at energy E, f (E), is given by the Fermi-Dirac statistics [START_REF] Ashcroft | Solid state physics[END_REF]:

f (E) = 1 1 + exp E-E F κ B Te , ( 1.3) 
where κ B is the Boltzmann constant. Eq. 1.3 is established based on the assumption that the chemical potential µ(T e ) is equal to E F [START_REF] Labouret | Irradiation laser ultrabrève de nanobâtonnets d'or individuels en milieu aqueux: photo-génération de phénomènes d'intérêt biomédical[END_REF][START_REF] Guillet | Dynamique de la réponse optique non-linéaire ultra-rapide d'une assemblée de nanoparticules d'or[END_REF]. This condition complies well at temperatures

T e T F , see Table 1.1.
Besides, the free electron gas heat capacity is a linear function of temperature [START_REF] Ashcroft | Solid state physics[END_REF]:

C e (T e ) = π 2 2 T e T F n c κ B = γ T e , (1.4) 
where n c is the density of conduction electrons. The heat capacity can therefore be put in the form

C e (T e ) = γ T e , with γ = π2n c κ B /2T F . Table 1.
2 specifies the values of n c and γ for the noble metals.

Metal n c (×10 28 m -3 ) γ (J m [START_REF] Ashcroft | Solid state physics[END_REF].

Involvement of the d-band electrons

As has been shown before experimentally [START_REF] Wang | Time-resolved electron-temperature measurement in a highly excited gold target using femtosecond thermionic emission[END_REF][START_REF] Riffe | Femtosecond thermionic emission from metals in the space-charge-limited regime[END_REF], Eq. with T e whereas the development of Sommerfeld would have predicted the opposite since it is based on a linear temperature dependence of the electron heat capacity and temperature independent electron-phonon coupling constant. The values of C e (T e ) are deduced by applying the definition of heat capacity to each energy level, then integrating over all weighted energy levels of the density of states ρ tot (E) [START_REF] Lin | Electron-phonon coupling and electron heat capacity of metals under conditions of strong electron-phonon nonequilibrium[END_REF]:

n e = ∞ -∞ f (E, µ(T e ), T e ) ρ tot (E) dE . ( 1 
C e (T e ) = ∂ E ∂T e = ∞ -∞ ∂f (E, µ(T e ), T e ) ∂T e ρ tot (E)E dE . ( 1.6) 
Recently, Brown et al. [START_REF] Brown | Ab initio phonon coupling and optical response of hot electrons in plasmonic metals[END_REF] have applied a more rigorous (relativistic) approach to calculate electronic band structures accurately. They have provided the electron temperature dependent parameters [C e (T e ) and G e-ph (T e )] of noble metals which would have helped us with a better evaluation of the optical response of Au and Ag. However, Brown's work has appeared in the literature in a time which was too late for us to include their considerations in our calculation.

Hence, the linear relationship C e (T e ) = γ T e (Eq. 1.4) is valid only at low electron temperatures up to about 3000 K for Au and 5000 K for Ag (k B T e ∼ 0.25 -0.43 eV). Beyond that, the heat capacity increases with electron temperature faster than in Eq. 1.4.

High electronic temperatures have an influence on other thermodynamic and electronic quantities, too [START_REF] Wang | Time-resolved electron-temperature measurement in a highly excited gold target using femtosecond thermionic emission[END_REF][START_REF] Lin | Electron-phonon coupling and electron heat capacity of metals under conditions of strong electron-phonon nonequilibrium[END_REF]. In this work, we will study the heat transfer in metals by using the electron-phonon coupling parameter G values [START_REF] Lin | Electron-phonon coupling and electron heat capacity of metals under conditions of strong electron-phonon nonequilibrium[END_REF] that take this influence into account.

Heat capacity of the metal ionic lattice

Phonons are involved in many of the physical properties of the atomic structure of the metal, such as the ability to propagate sound, conduct and store heat [START_REF] Ziman | Electrons and phonons: the theory of transport phenomena in solids[END_REF]. This concept is also provided by the Debye model, which makes it possible to define a temperature T D , called Debye temperature, above which all vibration modes can be thermally excited. In the regime where the ionic lattice temperature T l is greater than T D , the heat capacity of the lattice C l therefore takes a constant BACKGROUND AND TOOLS value described by Dulong & Petit law [START_REF] Ashcroft | Solid state physics[END_REF]:

C l = 3 n at κ B (1.7)
where n at is the density of atoms per unit volume. Noble metals being monovalent, n at = n c .

Debye's temperature is 170 K for Au and 215 K for Ag [START_REF] Ashcroft | Solid state physics[END_REF]. We will therefore consider in all the following that T l > T D , which results in C l ≈ 2.49 × 10 6 J m -3 K -1 for both Au and Ag [START_REF] Haynes | CRC handbook of chemistry and physics[END_REF].

Dielectric function of noble metals

The optical response of a noble metals is characterized by a (angular) frequency ω dependent complex relative dielectric function (also called the permittivity)

ε(ω) = ε 1 (ω)+i ε 2 (ω) = 1+χ(ω),
where χ is the dielectric susceptibility of the material. The imaginary and real parts, ε 2 (ω) and ε 1 (ω), are interrelated by the Kramers-Kronig relations [START_REF] Bohren | Absorption and scattering of light by small particles[END_REF]:

ε 1 (ω) = 1 π P ∞ -∞ ε 2 (ω ) ω -ω dω , ε 2 (ω) = - 1 π P ∞ -∞ ε 1 (ω ) -1 ω -ω dω (1.8)
where P denotes the Cauchy principal value.

The frequency dependence of ε originates from the fact that the polarizability doesn't respond instantaneously to the applied field due to inertia of charge carriers. By definition, in a linear and isotropic environment, ε connects the electric displacement D to the electric field E according to:

D = ε 0 E + P = ε 0 E + ε 0 (1 + χ)E = ε 0 ε E , (1.9)
where ε 0 is the vacuum permittivity and P the polarization in the metal. ε(ω) can also be expressed as the square of the complex optical index: ε = ñ2 = (n + i κ) 2 , where n is the refractive index and κ the extinction coefficient.

Dielectric function of noble metals have been experimentally determined by several authors [START_REF] Johnson | Optical constants of the noble metals[END_REF][START_REF] Palik | Handbook of optical constants of solids[END_REF][START_REF] Blanchard | Highresolution measurements of the bulk dielectric constants of single crystal gold with application to reflection anisotropy spectroscopy[END_REF][START_REF] Olmon | Optical dielectric function of gold[END_REF][START_REF] Yang | Optical dielectric function of silver[END_REF], the most commonly used being those reported by Johnson & Christy [START_REF] Johnson | Optical constants of the noble metals[END_REF] and those compiled by Palik [START_REF] Palik | Handbook of optical constants of solids[END_REF]. In this work, we are interested in studying the details of the processes which rule the value of ε(ω) as well as their dependence on the electron and the lattice temperatures.

More precisely, we are interested in the response of gold and silver to a light wave in the near UV to near IR (approximately from 1 to 4 eV). In this range of photon energy, the dielectric functions is constituted of two contributions [START_REF] Labouret | Irradiation laser ultrabrève de nanobâtonnets d'or individuels en milieu aqueux: photo-génération de phénomènes d'intérêt biomédical[END_REF][START_REF] Guillet | Dynamique de la réponse optique non-linéaire ultra-rapide d'une assemblée de nanoparticules d'or[END_REF]. The electron transitions within the conduction band, s and/or p, (termed as "intraband" transitions) and the transitions between the valence bands, d and the s-and/or p-bands (termed as "interband" transitions). Hence, the dielectric function is therefore the sum of an interband contribution ε ib and an intraband contribution χ D , Eq. 1.10.

The superscript D in χ D denotes the fact that the intraband contribution can be characterized via the Drude-Sammerfeld model.

ε(ω) = ε ib (ω) + χ D (ω) = ε ib 1 (ω) + i ε ib 2 (ω) + χ D 1 (ω) + i χ D 2 (ω) . (1.10)
Now, we are in a position to discuss the details of these contributors that make up the complex dielectric function ε(ω) of Au and Ag noble metals.

Interband dielectric function contribution (Rosei model)

The interband transitions occur between the valence and conduction bands. We call the minimum energy difference between the top of the d-bands and the first empty electronic level of the s-BACKGROUND AND TOOLS and/or p-bands (for a direct vertical electron transition) the "interband electron transition threshold", ω ib . A photon with energy higher than ω ib can be absorbed for promoting an electron from d-band to the s-and/or p-bands. ε ib 2 [Eq. 1.10] is then equal to zero for photon energies below ω ib . The interband transition contribution can only be described by a quantum approach [START_REF] Marini | Thermo-modulational interband susceptibility and ultrafast temporal dynamics in nonlinear gold-based plasmonic devices[END_REF][START_REF] Rosei | D bands position and width in gold from very low temperature thermomodulation measurements[END_REF][START_REF] Guerrisi | Splitting of the interband absorption edge in Au[END_REF][START_REF] Rosei | Temperature modulation of the optical transitions involving the fermi surface in Ag: Theory[END_REF][START_REF] Antonangeli | Optical gaps and interband matrix elements of silver as a function of temperature[END_REF]. For this, we use the dielectric function expressions based on the Lindhard's theory [START_REF] Lindhard | On the properties of a gas of charged particles[END_REF] in the work of Y. Guillet [START_REF] Guillet | Dynamique de la réponse optique non-linéaire ultra-rapide d'une assemblée de nanoparticules d'or[END_REF].

The band structure of Au and Ag are shown in Fig. 1.1. The d-bands lie a few eV below the Fermi level (see the zero line) and the sp-band crosses E F level in the vicinity of the points X, L and along the direction of Σ of the Brillouin zone. For the spectral zone extending from near UV to near IR, the X and L points provide the main contributions to interband transitions in noble metals. However, the transitions around the L point have a greater oscillator strength than the X point one. Beyond, in the ultrafast transient optical response of gold in the visible and near IR spectral domain, the contribution of the transitions around the L point are significantly larger than the one around the X point, and have usually been considered only [START_REF] Wang | Broadband spectral signature of the ultrafast transient optical response of gold nanorods[END_REF][START_REF] Labouret | Irradiation laser ultrabrève de nanobâtonnets d'or individuels en milieu aqueux: photo-génération de phénomènes d'intérêt biomédical[END_REF][START_REF] Guillet | Dynamique de la réponse optique non-linéaire ultra-rapide d'une assemblée de nanoparticules d'or[END_REF][START_REF] Di Mario | Time-dependent optical response of three-dimensional Au nanoparticle arrays formed on silica nanowires[END_REF]. For the spectral zone of our interest (1 to 4 eV), considering the involvement of both the L and X point transitions [the red regions in Fig. 1 The band structures are modeled based on the work of Rosei [START_REF] Rosei | D bands position and width in gold from very low temperature thermomodulation measurements[END_REF][START_REF] Guerrisi | Splitting of the interband absorption edge in Au[END_REF][START_REF] Rosei | Temperature modulation of the optical transitions involving the fermi surface in Ag: Theory[END_REF][START_REF] Antonangeli | Optical gaps and interband matrix elements of silver as a function of temperature[END_REF]. The X and L points are high symmetry points in the vicinity of which the electron energy bands exhibit a quasiquadratic dependence on k [START_REF] Stoll | Ultrafast electronic, acoustic and thermal properties of metal nanoparticles and clusters[END_REF]. Thus, parabolic band structures are locally assumed in each direction [START_REF] Guillet | Dynamique de la réponse optique non-linéaire ultra-rapide d'une assemblée de nanoparticules d'or[END_REF][START_REF] Marini | Thermo-modulational interband susceptibility and ultrafast temporal dynamics in nonlinear gold-based plasmonic devices[END_REF][START_REF] Rosei | D bands position and width in gold from very low temperature thermomodulation measurements[END_REF][START_REF] Guerrisi | Splitting of the interband absorption edge in Au[END_REF][START_REF] Rosei | Temperature modulation of the optical transitions involving the fermi surface in Ag: Theory[END_REF][START_REF] Antonangeli | Optical gaps and interband matrix elements of silver as a function of temperature[END_REF][START_REF] Stoll | Ultrafast electronic, acoustic and thermal properties of metal nanoparticles and clusters[END_REF]. The Rosei model is only valid for photons energies not too far from interband transition threshold. For our calculation of the interband transition contribution to ε(ω), we adopt the same approach as the one of the team of F. Vallée and N. Del Fatti in Lyon as detailed in [START_REF] Stoll | Ultrafast electronic, acoustic and thermal properties of metal nanoparticles and clusters[END_REF]. Details are given in Appendix A.

Intraband dielectric function contribution (Drude-Sommerfeld model)

We have established the framework that helps to obtain the inerband contribution to the dielectric function. In this section we deal with the remaining intraband contribution so that we have a complete model for the dielectric function calculation. For this, the properties of the quasifree electrons in the conduction band are described by the classical model developed by Drude and Sommerfeld. Assuming an electron with effective mass m * and charge -e interacting with an external electric field E(t), its motion (displacement vector r ) can be described according to the Newton's second law [START_REF] Guillet | Dynamique de la réponse optique non-linéaire ultra-rapide d'une assemblée de nanoparticules d'or[END_REF][START_REF] Ashcroft | Solid state physics[END_REF][START_REF] Stoll | Ultrafast electronic, acoustic and thermal properties of metal nanoparticles and clusters[END_REF]:

m * r = -m * Γṙ -eE(t) ,
(1.11) τ being the characteristic collision time, its counterpart in energy is Γ = 1/τ . Γ is then the phenomenological scattering constant that accounts for all the scattering processes experienced by the electrons. The electron displacement creates a dipole moment p = -er. Hence, assuming that all electrons behave the same way and are independent, the polarization is deduced at the CHAPTER 1. OPTICAL RESPONSE OF NOBLE METAL NANOPARTICLES: BACKGROUND AND TOOLS mesoscopic scale:

P = n c p , (1.12)
and since the P and E are interrelated via the susceptibility,

P = ε 0 χ D (ω)E . (1.13)
The Drude dielectric function ε D can then be expressed as

ε D = 1 + χ D (ω) = 1 - ω 2 p ω(ω + i Γ) , ( 1.14) 
where ω p = n c e 2 m * ε 0 is the plasma frequency. The plasma frequency of Au and Ag is ω p = 8.984

eV.

As can be seen in Eq. 1.14 the determination of the phenomenological scattering constant Γ is the core of this section to establish the variations of χ D (ω) with f and T l . For the NP size range and temperature values of our interest here, Γ is the sum of two main contributions [START_REF] Guillet | Dynamique de la réponse optique non-linéaire ultra-rapide d'une assemblée de nanoparticules d'or[END_REF]:

Γ = Γ e-e + Γ e-ph , (1.15) 
where Γ e-e is the rate of electron-electron scattering and Γ e-ph the rate of electron-phonon scattering. The first was calculated by R. Gurzhi [START_REF] Gurzhi | Mutual electron correlations in metal optics[END_REF] as part of Landau's theory of Fermi liquids in the case where an electronic temperature T e can be defined, in the thermal regime [START_REF] Gurzhi | Mutual electron correlations in metal optics[END_REF]:

Γ e-e ( , ω, T e ) = (k B T e ) 2 2 ω p 1 + ω 2, π κ m B , T e 2 .
(1.16)

In the hypothesis of quasi-free electrons (parabolic dispersion relationship), assuming that the phonon energies involved are negligible compared to those of photons, Chin-Yi Tsai et al. [START_REF] Tsai | Theoretical model for intravalley and intervalley free-carrier absorption in semiconductor lasers: Beyond the classical Drude model[END_REF] calculated Γ e-ph using the Fermi golden rule at the second order. It is given as [START_REF] Guillet | Dynamique de la réponse optique non-linéaire ultra-rapide d'une assemblée de nanoparticules d'or[END_REF]:

Γ e-ph ( ω) = G e-ph ω ∞ 0 √ E √ E + ω f (E)[1 -f (E + ω)] dE , (1.17)
where G e-ph is an electron-phonon coupling "parameter" not to be confused with the coupling "constant". Earlier in this chapter (see §1.2.1.2), we have discussed about the dependence of C e on T e [START_REF] Lin | Electron-phonon coupling and electron heat capacity of metals under conditions of strong electron-phonon nonequilibrium[END_REF]. We will evoke this issue in chapter 2 where we will take the contributions of d-band electrons into account for the calculation of the dielectric function of Au. For the T l > T D case CHAPTER 1. OPTICAL RESPONSE OF NOBLE METAL NANOPARTICLES: BACKGROUND AND TOOLS ( §1.2.2), G e-ph ∝ T l , which leads to the equation [START_REF] Tsai | Theoretical model for intravalley and intervalley free-carrier absorption in semiconductor lasers: Beyond the classical Drude model[END_REF]:

Γ e-ph ( ω) ∝ T l ω ∞ 0 √ E √ E + ω f (E)[1 -f (E + ω)] dE . (1.18)
At room temperature, Γ e-e Γ e-ph [START_REF] Guillet | Dynamique de la réponse optique non-linéaire ultra-rapide d'une assemblée de nanoparticules d'or[END_REF]. However, the T e values may sometimes reach several thousand kelvins. Γ e-e can then no longer be neglected in the establishment of Γ. For example,

for T e = 5000 K, Γ e-e (1 eV) = 23 meV and Γ e-ph (1 eV) = 77 meV [START_REF] Labouret | Irradiation laser ultrabrève de nanobâtonnets d'or individuels en milieu aqueux: photo-génération de phénomènes d'intérêt biomédical[END_REF]. So, both contributions have to be considered in this case. Finally, for the photon energies below the interband threshold, the proportionality constant in Eq. 1.18 is evaluated by adjusting it to the experimental values at room temperature.

Total dielectric function

In this manuscript, we model the experimental dielectric function data of Palik [START_REF] Palik | Handbook of optical constants of solids[END_REF] for Au and of Johnson & Christy [START_REF] Johnson | Optical constants of the noble metals[END_REF] for Ag, both being good at predicting the spectral characteristics of the SPR. As shown in Fig. 1.4(a) and (b), a very satisfactory agreement can be achieved with the experimental data reported in Ref. [START_REF] Palik | Handbook of optical constants of solids[END_REF] for Au. For this, in addition to the intraband transition contribution (Drude model), the interband transitions from d → p and p → s are considered at the L point of the Brillouin zone while a d → p transition was considered at the X point. is enough for a satisfying modeling of the the experimental dielectric function of Ag from Ref. [START_REF] Johnson | Optical constants of the noble metals[END_REF].

For the simulation of the dielectric functions, the parabolic band parameters (for the interband transitions) of both Au and Ag are implemented as reported in Ref. [START_REF] Stoll | Advances in femto-nano-optics: ultrafast nonlinearity of metal nanoparticles[END_REF]. Values of the effective masses for both Ag and Au are directly used as reported in Refs. [START_REF] Stoll | Ultrafast electronic, acoustic and thermal properties of metal nanoparticles and clusters[END_REF][START_REF] Stoll | Advances in femto-nano-optics: ultrafast nonlinearity of metal nanoparticles[END_REF]. However, the parameters of Au that have been used in this work are slightly different from what can be read in Ref. [START_REF] Stoll | Advances in femto-nano-optics: ultrafast nonlinearity of metal nanoparticles[END_REF], because different experimental data of Au are considered by this work and Ref. [START_REF] Stoll | Advances in femto-nano-optics: ultrafast nonlinearity of metal nanoparticles[END_REF]. Besides, there is no difference between the band energy values that we have implemented for Ag and the ones reported in Ref. [START_REF] Stoll | Advances in femto-nano-optics: ultrafast nonlinearity of metal nanoparticles[END_REF]. Table 1.3 summarizes the relative oscillator strength, η

X,L i→f = M i-f X,L 2 / M d-p L 2
and the band energy values (eV) that are considered in this work for both Au and Ag and compares them with the ones reported in Ref. [START_REF] Stoll | Advances in femto-nano-optics: ultrafast nonlinearity of metal nanoparticles[END_REF]. 

= M i-f X,L 2 / M d-p L 2 , of
Au and Ag that are used in this work as compared to the ones reported in Ref. [START_REF] Stoll | Advances in femto-nano-optics: ultrafast nonlinearity of metal nanoparticles[END_REF]). The origin of the energies is set at E F

Stationary regime optical response of noble metal nanoparticles

For a metal particle of size much smaller than the wavelength of the incoming light, the conduction electrons experience a homogeneous field and oscillate collectively on either side of the ionic core lattice (Fig. 1.5). This oscillating system has a natural eigenfrequency and gives rise to a resonance phenomenon, the LSPR. When the frequency of the applied wave matches the LSPR frequency of the particle, there is a maximum energy transfer from the electromagnetic wave to the particle. The energy is dissipated either non-radiatively (e -e and e -ph scattering) or radiatively.

The damping of this oscillator is described by Γ, the total electron collision rate introduced in the previous section in which the radiative damping is negligible ( §1.2.3.2). In the following, we begin from the simplest case of spherical NPs and proceed to the more complex case of anisotropic NPs. 

Spherical nanoparticles

Considering a homogeneous spherical particle of radius R λ, placed in an isotropic host medium of dielectric constant ε d , under the electric field E 0 e -iωt , where λ and ω are respectively the wavelength and the angular frequency of the incident field. The optical response of the system can be calculated by solving Maxwell equations, either based on the pioneering work of Mie (multipolar expansion) [START_REF] Mie | Beiträge zur Optik trüber Medien, speziell kolloidaler Metallösungen[END_REF] or the analytic and/or numerical developments that followed. However, we present here the simplest case which is based on the electric dipole approximation where the NP response is assimilated as that of a dipole, p. So, the dipole moment induced in the NP by the incident field can be written as:

p = α(ω)E 0 .
(1. [START_REF] Lin | Plasmon-enhanced fluorescence provided by silver nanoprisms for sensitive detection of sulfide[END_REF]) BACKGROUND AND TOOLS α(ω) is polarizability of the particle. The total field E tot inside the metal is given by the sum of the incident field and the induced field (also called depolarizing field):

E tot = 3 ε d (ω) ε(ω) + 2 ε d (ω) E 0 . (1.20)
The extinction σ ext and scattering σ sca cross-sections can be obtained from the scattering field radiated by the dipole. The power radiated by this dipole moment, which is also the power scattered by the particle, is given by [START_REF] Hou | Nano-objets photo-activés pour le ciblage cellulaire et l'hyperthermie[END_REF]:

P ray = ω 4 12ππε 0 c 3 |p| 2 .
(1.21)

Hence, σ ext and σ sca of the system can be deduced from the Eqs. (1.19) and (1.21):

σ sca (ω) = κ 4 6π |α(ω)| 2 . (1.22) σ ext (ω) = κIm[α(ω)], (1.23) 
where κ is the wave vector of the incident field.

In the dipolar approximation, if we neglect the radiative correction (which is valid when κR 1), α(ω) of the spherical particle is given by [START_REF] Bohren | Absorption and scattering of light by small particles[END_REF]:

α(ω) = 4πε 0 ε d (ω)R 3 ε(ω) -ε d (ω) ε(ω) + 2ε d (ω) . (1.24)
The effective absorption cross-section (σ abs = σ ext -σ sca ) is then given as [START_REF] Hou | Nano-objets photo-activés pour le ciblage cellulaire et l'hyperthermie[END_REF][START_REF] Labouret | Irradiation laser ultrabrève de nanobâtonnets d'or individuels en milieu aqueux: photo-génération de phénomènes d'intérêt biomédical[END_REF]:

σ abs (ω) = 9 ω c ε d (ω) 3/2 V ε 2 (ω) [ε 1 (ω) + 2ε d (ω)] 2 + ε 2 (ω) 2 .
(1.25)

Eq. 1.25 tells us that in the case where ε 2 (ω) is small or weakly dispersed, σ abs reaches its maximum value when the condition ε 1 (ω) = -2ε d (ω) is satisfied. For Γ ω ( Γ ∼ 100 meV in the visible domain), we can deduce:

ω SP R = ω p ε ib 1 (ω SP R ) + 2ε d (ω SP R )
.

(1.26)

Let us now summarize some properties of LSPR and its dependence upon a few key parameters of the system.
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LSPR band spectral profile

As for the case of spherical AgNPs, if ω SP R is far below the interband transition threshold, the LSPR spectral profile can be approximated as quasi-Lorenzian. This is not the case for spherical AuNPs whose ω SP R and interband transition threshold overlap [START_REF] Stoll | Ultrafast electronic, acoustic and thermal properties of metal nanoparticles and clusters[END_REF].

Influence of the surrounding medium

From Eqs. 1.25 and 1.26 we can see that when ε d increases, the LSPR shifts to the red and its amplitude increases. Hence, the characteristics of LSPR are sensitive to the refractive index of the surrounding medium.

Near-field enhancement

At LSPR resonance, the local electromagnetic field is enhanced in and around the NP. This can be characterized by a value of the near-field enhancement factor F = |Etot| |E0| > 1 inside the NP. For the case of spherical NPs, the enhancement factor is given by F (ω) =

3 εm(ω) ε(ω)+2 εm(ω)
inside the metal (see Eq. 1.20). However, the field enhancement extends to the vicinity of the nanoparticle. It is maximum at the interface (in the polarization direction of the wave) and for small enough NPs it decreases as 1 r 3 with the distance r from the center of the NP [Fig. 1.6]. In chapter 4, we will study its modulation in response to the absorption of a femtosecond laser pulse by a spherical NP.

Influence of the NP size

Particle size also has an important influence. On the one hand, for aggregates of a few hundred atoms (R ≤ 2 nm), their optical properties can no longer be described by using the dielectric function of the bulk noble metal due to several quantum electronic effects, comprising the modification of the mean free path of electrons [START_REF] Gurzhi | Mutual electron correlations in metal optics[END_REF][START_REF] Palpant | Optical properties of gold clusters in the size range 2-4 nm[END_REF][START_REF] Ziman | Principles of the theory of Solids[END_REF]. On the other hand, from the Eqs. 1.22, 1.27 and 1.25 we can notice that σ abs ∝ R 3 and σ sca ∝ R 6 , which then allows one to neglect the scattering term for sufficiently small particles. This is actually the case for most of the samples that we will study in this dissertation except the ones in chapter 3. Indeed, in the third chapter, we will see that σ sca has a significant influence on the optical response of bigger NPs. Multipolar effects start to play an important role in the optical properties of NPs the size of which exceeds about 30 nm [START_REF] Stoll | Ultrafast electronic, acoustic and thermal properties of metal nanoparticles and clusters[END_REF].

Non-spherical nanoparticles: the case of nanorods

LSPR is also very sensitive to the shape of the NP [START_REF] Kvítek | Noble metal nanostructures influence of structure and environment on their optical properties[END_REF]. Many studies have been devoted to the shape dependent optical response of noble metal NPs starting from the simple rode-like (nanorods) [START_REF] Wang | Broadband spectral signature of the ultrafast transient optical response of gold nanorods[END_REF][START_REF] Davletshin | A quantitative study of the environmental effects on the optical response of gold nanorods[END_REF][START_REF] Huang | Gold nanorods: from synthesis and properties to biological and biomedical applications[END_REF] to the more complex star-shaped ones (see Fig. 1) [START_REF] Nehl | Optical properties of star-shaped gold nanoparticles[END_REF]. For example, nanorods (NRs) are characterized by their aspect ratio (AR) which is the ratio of the longest axis dimension to the shortest one. The symmetry lowering compared to the sphere induces the appearance of two LSPR modes that can be excited depending on the polarization of the incident light [START_REF] Huang | Gold nanorods: from synthesis and properties to biological and biomedical applications[END_REF]. For the other shapes (Fig. 1), the lower the symmetry, the larger the number of resonance modes. With a linearly polarized incident light, if the NR is oriented perpendicular to the field polarization then the incident wave excites an electron oscillation perpendicular to the major axis of the particle [Fig. 1.7(a)]. This resonance mode is called transverse (TrSPR). The corresponding absorption band appears as the small peak (designated by T ) spearing around 2.5 eV of the red curve in Fig. 1.7(b) where the absorption spectrum of a gold nanorod with random orientation (AuNR) is displayed together with the one of a gold nanosphere of equivalent volume.

