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Introduction

Superconductivity, a macroscopic quantum coherent electronic state, discovered in 1911 by Heike Kamerlingh Onnes, continues to be fascinating. Indeed, even after more than one century of intensive theoretical research, hundreds thousands of experimental reports, tens of Nobel laureates, the detailed microscopic origin of the phenomenon remains in most cases elusive, escaping from a complete scientific comprehension and control. Indeed, among several hundreds of superconductors, most were discovered by chance, only a very few were theoretically predicted. Moreover, despite of an enormous progress in theoretical methods and calculations over last decades, entire classes of superconductors, as so-called high-T c cuprates, iron-containing pnictides, or yet atomically thin superconductors are poorly understood; the phenomenon of superconductivity remains unexplained there.

A strong peculiarity of superconductivity is that it mixes up several spatial scales, ranging from the inter-atomic one to tens of microns. Indeed, the repulsive Coulomb interaction is screened, in good metals, on a sub-nanometer scale, allowing a weak attraction between electrons to win and form Cooper pairs, while this screening scale may extend over tens of nanometers in the so-called diluted conductors. The characteristic scale of the superconducting wave function, the coherence length ξ, ranges from nanometers to microns from one superconducting material to another. The dissipation-less supercurrents evolve on a scale of the London penetration depth, usually in the range 50-5000 nanometers. This means that the size and shape of superconducting samples could be a serious issue, especially in nanoscale superconducting devices.

The first experiments on superconducting properties of thin films were carried out already in 1938 [START_REF] Shalnikov | Superconducting thin films[END_REF]. However, a systematic study of the size effects began only in 70th, after the overall understanding of the phenomenon in the bulk materials enabled by the microscopic BCS theory [2,[START_REF] Bardeen | Microscopic Theory of Superconductivity[END_REF], the discovery of the Josephson effects [START_REF] Josephson | Possible new effects in superconductive tunnelling[END_REF]5,6], and a significant progress in the growth technology. In this field, remaining extremely active, one of the most important research directions is elucidating the role of confinement effects in superconductivity. The spatial confinement of the superconducting wave function was for a long time considered as a limiting factor; at d < ξ the superconductivity was supposed to get suppressed. Indeed, the reducing the size of the system renders more difficult the phase transition to occur, because the interaction between the electrons becomes limited by the surrounding edges or interfaces; the electrons have less freedom to interact and form Cooper pairs. In the very low thickness limit d << ξ, the coherence of the entire system is expected to be lost, and the superconductivity destroyed. It follows that in sufficiently thin films, even in the ordered phase below the critical temperature T c , the Cooper pair condensate does not behave as a whole, due to local coherence perturbations, and the superconducting order parameter get suppressed owing to large spatial and temporal fluctuations. This also means that the critical temperature should gradually decrease with decreasing the film thickness. The decrease in T c in thin films is also promoted by the enhancement of quantum phase fluctuations [7,[START_REF] Orr | Phase fluctuations in josephson junctions[END_REF].

In 1964 Ginzburg and Kirzhnits came with a surprising suggestion that two-dimensional superconductivity can occur in the vicinity of the surface even if the bulk material remains in a normal state [9,10].

The extrapolation of the measured gap vs thickness dependence [11] to the ultimate limit of 1 atomic monolayer predicted the complete vanishing of superconductivity. However, for instance in work [12] was shown that 2 layers of crystalline Ga films (thickness was 0.552 nm) epitaxially grown on a wide-gap semiconductor GaN (0001) exhibit superconducting properties up to 5.4 K. It was suggested that such strong superconducting properties can be caused by the fact that GaN has a noncentrosymmetric crystal structure and can demonstrate a strong polarization effect, which can enhance superconductivity at the Ga-GaN interface. The present work focuses on the study of the structure and electronic properties of two-dimensional superconductors, layered pnictide FeSe and atomic layers Pb/Au/Si [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF], by structural (LEED, Auger) and electronic (ARPES and Scanning Tunneling Microscopy and Spectroscopy) analysis methods.

FeSe(001) is one of the most emblematic superconductor since its superconducting temperature varies of more than one order of magnitude when changing its thickness. Pure bulk samples are superconducting at 8K, 36.7K under pressure and recent studies show an even higher superconducting temperature of about 110 K [START_REF] Ge | Superconductivity above 100 k in single-layer FeSe films on doped SrTiO 3[END_REF] for untrathin sample. ARPES studies were been carried out for quantifying the effect of the three-dimensional (3D) character of the electronic properties on the superconductivity [START_REF] Qing-Yan | Interface-induced high-temperature superconductivity in single unit-cell fese films on SrTiO 3[END_REF]15,16]. It was also shown that a single layer of FeSe shows a complete BCS-like gap of the quasiparticle excitations whereas bulks samples exhibit more a V-shaped spectral intensity at the Fermi level [START_REF] Qing-Yan | Interface-induced high-temperature superconductivity in single unit-cell fese films on SrTiO 3[END_REF]. This difference could be the result of a Cooper pair breaking inherent to thick samples, thus the origin of the weakness of superconductivity in bulk FeSe. This is why, we have focused our research on the nature spectral intensity in the superconducting gap of FeSe(001) by measuring the quasiparticle scattering intensity maps for samples with high defect density and we have tryied to measure the (inverse) proximity effect of Pb superconducting nanostructures towards FeSe. These results are presented in chapter 3.

The recent discovery of superconductivity in ordered atomically thin Pb and In grown on silicon [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF] in ultrahigh vacuum and using STM-technique [17] and further works another groups [START_REF] Yamada | Magnetoresistance measurements of a superconducting surface state of in-induced and pb-induced structures on si(111)[END_REF][START_REF] Brun | Remarkable effects of disorder on superconductivity of single atomic layers of lead on silicon[END_REF] opened a new field of research -ultimately thin two-dimensional superconductivity. The followed works by competing leading research groups from China, Japan, France, Germany, USA showed an extreme sensitivity of the superconducting properties of these layers to their detailed atomic structure and disorder [START_REF] Menard | Coherent long-range magnetic bound states in a superconductor[END_REF][START_REF] Carbillet | Confinement of superconducting fluctuations due to emergent electronic inhomogeneities[END_REF]. Moreover, while first experiments demonstrated that superconductivity exists only at a very low temperature below 1.5-2 K, recent studies reported superconductivity at 65 K discovered in single unit-cell thick FeSe [START_REF] He | Phase diagram and electronic indication of high-temperature superconductivity at 65 k in single-layer FeSe films[END_REF][START_REF] Wang Qing-Yan | Interface-induced high-temperature superconductivity in single unit-cell fese films on SrTiO3[END_REF] which are epitaxially grown on SrTiO 3 substrates (comparing with 8 K of bulk FeSe crystal); some available data witness an even higher critical temperature, approaching 110 K [START_REF] Jian-Feng Ge | Superconductivity above 100 k in single-layer fese films on doped srtio3[END_REF]. On the theoretical side, though experimental works rapidly advance and provide more and more information, no progress in the understanding of the unexpected phenomenon of atomically thin superconductivity was reported till now.

For instance, the amorphous Pb-layer is not superconducting while SIC or √ 7 × √ 3 are below 2 K; their gap energies are ∼ 0.25-0.3 meV. In bulk materials, both amorphous and crystalline structures manifest superconducting properties; this is justified by the famous Anderson theorem [25]. Despite the fact that further in situ ARPES measurements showed that the observed superconductivity in such samples arises due to the interaction of the metallic Pb-Pb (In-In) and Pb-Si (In-Si) covalent bonds, the question remains open: why crystalline monolayers Pb/Si [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF] are superconducting while the amorphous phase of the same atomic density is not?

More generally, since the fcc crystallographic structure of bulk Pb, its electronic and phonon spectra are not conserved in these atomically thin layers, the (first) question concerning the origin of the discovered superconductivity remains fully open. One more question: since none of bulk characteristics is conserved, why other metals couldn't become superconducting, such as non-superconducting in the bulk Ag or Au, for instance? A second question is related to peculiarities of the spin-orbit coupling (SOC) in atomic layers and their role in superconductivity.
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Because of the heavy atomic mass of Pb, it has an intrinsically high SOC, i.e. the interaction of electronic motion with its spin. The SOC leads to the appearance of a fine structure of the energy spectrum of the electron and a specific locking between these two degrees of freedom.

Several works suggested that a triplet component of the superconducting order parameter may exist in Pb monolayers, rendering them very resistant to high magnetic fields (there is a work done on Pb/GaAs that seems to confirm this [26]). In addition, at surfaces, Rashba spin-orbit interaction could be even higher due to the symmetry breaking [START_REF] Gierz | Silicon surface with giant spin splitting[END_REF].

To address these two fundamental questions we planned to study a hybrid monolayer system combining up to three kinds of atoms: Pb, Au and Sn. Similar to Pb, Au also has a high spinorbit coupling but it is not superconducting. Sn is superconducting but has a rather weak spin-orbit coupling. Moreover, Pb, Au and Sn do not mix with Si, so the construction of alloy monolayers at Si(111) surface seems possible. Importantly, these metals do not mix in the bulk; their alloys are in fact phase-separated hybrids or eutectics. The strategy can be summarized by the diagram of figure 1. The global idea was to understand the growth processes, and to study the influence of the crystalline and electronic structure of atomically thin metallic films on their superconducting and, in general, electronic properties. In this, we follow the steps of Kamerlingh Onnes who already in 1912 added impurities to study their influence on superconductivity of Hg! The present work is the first step of this long term study.