On the contrary, if the AuNR is parallel to the polarization, the electrons oscillate parallel to BACKGROUND AND TOOLS CHAPTER 1. OPTICAL RESPONSE OF NOBLE METAL NANOPARTICLES: BACKGROUND AND TOOLS Finally, we would like to stress that there is no straight analytic method for modeling the optical properties of complex non-spherical NPs (Fig. 1). Usually, numerical approaches ( §1.4) are employed for such kind of plasmonic nanostructures. It is however possible to describe the optical properties of ellipsoidal NPs using the analytic method developed by R. Gans [START_REF] Gans | Über die form ultramikroskopischer Goldteilchen[END_REF], which is an extension of Mie theory [START_REF] Mie | Beiträge zur Optik trüber Medien, speziell kolloidaler Metallösungen[END_REF] using ellipsoidal coordinates. As we will deal with AuNRs in some of the following chapters, and as the optical response of AuNRs can be assimilated, to some extent, to the ones of ellipsoids [START_REF] Constantin | Why the aspect ratio? shape equivalence for the extinction spectra of gold nanoparticles[END_REF], let us now present this approach. In the following discussions, we will assume (for simplicity) that the dielectric environment is weakly dispersed and therefore ε b (ω) can be expressed as ε d .

Gans-Mie theory

The Gans-Mie theory [START_REF] Gans | Über die form ultramikroskopischer Goldteilchen[END_REF][START_REF] Gans | Über die form ultramikroskopischer Silberteilchen[END_REF], also called the extended Mie theory, was developed to characterize the optical response of spheroidal particles (oblate and prolate), Fig. 1.8. Following the electric dipole approximation method that we have developed for spherical nanoparticles ( §1.3.1), a general formula of extinction cross-section for spheroids (ellipsoids with semi-axes: a = b and c) can be deduced using the quasi static approximation (a = b and c λ) [START_REF] Bohren | Absorption and scattering of light by small particles[END_REF][START_REF] Gans | Über die form ultramikroskopischer Goldteilchen[END_REF][START_REF] Marhaba | Effect of size, shape and environment on the optical response of metallic nanoparticles[END_REF][START_REF] Eustis | Determination of the aspect ratio statistical distribution of gold nanorods in solution from a theoretical fit of the observed inhomogeneously broadened longitudinal plasmon resonance absorption spectrum[END_REF][START_REF] Hong | Nanobiosensors based on localized surface plasmon resonance for biomarker detection[END_REF]. The polarizability of an ellipsoid (analogues to Eq. 1.27) when an electric field is applied parallel to one of its x, y or z directions can be shown to be [START_REF] Bohren | Absorption and scattering of light by small particles[END_REF]:

α x,y,z (ω) = 4π 3 abc ε(ω) -ε d ε d + L x,y,z [ε(ω) -ε d ] , ( 1.27) 
where L x,y,z is the depolarization factor that depends on the geometry of the ellipsoid and is characterized by the possible polarization directions. One can show, by solving the Maxwell equations in a system of ellipsoidal coordinates [START_REF] Bohren | Absorption and scattering of light by small particles[END_REF], that the depolarization factor along the long axis, L z , for a prolate spheroid (a = b < c, Fig. 1.8-right) is given by

L z = 1 -e 2 e 2 -1 + 1 2e ln 1 + e 1 -e . ( 1.28) 
For the long axis of an oblate spheroid,

L x = L y (a = b > c, Fig. 1.8-left)
, we can express it as [START_REF] Muskens | Optical response of a single noble metal nanoparticle[END_REF]:

L x = L y = 1 -e 2 1/2 2e 3 π 2 -arctan 1 -e 2 1/2 e - 1 -e 2 2e 2 (1.29)
where e 2 = 1 -(1/AR) 2 is the eccentricity, expressed in terms of the particle's aspect ratio AR = c/a. Then the geometrical factor expressions for the short axis are given by

L y = L x = (1 -L z )/2 > 1/3 > L z and L z = (1 -2L x,y ) > 1/3 > L x = L y
for prolate and oblate shapes, respectively. For light polarized along the i direction parallel to x, y or z, the particle absorption cross section σ abs averaging over all possible polarizations is given by [START_REF] Hong | Nanobiosensors based on localized surface plasmon resonance for biomarker detection[END_REF][START_REF] Muskens | Optical response of a single noble metal nanoparticle[END_REF] 

σ abs (ω) = ω 3c ε 3/2 d V i ε 2 (ω)/L 2 i ε 1 (ω) + 1 -L i L i ε d 2 + ε 2 (ω) 2
(1.30) BACKGROUND AND TOOLS 

Ensemble of nanoparticles

There exists analytical approaches to model an ensemble of nanoparticles that are dispersed in a continuous host of dielectric medium. A general approach called effective medium theory (EMT) is used to describe the mesoscopic behavior of the electromagnetic field propagating in CHAPTER 1. OPTICAL RESPONSE OF NOBLE METAL NANOPARTICLES:

BACKGROUND AND TOOLS such kind of complex media, like plasmonic nanocomposite thin films. It consists in replacing the inhomogeneous medium by a fictitious homogeneous medium characterized by an effective dielectric function, ε ef f , such that the electromagnetic field propagation has the same properties as in the actual medium. In this work we are interested in studying two-or three-dimensional nanocomposites which are made up of non-spherical metal nanoparticles distributed in a dielectric medium. Hence, this section will be devoted to the models that have been used in our study, i.e.,the extended Maxwell-Garnett [START_REF] Garnett | Colours in metal glasses and in metallic films[END_REF][START_REF] Garnett | Colours in metal glasses, in metallic films, and in metallic solutions[END_REF] and Yamaguchi [START_REF] Yamaguchi | Optical effect of the substrate on the anomalous absorption of aggregated silver films[END_REF] models. The former is particularly suitable for a totally random three-dimensional distribution of NPs while the latter is applicable for a two-dimensional distribution of NPs in a dielectric host medium. They are both based on a mean field approach.

Extended Maxwell-Garnett model

The extended Maxwell-Garnett (MG) model, as its name suggests, is an extension of the original Maxwell-Garnett model [START_REF] Garnett | Colours in metal glasses and in metallic films[END_REF][START_REF] Garnett | Colours in metal glasses, in metallic films, and in metallic solutions[END_REF] which was developed to estimate the effective dielectric function of a medium consisting of spherical particles randomly dispersed in a volume of dielectric host material. Hence, the extended MG model is applicable for inclusions of ellipsoidal NPs. This model has proven to be very useful for calculating the optical properties of 3-D media containing a low density of metallic inclusions (Fig. 1.10). Indeed, as the interactions between NPs are disregarded in this model, it is valid for metal volume fractions lower than ∼15% in the visible spectral domain [START_REF] Huyeh | Influence des effets thermiques sur la réponse optique de matériaux nanocomposites métal-diélectrique[END_REF]. The effective dielectric function, ε M G ef f , of a composite medium containing a small fraction of metal NPs is related to the dielectric functions of the dielectric host medium and of the metal via [START_REF] Markel | Introduction to the Maxwell Garnett approximation: tutorial[END_REF]:

ε M G ef f (ω) = ε d 1 + 3L x,y,z + 2q 3 ε -ε d ε d 1 + 3L x,y,z -q 3 ε -ε d ε d (1.31)
where ε d and ε are the dielectric functions of the host medium and the bulk metal, respectively, and q is the volume fraction of the spheroidal inclusions. The L i are given by Eqs. 1.28-1.29. other dipoles p j is also shown. Taken from Ref. [START_REF] Fedotov | Optical properties of closely packed nanoparticle films: spheroids and nanoshells[END_REF].

The induced total local electric field that is acting on each particle, E loc , is then the sum of the external field, the field produced by the mirror image E img and the field by the surrounding particles E sur [START_REF] Fedotov | Optical properties of closely packed nanoparticle films: spheroids and nanoshells[END_REF]:

E loc = E ext + E img + E sur . (1.32)
E img is given by [START_REF] Fedotov | Optical properties of closely packed nanoparticle films: spheroids and nanoshells[END_REF]:

E img = - 1 4πε 0 ε ext h 3 p = 1 4πε 0 ε ext h 3 ε sub -ε ext ε sub + ε ext p (1.33)
where p = ε sub -ε ext ε sub + ε ext p. A spherical coordinate system can be introduced to calculate the contributions of the surrounding particles and their mirror images. If we consider that the distance between the neighboring particles r j h, then θ j ∼ = 0 hence p j and p j can be replaced by an effective dipole moment p j [START_REF] Fedotov | Optical properties of closely packed nanoparticle films: spheroids and nanoshells[END_REF]:

p j = p j -p j = 2ε ext ε sub + ε ext p j .
(1.34)
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E sur is given by [START_REF] Fedotov | Optical properties of closely packed nanoparticle films: spheroids and nanoshells[END_REF]:

E sur = - 1 4πε 0 ε ext 2ε ext ε sub + ε ext j 3cos 2 φ j -1 r 3 j , (1.35)
where φ j is the angle between r j and p j . From Eqs. 1.33 and 1.35 the induced electric field E loc can be written as [START_REF] Fedotov | Optical properties of closely packed nanoparticle films: spheroids and nanoshells[END_REF][START_REF] Camelio | Eclairage sur les propriétés optiques des matériaux nanostructurés[END_REF]:

E loc = E ext 1 + ε 0 ε ext αβ , (1.36)
where α is the polarisability of the NP while β is the parameter that accounts for all the interactions.

β carries all the information regarding to the interaction of a NP with the neighboring NPs and also with the image dipole created inside the substrate at a distance of h from its center. It is

given by [START_REF] Camelio | Eclairage sur les propriétés optiques des matériaux nanostructurés[END_REF]:

β = 1 4πε 0 ε(ω)h 3 ε sub -ε ext ε sub + ε ext - C 4πε 0 ε(ω) . (1.37)
C is a parameter that accounts for the shape distribution of a sample and it is given by [122]

C = j 3cos 2 φ j -1 r 3 j + ε sub -ε ext ε sub + ε ext j 3cos 2 φ j -1 r 3 j (1.38)
where r j and r j are the distances between the reference dipole p and another dipole p j (located at j) and its mirror image (p j ), respectively (see Fig. 1.11). If the particles are identical or homogeneous, C becomes [START_REF] Camelio | Eclairage sur les propriétés optiques des matériaux nanostructurés[END_REF]:

C = ∞ r=0 2π φ=0 3cos 2 φ -1 r 3 N (r)rdrdφ + ε sub -ε ext ε sub + ε ext - 1 4πε 0 ε(ω) ∞ r=0 2π φ =0 3cos 2 φ -1 r 3 N (r)rdrdφ (1.39)
where N (r) stands for the number of particles per surface area rdrdφ at a distance r and angle φ.

Eq. 1.39 can be simplified to:

C = 2ε ext ε sub + ε ext π d Λ (1.40)
where d is defined to be the particle density, Λ is the distance between the first neighbors and

N (r) =    0 if r < Λ , d if r ≥ Λ.
(1.41)

In this study, we are interested in spheroidal NPs whose depolarization factors L x,y,z are given by Eqs. 1.28 and 1.29. For a square lattice distribution of NPs, we can find the effective depolarization BACKGROUND AND TOOLS factor F x,y,z to be [START_REF] Camelio | Eclairage sur les propriétés optiques des matériaux nanostructurés[END_REF]:

F x,y,z = ε 0 ε 2 ext ε(ω) -ε ext αβ + L x,y,z (1 + ε 0 ε ext αβ). (1.42)
Hence, for a particle filling factor q, the effective dielectric function ε Y ef f is found to be [START_REF] Fedotov | Optical properties of closely packed nanoparticle films: spheroids and nanoshells[END_REF][START_REF] Camelio | Eclairage sur les propriétés optiques des matériaux nanostructurés[END_REF]: 

ε Y ef f = ε ext 1 + q[ε(ω) -ε ext ] ε ext + F x,y,z [ε(ω) -ε ext ] . ( 1 

Numerical approaches

The problem of the interaction between metal nanoparticles of complex shapes and an electromagnetic wave, for which there is no analytic way of solving, can be investigated using a variety of numerical methods that have been developed so far. Among them, the Discrete Dipole Approximation (DDA), the Boundary Element Method (BEM), the Transfer Matrix Method (TMM) and the Finite-Difference Time-Domain (FDTD) methods being very famous in the community.

DDA was initially developed by E. M. Purcell & C. R. Pennypacker [START_REF] Purcell | Scattering and absorption of light by nonspherical dielectric grains[END_REF]. It allows to calculate the absorption and scattering of a plane wave by particles of arbitrary shape or by periodic structures [START_REF] Draine | Discrete-dipole approximation for scattering calculations[END_REF][START_REF] Draine | Discrete-dipole approximation for periodic targets: theory and tests[END_REF]. It also calculates the local field enhancement factor [START_REF] Flatau | Fast near field calculations in the discrete dipole approximation for regular rectilinear grids[END_REF]. The method is CHAPTER 1. OPTICAL RESPONSE OF NOBLE METAL NANOPARTICLES: BACKGROUND AND TOOLS based on the discretization of a particle by a finite and large number of point dipoles. In response to the incident electric field, the dipoles acquire a dipole moment; then the DDA calculates both the polarization (resulting from the interaction of the dipole with all the other dipoles and with the incident field) and the local field at each point. One then obtains σ abs and σ sca from the local field and all the calculated polarizations.

The FDTD method, which was developed by Yee [START_REF] Yee | Numerical solution of initial boundary value problems involving Maxwell's equations in isotropic media[END_REF], is based on solving the Maxwell equations for an electromagnetic field propagating in the computational space (domain) of interest.

The entire computational space is discretized into a differential time and space grid. The field at the successive nodes of the grid are accumulated, hence giving the whole movie-like propagation of the field (both in space and time) inside the domain of interest. This makes it the best choice for theoretically demonstrating the real time effects of light matter interaction. However, FDTD requires a fine discritization of time and space for best results which makes working with it very expensive in terms of memory space and time consumption.

BEM is based on solving the Maxwell's equations by considering the charges and currents distributed on the boundaries and surfaces of the nanostructures of interest. This approach, which was invented by Garcia de Abajo & Howie [START_REF] De Abajo | Retarded field calculation of electron energy loss in inhomogeneous dielectrics[END_REF], allows one to obtain the absorption, scattering and field enhancement due to the interaction of plasmonic nanostructures (sitting in a uniform dielectric medium) with electromagnetic field. In this approach, each region is assigned with a local dielectric function and the boundary conditions are handled by surface integrals between the different media.

It is therefore perfectly suited for the study of the LSPR of metallic nanostructures [START_REF] Liaw | Simulation of surface plasmon resonance of metallic nanoparticles by the boundary-element method[END_REF][START_REF] Hohenester | MNPBEM-a matlab toolbox for the simulation of plasmonic nanoparticles[END_REF]. It can be also applied to a coupled nanoparticle systems [START_REF] Rockstuhl | Application of the boundary-element method to the interaction of light with single and coupled metallic nanoparticles[END_REF].

TMM, originally formulated by P. C. Waterman [START_REF] Waterman | Matrix formulation of electromagnetic scattering[END_REF], also allows to calculate optical response of particles. It can be applied to rotationally symmetric geometries to calculate the absorption and scattering of light by nanoparticles [START_REF] Zhao | The extinction spectra of silver nanoparticle arrays: influence of array structure on plasmon resonance wavelength and width[END_REF][START_REF] Mishchenko | T-matrix computations of light scattering by nonspherical particles: a review[END_REF]. Beside, it is also a simple technique to calculate electromagnetic wave propagation through layers of media. The transmittance, reflectance, absorbance and field distribution can be calculated by accumulating the fields at the interfaces into a "transfer matrix" as the incident light passes through the entire material.

A number of other numerical methods can be found elsewhere besides the aforementioned ones.

However, the ones listed above are the most used ones for the study of the optical response of plasmonic nanostructures. We will use some of these numerical approaches in this work in addition to the analytical Gans-Mie theory ( §1.3.2.1). In chapter 3, we will use the BEM to simulate the optical properties of AuNRs and bimetallic AuNR-Ag, core-shell colloidal nanoparticles. In the 4 th chapter, the FDTD method will be used to study the dynamics of the near field enhancement topography around a spherical NP subject to absorption of a femtosecond laser pulse. Finally, in the 5 th chapter, the TMM will be implemented to study the optical response of plasmonic-photonic hybrid micro-cavities.

Optical response of noble metal nanoparticles in the transient regime

As described earlier, when a NP is excited with an ultrashort laser pulse at its plasmon resonance, the energy absorbed by the NP is mainly released as heat to the surrounding environment.
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This occurs via a series of rapid energy exchange processes, as illustrated in Fig. 1.13 [START_REF] Palpant | Photothermal properties of gold nanoparticles[END_REF]. It begins with the excitation of the coherent oscillation of the electrons (plasmon mode). However, this coherence disappears in a few femtoseconds. The energy input is then spread over a fraction of electrons. The electron distribution is then out of equilibrium. This phase is called the athermal regime. Theoretical modeling of the electron response in this regime requires the resolution of Boltzman equation for the electron distribution. This regime lasts for a few hundreds of femtoseconds and will be disregarded in the following chapters as our interest is to study the optical response of NPs over a longer time. Hence, a thermal model has been used that we are going to discuss about below. Along the athermal regime, the energy absorbed redistributes within the electron gas via e -e collisions, which leads to its internal thermalization after a few hundred femtoseconds. Once this internal equilibrium is recovered, the electronic distribution follows the Fermi-Dirac statistics with a temperature T e higher than the initial temperature, T 0 . This phase is called the thermal regime.

e -ph collisions ensure the energy exchange between the electron gas and the metal ionic lattice. The electron energy is therefore converted into lattice vibrations which induce heating of the NP.

The typical time of e -ph scattering is in the order of a few picoseconds. The heat is then transferred to the surrounding environment by ph -ph collisions at the interface, which leads to the cooling of the NP while heating of the host environment that is in contact. Depending on the thermal transport properties in the host medium, as well as the interface thermal conductivity, the characteristic time of this process can vary from a few picoseconds to a few nanoseconds. Finally, the heat is evacuated mainly by diffusion in the host environment.

We have seen earlier that the dielectric function of noble metals depends on T l , T e and f (E) and therefore we expect it to evolve with the energy exchange processes. Hence, this is accompanied by a rapid evolution of the optical properties of the noble metal NPs. In this thesis, we will focus on the ultrafast variation of optical properties over a long time scale. Therefore, we briefly present BACKGROUND AND TOOLS the three-temperature model (3TM) that we will carry out to study the ultrafast optical response of anisotropic NPs that are in colloidal solution form, suspended on dielectric fibers, or coupled with an optical resonator. This model has already been used formerly in the team in X. Wang's thesis [START_REF] Wang | Photo-induced ultrafast optical and thermal responses of gold nanoparticles[END_REF].

In this model, three subsystems are considered: the metallic lattice having a temperature T l , the electron gas with temperature T e and the surrounding environment possessing a temperature T m . We assume that the electron gas is in internal thermal equilibrium at all times. The electron distribution is therefore ruled by the Fermi-Dirac statistics at T e (t). Evolution of the temperatures T e , T l and T m can be described by the following three equations:

C e (T e ) ∂T e ∂t = -G(T e )(T e -T l ) + P abs (t) (1.44) C l ∂T l ∂t = G(T e )(T e -T l ) - H(t) V (1.45)
where P abs (t) is the instantaneous power density absorbed at the instant time t, C e (T e ) and C l are the thermal capacities of the electron gas and the metal lattice, respectively, and G(T e ) is the electron-phonon coupling parameter. The behaviors of C e and G differ from those at low temperatures when T e reaches a few thousand Kelvin ( §1.2.1.2). V is the volume of the particle and H(t) correspond to the instantaneous heat release into the surrounding environment through the interface. Considering a perfect interface between a spherical nanoparticle and its surrounding matrix, the second term in the right-hand side of Eq. 1.45 can be expressed as:

H(t) V = S V κ m ∂T m ∂r r=R . (1.46)
S is the surface area of the particle while κ m is the thermal conductivity of the host medium.

Given D m , the thermal diffusion constant of the medium, its heat capacity is C m = κ m D m and the heat equation inside the medium writes (Fourier law):

∂T m ∂t = D m T m . (1.47)
Therefore, Eq. 1.47 together with Eqs. 1.44 and 1.45, make up the 3TM model. Thus, the 3TM can be used to calculate the evolution of T e , T l and T m over a "long" time.

Let us mention that the possible thermal interface resistance, disregarded here, could be easily accounted for in the equations [START_REF] Juvé | Cooling dynamics and thermal interface resistance of glass-embedded metal nanoparticles[END_REF][START_REF] Banfi | Temperature dependence of the thermal boundary resistivity of glass-embedded metal nanoparticles[END_REF].

Time resolved pump-probe experiment

In the previous sections, we have presented the theoretical methods that we use to investigate the transient optical response of the NPs. We have also discussed the physical processes that a plasmonic nanostructure undergoes upon its interaction with a subpicosecond laser pulse. It begins with the formation of an out-of-equilibrium electron gas whose characteristic time (duration of the athermal regime) is a few hundreds of femtoseconds and ultimately reaches an equilibrium
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where the temperatures of the electron gas and the metal lattice of the NP, as well as that of the surrounding matrix at the interface, finally become equal which lasts hundreds of picoseconds (thermal regime). So, to understand the underlying physics, we need to discriminate between the different physical processes involved based on their characteristics time (before the whole system returns to the equilibrium). Therefore, we need a time resolved experimental technique that can allow to temporally separate these processes and study the overall dynamics of the system until the equilibrium condition is attained. Hence, we devote this section to introduce the pump-probe experimental technique that has widely been used to study such kind of physical process.

In a pump-probe setup, two pulses are required, the pump and the probe [see Fig. 1.14(a)].

The former sets the system out of equilibrium (perturbation). It is intense enough to excite non-linearities. The time at which the peak of the pump pulse crosses the material (to create excitation) is considered as the origin t = 0 for the probe pulse. Then the latter is sent on to the sample. Its role is to monitor the modifications that are induced in the material by the pump.

A high-precision mechanical linear translation stage with a control feedback is used to vary the delay between the pump and the probe pulses over a time range of several nanoseconds and with femtosecond resolution [see Fig. The probe intensity must be low enough not to induce any change in the optical properties of the sample.

For this, each initial pulse emitted by the laser output has to be split into an intense part ensuring pumping and a weak one for probing, the delay between both being varied by elongating the optical path difference between both in order to reconstruct the relaxation dynamics [see Fig. 

Summary

In this chapter, we have presented an overview of the theoretical and numerical tools that we will use to calculate the optical properties of noble metals, first in the bulk form and then reduced at the nanometric scale. In addition to the analytic approaches, we have pointed out the numerical methods that can help to simulate the optical properties of complex shaped NPs because of the inability of analytic approaches to address most of the non-spherical morphologies. Effective medium theories (Maxwell-Garnett and Yamaguchi models) that can be used to calculate the optical responses of an ensemble of NPs dispersed/embedded either in 2D or 3D in a dielectric medium have also been presented. For the case of the interaction of NPs with ultrashort laser pulses, a series of energy exchanges takes place between the incident photons and electrons (transitions), electrons with each other (e -e), electron and metal ionic lattice (e -ph), metal lattice and host environment (ph -ph). This induces an ultrafast temporal variation of the dielectric function of the NP and hence a subsequent change in its optical properties. 

Introduction

As we have seen in the preceding chapter, the ultrafast response of plasmonic nanostructures is a complex phenomenon that involves a sequence of several energy exchange processes, with different time scales, from a few femtoseconds to hundreds of picoseconds. Understanding the physics behind the processes and how each of them is affected by size, shape, and composition of the NPs and by their environment is essential to fully exploit the NPs in many applications.

For isolated NPs dispersed in liquids or on a flat glass support, the ways the different dynamic processes depend on the shape and size of the NPs have been extensively studied [START_REF] Hartland | Optical studies of dynamics in noble metal nanostructures[END_REF] see Hartland, "Optical studies of dynamics in noble metal nanostructures" and the references therein. Moreover, for most applications, the metal NPs have to be combined with other materials and the fabrication processes can strongly limit the control over the NP morphology.
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CHAPTER 2. TRANSIENT OPTICAL RESPONSE OF SILICA NANOWIRES DECORATED BY GOLD NANOPARTICLES One-dimensional nanostructures and in particular nanowires (NWs) can be easily exploited as support structures for metal NPs. In fact, they can be synthesized in dense arrays, by carefully controlling their morphology and orientation with respect to the substrate. Such controlled fabrication allows us to obtain samples that may increase the accessibility of NPs to molecules in gas or liquids, and hence the potential sensitivity of devices. Studies have been reported where semiconductor NWs have been decorated with metal NPs and exploited as a substrate for surface enhanced Raman scattering spectroscopy [START_REF] Galopin | Silicon nanowires coated with silver nanostructures as ultrasensitive interfaces for surfaceenhanced Raman spectroscopy[END_REF][START_REF] Naumenko | Enhanced plasmonic properties of gold-catalysed semiconductor nanowires[END_REF]. Oxide NWs functionalized with metal NPs have also been used for many applications like optical sensing [START_REF] Hoa | Effective decoration of Pd nanoparticles on the surface of SnO 2 nanowires for enhancement of CO gas-sensing performance[END_REF] and catalysis [START_REF] Saha | High electrocatalytic activity of platinum nanoparticles on SnO 2 nanowire-based electrodes[END_REF][START_REF] Dong | Room-temperature solution synthesis of Ag nanoparticle functionalized molybdenum oxide nanowires and their catalytic applications[END_REF][START_REF] Hung | Plasmon resonant enhancement of carbon monoxide catalysis[END_REF][START_REF] Navalon | Enhancement of the catalytic activity of supported gold nanoparticles for the fenton reaction by light[END_REF].

In this chapter, the stationary and transient optical responses of silica NW arrays decorated by AuNPs are presented. This study has been carried out in partnership with colleagues from ISM-CNR in Rome. The silica NW arrays have been fabricated via thermal oxidation of Si NWs grown on a quartz substrate. The structures fabricated are an excellent support for metal NPs owing to their large surface area to attach the NPs, providing at the same time a macroporous framework that enables easy access to liquids or gases thus giving an efficient interaction with the environment [START_REF] Convertino | Silica nanowires decorated with metal nanoparticles for refractive index sensors: three-dimensional metal arrays and light trapping at plasmonic resonances[END_REF]. Our arrays are fully transparent in the visible to near-UV region of the spectrum, thus allowing transmission measurements. Additionally, the strong light trapping typical of the nanowire arrays [START_REF] Convertino | Optical reflectivity from highly disordered Si nanowire films[END_REF] increases the light absorption by the NPs thus enhancing the optical sensitivity of the 3D-arrays to the environment [START_REF] Convertino | Silica nanowires decorated with metal nanoparticles for refractive index sensors: three-dimensional metal arrays and light trapping at plasmonic resonances[END_REF]. A two-step, three-temperature model, developed to reproduce and interpret the experimental results, is also presented that allows for the correlation of several features of the stationary and transient optical responses to the shape and shape distribution of the AuNPs in the arrays.

Sample preparation

The Au-decorated SiO 2 NW arrays have been fabricated by our partners from ISM-CNR in Rome, as schematically shown in Fig. 2.1(a). Si NWs have been first grown by plasma enhanced chemical vapor deposition (PECVD) on top of a flat quartz substrate, using Au NPs as seeds in a vapor-liquid-solid (VLS) process [START_REF] Convertino | Optical reflectivity from highly disordered Si nanowire films[END_REF]. The NW arrays have been then oxidized to obtain SiO 2 NWs, and further covered with a thin layer (5 nm nominal thickness) of Au by thermal evaporation [START_REF] Convertino | Silica nanowires decorated with metal nanoparticles for refractive index sensors: three-dimensional metal arrays and light trapping at plasmonic resonances[END_REF]. For this work, a thermal annealing at 500 °C for 1 hour has been used to obtain the AuNPs from the dewetting of the thin film. A scanning electron microscopy (SEM) image of a typical array fabricated for this work is reported in Fig. 2.1(b). A NW length around 2 µm has been selected in order to obtain the best compromise between a large surface area to attach the AuNPs and a good transparency of the whole structure to perform optical measurements in transmission. A dense and disordered ensemble of AuNPs has been obtained at the end of the fabrication process. An average particle size of about 15 nm in the direction parallel to the NW growth axis has been estimated by averaging over hundreds of NPs using SEM images. As for the axis perpendicular to the NW surface, the analysis of the SEM images is not a suitable way to estimate the NP size due to the difficulty in identifying the NPs with the suitable orientation for accurate measurements. On the other hand, the SEM images clearly show a low contact angle between the NPs and the NW surface suggesting that the NP shape can be well approximated by an oblate ellipsoid. 