Chapter 1

Ultimate Superconductivity

Introduction

The 10th July 1908, Heike Kamerlingh Onnes liquefied helium for the first time and thus opened an entirely new chapter in low-temperature physics. A few years later, in 1911, the phenomenon of superconductivity was discovered [28] in his laboratory and became one of the most studied phenomena in modern science. Superconductivity is one of the few macroscopic quantum effects known up to now and it has potential applications in many fields of technology, specially in the domain of quantum computing. Yet, there is still no understanding of all the mechanisms leading to the superconducting behavior of most of materials.

Ginzburg-Landau Theory

Already in 1934, Fritz and Heinz London who had successfully applied phenomenological models to the macroscopic behavior of superconductors under magnetic field in the 30's intuited first the existence of a macroscopic wavefunction describing the quantum state of the superconductors. Shortly latter, in 1950, Ginzburg and Landau proposed phenomenological theory for the metal to superconductor transition as a second-order phase transitions where the order parameter is a macroscopic coherent wave function.

This theory could efficiently reproduce the macroscopic physical properties of the materials at the vicinity of the transition.

These authors describe the system using the free energy (F ) of a superconductor close to the superconducting transition. This free energy could be write in function of an order parameter (Ψ( r)) depending on its amplitude and a phase (φ( r)), which is by construction nonzero at a superconducting state and it is related to the density of superconducting carries, and zero at a 

Ψ( r) =| Ψ( r) | e iφ( r) (1.1)
One can write the following equation considering the order parameter as a 2 nd order transition:

F = F n + α |Ψ( r)| 2 + β 2 |Ψ( r)| 4 + 1 2m |(-i ∇ -2eA) Ψ( r)| 2 + |B| 2 2µ 0 (1.2)
where (F n ) is the free energy in the normal state, α and β are phenomenological parameters such that α(T ) = -α 0 (T -T C ), with α 0 > 0 and β > 0, m is an effective mass and e is the elementary charge of an electron, ∇ × B = A is the magnetic field. 1Minimizing the equation 1.2 with respect to the order parameter, Ginzburg and Landau arrived to these equations:

αΨ( r) + β |Ψ( r)| 2 + Ψ( r) + 1 2m (-i ∇ -2eA) 2 Ψ( r) = 0 j = 2e m Re Ψ † ( r) (-i ∇ -2eA) Ψ( r) (1.3)
which describe the spacial evolution of the order parameter, first equation, and the superconducting current density, for the second ones. From these equations, one determines the coherence length ξ:

ξ 2 = 2 2m |α| (1.4)
Many years later, Guinzburg who survived to Landau, received the Nobel price partly for this discovery. Their work lead us to write the following Hamiltonian:

H BCS = k,σ k ĉ † k,α ĉk,α -V k,k ĉ † k,↑ ĉ † -k,↓ ĉ-k ,↓ ĉ-k ,↑ (1.5)
here, ĉ † k,σ is the creation operator, it creates an electron with momentum k and spin σ, and the term ĉk,σ is the annihilation operator which destroys an electron with momentum k and spin σ,

k = 2 k 2 2m .
Cooper found that adding a Cooper pair to the Fermi sea with a small pairing energy, disturbs the stability of the Fermi Surface and it tends to reduce the energy of the system. In the previous Hamiltonian, equation [START_REF] Shalnikov | Superconducting thin films[END_REF] A Cooper pair is then a pairing of two electrons with opposite wave vectors and opposite spins. In a presence of a magnetic defect, a local magnetic field is felt and this potential could flip the electron spin destroying the pairing, by this reason the superconductivity is fragile in presence of a magnetic field and in a core of a vortex, one can expect only normal states.

The BCS Ansatz could be expressed as follows: From BCS theory, one can describe the DOS of a BCS superconductor as follows:

|BCS = k u k + v k ĉ † k,↑ ĉ † -k,↓ |0 ( 
ρ(E) =        |E| √ E 2 -∆ 2 , if | E | 2 > ∆ 2 0 , if | E | 2 < ∆ 2 (1.7)
Bogolioubov [29] and Valatin [START_REF] Valatin | Comments on the theory of superconductivity[END_REF] propose independently a canonical transformation in 1958 combining holes and electrons as follows:

γ k,↑ = u k ĉk,↑ -v k ĉ † -k,↓ γ † -k,↓ = u † k ĉ † -k,↓ + v k ĉk,↑ (1.8) 
These operators γ k,↑ and γ † -k,↓ are usually called Bogoliubons. Using this formalism in the 1.1 equation 1.5, the Hamiltonian of the system becomes:

H = k,σ E k γ † k,σ γ k,σ (1.9) 
where

E k = 2 k + | ∆ | 2 .
The order parameter is isotropic, and referred as s-symmetry. The BCS explains with a high precision the physical phenomena linked to the superconductivity in conventional superconductors (simple metals like Nb and Hg and simple alloys) which were later called "BCS superconductors". Their theory was particularly well supported by experiments showing 1) an isotopic effect on the critical temperature and 2) a universal and robust quasiparticle excitation spectrum. Bardeen, Cooper and Schrieffer received the Nobel price for their theory.

BCS theory and its extension where the phonon band dispersion is taken into account [31],

set limits for the critical temperature T C since electron-phonon interaction intensity is limited by the cohesion of the crystal lattice (typically T C < 35 K). Because of the singlet ground state of a Copper pair, BCS superconductors are very sensitive to magnetic interactions which induce spin reorientation or spin-flips and then break the Cooper pair. It is also a theory where some contradictions subsist since BCS superconductivity is supposed to be more robust for strong density of states but electron-electron Coulomb interactions are not taken into account.

Limits to BCS

The limit of BCS superconductivity became clearer with the works on superconductorsinsulator transitions in disordered materials and thin layers where Coulomb interactions and the localized electronic states as well as the sample size have to be taken into account. Later, the discovery of heavy Fermions superconductors where electron-electron correlations become relevant added some questions on the order parameter symmetry, magnetism and the effect of renormalization of the quasiparticle spectral weight on the superconductivity. Molecular superconductors have shown that molecular orbitals can host superconductivity when coupled together in one-dimensional chains [START_REF] Jérome | Superconductivity in a synthetic organic conductor (TMTSF)2pf 6[END_REF]. With the discovery of cuprate superconductors [START_REF] Bednorz | Possible highT c superconductivity in the ba?la?cu?o system[END_REF] in the 80´s by Bednorz and Mueller (Nobel prize in 1987), the BCS theory was seen to be invalid for this kind,of material since critical temperatures are far beyond BCS limit. These materials are ceramics and rather bad conductors at room temperature. The physics of the electrons in the metallic phase is better cached by a tight binding model than a nearly free electron gaz. Close but above the superconducting transition, the Fermi liquid theory breaks down for an unknown reason and a pseudo-gap in the excitation spectrum appears. The cuprate family exhibits a lot of physical phenomena such as charge density waves, antiferromagnetism and superconductivity. Most of cuprate superconductors show an overlapping of the charge density wave and the superconducting critical transition but the interplay between these phases is still under debate [START_REF] Chang | Direct observation of competition between superconductivity and charge density wave order in YBa2cu3o6.67[END_REF][START_REF] Loret | Intimate link between charge density wave, pseudogap and superconducting energy scales in cuprates[END_REF][START_REF] Chen | Charge density wave memory in a cuprate superconductor[END_REF]. It is also know that superconductivity takes place in copper oxide two-dimensional planes and the order parameter has a d-symmetry [START_REF] Maly | Superconducting order parameter symmetry in multilayer cuprates[END_REF]. At the beginning of the 2000´s a new family of high temperature superconductors was discovered based on iron [START_REF]Iron-Based Superconductivity[END_REF]. Iron superconductors are also exhibiting a rather two-dimensional physics and they are interestingly composed of a magnetic elements and prone to magnetic fluctuations. The order parameters of these compounds, yet still perfectly established is clearly not following a simple s-isotropic symmetry. Finally, BCS theory is also limited to explain recent works where spin-orbit interactions or magnetism are induced into superconductors for producing topological states which could be of use for quantum information [START_REF] Awoga | Supercurrent detection of topologically trivial zero-energy states in nanowire junctions[END_REF].

The concept of pair of electrons is still experimentally demonstrated in all known superconductors although their ground state can differ from singlet and it seems that usual electronphonon interactions are not at the origin of superconductivity in what are called unconventional superconductors (i.e. other than BCS ones). The effect of magnetism, electron-electron correlations and charge density waves is not understood in these materials.

The reducing of dimensionality seems to trigger deviations from the BCS theory.

The effect of the reduction of the dimensionality on superconductivity

The effect of the size reduction of a superconductor is an old question which has been addressed experimentally and theoretically in the past 50 years. One can picture some different crossovers when decreasing the size of a sample which will radically change the scientific approach.

• When the size of the sample reaches the size of the coherence length of the Cooper pair deviations from the usual BCS theory are induced in the sense that the second order transition will be confined in two-dimensions. Also the number of Cooper pairs in patches of superconductors will be conjugated with the phase of the superconducting wavefunction.

• When the size of the system reaches the screening length of the electron-electron Coulomb interaction, a renormalization of the excitation spectrum can take place. This effect can yield transition from superconducting to insulating phases in extreme cases. 1.2 • When the size of the system is of the order of the wavepacket of the electrons one can consider the superconductors as a pure two-dimensional system from the mathematical point of view. That case will be referred to what we call "ultimate case" where the superconducting object is composed of a plane of one atomic layer which can be supported by a substrate which has (almost) no impact on the electronic properties. This strict last limit is yet a quite virgin field of research. However, there are intermediate cases -quasitwo-dimensional (quasi-2D) superconductors -where the samples are made of weakly interacting two-dimensional layers like in the cuprates or iron.