Experimental results

Stationary regime LSPR

The stationary absorbance spectrum of the sample have been obtained by measuring both transmission and reflection in the visible range with a Perkin-Elmer spectrophotometer, equipped with an integration sphere to collect all the light scattered by the SiO Using the white light supercontinuum as probe for the TA spectroscopy measurements, the variation of the absorbance (∆A) of the sample after the pump pulse excitation depends on both the probe wavelength and the delay time between pump and probe. For the sake of clarity, the TA results are shown and discussed separating the spectral and the temporal dependencies. 

Pump-probe experiment

ε hm = qε silica + (1 -q)ε air , (2.1)
where q is the fraction of the NP surface in contact with the NW; from the observation of SEM images and NP shape, its value is estimated to be q ∼ 1/3.

Using an aspect ratio (AR) of 2.25, the simulated stationary LSPR matches then one that is determined experimentally (2.3 eV), as shown in Fig. 2.6. In Fig. 2.6, the right y axis shows the stationary optical absorption cross-section spectrum as calculated using the Gans-Mie theory [START_REF] Gans | Über die form ultramikroskopischer Silberteilchen[END_REF].

For comparison, the stationary effective absorption coefficient of the whole medium (AuNPs in the air-silica mixture) has also been calculated (left y axis) for a volume filling fraction p = 0.02. This value is chosen somehow arbitrarily as in the following the absolute magnitude of the absorption coefficient and its transient variation will not be compared directly with experimental data. It is chosen to be sufficiently small to avoid any significant mean-field effect in the width and location of the plasmon band. In both cases, the stationary dielectric function of Au (ε 0 ω ) has been taken from the experimental data reported by Palik [START_REF] Palik | Handbook of optical constants of solids[END_REF]. Hence, two absorption bands are expected to appear in the spectra, corresponding to the two LSPR modes (polarization parallel or perpendicular to the oblate NP). However, for the chosen AR = 2.25 (and also for the other ARs that will be considered later), the two individual resonance peaks are not decoupled enough. Moreover, the oscillation strength associated with the field polarization along the short axis is very small and it results only in the broadening of the effective resonance peak, which mainly stems from the twofold degenerate in-plane resonance mode. This explains why the stationary absorption spectrum (Fig. 2.6) exhibits a single LSPR band peaking at 2.3 eV, just as in the experimental stationary data.

Modeling the transient regime optical response

As has been discussed in the first chapter, the 3TM is a convenient method to model the response of NPs over times longer than, say, one picosecond. Indeed, it disregards the athermal regime (that happens within the first hundreds of fs). The transient optical response has been calculated by solving the coupled differential equations of the 3TM by a finite element method, FEM (using the optimization software COMSOL Multiphysics). Indeed, the geometry of the virtual AuNPs that we are considering here is non-spherical (as has been described in §2.4.1 above) and therefore the 3TM model cannot be implemented directly. The FEM approach of solving the 3TM nonlinear equations have been described in depth in the Ph.D. dissertation of Xiaoli Wang [START_REF] Wang | Photo-induced ultrafast optical and thermal responses of gold nanoparticles[END_REF]. So, let us discuss here only a few points of the approach here. The computational geometry involves building a big volume-matrix (600×600×600 nm 3 in our case) around the NP which is located at the center (Fig. 2.7). Both the electron cloud and metal ionic lattice (phonons) of the NP are considered to have the same geometry as the NP. The initial electron and lattice temperatures, T 0 , are taken to be the same, 300 K, and the temperature at the edges of the volume-matrix is considered to be equal to T 0 as it is big enough. Hence, two coupled computational sub-systems are created in COMSOL for the energy exchange calculation in which the volume-matrix plays both the role of virtual and real surrounding matrices.

-The electrons exchange against a virtual matrix (as they don't interact directly with the physical matrix).

-The phonons exchange against the surrounding physical matrix (there exists a direct contact between the two).

The electron (virtual) matrix was offered a very small thermal conductivity value (10 -10

Wm -1 K -1 ) to ensure that the electron gas is not losing its thermal energy in any other case than the electron-phonon interaction. It has also been demonstrated that the value of the electron matrix conductivity does not influence the result of the overall thermal dynamics [START_REF] Wang | Broadband spectral signature of the ultrafast transient optical response of gold nanorods[END_REF][START_REF] Wang | Photo-induced ultrafast optical and thermal responses of gold nanoparticles[END_REF]. On the contrary, a very high thermal conductivity value is assigned for the electron and phonon media making them isothermal [START_REF] Wang | Photo-induced ultrafast optical and thermal responses of gold nanoparticles[END_REF]. This is done to neglect any thermal gradient within the NP as it is very small and hence ensuring that the ultrashort laser power absorption is homogeneous. The source term in the 3TM was calculated by considering a pump peak intensity of 2 GW cm -2 with all its parameters being kept the same as in the pump-probe experiment ( §2.3.2). Table 2.1 shows the thermal parameters of the media involved in the two sub-systems.

As the heat generated in the NPs by electron-phonon collisions is released to the host medium through the contact interface, the corresponding thermal conductivity and the heat capacity of the fictitious medium, involved in the 3TM equations, are evaluated as the surface-area-weighted average values, in the same way as the dielectric function of the host medium ε hm was calculated using Eq. 2.1. The individual thermal properties of silica and air are taken from Refs. [START_REF] Bansal | Handbook of glass properties[END_REF] and [START_REF] Guereca | Thermophysical properties of selected gases below 300 k[END_REF], respectively, as presented in Table 2.1. The dependence of the electron-phonon coupling constant G on the electron temperature T e in the high T e regime, due to the involvement of the dband electrons, has been taken into consideration. Indeed, as has been discussed in the first chapter, following Ref. [START_REF] Lin | Electron-phonon coupling and electron heat capacity of metals under conditions of strong electron-phonon nonequilibrium[END_REF], at higher T e (∼ 3000 K) the value of electron gas heat capacity C e departs from the simple quasi-free electron approach owing to the non-negligible influence of d-band electrons on the electron density of states of gold. The time-dependent temperatures obtained in this way have then been used to calculate the variation of the dielectric function of Au at each angular frequency ω due to the contributions from interband [ε ib (ω)] and intraband [ε D (ω)] electron transitions. The absorption cross-section value, which was used to determine the instantaneous absorbed power, has been obtained by using the Gans-Mie theory at 405 nm (experimental pump wavelength). First of all, it should be noted that the use of the 3TM at short times (t < 1 ps) is only a rather approximate approach as the athermal regime for the electron gas cannot be described by a pure thermal model [START_REF] Labouret | Nonthermal model for ultrafast laser-induced plasma generation around a plasmonic nanorod[END_REF][START_REF] Guillet | Influence of laser pulse characteristics on the hot electron contribution to the third-order nonlinear optical response of gold nanoparticles[END_REF]. Nonetheless, the computed spectral signature and its evolution with time depicted in Fig. 2.8 have strong similarities with the experimental results. However, some differences can be seen in both stationary and transient spectra: (i) the theoretical profiles are narrower than the experimental ones, (ii) a very small blue shift observed for the single AR AuNP; it is much smaller than the experimental one of about 50 meV, always being less than 5 meV (hardly visible in Fig. Air: 0.026 (Ref. [START_REF] Guereca | Thermophysical properties of selected gases below 300 k[END_REF])

(W m -1 K -1 )

Mass heat

For T e ≤ 3000 K: γT e SiO 2 : 1.8 (Ref. [START_REF] Bansal | Handbook of glass properties[END_REF])

capacity γ = 66 J m -3 K -2 1 2.49×10 6 
Air: 10 3 (Ref. [START_REF] Guereca | Thermophysical properties of selected gases below 300 k[END_REF])

(J Kg -1 K -1 )
For T e > 3000 K: Ref. [START_REF] Lin | Electron-phonon coupling and electron heat capacity of metals under conditions of strong electron-phonon nonequilibrium[END_REF] Ref. [START_REF] Wang | Photo-induced ultrafast optical and thermal responses of gold nanoparticles[END_REF] Volume

P V ol + G(T l -T e ) T e ≤ 3000 K: power of For T e ≤ 3000 K: 0 -G(T l -T e ) 0 source term G = 3 × 10 16 W m -3 K -1
T e >3000 K: For T e > 3000 K: Ref. [START_REF] Lin | Electron-phonon coupling and electron heat capacity of metals under conditions of strong electron-phonon nonequilibrium[END_REF] Ref. [START_REF] Lin | Electron-phonon coupling and electron heat capacity of metals under conditions of strong electron-phonon nonequilibrium[END_REF] Table 2.1 -Thermal parameters of the media involved in the two sub-systems. 

The effect of shape distribution of the sample

In order to understand the role of the broad shape distribution of the sample [see SEM image on In addition, the spectral profile of the average is broadened and damped by the effect of the shape distribution, just as observed in the stationary absorbance. The shape-averaged calculated spectrum is closer to the experimental spectrum than that calculated for a single AR in terms of both the balance between the two positive wings and the width of the spectral profile. The variation of the shape-averaged spectrum with the delay time is reported in Fig. 2.10(a). 

Discussion

Examination of the stationary optical response of the array (Fig. 2.2) reveals that the position and linewidth of the LSPR can be correlated with the size and shape of the NPs. It should be noted that a given relative variation of the NP shape has a larger effect on the LSPR position than a similar relative variation of the NP size [START_REF] Link | Simulation of the optical absorption spectra of gold nanorods as a function of their aspect ratio and the effect of the medium dielectric constant[END_REF]. The calculations performed [Figs. It is worth noting that the environment around the NPs can also affect the linewidth but its effect is reported to be significant only for NPs larger than 100 nm [START_REF] Wokaun | Radiation damping in surface-enhanced raman scattering[END_REF], a size well above that of the AuNPs of our arrays.

Moving to the ultrafast transient optical response (Fig. 2.4), the experimental spectral profiles are consistent with those reported in the literature for other AuNP systems [START_REF] Guillet | Spectral dependence of the ultrafast optical response of nonspherical gold nanoparticles[END_REF][START_REF] Perner | Optically induced damping of the surface plasmon resonance in gold colloids[END_REF]. Thanks CHAPTER 2. TRANSIENT OPTICAL RESPONSE OF SILICA NANOWIRES DECORATED BY GOLD NANOPARTICLES to our simulations [Figs. 2.8, 2.9(c) and 2.10] that better account for the real morphology of our 3D NP array than a model considering only a single NP shape, we have been able to assign several characteristics observed in the experimental transient optical response to the effect of the distribution of the NP shape. In particular, the profile of the two positive wings is strongly related to the shape and to the shape distribution of the NPs, as expected from the observation of quite different behaviors in spherical and rodlike NPs [START_REF] Guillet | Spectral dependence of the ultrafast optical response of nonspherical gold nanoparticles[END_REF][START_REF] Guillet | Influence of laser pulse characteristics on the hot electron contribution to the third-order nonlinear optical response of gold nanoparticles[END_REF][START_REF] Baida | Ultrafast nonlinear optical response of a single gold nanorod near its surface plasmon resonance[END_REF].

The spectra shown in Fig. 2.10 are the result of the different optical dynamics of NPs with different ARs. In particular, the absorption bleaching relaxes more rapidly for larger ARs as can be seen in Fig. 2.11. As a result of the simulation, the shape averaging is able to qualitatively reproduce the observed blue shift of the negative minimum with increasing time. The theoretical analysis of the temporal response of different ARs shows that carriers and lattice temperatures vary with different characteristic times for different ARs, as shown in Figs.

2.12(a) and 2.12(b), respectively. The curves are calculated by accounting for the different values of the absorption cross section at the pump laser wavelength for the different ARs, then resulting in a higher power absorbed for larger ARs. Figure 2.12(a) shows that the electron temperature relaxation time is slightly longer for larger ARs, a feature that, however, cannot explain the observed blueshift of the minimum negative absorption variation for increasing delay time. The different absorbed energy for varying AR could account for the different relaxation times of T e displayed in Fig. 2.12(a), as it affects the initial maximum electron temperature reached and, as a result, the electron gas heat capacity. However, additional calculations (not shown) performed for different ARs but with the same volume density of absorbed energy exhibit the same behaviors.

The proper interpretation lies rather in the dynamics of the lattice temperature: due to lower surface-to-volume ratio, larger AR NPs exhibit a slower heat release to the surrounding medium through the interface; T l then reaches higher values for higher ARs, as shown in Fig. We further observe that, while the dynamics of T e and T l of course do not depend on the probe photon energy, the dynamics of the transient absorption does. Although there exists of course a link between the relaxation dynamics of the temperatures and the dynamics of the optical signal, this link is not straightforward. The complex dynamics of the electron distribution, the electron scattering rate and the transition probabilities for the different photon energies have to be considered to interpret the transient signal [START_REF] Wang | Photo-induced ultrafast optical and thermal responses of gold nanoparticles[END_REF]. Then, we cannot base the interpretation of the dynamics of the optical signal solely on the knowledge of the dynamics of the electron and metal lattice temperatures.

In order to better understand the origin of the AR-dependent relaxation time, we have extracted from the calculated dynamics an effective characteristic relaxation time, even if for some photon energies close to the plasmon mode this is somehow arbitrary as the sign of the transient absorption changes along time. The results are displayed in Fig. 2.13. First, one can observe that the relaxation time increases as the probe photon energy gets closer to the LSPR spectral range for both NP shapes. In addition, at low (<2.2 eV) and high (>2.8 eV) photon energies the relaxation times for the two ARs are rather close to each other, especially in the red part of the spectrum.

Nevertheless, for AR = 1.75, the relaxation time is slightly higher than for AR = 2.75. This small homogeneous discrepancy can be ascribed to the dynamics of the intraband transition (Drude) contribution to the dielectric function. Indeed, the dominant term in the conduction electron scattering rate involved in this contribution is the one stemming from electron-phonon collisions, which is proportional to the metal lattice temperature [START_REF] Stoll | Advances in femto-nano-optics: ultrafast nonlinearity of metal nanoparticles[END_REF]. As the dynamics of T l is faster for high AR than for low AR [see the slopes of the curves in Fig. 2.12(b)], the dynamics of the Drude contribution is also faster, which explains the small, almost spectrally independent, discrepancy background, between the two curves of Fig. We can then conclude that the blueshift observed when accounting for the shape distribution can be ascribed to the slowing down of the relaxation, in the vicinity of the LSPR, with decreasing AR. This trend cannot be simply interpreted in terms of temperature dynamics, but rather by invoking the stronger coupling of the plasmon resonance with interband transitions. with that expected considering the NP size [START_REF] Hodak | Ultrafast study of electron-phonon coupling in colloidal gold particles[END_REF]. Indeed, the electron-phonon coupling constant is affected by the NP size only for sizes below 5 nm, while the NP shape has no effect on this time constant [START_REF] Arbouet | Electron-phonon scattering in metal clusters[END_REF].

Summary

Au-decorated SiO 2 NW arrays have been fabricated on quartz substrates by our partners in Rome, starting from Si NWs. They have investigated the optical properties of the AuNPs covering the NW surface in both the stationary and dynamic regimes by the means of absorption and transient absorption spectroscopies, respectively. By developing a two-step, three-temperature model,

we have been able to reproduce the stationary spectrum as well as the qualitative spectral dependence of the transient absorption profile obtained from the experiment. Indeed, using an arbitrary set of AuNPs with different aspect ratios, we have demonstrated that the width of the experimental spectra, the blue-shift of the absorption bleaching along the relaxation and the asymmetry between the two positive wings of the absorption variation spectrum can all be attributed to the nonuniform shape distribution of the AuNPs in the sample. We have observed that the temporal BY GOLD NANOPARTICLES behavior of the carrier and lattice temperatures alone is not sufficient to explain the experimental features and in particular the blue-shift. The latter can be interpreted by invoking the stronger coupling of the plasmon resonance with interband transitions in nanoparticles with smaller aspect ratio. This has an AR-dependent effect on the carrier relaxation dynamics that gives rise to the observed blue-shift with increasing delay time. The stationary and transient features observed in the plasmon resonance of our system suggest that in presence of a shape distribution of metal nanoparticles, the effects relying on their properties should be properly weighed. This is an important point to be kept in mind when designing sensors or catalysts based on a dewetting technique that, in turn, is a much easier and quicker technology if compared to the use of monodispersed, separately prepared nanoparticles. In particular for catalysts, where hot electrons play a crucial role [START_REF] Mukherjee | Hot electrons do the impossible: plasmon-induced dissociation of H 2 on Au[END_REF], the different contributions to carrier cooling due to different shapes must be taken into account, as pointed out in the present work. Finally, we notice that the use of nanowires as substrates, where the nanoparticle coarsening occurs, introduces constraints on the atom diffusion on the NW sidewalls that influences the final result in terms of shape and size. Tuning the metal film thickness, the annealing temperature and duration, metal NPs with variable shape can be obtained with designed plasmon relaxation characteristics. 

Introduction

In the preceding chapter, we have studied both the stationary and transient optical responses of anisotropic AuNPs whose short axis polarization LSPR was engulfed by their long axis counterpart, leading to an apparent single plasmon band in the spectrum. This was due to the oscillator strength difference and the spectral proximity of the two modes. However, the LSPR of metallic nanoparticles (NPs) can be tailored by controlling their morphology and composition [START_REF] Liz-Marzán | Tailoring surface plasmons through the morphology and assembly of metal nanoparticles[END_REF][START_REF] Tebbe | Silver-overgrowth-induced changes in intrinsic optical properties of gold nanorods: From noninvasive monitoring of growth kinetics to tailoring internal mirror charges[END_REF][START_REF] Hamon | Controlling the symmetry of supercrystals formed by plasmonic core-shell nanorods with tunable cross-section[END_REF][START_REF] Jiang | Unraveling the evolution and nature of the plasmons in (Au core)-(Ag shell) nanorods[END_REF][START_REF] Haidar | Tailoring the shape of anisotropic core-shell Au-Ag nanoparticles in dimethyl sulfoxide[END_REF]] so that multiple modes can appear. Rod-like metallic nanostructures which possess two LSPRs that correspond to a field polarization along their longitudinal axis (LgSPR) and transverse axis (TrSPR) [START_REF] Link | Simulation of the optical absorption spectra of gold nanorods as a function of their aspect ratio and the effect of the medium dielectric constant[END_REF] are the best examples that have been exploited for different purposes. Owing to the tunability of their LgSPR within the visible and near-infrared spectral regions [START_REF] Link | Simulation of the optical absorption spectra of gold nanorods as a function of their aspect ratio and the effect of the medium dielectric constant[END_REF] as well as their 52 CHAPTER 3. ULTRAFAST TRANSIENT OPTICAL RESPONSE OF NONSPHERICAL GOLD AND CORE-SHELL, GOLD-SILVER NANOPARTICLES biocompatibility, gold nanorods (AuNRs) have appeared frequently in biochemical applications [START_REF] Carozza | Two-photon luminescence of gold nanorods: applications to single-particle tracking and spectroscopy[END_REF],

plasmon-enhanced fluorescence [START_REF] Ming | Strong polarization dependence of plasmon-enhanced fluorescence on single gold nanorods[END_REF] and photothermal therapy [START_REF] Ma | A core-shell gold nanorod@layered double hydroxide nanomaterial with high efficient photothermal conversion and its application in antibacterial and tumor therapy[END_REF][START_REF] Ali | Gold-nanoparticle-assisted plasmonic photothermal therapy advances toward clinical application[END_REF][START_REF] Huang | Cancer cell imaging and photothermal therapy in the near-infrared region by using gold nanorods[END_REF] studies. On the other hand, the field intensity enhancement factor of Ag can be up to 6.8 times greater than that of its Au counterpart [START_REF] Jiang | Unraveling the evolution and nature of the plasmons in (Au core)-(Ag shell) nanorods[END_REF]; this enables Ag nanostructures to be more preferable for fluorescence and Raman signal enhancement. Unfortunately, its lower stability makes Ag difficult to prepare into perfect nonspherical NPs, like silver nanorod (AgNR) for example. However, thanks to the facile surface functionalization of AuNRs [START_REF] Tebbe | Silver-overgrowth-induced changes in intrinsic optical properties of gold nanorods: From noninvasive monitoring of growth kinetics to tailoring internal mirror charges[END_REF][START_REF] Hou | Core-shell noble metal nanostructures templated by gold nanorods[END_REF][START_REF] Gomez-Grana | Au@Ag nanoparticles: halides stabilize {100} facets[END_REF], Ag can be deposited onto them, resulting in AuNR-core and Ag-shell hybrid bimetallic nanostructures, AuNR@Ag [START_REF] Tebbe | Silver-overgrowth-induced changes in intrinsic optical properties of gold nanorods: From noninvasive monitoring of growth kinetics to tailoring internal mirror charges[END_REF][START_REF] Hamon | Controlling the symmetry of supercrystals formed by plasmonic core-shell nanorods with tunable cross-section[END_REF][START_REF] Jiang | Unraveling the evolution and nature of the plasmons in (Au core)-(Ag shell) nanorods[END_REF][START_REF] Hou | Core-shell noble metal nanostructures templated by gold nanorods[END_REF][START_REF] Park | Full-color tuning of surface plasmon resonance by compositional variation of Au@Ag core-shell nanocubes with sulfides[END_REF][START_REF] Yu | Bimetallic Au/Ag core-shell nanorods studied by ultrafast transient absorption spectroscopy under selective excitation[END_REF]. By varying the Ag:Au molar ratio the shape and size of AuNR@Ag NPs can be controlled. These NPs have drawn a tremendous attention in the community of plasmonics since their optical properties cannot be tuned only by their shape and size, but also by tweaking their equivalent Ag:Au molar ratio (indicated by "eq" in the sample name). This allows one to easily obtain an anisotropic AuNR@Ag NP whose optical properties are more and more dominated by that of Ag [START_REF] Cortie | Multimode resonances in silver nanocuboids[END_REF] just by increasing the eq value. These

NPs have already been successfully applied in numerous disciplines in the stationary regime, some of which are Raman signal enhancement [START_REF] Hada | Fabrication of gold-silver core-shell nanoparticles for performing as ultrabright sersnanotags inside human ovarian cancer cells[END_REF][START_REF] Wu | A SERS-based immunoassay with highly increased sensitivity using gold/silver core-shell nanorods[END_REF], biomedicine [START_REF] Kim | A gold/silver hybrid nanoparticle for treatment and photoacoustic imaging of bacterial infection[END_REF][START_REF] Eskandari | Gold-silver hybrid nanoparticles as a novel carrier for electrochemical study of redox protein[END_REF], sensing [START_REF] Yang | A sensitive hydrogen peroxide and glucose biosensor based on gold/silver core-shell nanorods[END_REF], colorimetric assay of visual readout [START_REF] Gao | High-resolution colorimetric assay for rapid visual readout of phosphatase activity based on gold/silver core/shell nanorod[END_REF] and electromagnetic field transmission antenna [START_REF] Tebbe | Silver-overgrowth-induced changes in intrinsic optical properties of gold nanorods: From noninvasive monitoring of growth kinetics to tailoring internal mirror charges[END_REF]. In the transient regime, the sensitivity of their acoustic vibration modes (phonon dynamics) [START_REF] Hu | Vibrational response of nanorods to ultrafast laser induced heating: theoretical and experimental analysis[END_REF] to the amount of a material being deposited onto the surface of the Au-core have been a promising prospect for applications in mass sensing, i.e., as a nano-balance [START_REF] Fernandes | Acoustic vibrations of au nano-bipyramids and their modification under Ag deposition: a perspective for the development of nanobalances[END_REF][START_REF] Crut | Time-domain investigation of the acoustic vibrations of metal nanoparticles: size and encapsulation effects[END_REF][START_REF] Yu | Probing silver deposition on single gold nanorods by their acoustic vibrations[END_REF][START_REF] Cardinal | Acoustic vibrations in bimetallic Au@Pd core-shell nanorods[END_REF]. Despite the variety of spectral and temporal features that can be observed in such kind of nanostructures, a limited number of works have been devoted to the transient electron dynamics of anisotropic bimetallic NPs so far, all of them being mainly experimental. Holly F. Zarick et al. [START_REF] Zarick | Ultrafast excited-state dynamics in shape-and composition-controlled gold-silver bimetallic nanostructures[END_REF] have studied the electron dynamics in both cubic and pyramidal Au-core Ag-shell bimetallic nanostructures. Kuai Yu et al. [START_REF] Yu | Bimetallic Au/Ag core-shell nanorods studied by ultrafast transient absorption spectroscopy under selective excitation[END_REF] have demonstrated that some of the resonance modes of the AuNR@Ag samples of small Ag-shell thickness (2 nm and 4 nm) that are hidden in the stationary regime spectra can be uncovered by ultrafast transient spectroscopic experiments.

This chapter is devoted to the experimental and theoretical study of the stationary and transient optical responses of AuNR@Ag NPs. Their dependence on the Ag shell thickness will be particularly investigated. The anisotropic NPs have been synthesized according to a procedure reported earlier [START_REF] Hamon | Controlling the symmetry of supercrystals formed by plasmonic core-shell nanorods with tunable cross-section[END_REF], which allows to systematically control the Ag shell thickness. The Ag deposition is dominant along the transverse dimension of the AuNR leading to cuboid shaped AuNR@Ag NPs. Samples of average Ag-shell thicknesses of up to 12.4 nm along the longitudinal dimensions 

Synthesis of the nanoparticles

The NP synthesis and characterization were performed by our collaborators (Cyrille Hamon, Doru Constantin and Claire Goldmann) in the Laboratoire de Physique des Solides (LPS) in Orsay.

Details about the synthesis procedure and the reactants used can be found in Appendix B.

Gold nanorods

The synthesized AuNR suspensions were stable for months. As estimated from TEM images, 

Silver coating

The overgrowth of AuNR with Ag was performed according to the recently published protocols [START_REF] Tebbe | Silver-overgrowth-induced changes in intrinsic optical properties of gold nanorods: From noninvasive monitoring of growth kinetics to tailoring internal mirror charges[END_REF][START_REF] Hamon | Controlling the symmetry of supercrystals formed by plasmonic core-shell nanorods with tunable cross-section[END_REF][START_REF] Gomez-Grana | Au@Ag nanoparticles: halides stabilize {100} facets[END_REF]. The scheme in Fig. 3.2 summarizes the overgrowth process. As shown in the TEM images (see Fig. 3.3), the NPs grow into cuboid shape as the Ag-shell thickness increases [START_REF] Tebbe | Silver-overgrowth-induced changes in intrinsic optical properties of gold nanorods: From noninvasive monitoring of growth kinetics to tailoring internal mirror charges[END_REF][START_REF] Hamon | Controlling the symmetry of supercrystals formed by plasmonic core-shell nanorods with tunable cross-section[END_REF]. The average dimensions of the NPs (Table 3.1) determined by the TEM analysis show that in this process of synthesis the Ag growth along the transverse dimension is dominant over the longitudinal one [START_REF] Tebbe | Silver-overgrowth-induced changes in intrinsic optical properties of gold nanorods: From noninvasive monitoring of growth kinetics to tailoring internal mirror charges[END_REF][START_REF] Hamon | Controlling the symmetry of supercrystals formed by plasmonic core-shell nanorods with tunable cross-section[END_REF]. This is the reason for the NPs to grow into the cuboid shape. In addition to this, the increase in the Ag-shell thickness makes the cuboidal NPs to posses sharper edges and corners than the thin Ag-shell samples [START_REF] Tebbe | Silver-overgrowth-induced changes in intrinsic optical properties of gold nanorods: From noninvasive monitoring of growth kinetics to tailoring internal mirror charges[END_REF][START_REF] Hamon | Controlling the symmetry of supercrystals formed by plasmonic core-shell nanorods with tunable cross-section[END_REF]. The negative value in the second column of Table 3.1 indicates that the tips of the AuNR-core have not been covered completely (for AuNR@Ag 0.8eq sample) when the Ag:Au molar ratio was 0.8 (refer to the second column in Table 3.1).

(a) TEM image of AuNR@Ag 0.8eq (b) AuNR@Ag 0.8eq, Size histogram (c) TEM image of AuNR@Ag 8eq (d) AuNR@Ag 8eq, Size histogram 

Experimental study

Stationary regime optical response of the nanoparticles

The stationary regime extinction spectra of the colloidal samples were measured using a Cary 5000 UV-VIS-NIR spectrometer (Agilent). The double beam functionality of the instrument was used by initially determining the balance between the reference beam and the sample beam. This was performed by using pure water in a 1 mm glass cuvette (without the sample) in both the front beam (at the sample holder) and the rear beam (the reference holder). Once the baseline was determined in this way, the extinction measurements of the samples were done by using pure water as a reference in the rear sample holder. The obtained stationary regime spectra are presented in Fig. 3.4.

The AuNR solution presents two resonances that correspond to the transverse (TrSPR) and longitudinal (LgSPR) field polarizations at 515 nm and 680 nm, respectively. The Ag deposition leads to the appearance of additional peaks. All the bimetallic NP samples have four dominant resonance peaks labeled in the literature [START_REF] Tebbe | Silver-overgrowth-induced changes in intrinsic optical properties of gold nanorods: From noninvasive monitoring of growth kinetics to tailoring internal mirror charges[END_REF][START_REF] Jiang | Unraveling the evolution and nature of the plasmons in (Au core)-(Ag shell) nanorods[END_REF] as 1, 2, 3, and 4 from lower to higher photon energy, according to the sequence of their appearance in the spectrum. However, the AuNR@Ag 2eq sample has got five peaks (see the red arrows in Fig. 3.4). Therefore, we will use a new labeling to identify each peak. The longitudinal mode will be labeled by L and the transverse modes will be represented by T. To be specific, L 0 and T 0 will represent the longitudinal and transverse dipolar plasmon modes, respectively, while the T 1 , T 2 and T 3 will denote the higher order modes. The four known peaks in the literature [START_REF] Tebbe | Silver-overgrowth-induced changes in intrinsic optical properties of gold nanorods: From noninvasive monitoring of growth kinetics to tailoring internal mirror charges[END_REF][START_REF] Jiang | Unraveling the evolution and nature of the plasmons in (Au core)-(Ag shell) nanorods[END_REF] are therefore indicated by L 0 , T 1 , T 2 and T 3 . In these literature, the T 1 mode is considered to be a dipolar mode that originates from the dipolar mode of a cuboid shaped pure silver NP [START_REF] Kodiyath | Assemblies of silver nanocubes for highly sensitive sers chemical vapor detection[END_REF]. However, in this work we will not refer to it as a dipolar mode since a FDTD simulation of the charge distribution in the core-shell hybrid NPs reported in Ref. [START_REF] Tebbe | Silver-overgrowth-induced changes in intrinsic optical properties of gold nanorods: From noninvasive monitoring of growth kinetics to tailoring internal mirror charges[END_REF] demonstrates that this mode is not associated with a purely dipolar pattern due to the presence of mirror charges at the Au/Ag interface [see Fig. Table 3.2 reports the observed LSPR mode positions. We represent the fifth peak that appears in between L 0 and T 1 of the AuNR@Ag 2eq sample as T 0 (see the third column in Table 3.2) for reasons that will be discussed later.

Sample name L

0 T 0 T 1 T 2 T 3
AuNR 680 nm 515 nm ---AuNR@Ag 0.8eq 586 nm 500 nm -371 nm 335 nm AuNR@Ag 2eq 567 nm 494 nm 423 nm 388 nm 341 nm AuNR@Ag 4eq 539 nm -428 nm 391 nm 345 nm AuNR@Ag 8eq 513 nm -419 nm 386 nm 350 nm Table 3.2 -Spectral positions of the resonant modes of the anisotropic AuNR@Ag nanoparticles depending on the Ag:Au molar ratio (eq) value.

As depicted in Fig. 3.4, the relative oscillator strength of the transverse T 1 , T 2 , and T 3 modes increases with the Ag shell thickness. The number of resonance modes appearing also evolves with the amount of Ag. Hence, it becomes difficult to correspondingly assign the labelings of the higher order modes. For example, the T 2 mode of AuNR@Ag 0.8 eq in Table 3.2 could also be assigned to T 1 . We have denoted it as T 2 because it resides in the spectral zone of T 2 modes of the other hybrid samples and it is very far away (in the spectrum) from the L 0 mode. So, we would like to stress that the subscripts of T (1, 2, and 3) are there to sequentially indicate the spectral locations of the modes from the L 0 mode towards the UV. FDTD (from Ref. [START_REF] Tebbe | Silver-overgrowth-induced changes in intrinsic optical properties of gold nanorods: From noninvasive monitoring of growth kinetics to tailoring internal mirror charges[END_REF]). R L 0 and R T 0 correspond to the longitudinal and transverse modes of a bare AuNR, respectively. The longitudinal dipolar mode, L0 of the AuNR@Ag cuboid is indexed to 1 (it has in-phase charge distribution at both interfaces) while its transverse modes, T1, T2 and T3 have been indexed to 2, 3, and 4, respectively (they exhibit a mirror charge distribution). (b) A scheme summarizing the possible spectral locations and types of the resonance modes depending on the NP type.

It can be seen that the overgrowth of the AuNR with Ag results in a blue-shift of both the initial L 0 and T 0 resonances and a significant narrowing of the L 0 mode, called "plasmonic focusing", compared to the LgSPR of the bare AuNRs (see Fig. 3.4 and Table 3.2). The higher order plasmonic modes, T 2 and T 3 , show a slight red-shift as the Ag deposition increases. The blue-shift of the L 0 mode arises from both aspect ratio (AR) reduction due to the dominant growth of Ag along the lateral dimension over the longitudinal one, and the increase in the optical effect of Ag coating, the refractive index of which is lower than 1 for wavelengths larger than ∼315 nm. [START_REF] Jiang | Unraveling the evolution and nature of the plasmons in (Au core)-(Ag shell) nanorods[END_REF].

The blue-shift of the T 0 mode is mainly attributed to the increased Ag coating [START_REF] Tebbe | Silver-overgrowth-induced changes in intrinsic optical properties of gold nanorods: From noninvasive monitoring of growth kinetics to tailoring internal mirror charges[END_REF][START_REF] Jiang | Unraveling the evolution and nature of the plasmons in (Au core)-(Ag shell) nanorods[END_REF].

Pump-probe investigation results

The pump-probe experiments were done together with our colleagues (Stefano Turchini, Valentina Utrio Lanfaloni, Lorenzo Di Mario, Alessandra Paladini, Daniele Catone, Patrick O'Keeffe and Faustino Martelli) at the Instituto di Struttura della Materia (ISM), CNR, Rome, in the group of ultrafast processes in materials (FLASHit). Details on the pump-probe experiment setup have been presented in chapter 2 (see Fig. 2.3). The pump energy can be changed according to our need thanks to the optical parametric amplifier component of the setup. Transient absorbance measurements have then been done on the samples with different pump wavelengths and powers. For each experiment, the incident pump beam is maintained at a transverse size of about 400 µm, pulse duration of about 50 fs and repetition rate of 1 kHz.

CHAPTER 3. ULTRAFAST TRANSIENT OPTICAL RESPONSE OF NONSPHERICAL

GOLD AND CORE-SHELL, GOLD-SILVER NANOPARTICLES

Transient regime spectral signature of the nanoparticles

As has been presented in the first chapter, the transient optical response of plasmonic NPs originates from the series of fast energy exchanges that they undergo upon their interaction with a laser pulse. In this section, we present the time and spectrum dependent optical response of a monometallic AuNR and that of the AuNR@Ag samples (depending on their Ag-shell thickness)

after being irradiated by a femtosecond laser pulse of fluence 446 µJ/cm 2 at 380 nm. 

Electron-phonon relaxation time in the nanoparticles

In the preceding section, we have studied the Ag-shell thickness dependent spectral signatures of the core-shell hybrid NPs by pumping them at 380 nm by a 446 µJ/cm 2 laser pulse. The results show that the spectral features are strongly influenced by the Ag shell size. In addition, the electron-electron (e-e) and electron-phonon (e-ph) scattering processes that happen during the rapid energy exchanges may also vary with NP size as the pump-induced perturbation of the electron distribution near the Fermi level differ according to the NPs [START_REF] Hodak | Ultrafast study of electron-phonon coupling in colloidal gold particles[END_REF][START_REF] Mongin | Ultrafast electron-lattice thermalization in copper and other noble metal nanoparticles[END_REF]. Hence, studying the rate of these process also appears relevant.

The transient intensity probe signal at wavelengths of interest have been fitted directly using an analytical expression which is based on the assumption that each collision (scattering) process can be assigned a characteristic rise or relaxation time. It gives the estimated rise time τ 1 of the signal following the excitation, e-ph relaxation time τ 2 and ph-ph relaxation times τ 3 (details about the equation can be found in Appendix C). Some examples of the fitting results are displayed in Fig. 3.11 for the two extreme samples (AuNR@Ag 0.8eq and AuNR@Ag 8eq). The poor fitting of the dynamics in the longer delay times of the AuNR@Ag 8eq NP is due to the oscillatory behavior of the experimental data stemming from the laser-induced acoustic vibrations of the NPs. We have detected both the breathing and extensional vibration modes in these NPs that depend on their size.

The analysis of this phenomenon is left for a future work. Here, we will focus on the study of the e-ph relaxation dynamics (which occurs just before the accoustic phonon vibration regime) in the bimetallic nanoparticles and its dependence on different parameters. The e-ph characteristic time of free AuNRs in a colloidal ensemble or as a single NP has already been studied earlier [START_REF] Wang | Photo-induced ultrafast optical and thermal responses of gold nanoparticles[END_REF][START_REF] Baida | Ultrafast nonlinear optical response of a single gold nanorod near its surface plasmon resonance[END_REF]. Probe @ 347 nm Fit @ 347 nm Probe @ 410 nm Fit @ 410 nm Probe @ 514 nm Fit @ 514 nm AuNR@Ag 8eq

Pump @ 380 nm (b) The e-ph characteristic time depends on different parameters, such as the NP size and shape, its absorption cross-section and the pump power. In addition, the extraction of the relaxation times from from the signal decay reveals different values depending on the probe wavelength [START_REF] Wang | Broadband spectral signature of the ultrafast transient optical response of gold nanorods[END_REF]. This underlines the fact that we don't monitor the e-ph realaxation directly but its influence on the probe signal. Then, we should call τ 2 and τ 3 the characteristic decay times of the fast and slow components of the relaxation, rather than and e-ph and ph-ph relaxation times. This makes the study of the e-ph scattering time of NPs complex. In the present work, pump power dependent pumpprobe measurements have been done on each sample to further examine its electron dynamics.

We also intend to see the effects that pumping in the UV or visible spectral region bring about on the dynamics. Hence, two pump wavelengths were chosen for this study. First, 380 nm pump wavelength was selected as being close enough to most of the plasmonic resonance modes that reside in this spectral zone. The samples have also been irradiated at a pump wavelength close to their respective longitudinal dipolar resonance mode L 0 (see Table 3.2). The difference between both cases affect not only the value of the absorption cross-section but also the degree of involvement of interband transitions.

In Fig. 3.12, the pump energy dependent e-ph relaxation time (τ 2 ) representing the decay time of the different bleaching peaks is shown for the four AuNR@Ag samples. The e-ph relaxation time increases with pump energy for all samples regardless of the irradiation wavelength. Indeed, a higher absorbed power results in a higher electron gas temperature, and then in a higher electron gas heat capacity. The decay of the bleaching peaks of the AuNR@Ag samples from 0.8 to 4 eq, Ag/Au ratio is slower when the NPs are pumped around their respective L 0 modes than when To go deeper into the relaxation time investigation, it would be necessary to rule out the influence of the pump energy input in the NPs, which depends on pump power, and wavelength (through the NP absorption cross-section). For this, the extrapolation of the data of Fig. 3.12 down to zero excitation energy is required [START_REF] Hodak | Ultrafast study of electron-phonon coupling in colloidal gold particles[END_REF][START_REF] Mongin | Ultrafast electron-lattice thermalization in copper and other noble metal nanoparticles[END_REF]. As can be guessed all curves converge toward about τ 0 2 1 ps, which roughly matches the usual findings in the literature. Note that a rigorous extrapolation would require a large number of data points. In addition, it would be interesting to analyze the evolution of τ 2 with probe photon energy from one sample to another, as was done previously in the team [START_REF] Wang | Broadband spectral signature of the ultrafast transient optical response of gold nanorods[END_REF][START_REF] Di Mario | Time-dependent optical response of three-dimensional Au nanoparticle arrays formed on silica nanowires[END_REF]. For this, a large number of signal decay fits should be performed as in Fig. 3.11.
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Theoretical analysis

The theoretical modeling is based on the boundary element method (BEM) using a Matlab ® toolbox called Metalic NanoParticle BEM (MNPBEM) [START_REF] Hohenester | MNPBEM-a matlab toolbox for the simulation of plasmonic nanoparticles[END_REF]. As its name suggests, this toolbox is well suited for calculating the optical properties such as near field enhancement, absorption, scattering and extinction cross-sections of metallic NPs of arbitrary shape and composition with sizes ranging from a few nanometers to a few hundreds of nanometers, and for frequencies in the optical and near-infrared regime. As has been described in chapter 1, dielectric functions used in the calculations are obtained from the fitting of the experimental bulk dielectric functions of Ag [START_REF] Johnson | Optical constants of the noble metals[END_REF] and Au [START_REF] Palik | Handbook of optical constants of solids[END_REF]. The interband contributions of the X and L points of the Brillouin zone were considered for fitting the experimental Au data while only the L point interband transition contribution was considered for the experimental Ag data. The Drude term has also been accounted for in both cases (see chapter 1).

Modeling the stationary optical response of the nanoparticles

The bare AuNR was represented by a hemisphere-capped cylinder as the TEM image [Fig.

3.1(a)

] suggests [START_REF] Tebbe | Silver-overgrowth-induced changes in intrinsic optical properties of gold nanorods: From noninvasive monitoring of growth kinetics to tailoring internal mirror charges[END_REF][START_REF] Hamon | Controlling the symmetry of supercrystals formed by plasmonic core-shell nanorods with tunable cross-section[END_REF]. The AR of the AuNR was varied to match the experimental LSPR. To do so, the average transverse dimension (15.8 nm) obtained from the TEM analysis in section 3.2 was kept constant and the longitudinal dimension was varied. The perfect match parameter was obtained when the longitudinal dimension is 45.8 nm (AR = 2.9). This longitudinal dimension and the AR are very close to the average values that was determined by TEM analysis: 47.6 nm and 3.0, respectively. The two dipolar modes that correspond to the LgSPR and TrSPR are reproduced (Fig. 3.13). Their overall spectral broadening as well as their relative oscillator strength weights in the experimental data can be attributed to the NR shape and size distribution in the sample.

The shoulder in the experimental TrSPR band (indicated by the green arrow in Fig. 3 The bimetallic hybrid samples were modeled as a hemisphere-capped cylinder AuNR core and a cuboid-shaped Ag shell, i.e, the Ag shell has a square-based rectangular parallelepiped shape with base-side length W and height L [see Fig. 3.15(a)]. Two parameters were adjusted in the simulation to fit the experimental stationary regime spectra, namely, parameters of the Ag shell (W and L) and its degree of rounding [START_REF] Hamon | Controlling the symmetry of supercrystals formed by plasmonic core-shell nanorods with tunable cross-section[END_REF]. The values obtained are reported in Table 3.3. They are very close to the average dimensions obtained for each sample by the TEM image analysis (compare the values in Table 3.3 with the ones reported in Table 3.1). Figure 3.16 displays the The rounding value, p, is a dimensionless parameter of values between 0 and 1, in a superellipsoid equation which can be used to control the sharpness of the edges and the corners of a cuboid model [START_REF] Cortie | Multimode resonances in silver nanocuboids[END_REF]. p = 0 corresponds to a nanocuboid with sharp edges and corners while p = 1 produces a shape that is similar to an ellipsoid. So, in the simulation, lowering of the rounding values with the increase of Ag thickness is consistent with what can be seen in the TEM images of the AuNR@Ag samples [compare Figs. 3.3). The influence of the sharp corners and edges on the resonance modes of AuNR@Ag NPs has been well explained by Michael B. Cortie et al. in Ref. [START_REF] Cortie | Multimode resonances in silver nanocuboids[END_REF]. The rounding plays a major role in shaping the modes appearing in the higher photon energies by turning them on or off. As can be seen in Fig. 3.17, the sharper the NP's edges and corners become, the higher the number of resonance modes are (especially in the higher photon energy) and the overall spectrum gets stretched out. This means that these multimodes do exist in the spectra of the samples with high p values but have been squeezed together into different bundled modes with a few number of peaks appearing [START_REF] Cortie | Multimode resonances in silver nanocuboids[END_REF]. These multimodes cannot be observed in the experimental spectra of colloidal ensembles due to the blending of the individual peaks because of its inhomogeneity. stationary regime data (the red curves in Fig. 3.16) can be attributed to the the influence of these multimodal resonances.

Figure 3.17 -Effect of the rounding of a silver nanocuboid as calculated using the DDA taken from Ref. [START_REF] Cortie | Multimode resonances in silver nanocuboids[END_REF]. p is a parameter in a super-ellipsoid equation which can be used to control the sharpness of the edges and the corners of a cuboid model. p = 0.01 corresponds to a nanocuboid with sharp edges and corners while p = 1 produces a shape that is similar to an ellipsoid. 

P abs = σ abs I 0 V (3.1)
where V is volume of the NP and

I 0 = 1 Φ √ 2π
2E π w 2 is the laser peak intensity, where Φ = ∆ t ln( 256) and E is the excitation energy [START_REF] Palpant | Photothermal properties of gold nanoparticles[END_REF].

As we intend to simulate the transient signal within a time range spanning over a several picoseconds while disregarding the initial athermal regime [START_REF] Wang | Broadband spectral signature of the ultrafast transient optical response of gold nanorods[END_REF][START_REF] Labouret | Nonthermal model for ultrafast laser-induced plasma generation around a plasmonic nanorod[END_REF], the 3TM has been selected to model the thermal dynamics inside and around the NPs (the details are available in Chapter 1). Indeed, this approach accounts for the heat release from the NP to its environment (water in our case). In addition, we have taken the dependence of the e-e and e-ph scattering rates on the electron gas internal energy and lattice temperature into account. The coupled nonlinear equations of the 3TM were solved via a numerical finite element method (FEM) optimized in a commercial software (COMSOL) as any analytical solving is excluded due to the complex morphology of the bare AuNR and AuNR@Ag NPs. A perfect contact at the interfaces and purely diffusive thermal transport into the host medium were considered [START_REF] Wang | Photo-induced ultrafast optical and thermal responses of gold nanoparticles[END_REF]. This provides us with the time evolution of the electron (T e ) and lattice (T l ) temperatures in the NPs as well as the topography of the host medium temperature.

Modeling of the thermal dynamics in and around the AuNR@Ag NPs was carried out by considering each bimetallic system as a single homogeneous cuboid NP. A more rigorous approach would have consisted in accounting for the thermal resistance at the Au/Ag interface and the difference in the e-ph coupling constants, heat capacities and thermal conductivies of the two metals, which would have induced a discontinuity in the thermal dynamics at the boundary [START_REF] Yilbas | Laser short-pulse heating of gold-copper two-layer assembly: thermo-elastoplastic analysis[END_REF].

However, for the case of an Au/Ag interface, it has been shown by Bekir Sami Yilbas [START_REF] Yilbas | Laser short-pulse heating of gold-silver assembly: entropy generation due to heat and electricity flows in electron subsystem[END_REF] that the short-pulse induced dynamics of both T e and T l are smooth (i.e., without discontinuities at the interface). Therefore, the influence of the Au/Ag thermal resistance is insignificant. This stems from the similarity between the thermal properties of Au and Ag as shown in Table 3.4. This supports our simplified approach which amounts to consider the bimetallic AuNR@Ag NP model as a homogeneous single cuboid.

Thermal parameter Unit Au Ag

Lattice heat capacity, C l J m -3 K -1 3.0 × 10 6 3.5 × 10 6

e-ph coupling constant, G e-ph J ps -1 m -3 K -1 (3 ± 5) × 10 4 (3.5 ± 0.5) × 10 4

Electron gas heat capacity, C e J m -3 K -1 γ T e , γ = 66 γ T e , γ = 65 Table 3.4 -Thermal properties of bulk Ag and Au at ambient temperature (300 K) as reported in Ref. [START_REF] Perner | Optische Untersuchung der Elektronen-und Gitterdynamik in Edelmetall-Nanopartikeln[END_REF].

In this way, the time evolution of both T e and T l inside the NPs, as well as the one of the thermal topography around (in the host medium) have been determined. is determined using the BEM.

CHAPTER 3. ULTRAFAST TRANSIENT OPTICAL RESPONSE OF NONSPHERICAL GOLD AND CORE-SHELL, GOLD-SILVER NANOPARTICLES

The volume of the NPs that interact with the pump pulse is calculated according to their geometry. The AuNR posses a hemispherical-capped cylinder shape and its volume can be determined via Eq. 3.2 where D and L are its diameter and length, respectively, while the AuNR@Ag bimetallic NPs are considered as simple cuboids as explained above (the rounding is neglected for evaluating the NP volume).

V AuN R = π D 2 2 L - D 3 . (3.2)
The calculated transient response spectrum of a bare AuNR in water is shown in Fig. 3.19.

Two bleaching peaks can be seen just like as in the experimental data of the colloidal AuNR in Fig. 3.6(c). Let's note that our intention is to demonstrate the overall transient spectral dynamics both for the monometallic and bimetallic samples rather than reproducing quantitatively the experimental data, which would be rather meaningless owing to the size and shape distributions. This overestimation has the same origin as the difference in the sharpness of the spectral features observed in the stationary regime (compare the red and black curves in Fig. 3.16). Again, the theoretical calculation considers only a single NP which means, the NP shape and size distributions of the experimental sample are not accounted for. These distributions result in the blurring of the spectral variations measured as compared with the spikes in the simulated signal. 

Discussion

Let us break down the main contributors to the observed spectra of the AuNR@Ag samples both in the stationary and transient regimes. In particular, the relative influences of light scattering and absorption are examined. We focus on the two extreme samples: the thin Ag shell NP, AuNR@Ag 0.8eq, and the thick Ag shell NP, AuNR@Ag 8eq. AuNR@Ag 8eq (a) Figure 3.24 -Break down of the calculated extinction cross-section of the AuNR@Ag NPs into its contributing components for the two extreme samples AuNR@Ag 0.8eq (thin Ag shell) and AuNR@Ag 8eq (thick Ag shell). The top panels show the effects of scattering and absorption cross-sections for (a) AuNR@Ag 0.8eq and (b) AuNR@Ag 8eq. The orange colored full lines are the total extinction cross-section curves while the olive and wine colored full lines represent the absorption and scattering cross-sections, respectively. The longitudinal, LgPol (dash-dotted curve), and transverse, TrPol (dotted curve), polarization excitation contributions to the absorption (olive color) and the scattering (wine color) cross-sections are also shown in the top panels. The bottom two panels depict the overall polarization dependent contributions to the total extinction crosssection (c) for AuNR@Ag 0.8eq and (d) for AuNR@Ag 8eq. is formed in between the bleaching peaks of the L 0 and T 1 modes which have both been detected experimentally in the stationary regime (see Fig. 3.4) and reproduced theoretically [Fig. 3.16(d)].

This, together with the transverse absorption origin of the transient signal, means that the TrSPR of the AuNR core is responsible for its formation but is hidden in the stationary regime spectra because of the large influence of Ag in this spectral zone. As in the stationary regime analysis above, both scattering and absorption cross-sections contribute (almost equally) for the formation of the overall transient spectral signature of the extinction cross-section. Absorption is mainly responsible for the features in the spectral range of the TrSPR modes while scattering is dominant in the LgSPR range [compare the curves in Fig. 3. 26(d)]. In addition, both contributions compete around the L 0 mode (opposite signs) at this delay time, whereas they cumulate in the range of the transverse modes (at higher photon energy). This leads us to argue that the mode appearing adjacent to the L 0 peak (in its blue wing) in Fig. 3.4 for the thin Ag-shell samples (the one labeled as T 0 for AuNR@Ag 0.8eq and AuNR@Ag 2eq in Table 3.2) is actually the TrSPR mode of the AuNR evolving as the Ag shell grows. This means that the T 0 mode can still be observed in the stationary regime in the early stage of the overgrowth. The blue arrow in Fig. 3.4 indicates the progressive blue shift of the T 0 resonance mode as the Ag shell thickness increases. Meanwhile, its relative oscillating strength decreases due to (i) the blue-shift, which reinforces the coupling of the TrSPR with interband transitions of Au (known to quench the LSPR), (ii) the increasing relative weight of the other TrSPR modes, resulting from the coupling of the two metals, and (iii) the increasing wave energy absorption by the Ag shell. The T 0 mode still appears as a fifth dominant resonance for the AuNR@Ag 2eq sample, as a shoulder in the red spectral part of its T 1 mode. It no more has the strength to stand against the influence of other modes in the high Ag thickness samples, AuNR@Ag 4eq and 8eq, and therefore it contributes just to the broadening of their T 1 mode, resulting in the sloppy nature of the peak in its red spectral part (see the T 1 mode of the AuNR@Ag 4eq and 8eq samples in Fig. 3.4).

So, the T 0 mode, which was shielded by the influence of the Ag shell thickness in the stationary regime, has forced itself into appearance in the transient regime [START_REF] Yu | Bimetallic Au/Ag core-shell nanorods studied by ultrafast transient absorption spectroscopy under selective excitation[END_REF]. As stated in §3. highlights the fact that the influence of small spectral variations of the dielectric function cannot be readily observed in the stationary regime but their influence can be amplified in the transient optical response. The latter can then be exploited as a sensitive mean to reveal resonance modes, despite its complex spectral signature.

Let us now discuss the physical origin of what we have observed in the calculated near field topography of the AuNR@Ag 8eq sample (Fig. 3.18). For this, the real and imaginary parts of the dielectric function of Au and Ag are reported in Fig. 

3.27(a)

. This allows the Au core to have a retarded plasmonic oscillation compared to the Ag shell [START_REF] Tebbe | Silver-overgrowth-induced changes in intrinsic optical properties of gold nanorods: From noninvasive monitoring of growth kinetics to tailoring internal mirror charges[END_REF], leading to the creation of opposite interface charges (mirror charges) as can be seen on Fig. 3.5(a) reported from Ref. [START_REF] Tebbe | Silver-overgrowth-induced changes in intrinsic optical properties of gold nanorods: From noninvasive monitoring of growth kinetics to tailoring internal mirror charges[END_REF]. The Ag shell acts as an antenna transmitting its electromagnetic field to the Au core [see Fig. environment (water in our case, ε w = 1.77). With increasing photon energy, especially above the interband transition threshold, it even falls below the non-radiative condition. Hence, the induced mirror charges get stronger at higher photon energies [START_REF] Tebbe | Silver-overgrowth-induced changes in intrinsic optical properties of gold nanorods: From noninvasive monitoring of growth kinetics to tailoring internal mirror charges[END_REF]. This is the reason for the increase in brightness of the field at the inner interface for the lower wavelengths as revealed in Fig. 3.18.