A fluctuation regime

In a 2D superconductor, when size of the system is reduced, the electron mean free path is also reduced, raising the electron-electron interaction and reducing the number of Cooper pairs until a complete destruction of the superconductivity. These facts imply a progressive reduction of the critical temperature of the system with the sample thickness size reduction, but it can also come from the intensification of the quasi-particle phase fluctuations [7]. In a superconductor system at a given temperature higher than its critical ones, the behaviour of electrons in the system is metallic, lowering thus the temperature of the system until its critical value, Cooper pairs start to be formed, but they are not stable and they are destroyed by thermal fluctuations. The density of Cooper pairs is described by Gaussian fluctuations leading a given contribution to the conductivity of the system, called paraconductivity, a physical phenomenon introduced by Aslamazov and Larkin in 1968 [40,[START_REF] Aslamasov | The influence of fluctuation pairing of electrons on the conductivity of normal metal[END_REF].

Berezinskii-Kosterlitz-Thouless Theory

In a 2D-system, Mermin and Wagner [START_REF] Mermin | Absence of ferromagnetism or antiferromagnetism in one-or two-dimensional isotropic heisenberg models[END_REF] predict that a long-range order cannot be established below the critical temperature of a second order transition due to fluctuations of the order parameter. This criterion was proposed for superconductivity where very small excitation could destroy the long-range order [START_REF] Nambu | Quasi-particles and gauge invariance in the theory of superconductivity[END_REF][START_REF] Goldstone | Field theories with « superconductor » solutions[END_REF][START_REF] Goldstone | Broken symmetries[END_REF].

Berezinskii [START_REF] Berezinskii | Destruction of long-range order in one-dimensional and twodimensional systems having a continuous symmetry group i. classical systems[END_REF], Kosterlitz and Thouless [START_REF] Kosterlitz | Ordering, metastability and phase transitions in twodimensional systems[END_REF] show for a 2D system that the elementary excitations could take place forming topological defects which are expressed in a thin metallic film as vortexes. Two different scenarios can take place separated by a critical temperature, called T BKT :

1. At T > T BKT , the vortexes present in the system could be considered by free-particles forming a liquid-like system, they are thus mobiles and susceptible to an electrical current passing through the sample; 2. At T < T BKT , in the system the total quantity of vortexes is the same as the antivortexes, they attract one to other forming thus a pair vortex-antivortex with a zero magnetic momentum. This pair does not move with the application of an electrical current in the system.

In the case where T > T BKT , the movement of vortexes creates a potential difference in the border of the sample inducing a residual resistance proportional to the density of free vortexes. However, at T < T BKT , the pair vortex-antivortex protects the system from an induced electrical potential in its borders allowing an emergence of a superconducting state, where the elementary excitations are trapped in those vortex-antivortex pairs. The fluctuations of the superconducting order parameter described by XY-model from this creation and movement of vortexes are known by BKT transition. In 2016, BKT theory has been acknowledged by the Nobel Prize.

Superconductor-Insulator transition

One of the fundamental problems in condensed matter physics is the interplay between superconductivity and disorder, this later acts in the system increasing the electrical resistivity, whereas the former phenomenon is a zero-resistance state.

Anderson predicts that the superconductivity persists in a weak disordered system [START_REF] Anderson | Theory of dirty superconductors[END_REF], few experiments carried out in thin film systems show a transition from a superconducting state to an insulating state when the disorder or the magnetic field is increased [START_REF] Ma | Localized superconductors[END_REF][START_REF] Goldman | Superconductor-insulator transitions in the twodimensional limit[END_REF], leading eventually to the destruction of the superconducting state. Such a superconductor-insulator transition (SIT) has indeed been observed in disordered thin superconducting films [START_REF] Goldman | Superconductor-insulator transitions in the twodimensional limit[END_REF] where the effect of the electronic disorder is the localization which transforms the nature of the atomicthin film into an insulator [START_REF] Sacépé | Localization of preformed cooper pairs in disordered superconductors[END_REF]. A similar behaviour was seen in a magnetic-field-driven SIT provoking interest of the community due to the mounting evidences that the charge carriers in it are electron pairs and phenomenological theories came out [START_REF] Fisher | Quantum phase transitions in disordered two-dimensional superconductors[END_REF][START_REF] Galitski | Disorder and quantum fluctuations in superconducting films in strong magnetic fields[END_REF].

The structural properties can play an important role in the electronic properties at low temperature of atomic metallic layer growth on a semiconductor staying a challenge and a no completely understand problem despite the different works provided. A superconducting thin film can present a superconductor-insulator transition (SIT), it can be divided in two groups: granular systems, described as an array of Josephson junctions and homogeneous systems. 1.2 In granular systems the critical superconducting temperature and the gap value stay close to the bulk value near to the SIT, however in a disordered system, the critical temperature diminishes [START_REF] Graybeal | Localization and interaction effects in ultrathin amorphous superconducting films[END_REF].