The longitudinal L 0 mode of the AuNR@Ag 8eq NP in Fig. 3.18(a) does not experience this effect since it lies far (to the red spectral region, Fig. 3.4) from the T modes. It rather exhibits the same charge distribution (in-phase) at the Au/Ag interface and at the outer NP surface [Fig. 3.5(a)],

which maintains it as a dipolar mode. 

Summary

AuNRs were synthesized by seed mediated process and an Ag shell was epitaxially grown on top of them. The synthesis allows for more Ag mass to be deposited along the sides of the AuNRs than on their tips leading to cuboid shaped AuNR@Ag NPs. The Ag-shell thickness dependent optical response of the samples has been studied both in the stationary and transient regimes. on Au, that allows to disregard the thermal resistance at the Au/Ag interface [START_REF] Yilbas | Laser short-pulse heating of gold-silver assembly: entropy generation due to heat and electricity flows in electron subsystem[END_REF]. The experimental transient spectral signatures have been well reproduced theoretically except for the spikes appearing in the spectral zone of higher photon energy emanating from the influence of the multimodes that reside in this zone [START_REF] Cortie | Multimode resonances in silver nanocuboids[END_REF]. The number of bleaching peaks that can be observed in the transient optical signature of plasmonic nanoparticles are usually equal to the number of resonance modes that can be observed in their stationary regime spectra [START_REF] Wang | Broadband spectral signature of the ultrafast transient optical response of gold nanorods[END_REF]. However, an additional 5 th bleaching peak was observed in the transient optical signatures of the thick Ag-shell AuNR@Ag samples. The theoretical modeling of the transient optical signatures of the NPs indicates that the transverse polarization component of the transient absorption is the main contributor for the formation of this fifth bleaching peak. It appears between the bleaching peaks of the L 0 and T 1 modes. Furthermore, its oscillator strength decreases with the increase of the Ag-shell thickness which becomes a clear indication that this signature is not related to Ag. Thus, these observations help us to conclude that the formation of this bleaching peak can be ascribed to a pure dipolar T 0 mode which evolves from the TrSPR dipolar mode of the bare AuNP with increasing Ag coating.

It becomes hidden in the stationary regime spectra but is revealed by the ultrafast differential transient signal.

In this work, we have focused on the study of the optical extinction variation, mainly related to the electron dynamics. Beyond, these hybrid samples can be interestingly studied for their acoustic vibrations (phonon dynamics). They present vibration modes that are sensitive to the Ag shell mass that is being deposited on the Au core and hence can be used as nano-balances.

Furthermore, they can be assembled into supercrystals [START_REF] Hamon | Controlling the symmetry of supercrystals formed by plasmonic core-shell nanorods with tunable cross-section[END_REF] then allowing to modify or improve the optical properties through coupling, as highly spatially-organized metal nanorods are attractive for their strong, polarization-dependent plasmon properties.

CHAPTER 4. ULTRAFAST TRANSIENT NEAR FIELD VARIATION IN AND AROUND A GOLD NANOPARTICLE: INVESTIGATION BY FDTD

near field enhancement [START_REF] Hensen | Spatial variations in femtosecond field dynamics within a plasmonic nanoresonator mode[END_REF][START_REF] Koya | Coherent control of gap plasmons of a complex nanosystem by shaping driving femtosecond pulses[END_REF] may be exploited to develop time resolved sensors, based on the same considerations as for the stationary plasmon enhanced fluorescence or SERS. The transient variation of the metal dielectric function following the ultrashort pulse absorption can be calculated via the two-or three-temperature model (see chapter 1) or a non-thermal approach [START_REF] Labouret | Nonthermal model for ultrafast laser-induced plasma generation around a plasmonic nanorod[END_REF]. At each time step of the calculation, it could be possible to determine the near field characteristics by using FDTD, provided the fine variations of the dielectric function are accurately accounted for in the latter. However, the FDTD simulation tools that are available by now are meant to simulate the optical response of dispersive materials by using phenomenological models based on fitting the permittivity data as the sum of multiple Debye, Drude and/or Lorentz pole pairs [START_REF] Hao | Efficient dielectric function for FDTD simulation of the optical properties of silver and gold nanoparticles[END_REF][START_REF] Rakić | Optical properties of metallic films for vertical-cavity optoelectronic devices[END_REF][START_REF] Vial | Comparison of gold and silver dispersion laws suitable for FDTD simulations[END_REF][START_REF] Oskooi | MEEP: a flexible free-software package for electromagnetic simulations by the FDTD method[END_REF]. Unfortunately, catching the small variations of the plasmonic material optical properties along their dynamics cannot be achieved by these conventional phenomenological models with reasonable computational time. This may explain the absence, in the literature, of studies assessing numerically the ultrafast transient near field topography.

Modeling a transient dielectric function requires a very precise approach where some perturbative components should be added to the (non-perturbative) stationary description and the time dependent dielectric function variation has to remain stable along the whole dynamics, that is, has to present a sufficient regularity. This can be easily achieved by using the complex-conjugate pole-residue pair (CCPRP) [START_REF] Han | Model dispersive media in finite-difference time-domain method with complex-conjugate pole-residue pairs[END_REF] approach for fitting the dielectric function as has been proposed by Han et al. [START_REF] Han | Model dispersive media in finite-difference time-domain method with complex-conjugate pole-residue pairs[END_REF]. The dielectric function of arbitrary dispersive media is modeled by representing it as a sum of rational fractions. This method doesn't only lowers the number of pole pairs that are to be used in a simulation (and thus reduces the CPU time consumption and memory space)

as compared to the phenomenological models evoked above, it also provides stable and smooth curves of the modeled data. We have implemented this approach for the relative dielectric function of gold, ε R (ω), where ω is the wave angular frequency. A vector fitting technique [START_REF] Richards | Applications of vector fitting in the solution of electromagnetic field interactions[END_REF] is employed to decompose the rational fraction into poles and residues which are then used in the FDTD simulation tool.

In this chapter, we will use the CCPRP based FDTD method that is customized by F. Mayran de Chamisso (a former student in the group) to account for the small variations of the dielectric function of plasmonic NPs in the transient regime. We first provide a simple method for checking the accuracy of the FDTD tool. The effective dielectric function "seen" by the FDTD algorithm, the value of which accounts for all the numerical errors due to the cumulated approximations, floating-point inaccuracies and effect of stray reflections at virtual sample boundaries, and after running for several 10k to 100k time steps, is recovered by Fast Fourier Transform and compared with the experimental data of the dielectric function of bulk gold. The resulting modulus error remains lower than 2.2% over the entire visible range.

This robust FDTD approach is then applied to calculate the ultrafast variation of the near field intensity enhancement in and around a spherical gold nanoparticle (AuNP) in air following the modulation of the metal electromagnetic properties induced by the absorption of a laser pulse.

For this, the three-temperature model (3TM, see Chapter 1) has been integrated with the CCPRP based FDTD method. While the choice of the spherical shape does not fully illustrate the efficiency of FDTD, which potentially enables us to adapt to much more complex geometries, it is driven by the possibility of comparing our results with the ones provided by the Mie theory in order to validate our method. The stationary spectrum of ε R (ω) is first fitted with a set of poles in steps t D after pulse absorption by using the 3TM. This data is fitted for each delay time step with another set of poles and the field topography in the virtual sample is determined with the FDTD method by considering the total dielectric function at t D . Then we consider the next delay time step, with a different dielectric function, and repeat the FDTD calculation. This approach is therefore limited to a "slow" variation of the dielectric function with respect to the time scale of the field oscillation (a few femtoseconds in the visible range). This perturbative modelling, consisting in adding some perturbative components to the non-perturbated stationary ε R (ω), will be proven to be particularly stable over all time steps, as revealed by the smoothness of the curves obtained along time. By benefiting from a parallel FDTD simulator with GPU support, implementation of the CCPRP method and low-level C++ language optimization, we will show that this FDTD method is suited for modeling the ultrafast transient optical response of plasmonic nanostructures.

The spatial, temporal and spectral dependence of the field around the AuNP will be analyzed.

We will show that the different contributions to the near field, propagating or not to the far field, exhibit different dynamics.

Complex-conjugate pole-residue pair based (CCPRP) FDTD

Principle of the method

We focus on a homogeneous, linear and isotropic non-magnetic material with arbitrary relative dielectric function, ε R = ε R + jε R (where j 2 = -1) which can be written in terms of array, [ω i , ε R (ω i ), ε R (ω i )] with the angular frequency, ω i , being sorted in ascending or descending order and ε R (ω i ) > 0.

Han et al. [START_REF] Han | Model dispersive media in finite-difference time-domain method with complex-conjugate pole-residue pairs[END_REF] have demonstrated that for the same computing cost the CCPRP based FDTD method is more precise than phenomenological model based FDTD methods, like in the open source FDTD software MEEP [START_REF] Oskooi | MEEP: a flexible free-software package for electromagnetic simulations by the FDTD method[END_REF] which uses a sum of Lorentzians. This is due to the difference that exists in the re-partitioning of the available degrees of freedom. Methods based on second order polynomials generally require more intermediate quantities to be stored during the FDTD computation than the methods which are based on first order polynomials. For example, the FDTD update equation provided in Ref. [START_REF] Deinega | Effective optical response of silicon to sunlight in the finitedifference time-domain method[END_REF] requires the additional storage of the field E n-1 computed at the preceding time step t n-1 (where t n is the current FDTD time step of computation) which is not the case with Han's approach. We have then followed a method similar to the latter.

In the CCPRP approach, the relative permittivity, ε R (ω), of an arbitrary dispersive material can be written as follows [START_REF] Han | Simulation of optical devices and circuits using time domain methods[END_REF][START_REF] Lin | FDTD modeling of graphene devices using complex conjugate dispersion material model[END_REF][START_REF] Alsunaidi | A general ADE-FDTD algorithm for the simulation of dispersive structures[END_REF]:

ε R (ω) = ε ∞ + P p ( c p jω -a p + c * p jω -a * p ) (4.1)
where ε ∞ is the high-frequency limit of the function ε R (ω). It is real since absorption tends to zero at high frequencies. Here, both a p and c p are complex numbers. The detailed procedure Refs. [START_REF] Han | Simulation of optical devices and circuits using time domain methods[END_REF][START_REF] Lin | FDTD modeling of graphene devices using complex conjugate dispersion material model[END_REF][START_REF] Alsunaidi | A general ADE-FDTD algorithm for the simulation of dispersive structures[END_REF].

To determine the coefficients ε ∞ , a p and c p in Eq. 4.1, we have used a vector fitting approach [START_REF] Richards | Applications of vector fitting in the solution of electromagnetic field interactions[END_REF][START_REF] Lin | FDTD modeling of graphene devices using complex conjugate dispersion material model[END_REF][START_REF] Deschrijver | Macromodeling of multiport systems using a fast implementation of the vector fitting method[END_REF][START_REF] Gustavsen | Improving the pole relocating properties of vector fitting[END_REF][START_REF] Gustavsen | Rational approximation of frequency domain responses by vector fitting[END_REF] which is based on converting the values of a measured (or a calculated) frequencydependent dielectric function, ε M (ω), into a sum of complex conjugate pole residues by iteratively refining the polynomial coefficients. In our case, 4 poles were enough to satisfactorily fit the experimental dielectric function data of bulk gold [START_REF] Palik | Handbook of optical constants of solids[END_REF] using this technique as illustrated in Fig. 4.1(b). Gustavsen et al. in [START_REF] Richards | Applications of vector fitting in the solution of electromagnetic field interactions[END_REF][START_REF] Gustavsen | Improving the pole relocating properties of vector fitting[END_REF][START_REF] Gustavsen | Rational approximation of frequency domain responses by vector fitting[END_REF] have used the same approach in signal processing for the decomposition of the coefficients into CCPRPs. More examples of this approach can be found in the work of Han [START_REF] Han | Simulation of optical devices and circuits using time domain methods[END_REF].

1.5

Photon energy (eV) Dielectric function of gold and its vector fitting Thus, by choosing only a spectral window [ω 1 , ω 2 ] within which we intend to perform the pole-residue decomposition, it is possible to model ε R precisely. The poles obtained can be then injected into the constructed FDTD update equation for simulation [START_REF] Lin | FDTD modeling of graphene devices using complex conjugate dispersion material model[END_REF][START_REF] Han | A rational-fraction dispersion model for efficient simulation of dispersive material in FDTD method[END_REF].

Validation of the end-to-end accuracy of the method

Let us check the end-to-end accuracy of the whole FDTD tool. In theory, the dielectric function "seen" by the FDTD simulation must equal the input ε R data, that is, the input parameters if the whole FDTD process is considered. However, in practice the one seen by the simulation contains all the numerical errors arising from accumulated approximations (floating-point inaccuracies, reflections at the boundaries and imperfect representation of the materials used to absorb residual waves). Our test method aims at showing that despite these numerical distortions along the whole computing process, the field propagation simulated corresponds to a medium having electromagnetic properties closely similar to the input ones.

Our checking method is based on the simulation flow chart depicted in Fig. 2(a) which is implemented for a layer of gold the dielectric function of which is taken as the one for bulk gold [START_REF] Palik | Handbook of optical constants of solids[END_REF]. Let us note that this choice of the initial input dielectric function of the material is left The gold layer is wide enough (140 px = 1400 nm in the x-direction) for any electromagnetic wave in the photon energy range considered to be almost completely absorbed when reaching the layer end. This hypothesis allows us to neglect the back-propagating wave due to reflection from the end side of the gold layer [Fig. 2(b)]. Perfectly Matched Layers (PMLs) [START_REF] Berenger | A perfectly matched layer for the absorption of electromagnetic waves[END_REF][START_REF] Berenger | Three-dimensional perfectly matched layer for the absorption of electromagnetic waves[END_REF] of thickness 160 nm are used in the +x and -x directions of the gold layer to absorb the reflected waves from the left gold-air interface and the fake fields which can possibly be generated because of some imprecise floating-point representations. Periodic boundary conditions are considered in the y and z directions. Field injection is done according to Ref. [START_REF] Taflove | Computational electromagnetics: the finitedifference time-domain method[END_REF] with a broadband (1.5 to 3.5 eV) wave propagating along the x axis, with the E(t) polarization along the y axis and H(t) along the z axis (i.e., a TE-polarized wave). The injected field is formulated as the Fourier transform of a Gaussian around 3.5 eV. The field E(t i ) is retrieved at each simulation time step t i for each of the first 20 pixels (px) along the x direction, effectively measuring the field propagated 200 nm into the gold layer. Then the Fourier transform of the field is computed to obtain E(ω) from which the refractive index n (n 2 = ε sim R ) seen by the wave after propagating 20 px into the gold layer is deduced as follows.

Considering the field propagation in the x direction [see Fig. 4.2(b)], at the material interface, the tangential component of the electric field E as well as the normal component of the electric displacement field D are continuous. Since, n 2 = ε R with Im[n]> 0, considering that the interface is located at x = 0, we get the following equation for the complex electric field within the gold layer, E Au :

E Au (x, ω) = Ee y = 2 1 + n(ω) E 0 exp j n(ω)ω c x e y (4.2)
where E, c and ω are the complex field amplitude of E Au , speed of light in vacuum and angular frequency of the incident field, respectively. For the incoming incident field propagating in air, E air , we can write

E air (x, ω) = E a e y = E 0 exp j ω c x e y (4.3)
where E a is the complex amplitude of the incident field propagating in air. The modulus of the complex amplitude in the gold layer relative to its counterpart in air is then The argument of the complex amplitude in the gold layer relative to its counterpart in air is later to determine the near field dynamics by using FDTD, as will be described in the next section.

E E a = 2 1 + n(ω) exp -Im[n(ω)]ω c x e y . ( 4 
arg E E a = π -Arctan -Im[n(ω)] 1 + Re[n(ω)] + Re[n(ω) -1]ω c x. ( 4 
As has been precised in chapter 1, the 3TM is a prominent choice for the theoretical investigation of the ultrafast transient optical response of metal nanoparticles over "long" delays (t D ) after the absorption of an ultrashort laser pulse. The system we are considering here consists of a spherical AuNP of 20 nm diameter in air, illuminated by an ultrashort laser pulse with duration ∆t = 100 fs and peak intensity I 00 = 5 GW cm -2 . Following the pulse absorption, the respective temperatures of the electrons, metal lattice and host medium evolve, driven by energy exchanges which are described by the set of coupled differential equations 1.44 -1.47 (Chapter 1). Knowing the source term (temporal profile of the instantaneous power absorbed from the light pulse) the time-dependent temperatures are calculated by numerically solving these 3TM equations. The electron gas temperature is then used to determine the evolution of the metal electron distribution after light pulse absorption. Finally, the spectrally-dependent transient variation of the complex dielectric function (Eq. 4.6), ε(ω, t D ), of the AuNP is computed. In this calculation, both the interband and intraband transition contributions to the dielectric function variations are accounted for (see Eq. 1.10 in Chapter 1):

ε(ω, t D ) = ε ib st (ω) + ∆ε ib (ω, t D ) + χ D st (ω) + ∆χ D (ω, t D ) (4.6)
where ε ib st (ω) and χ D st (ω) are the interband and intraband (Drude susceptibility) parts of the stationary dielectric function of gold, respectively, while ∆ε ib (ω, t D ) and ∆χ D (ω, t D ) are the respective transient variations of the interband and intraband contributions evaluated as described in Chapter 1 ( §1. The overall behavior of ∆ε/ε is similar with the one reported in Ref. [START_REF] Wang | Photo-induced ultrafast optical and thermal responses of gold nanoparticles[END_REF]. The imaginary part has an antisymmetric profile with negative and positive peaks in the red and blue spectral parts 

Transient near field variation in and around the AuNP

The modeling process, as schematized in Fig such that in the following E will denote the field enhancement (that is, the local field relative to the incoming field). The entire computational cell is made up of 100 × 150 × 100 px where 1 px corresponds to 1 nm. The PML layer has a thickness of 16 px and the AuNP is represented with a diameter of 20 px while the remaining part of the computational domain is left to be air (ε air = 1).

The field E(t) which is obtained by this way for both the stationary regime (before pump pulse absorption by the AuNP) and the transient one (along with and after pump pulse absorption) is then Fourier transformed to obtain the spectral components of the field, E(ω, d, t D ), at a distance d away from the AuNP surface along the y-axis (field direction), which evolve with delay time. Note that t D is not related to the time dependency of the FDTD simulation, t. [START_REF] Tanabe | Field enhancement around metal nanoparticles and nanoshells: a systematic investigation[END_REF] is depicted in Fig. 4.6(b). This result is all but surprising for a gold nanosphere the size of which is small against the wavelength of light (dipolar regime).

Let us move on to describing the transient optical response of the AuNP after absorbing the ultrashort laser pulse presented here through the rapid variation of the near field. For this purpose, we define the relative variation of the transient near-field intensity enhancement,

∆ E 2 E 0 2 = E 2 -E 0 2 E 0 2 (4.7)
where

E 2 = E(ω, d, t D ) 2 . E 0 2 = E(ω, d, 0)
2 is the near field enhancement at a distance d when t D = 0 (that is, identical to the one in the stationary regime). The variation defined in Eq. 4.7 will be referred to as the "transient near field intensity enhancement variation" (TNFIEV) hereafter. GOLD NANOPARTICLE: INVESTIGATION BY FDTD The former has revealed that destructive and constructive interferences between the field retarded by the nanoparticle and the incoming field are respectively responsible for the attenuation and enhancement of the resulting local field, and then for the antisymmetric profile of the spectra.

The GDM has confirmed this analysis, holding the respective contributions of interfering terms of different order in 1/d accountable for the local field spectral profile. The higher order (near-field) term gives a spectral peak in the red, while the lower order (propagating) term peaks in the blue of the spectral region [START_REF] Imura | Characteristic near-field spectra of single gold nanoparticles[END_REF]. The red-shift of the enhancement peak from the LSPR even gets reinforced in the case of transient regime because of the laser-induced ultrafast phenomena that have already been discussed earlier in this section (see the green arrows in Fig. 4.8). The TNFIEV signal decreases along time, following the electron relaxation process triggered by the dynamics of the electron-phonon energy exchange and the heat release to the surrounding medium [START_REF] Wang | Broadband spectral signature of the ultrafast transient optical response of gold nanorods[END_REF][START_REF] Guillet | Spectral dependence of the ultrafast optical response of nonspherical gold nanoparticles[END_REF][START_REF] Labouret | Nonthermal model for ultrafast laser-induced plasma generation around a plasmonic nanorod[END_REF][START_REF] Di Mario | Time-dependent optical response of three-dimensional Au nanoparticle arrays formed on silica nanowires[END_REF]. Let us recall that we are here interested in the transient relative variation of the near field in and around the NP rather than the near field itself, in order to illustrate the ability of our CCPRP-based FDTD approach to finely describe tiny changes of the dielectric function of materials, which is especially useful for ultrafast plasmonics. Outside the AuNP, the TNFIEV signal exhibits of course also a relaxation behavior after the initial excitation, as revealed by Fig. 4.9. 

Summary

We have exploited the fact that any physical dielectric function can be modeled by a rational fraction, equivalent to a sum of complex-conjugate pole-residue pairs. This approximation has been implemented in the frequency domain. We have provided a new method for checking the accuracy of a FDTD tool for materials with an arbitrary dielectric function. The dielectric function of bulk gold seen by the FDTD algorithm was recovered by Fast Fourier Transform and compared with the experimental data. The test simulation showed that a four-pole model is enough to get an accurate result. Beyond, it would also be possible to use the vector fitting technique for any anisotropic material (tensorial dielectric function) that can be approximated and FDTD-simulated using the method described in this chapter. However, introducing non-diagonal tensors in FDTD is not easy and requires further approximations, as mentioned in [START_REF] Oskooi | Accurate finite-difference time-domain simulation of anisotropic media by subpixel smoothing[END_REF].

This CCPRP-based FDTD method was then used in coordination with the 3TM to study the ultrafast transient variation of the near-field intensity enhancement in and around a 20 nm AuNP.

We have applied this FDTD method for the simplest case (a spherical NP); however, just like classical FDTD methods, our CCPRP-based FDTD tool can also be used to simulate the field topography with arbitrary NP shapes, groups or arrays of NPs, or plasmonic circuits, with the additional advantage for enabling the investigation of their ultrafast transient optical response while ensuring its regularity over the whole time range of investigation.

Let us summarize our main findings. The spectral signature of the near field determined outside the NP in the stationary regime resembles the one measured experimentally for a single NP. It exhibits an antisymmetric signature with an enhancement peak in the red and an absorptive peak in the blue parts of its LSPR, respectively due to the contributions from the near and the propagating fields. In the ultrafast transient regime, the NP properties evolve, triggered by the initial absorption of a light pulse. Inside the NP, the subsequent transient near field that the simulation predicts is similar to the one that can be derived from the Mie theory, validating our approach. Beyond, we have shown that the transient variation of the near field intensity relative to its stationary counterpart also changes with the distance from the NP, demonstrating the difference in the weight of the reactive near field loss in the two regimes.

This approach is particularly suited for determining numerically the variation of the near field topography induced by changes in the material dielectric function. It will then be particularly relevant in the analysis of the phenomena triggered by ultrashort laser pulses which are highly related to the near field enhancement in and around plasmonic nanostructures, such as electron photoemission, photoluminescence, production of reactive oxygen species, and photocatalysis [START_REF] Douillard | Optical properties of metal nanoparticles as probed by photoemission electron microscopy[END_REF][START_REF] Haug | Hot-electron intraband luminescence from single hot spots in noble-metal nanoparticle films[END_REF][START_REF] Labouret | Nonthermal model for ultrafast laser-induced plasma generation around a plasmonic nanorod[END_REF][START_REF] Boulais | Plasma mediated off-resonance plasmonic enhanced ultrafast laser-induced nanocavitation[END_REF][START_REF] Labouret | Plasmon-assisted production of reactive oxygen species by single gold nanorods[END_REF][START_REF] Zilio | Hot electrons in water: Injection and ponderomotive acceleration by means of plasmonic nanoelectrodes[END_REF].
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CHAPTER 5. PLASMONIC-PHOTONIC COUPLING: GOLD NANORODS IN A 1D MICROCAVITY microfluidic technology. This potential application has triggered our interest for advancing the study of the ultrafast plasmonic-photonic coupling to a more complex configuration using parallel AuNRs rather than nanospheres. Indeed, the anisotropy of the optical response enables us to study light-polarization dependent optical functionalities. In this chapter, we will initiate the study of such complex plasmonic-photonic hybrid cavities for their ability to induce a controlled light-triggered ultrafast modulation of the near field.

Electron-beam lithography appears to be the most appropriate method for elaborating a monolayer of parallel and identical gold nanorods on a transparent oxide layer. 

The uncoupled sub-systems

In this section the basic techniques that have been employed to model the ultimate plasmonicphotonic hybrid microcavity will be dealt with. The components that make up the device will be presented independently. The optical constants of the dielectric materials that we use in this theoretical study have been determined experimentally by our colleagues in UTT for this purpose.

Refractive index of Al 2 O 3 , TiO 2 and SiO 2 have been determined to be 1.63, 2.60 and 1.50, respectively. The stationary regime dielectric function values that we use here are the ones that have been fitted to the experimental data (see Chapter 1) of Edward D. Palik [START_REF] Palik | Handbook of optical constants of solids[END_REF].

Choosing a plasmonic nanocomposite layer

As has been mentioned earlier, this last chapter is devoted to the theoretical investigation of the coupling between a defect mode of a 1D photonic crystal and nonspherical NPs. The fabricated plasmonic layers have been represented in our simulations by using the model proposed for 2D plasmonic nanocomposite layers (refer to Chapter 1) by Yamaguchi et al. [START_REF] Yamaguchi | Optical effect of the substrate on the anomalous absorption of aggregated silver films[END_REF].

Since this analytic approach is suited for spheroid-shaped NPs only, the AuNRs are represented by a prolate shape. The nanocomposite layer then consists of prolate AuNPs of diameter D = 

The 1D photonic crystal

Photonic crystals (PC) are materials fabricated in such a way that two dielectric materials of different refractive indices are arranged in an alternate 1D, 2D or 3D periodic fashion [START_REF] Johnson | Molding the flow of light[END_REF]. This allows for destructive interferences between multiple reflected rays at the successive boundaries in a certain spectral range -called the photonic band gap-that cancel any transmitted rays. In this work, we are interested in 1D PCs consisting in a stack of high-and low-index transparent bilayers (Bragg mirrors). However, if this periodicity is disrupted, either by introducing another foreign material into the arrangement, or by changing the size of at least one of the dielectric materials that make up the PC, this results in the appearance of some permitted modes in the photonic band gap which are called the defect modes. Now, the two Bragg mirrors and the defect form a resonant cavity where the electromagnetic field spectral components corresponding to the defect modes are confined as a standing wave, with a high local field intensity. The modes appearing inside the photonic band gap are thus also called cavity modes.

A 1D PC has been designed by using the Transfer Matrix Method (TMM) according to the procedure described by E. Hecht [START_REF] Hecht | Optics[END_REF]. This approach is based on storing the contribution of each 

M k =   cos(δ k ) -j sin(δ k ) η k -jη k sin(δ k ) cos(δ k )   (5.1) 
where θ k is the angle of refraction defined according to the Snell-Descartes law for refraction through an interface. Hence, the electric and magnetic fields inside the successive layers k and k + 1 are related through M k (Eq. 5.1) as follows:

δ k = 2π λ ñk d k cos(θ k ). ( 5 
E k B k = M k E k+1 B k+1 . ( 5.4) 
More details on the TMM can be found in Ref. [START_REF] Hecht | Optics[END_REF]. In order to get the optical properties of the whole 1D-stack device, we need to calculate M k for each layer and then perform a simple 2 × 2 matrix multiplication to obtain the total characteristic matrix of the entire PC

M = N k=1 M k , ( 5.5) 
where N is its total number of layers. 