The SIT is a quantum phase transition. This type of transition occurs at zero temperature and they belong to the class of continuous transition, where one of its physical functions of state has a discontinuity at the transition point.

Quantum fluctuations are able to change the ground state of the system at zero temperature, however the real experiments are provide at a very lower temperature, but a finite and non null, where thermal fluctuations can take place.

The classical analogous theory for the quantum phase transitions is the thermodynamic phase transitions, in this sense a quantum transition point can be interpreted as the end point of a thermodynamic transition line. The quantum phase transitions could be related for example to the disorder in a given system which implies an electron localization causing thus a transition.

A metal-insulator transition is an example of a quantum phase transition, where the degree of disorder is a fundamental factor and the interaction between the particles in the system is a secondary factor. An insulator and a metal differ one to each other due to its electrons states at the Fermi level, for an insulator they are localized and in a metal, delocalized, in order thus to transform an insulator into a metal, few changes are needed in their wavefunctions changing the electron localizations at the Fermi level. Few metallic systems possesses superconducting ground states and a SIT can occurs, particularly when the disorder achieve the limit where the sheet resistance of the sample is on the order of the quantum resistance R Q = /4e 2 = 6.45kΩ.

This sheet resistance can be expressed by a scaling law as follows:

R (T ) = | λ -λ c | T 1/δ (1.10)
With λ the tuning parameter in origin of this quantum transition (and its critical value is indexed by C), δ a critical exponents. In a 3-D superconductor, the superconductivity is stable, but when the dimensionality starts to be reduced, this quantum state start to lost its stability when the disorder in the system starts to be important [START_REF] Strongin | Destruction of superconductivity in disordered near-monolayer films[END_REF].

The figure 1 

Proximity effect

In the case where a superconductor is in contact with a normal metal, superconductinglike properties appears in near to this interface [56]. The mechanism behind this effect is the Andreev Reflection [START_REF] Andreev | Thermal conductivity of the intermediate state of the supercondutors[END_REF], providing then the basic ingredients in order to convert single electron states from a normal metal to Cooper pairs in a superconducting condensate. This kind of reflection us equivalent to the transfer of single Cooper pairs leaking into the normal metal in a scale of the coherence length.

One can thus imagine a superconducting island in contact with a normal metal, few electrons can leak from the superconductor through the metal and vice-versa, in a given region between these two different systems a transient regime could be seen, far away from this border, in the metal, the electrons have their metallic behaviour untouched and in the superconductor, the Cooper pairs remain unchanged also, however, in a small region around the boundary between these systems, by Andreev mechanism, one can see Cooper pairs leaking the superconductor 1.3 and in this region close to the superconductor, a superconducting phenomena can be seen with a superconducting gap value weaker that the bulk ones. As far from the superconductor we are, this value decreases until its complete disappearance.

A homologous phenomenon occurs when two superconductors with different gap values are putted together, far away from the border of these two system, the electrons do not fell the other superconductor and the superconductivity is not affected at all. In a region near to these superconductors variation of the superconducting gap can be seen, passing from one value to the other, due to the leaking of the Cooper pairs from one superconductor to the other.

The first theoretical and qualitative discussions about this phenomena started at 1960's by [START_REF] Gennes | Boundary effects in superconductors[END_REF][START_REF] Deutscher | Proximity effects[END_REF], however the first experement probing the Proximity effect between two SCs was perfomed by Cherkez et al in 2014 [START_REF] Cherkez | Proximity effect between two superconductors spatially resolved by scanning tunneling spectroscopy[END_REF].

In the figure 1.2 if a superconductor S1 described by its critical temperature T C 1 and its energy gap ∆ 1 is in contact with another superconductor S2 with a critical temperature T C 2 < T C 1 and thus an energy gap ∆ 2 < ∆ 1 , the LDOS of both superconductors near to this contact region feels the effect of the other side and is modified accordingly.

[60]

Figure 1.2: An illustration of the proximity effect between two superconductors, S1 and S2 (∆ 2 < ∆ 1 ), if two different critical temperatures (T C2 < T C1 ). The LDOS of both superconductors near to the region of their contact, fells the effect of the other side and is modified accordingly. Adapted from [START_REF] Cherkez | Proximity effect between two superconductors spatially resolved by scanning tunneling spectroscopy[END_REF]. -Source :3

Superconductivity in quasi-2D materials

The Iron based Superconductors have been intensely studied since their discovery in 2006, a particular compound of this family had a special attention of the community due to its simple crystallographic structure: the FeSe.

Bulk FeSe samples -and related doped compounds-were probed in the past few years because iron pnictides and iron chalcogenides are made of a magnetic metal (iron atoms), whereas it was shown in many materials that magnetism and superconductivity have an antagonistic effect. Pure bulk samples are superconducting at 8K (36.7K under pressure and recent studies show an even higher superconducting temperature of about 100 K [START_REF] Ge | Superconductivity above 100 k in single-layer FeSe films on doped SrTiO 3[END_REF]) and studies has been carried out for quantifying the effect of the three-dimensional (3D) character of the electronic properties on the superconductivity.

Iron superconductors, as all the high temperature superconductors, are probably too complex for clearly understanding the subtle mechanisms at the origin of superconductivity and a central question stills not solved: What is the minimum ingredient for developing superconductivity?

Superconductivity at thin-atomical layers: State of Art

Although purely two-dimensional (2D) superconductivity at surface has been proposed 50 years ago by Ginzburg [9], the experimental evidence of superconductivity in ultrathin materials is very recent and was shown in few peculiar systems where it takes place at a surface of a semiconductor, such as a single layer of Pb (or In) atoms deposited on silicon [17,[START_REF] Uchihashi | Macroscopic superconducting current through a silicon surface reconstruction with indium adatoms:si(111)-(7×3)-in[END_REF], or an interface between insulators, such as the interfaces made on SrTiO 3 (STO) substrate [START_REF] Reyren | Superconducting interfaces between insulating oxides[END_REF][START_REF] Wang | Interface-induced high-temperature superconductivity in single unit-cell FeSe films on SrTiO3[END_REF].

These materials are particularly interesting because of the interfacial confinement where some phenomena such as the Rashba interactions triggered by the non-centrosymmetricity of the structure and the enhanced correlations are expected to provoke an unconventional superconductivity with probably singlet and triplet mixing of the Cooper pair wave function. These non-conventional behaviors should produce specific signatures such as distortions and periodicities of the electronic features in the real and reciprocal spaces.

In Trying to answer this last question, a group of researchers of the Chinese Academy of Physics (Beijing) [START_REF] Wang | Interface-induced high-temperature superconductivity in single unit-cell FeSe films on SrTiO3[END_REF]16,[START_REF] He | Phase diagram and electronic indication of high-temperature superconductivity at 65 k in single-layer FeSe films[END_REF] performed few studies with a single unit cell of superconducting Playing with the sample preparation recipe it was then possible to improve the critical temperature up to 65K, a lot higher than what is observed in bulk materials, sho We see here that the sample preparation and the right choice of spectroscopies are very important for the success of such a study.

The single layer material has a completely different behaviour from the bulk ones, Angle resolved photoemission (ARPES) experiments, a powerful tool for characterizing the electronic properties in the reciprocal space and especially for measuring the band diagram of materials, were achieved by the same group of researcher (Fig. 1.3.e), they present important differences between a bulk sample variating from a 2 to 5 planes of FeSe [START_REF] Xia | Fermi surface topology and low-lying quasiparticle dynamics of ParentFe1xTe/SeSuperconductor[END_REF] and a single unit cell FeSe layer studied locally by STM and STS. The electronic properties of a monolayer of FeSe shows a unambiguously a twodimensional behaviour character. The electronic states at the Fermi level impacted by the superconductivity are electron pockets of weakly correlated nature and a hole band is centred at Γ-point and it is well below the Fermi level in ultrathin samples whereas it crosses the Fermi level in bulk ones.

It turns out that the superconducting gap shrinks as the thickness of the film increases and so, 3D-character tends to weaken the superconductivity in this material. All these results rule out the importance of the 3D-character of the sample for the superconductivity, but more strikingly, they show that a very simple electronic band structure yield high temperature superconductivity.

However, although an atomically sharp interface between FeSe and STO is expected, the role of the insulating substrate is important and has to be clarified as for all ultrathin superconductors.

Superconductivity at the surface of semiconductors

The case of FeSe ultrathin films, described before, is not adapted to the study of the interplay of Rashba spin-orbit interactions and superconductivity because strong magnetic fluctuations are expected in these materials and they are somehow difficult to apprehend.

Single atomic layers of simple metal (Pb or In for example) at the surface of semiconductors were shown to have a superconducting state at low temperature by scanning tunneling microscope and transport measurements [17,[START_REF] Uchihashi | Macroscopic superconducting current through a silicon surface reconstruction with indium adatoms:si(111)-(7×3)-in[END_REF]. These metallic materials are good candidates for showing strong electron-electron correlations and Rashba spin-orbit interaction and in these system the Superconductivity appears as an interface effect.