Stationary regime optical response of the plasmonicphotonic hybrid microcavity

Coupling between the defect mode and the LgSPR

In the preceding section ( §5.2.1), we have put some effort for stating (independently) the subsystems that we intend to use for designing the hybrid plasmonic device. The λ des of the host PC cavity was intentionally chosen to be 608 nm in order to obtain a good coupling between the defect mode and the LgSPR of the chosen plasmonic nanocomposite layer [black dashed line in around the spectral zone of the defect mode (608 nm), resulting in the significant reduction of its transmittance [START_REF] Wang | Photo-induced ultrafast optical and thermal responses of gold nanoparticles[END_REF]. However, as shown in Fig. 5.5(c), despite the presence of the absorbing material the field intensity at the middle of the defect layer at 608 nm wavelength is enhanced by a factor ∼15. In Chapter 4 we have investigated the ultrafast transient near field variations of a plasmonic NP, which depends on both the wavelength and the distance from the NP, induced by the absorption of a subpicosecond laser pulse. Thus, this ultrafast modulation of the plasmonic near field in the nanocomposite material could be exploited in the hybrid plasmonic microcavity. MICROCAVITY 

Monitoring the coupling regime: vacuum-field Rabi splitting

As has been demonstrated earlier in this section ( §5.3.1), the coupling between the host PC defect mode and the LgSPR of the guest plasmonic nanocomposite layer (p = 0.001) exhibits a single transmittance inside the photonic band gap [see Fig. 5.4(c)]. This assumes that we are in the weak coupling regime. In the strong coupling regime, the two modes would hybridize to create two new eigenstates of mixed optical characteristics [START_REF] Zhu | Vacuum Rabi splitting as a feature of linear-dispersion theory: Analysis and experimental observations[END_REF][START_REF] Ameling | Microcavity plasmonics: strong coupling of photonic cavities and plasmons[END_REF][START_REF] Long | Coherent coupling between a molecular vibration and Fabry-Perot optical cavity to give hybridized states in the strong coupling limit[END_REF][START_REF] Simpkins | Spanning strong to weak normal mode coupling between vibrational and Fabry-BIBLIOGRAPHY Perot cavity modes through tuning of vibrational absorption strength[END_REF][START_REF] Shi | Enhanced water splitting under modal strong coupling conditions[END_REF][START_REF] Yu | Strong coupling in microcavity structures: Principle, design, and practical application[END_REF]. The newly created modes would point at angular frequencies detuned from the original resonance by ±Ω, the vacuum-field Rabi splitting. Though the TMM-based theoretical approach that we apply here could not reveal the strong coupling regime effects, it is important to predict ahead the filling fraction of Au in the nanocomposite layer for which the transition between the weak and strong coupling regimes should occur. So, in this section we present the tools that we have used to choose the value p = 0.001 ensuring the system to be well below the strong coupling regime values. This choice reduces the complexity of the system in consideration for this preliminary investigation. Indeed, 

Coupling between the defect mode and the TrSPR

The defect mode of a PC cavity can be tuned in the spectrum (blue shifted) by changing the angle of incidence θ of the incoming light [see Fig. 5.4(a)] [START_REF] Wang | Large and ultrafast optical response of a one-dimensional plasmonic-photonic cavity[END_REF]. As has been stated in the previous section ( §5.3.1), the design wavelength λ des and the LgSPR of the guest plasmonic nanocomposite layer are chosen to match for the initial design of the hybrid PC cavity at normal incidence. On the other hand, the TrSPR mode of the plasmonic nanocomposite layer resides at a lower wavelength than that of its LgSPR mode. So, we just have to vary θ so that another plasmonic-photonic coupling can be achieved at the TrSPR mode. Fig. 5.7 shows this coupling which is attained at 527 nm for the angle of incidence of θ = 64 • .

The quality factor of the hybrid cavity defect mode appearing at 527 nm (at 64 • incidence) is larger than for the one appearing at λ des = 608 nm (at normal incidence). Indeed, the plasmonic nanocomposite layer absorbs less at its TrSPR than at its LgSPR [see Fig. 

Absorptance of the hybrid cavity compared to that of a bare thin plasmonic film

In the former sections, we have demonstrated that just by changing the incident light polarization, a satisfying coupling of the PC defect mode to either the LgSPR or the TrSPR modes of the parallel nanorods set in the middle of the cavity can be achieved. We have seen that the coupling significantly reduces the transmittance of the defect mode. In this section, we compare the absorptance of the hybrid cavity [Fig. 5.4(a)] with that of the bare nanocomposite film (Fig. We can observe the opposite scenario for the hybrid cavity case where the absorptance at θ = 64 • incidence angle (red full line in Fig. 5.9) is larger than that at θ = 0 • (black full line in Fig. 5.9). The resonance widths of the two are also different (the red full line resonance is narrower MICROCAVITY -Case (1): the structure is pumped at 527 nm in the s-polarization at 64 • incidence and the spectral dependent ultrafast transient response of the hybrid structure is monitored by the probe beam parallel to the longitudinal axis of the AuNRs (p-polarization) at normal incidence.

-Case (2): this time, the p-polarized pump laser is injected at 608 nm at 0 • incidence and the response is studied at 64 • with the probe beam perpendicular to the AuNRs (s-polarization).

For both cases, the power absorbed (Eq. 3.1 in Chapter 3) by a NP is calculated from the absorption cross-section of the AuNR which is determined by the Gans-Mie theory (see Chapter 1). The laser peak intensity is considered to be 1 GW/cm 2 in both cases. Figure 5.12 depicts the spectral dependent transient relative variations of transmittance, ∆ T /T , of the hybrid structure for the two cases. The overall spectral profile and temporal dynamics of the signatures are similar to the ones observed in the works of X. Wang et al. [START_REF] Wang | Broadband spectral signature of the ultrafast transient optical response of gold nanorods[END_REF][START_REF] Wang | Large and ultrafast optical response of a one-dimensional plasmonic-photonic cavity[END_REF][START_REF] Wang | Photo-induced ultrafast optical and thermal responses of gold nanoparticles[END_REF] for spherical NPs sandwiched between two Bragg mirrors. The photo-induced ∆ T /T profile is quite sharp as its main contributor is only the defect mode of the hybrid structure within the photonic band gap [START_REF] Wang | Photo-induced ultrafast optical and thermal responses of gold nanoparticles[END_REF]. The signal profile has a strong symmetric positive peak around the LSPR that is surrounded by two negative peaks. This is due to the effect of plasmon bleaching that emanates from the transient response of the metal NPs as the surrounding medium is transparent. We also observe a slight blue-shift of the bleaching peak along the relaxation, a bit more pronounced in case (1) [Fig. 5.12(a)]. This difference may be due to the spectral sensitivity of the ultrafast modulation of the transmittance due to the dispersion and attenuation of the wave in the nanocomposite medium [START_REF] Wang | Large and ultrafast optical response of a one-dimensional plasmonic-photonic cavity[END_REF]. Though the peak power absorbed by the NPs in case (2) is the strongest (pumped at LgSPR), it can be observed in Fig. 5.12 that the pump induced modification of the transmittance for case (1) [Fig. 5.12(a)] is approximately twice as large as in case (2) [Fig. 5.12(b)]. This can be attributed to both the high value of the variation of the absorption coefficient ∆α ef f of the nanocomposite layer that is induced by the pump and the strong LSPR experienced by the probe in case (1) [START_REF] Wang | Large and ultrafast optical response of a one-dimensional plasmonic-photonic cavity[END_REF]. Figure 5.13 depicts the relative variation of the effective absorption coefficient, ∆α ef f /α ef f , of the nanocomposite medium for the two cases 3 ps after the absorption of the 100-fs laser pulse. The |∆α ef f | value induced around 2.04 eV for case (1) is quite higher than that around 2.35 eV for case [START_REF] Mie | Beiträge zur Optik trüber Medien, speziell kolloidaler Metallösungen[END_REF].

The modulation of the defect mode within the photonic band gap after the absorption of the 100-fs laser pulse is presented in Figs. 5.14 and 5.15 for cases (1) and (2), respectively. For both cases, the figures display the dynamics in the delay time range from -1 to 8 ps where the pump pulse peaks at t = 0. The photonic band gaps and the defect mode transmittance peak are clearly visible on the figures. The two defect modes follow the same dynamics except from the difference in magnitude that we have discussed in the preceding paragraph. As expected, the defect mode transmittance abruptly reaches a maximum value just after t = 0 and then begins to decrease with time, relaxing back to the stationary situation. MICROCAVITY 

Summary

We have studied theoretically the polarization-dependent coupling between the LSPR modes of a plasmonic thin layer of nanocomposite medium (made of AuNRs and Al 2 O 3 ) and the defect mode of a 1D photonic crystal cavity both in the stationary and transient regimes. The parameters of the AuNRs were chosen by comparing the simulated LSPR characteristics of the nanocomposite medium with those measured in plasmonic structures fabricated by e-beam lithography. The choice MICROCAVITY for this preliminary theoretical study was made with the future experimental work in mind. Indeed, the work requires the pump or the probe beam to be at oblique angle of incidence which would affect, in the experiment, the complete illumination of the sample compared to working at normal incidence. Hence, a plasmonic sample whose LgSPR and TrSPR are not spectrally decoupled much was chosen. The stationary regime TMM calculation has allowed us to obtain a perfect coupling between the LgSPR and TrSPR of the effective plasmonic medium and the defect mode of the 1D photonic crystal cavity at normal incidence and θ = 64 • , respectively. The chosen filling fraction of Au in the nanocomposite medium allowed the coupling to remain in the weak regime, therefore ensuring a single defect mode in the photonic band gap of the hybrid cavity.

The 3TM, Yamaguchi model and TMM have been coordinated to simulate the polarizationdependent ultrafast transient optical response of the hybrid structure. The photo-induced modulation of its transmittance has been studied. It has been shown that the polarization-dependent response does not only depend on the pump power absorbed by the AuNRs but also on the spectral location where the dynamics is monitored. Indeed, the transient modulation of the plasmonic nanocomposite layer optical properties (dispersion and attenuation) varies strongly in the spectrum, hence affecting the overall optical dynamics of the hybrid device at different spectral locations [START_REF] Wang | Large and ultrafast optical response of a one-dimensional plasmonic-photonic cavity[END_REF].

In this work, we have presented only a few photonic functionalities that can be exploited in such kind of hybrid devices due to the time constraint of this Ph.D. work. For example, the electromagnetic fields from the pump and probe beams can be trapped inside the cavity and become intensified by the plasmonic effect of the NPs at the defect layer (see Fig. 5.5). So, the field inside the cavity will experience a strong ultrafast transient modulation under pump pulse excitation, as described in the preceding chapter. Thus, this modulation can be exploited for the realization of ultrafast local sensors, allowing for the time-resolved study of the optical response dynamics of objects in the vicinity of the plasmonic layer. This could be interestingly implemented in a microfluidic configuration.

Conclusion

This Ph.D. work was began with the aim of studying the ultrafast transient optical response of nonspherical noble metal nanoparticles owing to the role that it plays in many recent developments, some of them being part of our team research activities. The combination of metal NPs with other nanostructures or the design of bimetallic NPs may enable to tailor the plasmonic properties as to optimize these applications. Two kinds of hybrid plasmonic nanostructures have been studied both experimentally and theoretically: AuNP-decorated silica fibers and colloidal bimetallic core-shell (Au-Ag) NPs. The former provides macroporous framework that could enable for sensing fluidic environments while a rich LSPR feature can be observed in the latter over a broad spectral range spanning from the visible to the UV. The experimental dielectric function of the bulk gold and silver have been fitted with a very good precision, by considering both interband and intraband electron transition contributions. This work has focused on the ultrafast dynamics of the NPs over a "long" time and therefore the 3TM-based approach was used to calculate the transient thermal dynamics inside and around the NPs, accounting for the heat exchange with the surrounding medium while disregarding the initial athermal regime. We have also demonstrated that the ultrafast transient variation of the plasmonic near field in and around NPs can be theoretically assessed by coordinating the 3TM and a CCPRP-based FDTD method. Besides, we have carried out a preliminary study of the polarization-dependent ultrafast transient modification of the defect mode of a hybrid structure made of parallel AuNRs within a 1D photonic crystal cavity. In the following, the main results that have been obtained throughout this Ph.D. work will be presented.

We have experimentally studied the optical responses of Au-decorated SiO 2 fiber arrays and bimetallic AuNR@Ag/core@shell NP samples. The former exhibits a single resonance mode while the latter can have up to five LSPR modes depending on the amount of the Ag-shell deposited on the AuNR-core. In the transient regime, the Au-decorated SiO 2 NW sample has demonstrated a single bleaching peak around its LSPR which blue shifts with increasing delay time after initial excitation. The AuNR@Ag samples show different spectral signatures from one sample to another depending on the Ag-shell thickness. Multiple plasmonic resonance modes have been observed in the stationary regime extinction spectra which are highly dictated by the amount of Ag deposited on the AuNR core. The thicker Ag shell samples, which show 4 dominant LSPR modes in the stationary regime, exhibit 5 bleaching peaks in the transient regime. This new fifth mode is hidden in the stationary response but appears in the ultrafast differential transient signal. We have performed pump power dependent pump-probe measurements on each sample and observed that the fast relaxation component τ 2 of the signal dynamics converges toward zero excitation energy to about τ 0 116 CONCLUSION points. For our Au-decorated silica nanowire sample we obtained a value of τ 0 2 = 1.95 ps which is in the range of the values that have already been reported for AuNPs of the same size. We have also studied the relaxation time of the AuNR@Ag NPs at two pump wavelengths. For thin Ag-shell NPs the global relaxation time is higher than that of thick Ag-shell samples for excitation around the L 0 mode. A reversed trend is observed for the excitation in the UV region of the TrSPR modes where the relaxation of the thicker Ag NPs gets slower.

We have used an arbitrary set of oblate AuNPs with different ARs for modeling the Audecorated SiO 2 NW sample. We have demonstrated theoretically that the width of the experimental spectra, the blue-shift of the absorption bleaching along the relaxation and the asymmetry between the two positive wings of the absorption variation spectrum can all be attributed to the non-uniform shape distribution of the AuNPs in the sample. We have observed that the temporal behavior of the carrier and lattice temperatures alone is not sufficient to explain the details of the experimental features and in particular the blue-shift. The latter has been interpreted by invoking the stronger coupling of the plasmon resonance with interband transitions in nanoparticles with smaller aspect ratio. In addition, the modeled stationary spectra of the AuNR@Ag NPs have indicated that the scattering effect is negligible for the smaller Ag-shell thickness NPs Furthermore, we have exploited the fact that any physical dielectric function can be modeled by a rational fraction, equivalent to a sum of complex-conjugate pole-residue pairs. The CCPRPbased FDTD tool that we have implemented shows a very good match between the experimental dielectric function and that retrieved from the simulation. The spectral signature of the near field determined by the CCPRP-based FDTD method for a Au nanosphere exhibits an antisymmetric profile with an enhancement peak in the red and an absorptive peak in the blue parts of its LSPR, respectively, due to the contributions from the near and the propagating fields. The simulated ultrafast transient variation of the near-field intensity enhancement inside the NP is similar to the one that can be derived from the Mie theory, validating our approach. Outside the NP, the transient variation of the near field intensity relative to its stationary counterpart also changes with the distance from the NP, demonstrating the difference in the weight of the reactive near field loss in the two regimes. This result appears to be particularly relevant for the analysis of the phenomena which are triggered in plasmonic nanostructures by ultrashort laser pulses. We have implemented this FDTD approach on a nanosphere to be able to compare the results obtained with that of the Mie theory. However, it could be used for the calculation of the ultrafast transient near field of NPs with various shape and composition. For instance, we could assess and exploit the transient near field around bimetallic AuNR@Ag NPs linked with their sharp and intense TrSPR mode variations in the UV. The great advantage of this FDTD method then lies in the improvement that it provides to the study of the developments which depend on the transient near field, like the pulse-induced electron photoemission from plasmonic nanostructures. To our knowledge, only CONCLUSION the stationary near field has been considered in the analysis of this phenomena up to now. Our approach should then be particularly suited for this study.

In the stationary regime, it has been shown that coupling the LSPR of nanospheres with a resonance mode of a photonic cavity enables for a strong enhancement of light absorption. Furthermore, it was demonstrated in our group that such coupling can lead to the strong ultrafast modulation of the defect mode of the hybrid device in the transient regime. The transient modulation magnitude of the optical properties of such a structure can be improved by using NPs with large LSPR oscillator strength. As nanorods have strong LgSPR mode and can also allow for polarization-dependent photonic functionalities, we have studied theoretically the coupling between the LSPR modes of a plasmonic thin layer made up of parallel gold nanorods and a defect mode of a 1D photonic crystal cavity, both in the stationary and transient regimes. The AuNR and photonic crystal characteristics have been chosen as to obtain a perfect coupling between the LgSPR and TrSPR of the effective plasmonic medium and the defect mode of the cavity at normal incidence and θ = 64 • , respectively. The selected filling fraction of Au in the nanocomposite medium allowed the coupling to remain in the weak regime, therefore ensuring a single defect mode in the photonic band gap of the hybrid cavity. The relative transient change of absoptance for the LgSPR-defect mode coupling when pumped at TrSPR wavelength and θ = 64 • has been observed to be larger than the one for the TrSPR-defect mode coupling condition when is excited at LgSPR wavelength and normal incidence. This is mainly ascribed to the difference in the magnitude of the pump-induced absorption variation of the defect nanocomposite layer between the two excitation scenarios. The spectral-dependent transmittance modulation of the hybrid device has also been calculated for the two scenarios. This work unveils the new possibilities offered by the introduction of anisotropy into the optical properties of the hybrid cavity through the use of parallel nanorods rather than nanospheres. The control and signal pulses can now be manipulated independently via their polarization, wavelength and angle of incidence. Although this work still requires further parameter optimization, it should quickly lead to experimental investigations thanks to our partnership with UTT for sample elaboration. 120 APPENDIX A. ROSEI MODEL be described by the parabolic anisotropic dispersion relations [START_REF] Stoll | Ultrafast electronic, acoustic and thermal properties of metal nanoparticles and clusters[END_REF]:

ω d = -ω f -ω 0 - 2 2m d⊥ k 2 ⊥ - 2 2m d k 2 , ω p = -ω f + 2 2m p⊥ k 2 ⊥ - 2 2m p k 2 , ω s = ω g + 2 2m s⊥ k 2 ⊥ - 2 2m s k 2 .
(A.1)

The wave vector of a photon is negligible compared to the momentum of an electron, which makes the electron transition almost vertical. In addition, the transitions require the conservation of energy. So, Considering a photon with energy ω exciting an electron from an initial i band to a final f band, the energy conservation condition gives:

E f (k) = ω + E i (k) (A.2)
where E i and E f are the electron energy in bands i and f, respectively. The joint density of states (JDOS) for the transitions is then written as [START_REF] Wang | Photo-induced ultrafast optical and thermal responses of gold nanoparticles[END_REF][START_REF] Guillet | Dynamique de la réponse optique non-linéaire ultra-rapide d'une assemblée de nanoparticules d'or[END_REF][START_REF] Stoll | Ultrafast electronic, acoustic and thermal properties of metal nanoparticles and clusters[END_REF]:

J i-f ( ω) = +∞ -∞ D i-f (E, ω) [1 -f (E + ω)] dE , (A.3)
where D i-f is the energy-dependent joint density of states (EDJDOS) which can be written as follows for the d → p and p → s transitions [START_REF] Ashcroft | Solid state physics[END_REF][START_REF] Stoll | Ultrafast electronic, acoustic and thermal properties of metal nanoparticles and clusters[END_REF].

D d-p (E, ω) = F d-p 16 π 2 2 m p⊥ [ ω -ω 0 -ω f -(E -E F )] - m d⊥ [(E -E F ) + ω f ] -1/2 , D p-s (E, ω) = F p-s 16 π 2 2 m p⊥ [(E -E F ) + ω -ω g ] - m s⊥ [(E -E F ) + ω f ] -1/2 , (A.4)
the expressions being E -E F dependent. F i-f in Eq. A.4 is defined as:

F i-f = m i⊥ m f m i⊥ m f m i⊥ m f + m i m f ⊥ . (A.5)
In this work, we consider the E F values of Ag and Au to be 5.53 eV and 5.49 eV respectively [START_REF] Stoll | Ultrafast electronic, acoustic and thermal properties of metal nanoparticles and clusters[END_REF]. 
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 611212111 Figure 1.1 -Band structure of (a) silver and (b) gold along their high symmetry points and lines, taken from Ref. [74]. The dashed zero line indicates the Fermi level EF (shifted to the zero energy). The red bars indicate the most probable zones for vertical electron transitions between the valence and conduction bands, close to their threshold.

  Fig. 1.2(b) for Au.
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 12 Figure 1.2 -Fermi surface (yellow) within the first Brillouin zone of (a) Ag and (b) Au [75]. (c) First Brillouin zone of the noble metals with high symmetry points [75]. Γ is the center of the Brillouin zone. The X and L points occupy the centers of the square and the hexagonal surfaces, respectively.

. 5 )Fig. 1 .

 51 Fig.1.3 is extracted from Lin's work[START_REF] Lin | Electron-phonon coupling and electron heat capacity of metals under conditions of strong electron-phonon nonequilibrium[END_REF]. It displays the energy-dependent electron DOS and the T e -dependent heat capacity for gold and silver.
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 13 Figure 1.3 -Properties of the electron gas in Au and Ag as calculated by Lin et al. [79] by a DFT-based approach. (a) Solid line: density of electronic states of gold, ρtot, including the d-band electrons, as a function of the electron energy (EF is considered as the origin). Dashed and dash-dotted lines: electronic distribution f according to Fermi-Dirac statistics for various values of Te (1 eV corresponds to 11000 K approximately). (b) Electron heat capacity of gold as a function of the electron temperature. Solid line: calculation with the density of electronic states ρtot. Dashed and dash-dotted lines: calculations according to Sommerfeld's development with two different values of γ. (c) same as (a) and (d) same as (b) but for silver. All taken from Ref. [79].

  .1(b)] is required for fitting the dielectric function of gold. For silver, consideration of only the L point transitions [the red region in Fig. 1.1(a)] is enough for a satisfying fit of its dielectric function. The interband transition threshold values are, respectively, ω L,Au ib ∼ 2.4 eV and ω X,Au ib ∼ 1.9 eV for the transitions around the L and X points for Au while ω L,Ag ib ∼ 3.9 eV for Ag for the transition around the L point.
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 1 4(c) and (d) confirm that considering only the L point interband transitions (d → p and p → s)
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 15 Figure 1.5 -Schematic representation of the displacement of the conduction electrons from the ionic core of a spherical NP in response to an applied external electromagnetic field.
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 16 Figure 1.6 -Near-field enhancement factor F calculated inside and outside of a gold nanosphere with radius R = 10 nm in water, excited by a light wave tuned to its LSPR at 520 nm. The directions of the incident electric field E and the wave vector k are indicated [71].
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 17 Figure 1.7 -(a) Cartoon depicting the principle of the interaction of a linearly polarized light wave with a AuNR. E: direction of the electric field polarization. k: wave vector. e -: electron. (b) The calculated absorption spectra of a spherical AuNP (black) and a AuNR (red) with AR = 3 having the same volume, in water, with a randomly-polarized incident field [72].
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 18 Figure 1.8 -The axes of spheroidal shapes, oblate if c < a (left) and prolate if c > a (right). The z axis is the symmetry axis for both cases (from Wikipedia).
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 19 Figure 1.9 -Aspect ratio dependent spectra of a prolate shaped AuNR as calculated by Gans-Mie theory. The green arrow indicates the AR dependent red shift of the LgSPR mode.
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 1101332 Figure 1.10 -Scheme of a composite medium consisting of randomly dispersed anisotropic NPs in a 3-D dielectric host medium.
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 111 Figure 1.11 -Schematic representation of the dipole moments p and p of NPs and their mirror images, receptively. The induced local field experienced by the particle E loc which is the sum of the external applied field E ext , the field created by the image dipole p j and the field created by all
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 431112 Fig. 1.12(b) displays the q dependent effective absorption coefficient whose effective dielectric function values were obtained using Eq. 1.43 for identical prolate AuNPs (AR = 3) arranged on a Al 2 O 3 (ε s = 2.75) substrate as a square lattice (Λ = 120 nm). The external environment ε ext is considered to be the same as the substrate. The magnitude of both the TrSPR and LgSPR modes increases with the filling factor due to the rise of metal amount.
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 113 Figure 1.13 -Diagrams representing the energy exchange processes in a plasmonic NP after excitation by an ultrashort laser pulse [38] as well as their typical time scales.

  1.14(b)]. In our experiments, the probe beam is a white-light supercontinuum in order to record the dynamics over a broad spectral range [see Fig. 1.14(a)].
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 14114 Fig. 1.14(b)]. The quantity which is monitored as a function of pump-probe delay time and probe wavelength is then the differential transmission, ∆ T T = -∆ OD, which represents the relative variation of the sample transmittance induced by the pump and experienced by the probe.
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 21 Figure 2.1 -(a) Schematic representation of the fabrication process of Au-decorated silica NW arrays. (b) Representative SEM image of an Au-decorated silica NW array.
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 2 NWs. The absorbance of the NP/NW array in the visible range is shown in Fig. 2.2. Due to the transparency of the SiO 2 CHAPTER 2. TRANSIENT OPTICAL RESPONSE OF SILICA NANOWIRES DECORATED BY GOLD NANOPARTICLES NW array in the explored energy range, the spectrum only represents the AuNP optical response, with a well-defined LSPR band peaked at 2.3 eV superimposed on a rising absorption starting from ∼2.0 eV, due to interband electronic transitions.
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 22 Figure 2.2 -Experimental absorbance spectrum of the AuNP decorated SiO 2 NW array.

  Fig. 2.3).
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 2 [START_REF] Liz-Marzán | Tailoring surface plasmons through the morphology and assembly of metal nanoparticles[END_REF] shows the spectral dependence of the TA of the Au-decorated SiO 2 NW array, for different pump-probe delays, acquired with a pump peak intensity of 2 GW cm -2 . Similar behaviors have been obtained for the different pump intensities. Three main features characterize the spectra: a
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 23 Figure 2.3 -The pump-probe experiment setup of the group of Ultrafast processes in materials (FLASHit) in Instituto di Struttura della Materia (ISM).

  95+/-0.06 ps (b)

Figure 2 . 5 -

 25 Figure 2.5 -(a) Experimental time dependence of ∆A at different probe energies. (b) Decay time of ∆A at the energy of the minimum as a function of the pump peak intensity.
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 4 Theoretical modeling 2.4.1 Modeling the AuNP decorated SiO 2 NWs in the stationary regime Both the stationary and transient optical responses of the arrays have been simulated. Based on the SEM images that indicate that the NPs have an spheroidal shape, rather than a fully symmetrical (sphere) one, we have used oblate ellipsoids to describe the NPs. As the NPs are spread randomly on the SiO 2 NWs and present a random orientation relative to the incident CHAPTER 2. TRANSIENT OPTICAL RESPONSE OF SILICA NANOWIRES DECORATED BY GOLD NANOPARTICLES field polarization direction, the Maxwell-Garnett effective medium approach extended for oblateshaped NPs has been used to estimate the effective dielectric function ε ef f (ω). Thus, a fictitious homogeneous host medium embedding the NPs has been considered (see Fig. 1.10 in chapter 1), the dielectric function of which (ε hm ) is evaluated as the surface-area-weighted average value of those of air (ε air ) and SiO 2 (ε silica ):

Figure 2 . 6 -

 26 Figure 2.6 -The calculated stationary optical properties: the left y axis (black) shows the absorption coefficient of the effective medium (randomly oriented oblate AuNPs with AR = 2.25 dispersed in the air-silica mixture) and the right y axis (blue) shows the absorption cross-section of an oblate AuNP with AR = 2.25.
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 27 Figure 2.7 -The geometrical representation of the model required for the thermal dynamics calculation: designed in COMSOL Multiphysics.

Fig. 2 .

 2 Fig. 2.8 shows the calculated transient optical absorption for a collection of AuNPs with AR = 2.25 in the fictitious homogeneous environment. First of all, it should be noted that the use of the

  2.8), and (iii) the balance of the right and left positive wings of the theoretical curve is more asymmetric than in the experimental results. We emphasize the fact that the actual sample presents a quite broad dispersion in NP shape, as shown by the SEM image [Fig. 2.1(b)]. As the LSPR mode energy depends on this shape, we have investigated the influence of a nonuniform NP shape distribution on the stationary and transient optical responses.
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 28 Figure 2.8 -Calculated spectral dependence of the pump-induced variation of the absorption coefficient (∆α) at different delay times for oblate AuNPs of AR = 2.25.

Fig. 2 .

 2 Fig.2.1(b)] on the transient signature, we have considered four additional oblate Au nano-spheroids (keeping the NP volume constant) with equally spaced ARs, around the central value of 2.25 (1.75,2.00, 2.25, 2.50, and 2.75) [see Fig.2.9(a)], following the method reported in Ref.[START_REF] Guillet | Influence of laser pulse characteristics on the hot electron contribution to the third-order nonlinear optical response of gold nanoparticles[END_REF]. It should be noted that the goal was not to reproduce exactly the experimental findings by accounting for the actual shape distribution of the array, but rather to qualitatively demonstrate the effects of a shape distribution on the characteristics of the optical response. Fig.2.9(b) shows the stationary optical absorption spectra obtained for the five different ARs taken into account and their average value. Lower energies for the LSPR maximum correspond to higher ARs, as expected considering the increase of the length of the long axis of the NP[START_REF] Link | Simulation of the optical absorption spectra of gold nanorods as a function of their aspect ratio and the effect of the medium dielectric constant[END_REF]. The LSPR band of the average stationary

Figure 2 .

 2 9(c) shows the spectral dependence of the differential absorption coefficient for the five different ARs and their average value, at 4 ps delay time after the pump pulse maximum. The spectra show that the asymmetry of the two positive wings can be modified when accounting for the shape distribution.
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 29 Figure 2.9 -(a) Graphic representation of the five ARs (1.75, 2.00, 2.25, 2.50, and 2.75) considered for the oblate Au NPs. (b) Calculated spectra of the absorption coefficient for NPs with different ARs and their average value. (c) Calculated spectral dependence of ∆α for NPs with different ARs and their average value at 4 ps delay following pump pulse absorption.
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 210 Figure 2.10 -(a) Spectrum of the pump-induced absorption coefficient variation at different delay times, calculated as the average value over five arbitrary ARs. (b) Close-up of the minimum, which clearly shows the blue-shift with increasing delay time. (c) Close-up of the two positive wings, which shows the time evolution of the symmetry between the two peaks.

  2.6(a) and 2.9(b)] show that the LSPR position can be accurately reproduced considering AuNPs with the shape of oblate ellipsoids and an AR of 2.25. The broader linewidth of experimental spectrum can be explained by taking into account a distribution of the AR value around the mean value of 2.25.
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 211 Figure 2.11 -Time evolution of the negative minimum of the absorption modification corresponding to the plasmon bleaching, as calculated for three NPs with AR = 1.75 (black), 2.25 (red), and 2.75 (blue), respectively.

Figure 2 . 12 -

 212 Figure 2.12 -Time evolution of the electron (a) and metal lattice (b) temperatures, as calculated by the 3TM for three NPs with AR = 1.75 (black), 2.25 (red), and 2.75 (blue).

  2.13. In contrast, a large difference in relaxation times is superimposed on this background in the range from ∼2.2 to ∼2.8 eV where the relaxation is slower. This interval is close to the interband transition threshold associated with the L point of the Brillouin zone (the transitions close to the X point, starting from 1.8 eV, almost do not CHAPTER 2. TRANSIENT OPTICAL RESPONSE OF SILICA NANOWIRES DECORATED BY GOLD NANOPARTICLES contribute to the transient signal[START_REF] Wang | Broadband spectral signature of the ultrafast transient optical response of gold nanorods[END_REF]). The vertical dashed lines on Fig.2.13 denote the position of the LSPR, which roughly corresponds to the negative minimum in the transient differential absorption. In this region, the relaxation time for AR = 1.75 is significantly larger than for AR = 2.75. Beyond ∼2.45 eV, the gap decreases progressively with increasing photon energy towards the blue end of the LSPR, beyond which only the small and almost spectrally independent contribution mentioned above remains. This difference, as well as the general increase of the relaxation time when approaching the LSPR spectral range for each AR, can be only attributed to the coupling of the LSPR with interband transitions: as the LSPR for low ARs lies at higher photon energy than for large ARs, this coupling is stronger and results in slower dynamics. This explains the amplified blue-shift when mixing different ARs, corroborating to what was shown in Fig.2.11.The slowing down of the relaxation due to coupling of the LSPR with interband transitions was already demonstrated by the team of J.-Y. Bigot[START_REF] Bigot | Electron dynamics in metallic nanoparticles[END_REF].
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 213 Figure 2.13 -Effective relaxation time of the transient optical signal as a function of probe photon energy, as extracted from the dynamics calculated for two NPs with AR = 1.75 (black) and 2.75 (red), respectively. The dashed vertical lines denote the spectral location of the corresponding LSPR mode.

Finally, in Fig. 2 .

 2 [START_REF] Kim | A gold/silver hybrid nanoparticle for treatment and photoacoustic imaging of bacterial infection[END_REF], we show the position of both the experimental and theoretical negative minima of the transient absorbance as a function of the pump-probe delay time. Experimentally, the minimum reaches the energy value of 2.33 eV in about 20 ps and then remains at a constant energy. The shift depends on the pump pulse intensity: at higher intensities we observe stronger shifts of the minimum position and longer times are needed to reach the final value. Small differences (∼10 meV) have been observed in the final value of the energy of the minimum, depending on the pump power. As mentioned above, the quantitative behaviors depend on the real shape distribution that is certainly different from the one used in the model. The steeper profile of the calculated blue shift hence reflects the semi-arbitrary choice of the shape distribution in the model.We point out once more, however, that the simulations clearly indicate that the blue shift stems from the presence of a shape distribution in the AuNP array. Let us notice that this blue shift cannot be ascribed to the initial nonthermal nature of the electron distribution, as this regime lasts for about 1 ps only and the blue-shift extends over several ps (Fig.2.14). The higher position of the theoretical points relative to the experimental ones indicates that the real NP shape distribution, partly dictated by the NW shape, is weighted towards higher ARs than that the arbitrary one used in the simulation.
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 214 Figure 2.14 -Position of the main minimum in the ∆A measurements (black squares) and in the ∆α calculation (red dots) as a function of the delay time between pump and probe pulses.
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 18 2 nm along the transverse dimensions have been prepared. The stationary regime extinction spectra of the samples demonstrate multiple plasmonic resonance modes that are highly dictated by the amount of Ag deposited on the AuNR-core. The main contributors to these resonances (depending on the Ag thickness) will be discussed based on the calculations using the BEM. Near field maps taken at each resonance mode of the AuNR@Ag sample of the thickest Ag shell (eq = 8) have been calculated. Ultrafast transient spectroscopy experiments have also been carried out on the samples. The transient spectral signature of the high Ag thickness samples presents a surprising additional bleaching peak compared with what is expected from the number of LSPR modes. The main contributors to the transient spectral signature will be discussed and the origin of this unexpected additional peak will be determined theoretically. Besides, the electron-phonon (e-ph) relaxation time will be studied depending on the excitation wavelength and power. CHAPTER 3. ULTRAFAST TRANSIENT OPTICAL RESPONSE OF NONSPHERICAL GOLD AND CORE-SHELL, GOLD-SILVER NANOPARTICLES

  the obtained colloidal AuNRs have a mean length and diameter of 47.6 ± 4.7 nm and 15.8 ± 3.3 nm, respectively. The TEM image and the histogram depicting the corresponding size distribution are shown in Fig. 3.1.(a) TEM image of AuNR (b) AuNR, Size histogram

Figure 3 . 1 -

 31 Figure 3.1 -(a) TEM image of the AuNRs and (b) its size distribution analysis from the TEM image. The black histogram corresponds to the longitudinal dimension (length) while the red histogram is for the transverse dimension (diameter).

Figure 3 . 2 - 54 CHAPTER 3 .

 32543 Figure 3.2 -A cartoon showing the Ag overgrowth process.
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 33 Figure 3.3 -TEM images of AuNR@Ag samples with (a) the thinnest Ag-shell (AuNR@Ag 0.8eq) and (c) the thickest Ag-shell (AuNR@Ag 8eq). The size distribution analysis of the TEM images for the two extreme samples (b) AuNR@Ag 0.8eq and (d) AuNR@Ag 8eq that correspond to their longitudinal dimension (black histogram) and transverse dimension (red histogram) are also shown.
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 34 Figure 3.4 -Stationary regime extinction spectra of free AuNRs and of the AuNR@Ag NPs in water. The data are normalized by their respective maximum values. The L and T labels indicated on the AuNR@Ag 8eq resonances represent the longitudinal and transverse modes, respectively.Subscripts of L and T denote the mode types that are present for each field polarization: 0 subscript denotes a dipolar mode while the subscripts 1, 2 and 3 represent the higher order modes. Unlike the others, the AuNR@Ag 2eq sample presents five resonances which are indicated here with the red arrows. The blue arrow indicates the progressive blue shift of the T 0 TrSPR mode of the AuNR-core as the Ag:Au ratio increases.
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 35 Figure 3.5 -(a) Surface charge distribution of AuNR (left) and AuNR@Ag cuboid (right) as calculated via

  Fig. 3.6(b) and (c)]. The central peak results from the superimposition of two positive signals contributed by the transient responses from the two plasmon modes of the AuNR. In the work of Xiaoli Wang[START_REF] Wang | Broadband spectral signature of the ultrafast transient optical response of gold nanorods[END_REF][START_REF] Wang | Photo-induced ultrafast optical and thermal responses of gold nanoparticles[END_REF], it has been demonstrated that the relaxation dynamics varies with probe photon energy which results in the spectral shift of the observed local maxima and/or minima. This behavior can be observed readily in Fig.3.6(c) where the bleaching feature around the TrSPR blue shifts as a function of delay time.
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 36 Figure 3.6 -(a) Extinction of the AuNR sample determined by UV-VIS spectrophotometry exhibiting the TrSPR and LgSPR bands. (b) Color chart of the time and spectral dependence of the absorbance variation (in mOD) of the AuNRs measured via pump-probe spectroscopy. (c) Spectral dependence of the differential absorbance at different delay times as extracted from (b). The vertical dashed lines indicate the spectral position of the two plasmon resonance modes of the AuNRs.
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 37 Figure 3.7 -Same as Fig. 3.6 but for AuNR@Ag 0.8eq.

Figure 3 . 8 -

 38 Figure 3.8 -Same as Fig. 3.6 but for AuNR@Ag 2eq. The green arrow in (c) shows the bleaching peak formed around the T 0 mode.

Figure 3 . 9 -

 39 Figure 3.9 -Same as Fig. 3.6 but for AuNR@Ag 4eq. The green arrow in (c) indicates the fifth bleaching peak associated with the weak T 0 mode which is hidden in the T 1 band in (a).
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 311 Figure 3.11 -Ultrafast dynamics of the pump-imduced variation of the sample absorbance. Symbols: experimental transient data at different probe wavelengths for pump fluence of 56 µJ/cm 2 . Full lines: fitting data by taking both the rise time, τ1, and relaxation times, τ2 and τ3 into account. (a) For AuNR@Ag 0.8eq and (b) for AuNR@Ag 8eq.

  pumped at shorter wavelength (380 nm) for a given pulse energy [see the connected blue symbols in Figs. 3.12(a), (b) and (c)]. In this case, the NPs absorb more energy from the excitation pulse (see Fig. 3.4) since the pump wavelength and the maximum of their L 0 mode almost overlap, which results in the increase of the electron gas temperature. Nevertheless, this trend tends to decrease for almost all probe wavelengths as the Ag thickness increases [in Figs. 3.12(b) and (c) some connected red symbols mix up with the blue connected symbol] and even almost gets inverted for the thicker Ag shell [Fig. 3.12(d)]. This slowing down of the signal relaxation when increasing the amount of Ag in the bimetallic NPs has been attributed to the growing contribution of the excitation of the interband electron transitions of Ag (in the UV) in Ref. [63].

Figure 3 . 12 -

 312 Figure 3.12 -Pump energy dependent e-ph relaxation time representing the recovery lifetime of the different bleaching peaks. The connected blue and red symbols in each panel represent the pump power dependent e-ph relaxation time (ps) of each sample pumped at 380 nm and at their respective dipolar LgSPR, L 0 . Panel (a) for AuNR@Ag 0.8 eq, (b) for AuNR@Ag 2eq, (c) for

  Fig. fig3:AuNR(a)] that have LSPR mode at the spectral position indicated by the green arrow in Fig. 3.13. Figures 3.14(a) and (b) depict the near field modulus ( √ E • E) of the bare AuNR, retrieved at its resonant wavelengths LgSPR (680 nm) and TrSPR (514 nm). The well-known high

Figure 3 . 13 -

 313 Figure 3.13 -Stationary optical response of the bare AuNRs. Black: experimental extinction of the AuNR solution. Red: extinction cross-section of a AuNR with AR = 2.9 calculated by the BEM. Both data are normalized by their respective values at 384 nm. The green arrow points at a shoulder in the TrSPR band of the experimental data, originating from a small population rounded cuboids of gold in the solution.
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 3314 Figure 3.14 -Near field map (modulus of the field) of the bare AuNR determined by the BEM: taken (a) at its longitudinal resonance (680 nm, E parallel to the NR) and (b) at its transverse resonance (514 nm, E perpendicular to the NR).
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 315316 Figure 3.15 -Schematic representation of the AuNR@Ag NPs with (a) thin Ag shell and (b) thick Ag shell. The degree of rounding of the edges and corners can be seen.

  3.1(a), 3.3(a) and (c)]. As the Ag deposition is increased, the NPs grow into cuboids whose edges and corners get sharper and sharper (see Fig. 3.15 above and the last column in Table

Furthermore, we haveFigure 3 . 18 - 3 . 4 . 2

 318342 Figure 3.18 -Modulus of the near field of AuNR@Ag 8eq NP taken (a) around its longitudinal resonance mode [515 nm] and around its transverse resonance modes [(b) 427 nm, (c) 378 nm and (d) 341 nm], as determined by the BEM.

  These values have been used to calculate the transient variation of the dielectric function of Au and Ag in the NPs. The transient modification of the intraband susceptibility has been added to the interband one, determined through Lindhard's theory and Rosei model by considering a local parabolic band structure around the L and X points of the Brillouin zone for Au and at L point for Ag [see Chapter 1]. Once the time evolution of the dielectric function is calculated, the subsequent time evolution of the optical properties of the NPs (extinction, scattering and absorption cross-sections)

  The calculated change of the transient extinction cross-section, ∆σ ext (ω, t) = σ ext (ω, t)-σ ext (ω, 0), is plotted in Fig.3.19. In order to be able to compare the spectral dynamics around the TrSPR with the one determined experimentally, we have also zoomed into that spectral zone [see the inset in Fig.3.19(b)]. Indeed, the oscillator strength of the TrSPR is very small compared to that of the LgSPR [Fig. 3.19(a)] and therefore the close up helps to see the dynamics and spectral features occurring around the TrSPR. The bleaching signal around the TrSPR blue shifts with the delay time as has been observed in the experimental data [Fig. 3.6(c)].

Figures 3. 20

 20 Figures 3.20, 3.21, 3.22 and 3.23 depict the calculated transient optical responses of the

  Figures 3.20, 3.21, 3.22 and 3.23 depict the calculated transient optical responses of the AuNR@Ag 0.8eq, AuNR@Ag 2eq, AuNR@Ag 4eq and AuNR@Ag 8eq NPs, respectively. The data display the same number of dominant plasmonic bleaching peaks as has been observed in the experimental ones for each sample. Except the AuNR@Ag 0.8eq sample, which has got four bleaching peaks like its experimental counterpart [compare Fig. 3.20(b) with Fig. 3.7(c)], all the other samples have five [compare Fig. 3.21(b) with Fig. 3.8(c), Fig. 3.22(b) with Fig. 3.9(c) and Fig. 3.23(b) with Fig. 3.10(c)]. For each sample, the spectral positions of the bleaching peaks of the calculated data agree very well with the experimental ones. While for the bare AuNR the experimental and simulated spectral signatures are similar over the whole spectral region of interest, their agreement for the AuNR@Ag samples is less obvious in the higher photon energy range. Multiple spikes can be observed in the simulated differential cross-section for the bimetallic samples. The spikes get stronger for the larger Ag-shell thickness NPs [see Figs. 3.20(b), 3.21(b), 3.22(b) and 3.23(b)]. As has been discussed before, this is due to the presence of the multimodes, in the simulated data, in this spectral zone ( §3.4.1) which bundle together to form each peak and are amplified by the transient response. The oscillator strength weight of the positive peaks in this spectral zone are somehow overestimated compared to what can be seen in the experimental data.
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 3320321322323 Figure 3.19 -(a) Calculated stationary regime extinction cross-section of a bare AuNR with AR = 2.9. (b) Its simulated transient optical response (variation of the time dependent extinction cross-section from the stationary one) at different delay times after 50-fs pump pulse absorption. The inset shows the dynamics around the TrSPR mode. The vertical dashed lines indicate the spectral positions of the LgSPR and TrSPR of the AuNR in the stationary regime.

Figure 3 .

 3 Figure 3.24 presents the extinction, absorption and scattering cross-sections of these two samples in the stationary regime. The contribution of scattering to the extinction spectrum of the AuNR@Ag 0.8eq sample is almost negligible [see the wine color curves in Fig. 3.24(a)]. For the thick Ag shell, both effects (scattering and absorption) play equitable roles [see the wine and olive curves in Fig. 3.24(b)]. Absorption dominates in the transverse polarization (TrPol) while scattering dominates in the longitudinal polarization (LgPol). It is known that the former pronouncesin NPs of small size while the latter overtakes in the big ones. Thus, since the AuNR@Ag samples that are in consideration here are of cuboid shape with bigger longitudinal dimensions (AR > 1), dominance of the scattering effect over the absorption in this dimension is not surprising. They show independent dominance for the different light polarization directions but contribute equally to the general spectral profile of the extinction cross-section of the AuNR@Ag NPs. This leads to the choice of extinction cross-section over either of them to theoretically fit the experimental data (Fig.3.16).
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 26 as the Ag shell thickness increases [compare the red and blue lines in Fig. 3.26(d)]. However, the TrPol component of the transient absorption [the violet curve in Fig. 3.26(b)] plays a crucial role in the formation of the 5 th bleaching peak identified in the transient spectral signature of the 2eq to 8eq NPs [see the green arrows in Figs. 3.21(b), 3.22(b) and 3.23(b)]. This bleaching peak CHAPTER 3. ULTRAFAST TRANSIENT OPTICAL RESPONSE OF NONSPHERICAL GOLD AND CORE-SHELL, GOLD-SILVER NANOPARTICLES
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 3325 Figure 3.25 -Contributors to the transient extinction cross-section of the AuNR@Ag 0.8eq (thin Ag-shell) sample at 2.5 ps delay. The scattering [the black line in (a)] and absorption [the black line in (b)] cross-section contributions to the transient extinction [the black line in (c)] spectral signature are also shown. The purple and olive colored lines in (a), (b) and (c) correspond to the transverse-(TrPol) and longitudinal-polarization (LgPol) excitation components of the corresponding optical properties. The blue and red colored lines in panel (d) are the scattering and absorption contributors to the total extinction (black line).
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 326 Figure 3.26 -Same as Fig. 3.25 but for AuNR@Ag 8eq (thick Ag shell).
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 327 The phenomenon happening at the Au/Ag interface for the transverse excitation modes has already been analyzed in the work of Moritz Tebbe et al.[START_REF] Tebbe | Silver-overgrowth-induced changes in intrinsic optical properties of gold nanorods: From noninvasive monitoring of growth kinetics to tailoring internal mirror charges[END_REF]. There exists a significant difference in damping, ε 2 [Fig.3.27(a)], and polarizability, ε 1 [Fig. 3.27(b)], of Au and Ag where Au dominates in both cases, everywhere above 350 nm wavelength. The transverse modes form in this spectral region where the interband transitions of Au and intraband transitions of Ag overlap [∼ 326 nm -515 nm] as shown in Fig.

  3.5(a)]. Hence, the transverse modes T 1 to T 3 [427 nm, 378 nm and 341 nm in Figs. 3.18(b), (c) and (d), respectively] exhibit opposite charges at the outer and inner NP interfaces due to the above-mentioned reason. These modes then correspond to multipoles [that are clearly identified in Fig. 3.27(a)]. Due to the NP edge and corner rounding, they can also be excited by LgPol-state light, as revealed by Fig. 3.24. Generally, the dielectric function of Au fulfills the non-radiative (absorption) condition [175,176], i.e, the real part of the Au dielectric function is negative, and has a smaller absolute value than the dielectric function of the CHAPTER 3. ULTRAFAST TRANSIENT OPTICAL RESPONSE OF NONSPHERICAL GOLD AND CORE-SHELL, GOLD-SILVER NANOPARTICLES

Figure 3 .

 3 Figure 3.27 -(a) Imaginary and (b) real parts of the complex dielectric functions of Au and Ag plotted together. The vertical gray lines indicate the spectral positions of the four dominant resonances as modeled for the AuNR@Ag 8eq sample.

  Multiple plasmonic resonance modes have been observed in the stationary regime extinction spectra of the samples which are highly dictated by the amount of Ag deposited on the AuNR core. The spectral positions of the two dipolar modes (T 0 and L 0 ) are strongly influenced by the Ag-shell deposition (they blue-shift as the Ag-shell thickness increases) due to the influence of the optical properties of Ag on its Au counterpart. A BEM-based modeling of the NP stationary response has indicated CHAPTER 3. ULTRAFAST TRANSIENT OPTICAL RESPONSE OF NONSPHERICAL GOLD AND CORE-SHELL, GOLD-SILVER NANOPARTICLES that the scattering effect is negligible for the smaller Ag-shell thickness NPs but both absorption and scattering cross-sections contribute almost equally to the extinction spectra of the thicker Ag-shell NPs. In addition to the stationary regime spectra of all the NPs, the near-field map inside and around the AuNR@Ag 8eq (the thick Ag-shell sample) has also been calculated using the BEM. The near-field maps taken at the successively increasing photon energies of the TrSPR modes show a bright region along the Au/Ag boundary the intensity of which increases. Mirror charges are created at the Au/Ag interface when the interband transitions of Au and intraband transitions of of Ag overlap in the UV. The dominant absorptive nature of Au over Ag in this spectral zone leads to the transmission of the electromagnetic field from Ag to the Au core hence creating the mirror charges at the interface [7]. Transient regime calculations based on the 3TM have been performed for the further understanding of the experimental ultrafast transient signatures. A single homogeneous fictitious NP was used to represent bimetallic samples in the theoretical modeling of the transient response thanks to the similarity of the thermal properties of Au and Ag, and the epitaxial growth of Ag
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 4 ULTRAFAST TRANSIENT NEAR FIELD VARIATION IN AND AROUND A GOLD NANOPARTICLE: INVESTIGATION BY FDTD the CCPRP model. Then, the transient modulation of ε R (ω) is calculated at different delay time
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 4 ULTRAFAST TRANSIENT NEAR FIELD VARIATION IN AND AROUND A GOLD NANOPARTICLE: INVESTIGATION BY FDTD for establishing the CCPRP based FDTD update equation has already been well described in

  Photon energy (eV)

Figure 4 . 1 -

 41 Figure 4.1 -Dielectric function of gold as a function of photon energy. Solid lines: experimental values obtained from [85]; dashed lines: curves fitted with the CCPRP method with (a) 2 and (b) 4 poles, obtained by the vector fitting.
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 4 ULTRAFAST TRANSIENT NEAR FIELD VARIATION IN AND AROUND A GOLD NANOPARTICLE: INVESTIGATION BY FDTD to the user. Here we have chosen the values of Ref. [186] as they are often used in the literature, but other values could have been selected either. This dielectric function data, ε meas R , is first modeled as a sum of complex-conjugate poles as shown in Fig. 1(b) [4 poles used for fitting ε meas R (ω)].Then, a simple FDTD simulation is run according to the layout shown in Fig.2(b). From the field E(t) collected, the dielectric function seen by the wave during simulation, ε sim R , is recovered and compared to ε meas R . Let us now detail this procedure.

. 4 )Figure 4 . 2 -

 442 Figure 4.2 -The FDTD simulation used for checking the accuracy of the method on a thin gold layer:(a) flow chart of the modeling and (b) simulation layout. The dimensions used in the computational domain are represented as 1 px = 10 nm. PML: perfect matching layer.

. 5 )

 5 Eqs. 4.4 and 4.5 give us the optical response data that has been experienced by the electromagnetic wave while propagating through the gold layer. We can then extract the real and imaginary parts of the refractive index (n 2 = ε sim R ) from the slope of the argument (Eq. 4.5) and logarithm of the modulus (Eq. 4.4), respectively. Extraction of ε sim R is done by quadratically fitting lines to ln |E/E a | and arg(E/E a ), which is more robust than simply measuring one single value of E at a given x and deducing n from it. Just like in Fig.4.1 (b), the dielectric function theoretically "seen" by our FDTD approach ε sim R matches very well with the input one (corresponding to experimentally determined data ε meas R ). The phase error as well as the absolute and relative errors CHAPTER 4. ULTRAFAST TRANSIENT NEAR FIELD VARIATION IN AND AROUND A GOLD NANOPARTICLE: INVESTIGATION BY FDTD on the modulus of the simulated dielectric function are respectively displayed in Figs. 4.3(a), (b) and (c).
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 4343 Photon energy (eV)(a)

  2.3). Details about the transient dielectric function modeling have been provided in previous papers [40,41,50]. The resulting relative variation of the transient dielectric function of the AuNP, ∆ε/ε = [ε(ω, t D ) -ε st (ω)]/ε st (ω), where ε st (ω) is the stationary total dielectric function, subsequent to the absorption of a laser pulse (524 nm wavelength) peaking at time t D = 0 is reported on Fig. 4.4.

  of the plasmon resonance, respectively [Fig. 4.4(b)]. The real part has a positive peak close to the resonance and is accompanied by two negative peaks in the blue and red wings of the resonance band [Fig. 4.4(d)]. The time-dependent dielectric function values of the AuNP obtained this way will now be used to simulate the corresponding ultrafast transient near field intensity.
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  . 4.5(a): (1) begins with the calculation of the transient dielectric function at each delay time, t D , following the procedure described above ( §4.3.1) using the 3TM. Let us recall that t D denotes the delay time separating the light pulse maximum and the further observation of the field properties. The transient (t D dependent) dielectric function is plotted in Fig. 4.4. (2) Pole-residue decomposition ( §4.2.2) is then carried out on the transient dielectric function. For this, the stationary regime dielectric function, ε ib st (ω) + χ D st (ω), is first (vector) fitted. Then the transient contribution to the dielectric function, ∆ε ib (ω, t D )+∆χ D (ω, t D ), is fitted separately at each t D and added to the stationary component. In total, 8 poles are used at each t D to model ε R (ω, t D ), distributed as 4 for the stationary regime modeling and 4 for the ultrafast part. This distribution of poles allows for a very fine modeling of the ultrafast variations while preserving a consistent stationary regime model [see Fig. 4.1(b)]. (3) Finally, the poles obtained for each t D , resulting from the vector fitting, are then injected into a 3D-FDTD simulator from which the electric field E(t) is collected. The simulation gives the field inside and around the NP at each t D . The overall detail on the 3D-FDTD simulation protocol as schematized in Fig. 4.5(b) is presented in the following paragraph. The 3D-FDTD simulation setup embraces a 20 nm AuNP which is surrounded by air and a PML as shown in Fig. 4.5(b). An electromagnetic wave with Gaussian profile in the frequency domain propagates along the x-axis, with the E polarization along the y-axis and H along the z-axis. The same wave propagating in air (without AuNP) is used to normalize the field power GOLD NANOPARTICLE: INVESTIGATION BY FDTD

Figure 4 .

 4 Figure 4.5 -(a) Sketch of the flow chart of the steps followed and (b) top view of the FDTD simulation layout to calculate the ultrafast variation of the near field enhancement around a 20 nm AuNP. The distances are given in pixels (1 px = 1 nm).

  Figure 4.6(a) is a time snapshot of a simulation with the same layout but replacing the wave source by a plane monochromatic wave at plasmon resonance. The figure displays the instantaneous electric field energy (normalized by the highest value) around the 20 nm AuNP in the stationary regime. In addition, the dependency of the field enhancement (at plasmon resonance) on the distance away from the nanoparticle

  surface of the nanoparticle, d (nm) (b)
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 46 Figure 4.6 -Stationary regime near-field properties in the close vicinity of a 20 nm spherical AuNP: (a) instantaneous electric field energy (normalized by the highest value) around the AuNP and (b) dependency of the near field enhancement on the distance away from the nanoparticle, as simulated via CCRPP-based FDTD, taken at the plasmon resonance frequency.
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 447 Figure 4.7 gives a side-by-side comparison of the TNFIEV that has been predicted by the FDTD simulation inside the nanoparticle (at the center) [Fig. 4.7(b)] with the one obtained using the well-known Mie theory (carried out at each delay time by using the transient dielectric function calculated in section 4.3.1) [Fig. 4.7(a)]. For the latter, 32 orders have been considered in the multipolar development. It can be observed that both spectral signatures are quite similar,
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 48 Figure 4.8 -Field intensity enhancement spectrum E 2 simulated by FDTD at d = 27 nm away from the AuNP in both the stationary (connected red dots) and transient (at 2 ps, connected black dots) regimes. The blue dash-dot vertical line indicates the stationary LSPR energy. The green arrows indicate the red-shift of the enhancement peak for both the stationary and transient near-field intensities.
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  Different plasmonic nanocomposite layers have been fabricated by e-beam lithography by our colleague (Sergei Kostcheev) from Université de Technologie de Troyes (UTT) and their LSPR has been studied. The elaborated plasmonic thin layers consist of parallel AuNRs on alumina (amorphous Al 2 O 3 ). The samples differ in AuNR AR. The equivalent theoretical samples have been modeled by Yamaguchi's approach (see Chapter 1) by considering prolate AuNRs. A perfect fitting has been obtained between the different experimental and theoretical samples by varying the AR of the prolate AuNRsin the latter one. The sample with AR of 1.7 has then been chosen for the theoretical study of the plasmonic-photonic coupling. This fictitious nanocomposite layer has been sandwiched between two Bragg mirrors (1D photonic crystal) made up of alternating SiO 2 and TiO 2 dielectric materials in order to form a hybrid cavity. The polarization dependent optical response of this device has been studied both in the stationary and ultrafast transient regimes. These modeling steps will be now described in detail.

  However, the choice of the dimensions for the theoretical representation of the AuNRs was based on a comparison with experimental results. Arrays of AuNRs of different AR, embedded in Al 2 O 3 , were fabricated in UTT as shown in the SEM images on Fig. 5.1. The AR was varied by changing the length (L) of the AuNRs and while keeping their height (H) and width (W ) constant at 30 nm. To avoid the inter-particle coupling, the arrays were fabricated in such a way that each NP is far enough (120 nm) away from the neighboring ones. The LSPR of each sample was determined after depositing a top layer of Al 2 O 3 above the NPs. Since the size of these arrays is quite small, a ×50 objective (NA = 0.8) was used for the signal acquisition. This allows to include the large angle scattered signals instead of the transmitted (collimated) ones only. The spectra are displayed in Fig. 5.2(a) along with the results obtained theoretically.

CHAPTER 5 . 100 nmFigure 5 . 1 -

 510051 Figure 5.1 -SEM images of the samples fabricated in UTT by e-beam lithography: (a) AR = 1.7, (b) AR = 2.0, (c) AR = 2.3, (d) AR = 2.7, (e) AR = 3.0 and (f) AR = 3.3.
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 52 Figure 5.2 -(a) Normalized experimental extinction spectra (full lines) and the calculated absorption coefficient (dashed lines) as determined by using the Yamaguchi model of the samples with different AuNR ARs. (b) Sketch of the nanocomposite layer considered for calculation: array of prolate AuNRs (D = 30 nm and L = 50 nm) embedded in a Al2O3 layer. The total composite layer has a thickness D = 30 nm
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 5 PLASMONIC-PHOTONIC COUPLING: GOLD NANORODS IN A 1D MICROCAVITYlayer to the overall optical response of the PC into a single 2 × 2 matrix. Let us consider that our PC layers are identified by the label k; hence, each layer is defined by:

. 2 )

 2 d k , ñk = n k + jκ k are respectively the thickness and the complex optical index of the layer k andη k =     ñk cos(θ k ), for orthogonal (s) polarization and ñk cos(θ k ) , for parallel (p) polarization to the plane of incidence.(5.3)

A 6 )

 6 1D PC made up of two Bragg mirrors sandwiching an Al 2 O 3 defect layer has been designed. The Bragg mirrors have 5 bilayers on each side made up of SiO 2 and TiO 2 [see Fig. 5.3(a)]. Al 2 O 3(n = 1.63) was chosen since it has good thermal conductivity that can handle the photothermal effect of the AuNRs properly, by releasing heat efficiently. SiO 2 (n = 1.5) and TiO 2 (n = 2.6) were chosen as the constituents of the Bragg mirrors because of the index contrast that exists between the two, allowing for a sufficient reflectivity of Bragg mirrors. We chose the defect mode of the PC cavity (design wavelength λ des at normal incidence) as to match the LgSPR (608 nm) of the chosen plasmonic nanocomposite layer [the black dashed line in Fig.5.2(a)] so that an optimal coupling can be attained between the two (see details in §5.3.1). Hence, the thicknesses of the CHAPTER 5. PLASMONIC-PHOTONIC COUPLING: GOLD NANORODS IN A 1D MICROCAVITY layers forming the PC have been calculated as follows: The subscripts L and H designate the low and high refractive indices values of SiO 2 and TiO 2 , respectively. The design scheme and the transmittance for p-polarized light are displayed in Figs. 5.3(a) and (b), respectively. The design allows to have a defect mode transmittance close to 100% at λ des = 608 nm.
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 53 Figure 5.3 -(a) Schematic representation of a PC cavity obtained by sandwiching a Al2O3 layer between two Bragg mirrors, each of them being made of 5 bilayers of SiO2 (L) and TiO2 (H). (b) Transmittance of the PC cavity for p-polarized light.
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 535 Fig. 5.2(a) and Fig. 5.3(b)]. As shown in Fig. 5.4(a), the plasmonic nanocomposite layer [Fig. 5.2(b)] with λ LgSP R = 608 nm and thickness 30 nm was inserted into the very middle of the Al 2 O 3
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 54 Figure 5.4 -(a) Schematic representation of the plasmonic-photonic hybrid structure. The s-and p-polarizations are also shown. (b) Stationary regime absorption coefficient of the free plasmonic nanocomposite layer as calculated by Yamaguchi model. (c) Stationary regime transmittance of the plasmonic-photonic hybrid device calculated by coordination of both the Yamaguchi model and the TMM for p-polarized light. The vertical line indicates the perfect spectral matching of the LgSPR of the free plasmonic layer and the defect mode of the PC.
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 55 Figure 5.5 -Electric field intensity enhancement |E| 2 inside the plasmonic-photonic hybrid microcavity for p-polarized light in the stationary regime. The structure is designed such that the LgSPR of the plasmonic nanocomposite layer and the defect mode of the PC cavity are perfectly coupled at 608 nm. (a) Wavelength and position dependent |E| 2 distribution in the hybrid device. The arrows indicate the constituents of its defect layer: the plasmonic nanocomposite layer (with 0.1% Au) and the two Al 2 O 3 layers. H and L designate the alternating high and low refractive index layers, respectively, that make up the Bragg mirrors. (b) |E| 2 distribution along the device taken at the LgSPR (608 nm) of the nanocomposite layer. The green vertical dashed lines indicate the interfaces between the H and L layers.
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 5256 Figure 5.6 -(a) The filling fraction dependent FWHM, Γsp, of the LgSPR mode of the plasmonic nanocomposite layer determined by fitting its absorption coefficient α data to double Lorenzian peaks that correspond to its TrSPR and LgSPR modes. The blue arrow indicates the Γ 0.001 sp value for p = 0.001. (b) Shows the crossover from the weak to the strong coupling regimes as a function of g 2 as calculated by Eq. 5.8. The blue dashed vertical line indicates the crossover point, g 2 co = 89 nm 2 .
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 57 Figure 5.7 -Angle of incidence θ dependent transmittance spectra of the plasmonic-photonic hybrid cavity. The green vertical dashed lines indicate the spectral locations (527 nm and 608 nm) of the modes of the hybrid cavity as a result of the coupling between the guest plasmonic nanocomposite thin layer of 0.1% Au concentration and the defect mode of the host PC. They can be observed at θ = 64 • (s-polarization) and θ = 0 • (p-polarization), respectively.

5. 8 )

 8 . This bare thin film consists of a nanocomposite AuNR:Al 2 O 3 layer (p = 0.001) sandwiched between two Al 2 O 3 layers. The components have the same dimensions as the defect layer of the hybrid cavity.The absorptance A = 1 -T -R, where T is the transmittance and R is the reflectance of either the hybrid or the bare thin film, has been calculated. The results are shown in Fig.5.9. The red curves in Fig.5.9 correspond to the absorbance calculated for s-polarized light at θ = 64 • angle of incidence while the black curves represent the calculations for the p-polarized light at normal incidence. It can be seen that the absorptance of the hybrid cavity is strongly enhanced compared to that of the bare thin layer in the both coupling cases. The absorptance magnitude maximum of the bare thin film at normal incidence (black dashed curve in Fig.5.9) (at 608 nm) is larger than that of at θ = 64 • (at 527 nm), due to the balance of the LgSPR and TrSPR oscillating strengths.
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 511 Figure 5.11 -Schematic representation of the calculation process for the transient optical response of the 1D plasmonic-photonic hybrid cavity.
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 512 Photon energy (eV)

Figure 5 . 13 -

 513 Figure 5.13 -Relative change of the absorption coefficient of the nanocomposite layer 3 ps after the absorption of a 100-fs laser pulse with I 0 = 1 GW/cm 2 . Red curve: for case (1), i.e, when pumped at TrSPR (547 nm , 2.35 eV) in s-polarization and probed with a light polarized parallel to the AuNRs. Black curve: for case (2), i.e, when pumped at LgSPR (608 nm, 2.04 eV) in p-polarization and probed with light polarized perpendicular to the AuNRs. The red and black arrows highlight the ∆α ef f /α ef f values at 2.04 eV and 2.35 eV, respectively.

Figure 5 .

 5 Figure 5.14 -Transient transmittance spectrum of the hybrid plasmonic-photonic cavity probed at normal incidence (excites the LgSPR of the AuNRs) after excitation by a 100-fs laser pulse at 527 nm (2.35 eV), case (1).
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 515 Figure 5.15 -Same as Fig. 5.14 but pumped at 608 nm (2.04 eV) and monitored by a s-polarized probe light at θ = 64 • exciting the TrSPR of the AuNRs, case (2).

  but both absorption and scattering contribute almost equally to the extinction spectrum of the thicker Ag-shell NPs. The theoretical modeling of the transient optical signature of the AuNR@Ag NPs indicates that the transverse polarization component of the transient absorption is the main contributor for the formation of the unexpected fifth bleaching peak in the thick Ag-shell NPs. It is a pure dipolar T 0 mode which evolves from the TrSPR dipolar mode of the bare AuNP with increasing Ag coating which was shielded by the influence of the Ag shell in the stationary regime, but forced itself into appearance in the transient regime.
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	Metal ã ( Å) E F (eV) T F (K)
	Cu	3.61	4.67	54400
	Ag	4.08	5.49	63800
	Au	4.07	5.53	64200

1 -Lattice parameter ã, Fermi energy E F and Fermi temperature T F of Cu, Ag and Au [73]. CHAPTER 1. OPTICAL RESPONSE OF NOBLE METAL NANOPARTICLES: BACKGROUND AND TOOLS
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	-3 K -2 )

-Values of the conduction electron density n c and the γ parameter in the relation C e (T e ) = γ T e

Transient optical response of silica nanowires decorated by gold nanoparticles Contents 2

  These variations can therefore CHAPTER 1. OPTICAL RESPONSE OF NOBLE METAL NANOPARTICLES: BACKGROUND AND TOOLS be modeled by coordinating the 3TM, the intraband (Rosei model) and interband (Drude model) contributions to the dielectric function, and the numerical/analytic methods for the calculation of the optical response of the NP. The broadband pump-probe spectroscopy technique can then be used to experimentally asses the temporal dynamics of the NP optical response after femtosecond laser pulse absorption.
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Table 3 .

 3 The irregularity of the higher photon energy resonances of the modeled 3 -Dimensions of the cuboid-shaped AuNR@Ag bimetallic NPs obtained by adjusting the BEM simulation as to match the experimental stationary optical spectra.

	CHAPTER 3. ULTRAFAST TRANSIENT OPTICAL RESPONSE OF NONSPHERICAL
			GOLD AND CORE-SHELL, GOLD-SILVER NANOPARTICLES
	eq	Longitudinal dimension	Lateral dimension	Rounding
	(Ag:Au) L (nm) Ag thickness (nm) W (nm) Ag thickness (nm)	p
	0	45.8	0	15.8	0	-
	0.8	44.6	-1.2	18.2	2.4	0.50
	2	49.8	10.0	25.8	4.0	0.22
	4	54.2	8.3	34.3	18.5	0.15
	8	57.4	11.6	36.8	21.0	0.15

ps for all AuNR@Ag samples, which roughly matches the usual findings from the literature. This relaxation time study could be further improved by recording more data
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Introduction

As we have seen in the first chapter, in the stationary regime there exist both numerical and analytic methods for calculating the near field enhancement inside and outside a plasmonic NP.

This has allowed for the thorough study of the applications of the plasmonic near-field enhancement in the stationary regime. Finite Difference Time Domain (FDTD) method has been one of the mostly chosen numerical approaches for it provides the response of a system over a wide spectral range in a single simulation. Besides, many of the developments related to the ultrafast optical response of noble metal NPs, such aselectron photoemission [START_REF] Douillard | Optical properties of metal nanoparticles as probed by photoemission electron microscopy[END_REF][START_REF] Lang | Spatial-and energyresolved photoemission electron from plasmonic nanoparticles in multiphoton regime[END_REF], photoluminescence [START_REF] Haug | Hot-electron intraband luminescence from single hot spots in noble-metal nanoparticle films[END_REF], plasma generation around nanoparticle [START_REF] Labouret | Nonthermal model for ultrafast laser-induced plasma generation around a plasmonic nanorod[END_REF], nano-cavitation [START_REF] Boulais | Plasma mediated off-resonance plasmonic enhanced ultrafast laser-induced nanocavitation[END_REF] or production of reactive oxygen species in aqueous media [START_REF] Labouret | Plasmon-assisted production of reactive oxygen species by single gold nanorods[END_REF] depend on the near field enhancement in and/or around the nanostructures, which itself undergoes a transient variation. However, in most studies, the stationary near field is considered only in the analysis of these phenomena. Beyond, the ultrafast modulation of the 

Introduction

In the stationary regime, coupling the LSPR of spherical NPs with a resonant mode of an electromagnetic cavity has demonstrated strong near-field enhancement and confinement as well as a strong absorbance of the hybrid structure [START_REF] Barth | Nanoassembled plasmonic-photonic hybrid cavity for tailored light-matter coupling[END_REF][START_REF] Jiménez-Solano | Integration of gold nanoparticles in optical resonators[END_REF]. In the transient regime, our team has optimized the plasmonic-photonic coupling of such a hybrid structure and demonstrated an efficient signal modulation on a picosecond timescale [START_REF] Wang | Large and ultrafast optical response of a one-dimensional plasmonic-photonic cavity[END_REF][START_REF] Wang | Coupling localized plasmonic and photonic modes tailors and boosts ultrafast light modulation by gold nanoparticles[END_REF]. Indeed, the pump beam is trapped in the electromagnetic cavity which allows for large power to be absorbed by the NPs introduced into the defect layer of a dielectric photonic crystal. The subsequent ultrafast nonlinear response of the NPs then results in the strong modulation of both the near field around the NP, as has been discussed in the preceding chapter, and of the optical properties of the cavity. The latter has been assessed by pump-probe spectroscopy experiments. The modulation of the near-field intensity can be used to develop time-resolved sensors, based on the same considerations as for the stationary plasmon-enhanced fluorescence or SERS, for instance by associating such hybrid structures with MICROCAVITY it enables us to track the modulation of a well defined single mode in the transient regime study of the plasmonic-photonic hybrid microcavity. Of course, it should be interesting to explore later its ultrafast transient response in the strong coupling regime.

Once the Full Width at Half Maximum (FWHM) of the bare PC cavity (Γ cav ) and of the LgSPR mode of the free plasmonic nanoparticle (Γ sp ) are known, the vacuum Rabi splitting can be analytically estimated. For the vacuum Rabi splitting of the hybrid mode in transmission, Ω is

given by [START_REF] Long | Coherent coupling between a molecular vibration and Fabry-Perot optical cavity to give hybridized states in the strong coupling limit[END_REF][START_REF] Savona | Quantum well excitons in semiconductor microcavities: Unified treatment of weak and strong coupling regimes[END_REF]:

where n cav is the refractive index of the background (Al 2 O 3 in our case) and α 0 is the maximum of the absorption coefficient, α, of the thin plasmonic nanocomposite layer, which can be obtained As the p dependent Ω can be calculated by Eq. 5.7, the crossover from the weak-to strongcoupling regimes can be predicted using Eq. 5.8 since the coupling constant g and Ω are related as Ω = 2g. Strong and weak interaction can occur between the LgSPR (λ sp ) and cavity (λ cav ) modes at a resonance (λ sp = λ cav = λ 0 ). Hence, in the picture of coupled oscillators, the resonance modes at λ 0 interacting are [START_REF] Savona | Quantum well excitons in semiconductor microcavities: Unified treatment of weak and strong coupling regimes[END_REF][START_REF] Reithmaier | Strong coupling in a single quantum dot-semiconductor microcavity system[END_REF][START_REF] Andreani | Strong-coupling regime for quantum boxes in pillar microcavities: Theory[END_REF]:

(5.8)

As per Eq. 5.8, the requirement for the strong coupling is g 2 > g 2 co = (Γ co sp -Γ cav ) 2 /16 and g 2 g 2 co for the weak coupling case, where Γ co sp is the FWHM at the crossover and g co is the crossover constant. The strong coupling is manifested by the splitting of the resonance mode λ 0 into two new modes as depicted in Figs. 5.6(b). The splitting happens in the real part of λ -λ 0 of Eq. 5.8.

For the nanocomposite layer with p = 0.001, (Γ 0.001 sp -Γ cav ) 2 /16 = 86.5 nm 2 which is below the crossover value of g 2 co = 89 nm 2 . This shows that we are in the weak coupling regime and validates our modeling where a unique resonance mode is considered at λ sp = λ cav . MICROCAVITY than the black full line). This result demonstrates that the plasmonic-photonic coupling in the hybrid cavity strongly modifies the absorption of light by the plasmonic NPs, by both enhancing the amount absorbed energy and tailoring the spectral profile. It had already been shown with spheres [START_REF] Jiménez-Solano | Integration of gold nanoparticles in optical resonators[END_REF][START_REF] Wang | Photo-induced ultrafast optical and thermal responses of gold nanoparticles[END_REF]. In order to understand where the differences we have observed in Fig. 5.9 come from, we have plotted in Fig. 5.10 the absorptance corresponding to the two polarizations and angles of incidence considered here for both the bare film (a) and the hybrid cavity (b). Let us mention that in the case of p-pol. light at oblique incidence, the longitudinal excitation has been considered only (the vertical transverse one has been disregarded). As can be seen in Fig. 5.10(a), the absorptance of the bare cavity decreases with increasing angle of incidence for both polarizations. Indeed, 

Transient optical response of the hybrid structure

The transient response investigation of the the hybrid device is carried out by three steps as schematized in Fig. 5.11. In the first step, the time dependent dielectric function ε( ω, t) is obtained by using the 3TM. As has been evoked in the preceding chapters and well detailed in the first chapter, the 3TM is well suited for the investigation of the optical dynamics of the plasmonic NPs over a "long" time. In the second step, the transient effective dielectric function ε ef f ( ω, t) is obtained by using the Yamaguchi model for the AuNRs dispersed in Al 2 O 3 as a 2D layer. Finally, in the third step, the nanocomposite medium obtained in the second step is introduced into the very middle of the 1D photonic crystal (Fig. 5.3) and the time dependent optical properties (transmittance, reflectance and absorbance) of the resulting hybrid device are calculated using the TMM. respectively. Around the point X: the energy gap betweend-band E F is denoted by ω f while the energy gap between p-band and E F is represented by ω g [START_REF] Stoll | Ultrafast electronic, acoustic and thermal properties of metal nanoparticles and clusters[END_REF]. In these conditions, setting the origin of energies at E F and the origin of wave vectors at point L and X, the d, p and s bands can

Appendix A Rosei Model

Considering that the d-band is completely filled while the s-band is empty, the JDOS equation for the specific cases of d → p and p → s transitions writes [START_REF] Stoll | Ultrafast electronic, acoustic and thermal properties of metal nanoparticles and clusters[END_REF]:

E max and E min ) being:

Now, the Lindhard's theory of dielectric function can be used to obtain the imaginary part of the interband contribution to the dielectric function, ε ib 2 . So, the photon momentum is considered to be negligible compared to the electron one since, according to the Rosei model, we assume that only vertical transitions are possible around the L and X points. Hence, as per the Lindhard's theory, ε ib 2 is connected to JDOS as [START_REF] Wang | Photo-induced ultrafast optical and thermal responses of gold nanoparticles[END_REF][START_REF] Guillet | Dynamique de la réponse optique non-linéaire ultra-rapide d'une assemblée de nanoparticules d'or[END_REF][START_REF] Stoll | Ultrafast electronic, acoustic and thermal properties of metal nanoparticles and clusters[END_REF]:

where M i-f is the matrix element associated with the transition from i to f around the point L or X. It weights the oscillator strength of each transition. Thus, when the d → p and p → s transition are considered:

From the ε ib 2 , the real part ε ib 1 can be easily obtained by using the Eq. 1.8 in Chapter 1 (the Kramers-Kronig's relationship) as reported in the work of F. Castro & B. Nabet [START_REF] Castro | Numerical computation of the complex dielectric permittivity using Hilbert transform and FFT techniques[END_REF]. We calculate the ε ib 1 according to the method of Y. Guillet [START_REF] Guillet | Dynamique de la réponse optique non-linéaire ultra-rapide d'une assemblée de nanoparticules d'or[END_REF] which is based on the Hilbert's transform [START_REF] Castro | Numerical computation of the complex dielectric permittivity using Hilbert transform and FFT techniques[END_REF]. Water was purified by reverse osmosis with a resistivity (> 15 MΩ.cm).

Appendix

Synthesis of the AuNRs

The AuNRs were synthesized with seed-mediated process which involves a prereduction step with Salicylic acid (C 7 H 6 O 3 ) [START_REF] Hamon | Controlling the symmetry of supercrystals formed by plasmonic core-shell nanorods with tunable cross-section[END_REF][START_REF] Scarabelli | Tuning gold nanorod synthesis through prereduction with salicylic acid[END_REF][START_REF] Ye | Improved size-tunable synthesis of monodisperse gold nanorods through the use of aromatic additives[END_REF]. For the preparation of the seeds, 50 µL of a 0.025 M HAuCl 4 solution was added to 4.7 mL of 0.1 M CTAB solution at 30°C; after mixing, 300 µL of a freshly prepared 0.01 M NaBH 4 solution was injected under vigorous stirring. The growth solution for the AuNR was constituted with 100 mL of 0.05 M of CTAB in which 90 mg of 5-bromosalicylic acid were dissolved. Then, 960 µL of 0.01 M AgNO 3 and 2 mL of 0.025 M HAuCl 4 solution were added to the mixture. The absorbance at 396 nm was monitored in a cuvette with 1 cm optical path length until it reached 0.65, indicating suitable prereduction conditions. Then 260 µL of 0.1 M AA solution was added under vigorous stirring, immediately followed by 160 µL of seed solution. The mixture was left undisturbed at 30°C for at least 4hs. The suspension was purified by 3 centrifugations (7100 g, 40 min) and pellet redispersion in a solution of 1 mM CTAC.

Synthesis of the AuNR@Ag NPs

The purified AuNR was centrifuged at 8500g for 30 min and redispersed in a 10 mM CTAC solution at a final gold concentration of 0.25 mM in all samples. The Ag:Au molar ratio equivalence (eq) was adjusted systematically as presented in Table 3.1 of Chapter 3. The molar ratio between

APPENDIX B. SYNTHESIS OF NPS AND THE REACTANTS USED

the Ag precursor and AA was fixed to 4 in all experiments. After mixing, the reaction vials were kept at 60°C during 3h to yield AuNR@Ag. After the synthesis, the excess reactants were purified by two centrifugation steps (7100 g, 40 min) and pellet redispersion in a solution of 1 mM CTAB at a final gold concentration of 0.25 mM in all samples.

Appendix C

Heaviside step function based equation for electron dynamics fitting

If the rise time τ 1 of the electron-phonon (e-ph) and phonon-phonon (ph-ph) scattering processes, e-ph relaxation times τ 2 and ph-ph relaxation times τ 3 at the specific probe energy are considered. The fitting equation can be written as:

where A 1 and A 2 represent the amplitudes that correspond to the e-ph and ph-ph scattering processes respectively. Equation C.1 considers a laser pulse of Gaussian profile centered at c and with standard divination σ. Each term in Eq. C.1 is the result of a convolution product of a Gaussian laser profile g(t) (Eq. C.3) and the kinetic profile h(t) of a state created by a first order process (Eq.C.4). Equation C.4 is a product of the first order process and Heaviside step function whose value is zero when t < c and 1 when t > c. The Heaviside function imposes a zero intensity before the arrival of the laser pulse and hence allows to describe the evolution of the physical processes by accounting for the laser duration. Therefore, the convolution product gives the characteristic times of the physical processes being studied without neglecting the laser pulse duration. Title : Ultrafast optical response of complex plasmonic nanoparticles Keywords : plasmonics, nanoparticles, ultrafast, near-field Abstract : The remarkable properties associated with the localized plasmon resonance (LSPR) in noble metal nanoparticles (NPs) make plasmonics an important topic with multiple applications. When NPs are illuminated by ultrashort laser pulses they undergo a rapid dynamics of energy exchanges which leads to the ultrafast variation of their optical properties, associated with other effects such as broadband photoluminescence, hyperlocalized heat release, electron photoemission, production of reactive oxygen species and nano-cavitation. The design of complex hybrid nanostructures can enable us to tailor the plasmonic properties as to optimize the applications. We have studied some hybrid nanostructures by broadband pump-probe absorption spectroscopy and a dedicated modeling : AuNP-decorated silica fibers and core-shell Au-Ag NPs. Their stationary and transient optical responses are analyzed depending on the NP morphology. In the developments evoked above, the enhanced near field around plasmonic NPs plays a key role. However, the study of the ultrafast transient modulation of the near field is limited by the inability of the conventional numerical tools to catch the small variations of the NP permittivity. Here, a complex-conjugate pole-residue pair based FDTD method is successfully implemented to simulate the time-dependence of the plasmonic near-field topography. Beyond, the LSPR mode can be resonantly coupled with a photonic mode in a hybrid microcavity for conceiving optically-controlled photonic functionalities. The coupling of a 2D array of parallel gold nanorods with the defect mode of a 1D photonic crystal cavity is investigated theoretically. The optical anisotropy enables us to play with several degrees of freedom like field polarization. The ultrafast modulation of the optical response that is predicted in such hybrid nanostructures opens the possibility of their future optimization for designing time-resolved sensors.
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