1.4

An interface effect

Different groups performed few studies on Pb reconstructed surface on Si [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF], since the discovery of the superconductivity by Zhang et al in 2010 [17]. Pb/Si(111) monolayers depositions could exhibit numerous structural orders depending on the amount of lead atoms deposited on the silicon surface. The structural phase diagram is very complicated and its is known that this system can present "the devil staircase" phase which is a mixing of few linear Pb/Si [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF] phases coexisting together [START_REF] Hupalo | devil's staircase" inPb/si(111)ordered phases[END_REF]. Some of these phases are superconducting, others not and most of them were not yet characterized. In the figure 1 Pb/Si [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF] respectively and finally in f) and h), conductance maps at biases of V SIC = 0.29 mV and V √ 7× √ 3 = 0.26 mV, corresponding to the energy of the quasiparticle peaks, where the spatial variations of the peak amplitudes do not follow the local structural defects observed in the topography. These superconducting gaps are in agreement with the first report [17]. It is well known that the single Pb layer could be in the superconducting state, but few layers of Pb in the silicon substrate are metallic until a magic width which the Pb presents a bulk superconducting signature. This is a sticking hint that superconductivity developed at the Pb/Si interface is not directly related to the superconducting nature of Pb bulk material, DFT studies suggested that the hybridized interface states may be strongly confined at the Pb-Si interface and that the electronic properties are rather different to Pb itself [START_REF] Jung | Triple-domain effects on the electronic structure of pb/si(111)-(×): Density-functional calculations[END_REF] and the interface between Pb and Si is completely different than bulk Pb from the structural point of view. Supporting then the fact that 2D superconductivity may be not only reserved to materials which show this phenomenon in the bulk and the superconductivity at surface may be extended to other class of materials. This last assumption is in agreement with Ginzburg's prediction [9] opening thus a big field of research in the aim to create new superconductors made of single monolayers and alloys.

A big quantity of combined metallic atoms evaporated on a semiconductor is possible, different metallic phases grown in a semiconductor present ordered phases at room temperature and they could be a good bet to a superconducting system, some of these possible phases could exhibit peculiar spin-orbit interactions and other physical properties. For example, Brihuega et al [START_REF] Brihuega | Quantum interference patterns and electron confinement on a twodimensional metal: A scanning tunneling microscopy study[END_REF] shows that a single layer of Er deposited on silicon exhibit a metallic phase with strong electronic delocalization in the surface plane.

Rashba spin-orbit in heavy metal single layer

In non-magnetic solids, spin degeneracy of the electronic bands is a consequence of time reversal symmetry and inversion symmetry. However, the degeneracy can be lifted by spin-orbit interactions when inversion symmetry is broken introducing a momentum-dependent effective magnetic field which separates the spin density of states in the reciprocal space. In a noncentrosymmetric crystals, this phenomenon is called Dresselhaus effect. At surfaces, this phenomenon is known as Rashba effect where translation symmetry is broken. The Rashba splitting was first evidenced in an ARPES study of the Shockley surface states of gold. It is also known to be at the origin of the peculiar properties of topological insulator (figure 1.5). On some peculiar materials can present a spin splitting 10 times larger than expected by the Rashba effect and its origin is still under debate. It could be induced by:

• an additional in-plane gradient of the electronic potential;

• an anisotropy of the wavefunction of the surface electronic states;

• the unquenching of the orbital momentum at the surface. [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF], the unit at x-axis is ÅA. The two Rashba branches separated of k = 0.012 Å-1 are directly evidenced. This splitting is related to an effective Rashba energy of 2.1 meV. These measurements were performed by Dr. Stéphane Pons.

Studies performed by Didiot et al in 2006 [START_REF] Didiot | Reconstruction-induced multiple gaps in the weak coupling limit: The surface bands of au(111) vicinal surfaces[END_REF] and Frantzeskakis et al in 2008 [START_REF] Frantzeskakis | Tunable spin gaps in a quantum-confined geometry[END_REF] show that spin selection rules control the hybridization of Rashba split states and was the first to discover a new mechanism producing giant splitting [START_REF] Gierz | Silicon surface with giant spin splitting[END_REF][START_REF] Frantzeskakis | Band structure scenario for the giant spinorbit splitting observed at the bi/si(111) interface[END_REF] taking place at the surface of semiconductor: the Bi trimer structure on Si [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF]. In this system, the giant spin orbit splitting is shown to be the consequence of the peculiar band topology coupled to a standard Rashba effect evidencing the possibility to obtain a giant Rashba effect in materials with rather small spin-orbit interactions and multiplies the amount of samples being likely exhibiting giant spinorbit interactions. Indeed, Rahsba spin-orbit splitting of various intensities was later evidenced in numerous samples consisting of a single layer at the surface of a semiconductor (see as example [START_REF] Yaji | Large rashba spin splitting of a metallic surfacestate band on a semiconductor surface[END_REF][START_REF] Takayama | Giant out-of-plane spin component and the asymmetry of spin polarization in surface rashba states of bismuth thin film[END_REF][START_REF] Höpfner | Electronic band structure of the twodimensional metallic electron system au/ge(111)[END_REF]). A trimer surface reconstruction could also be found in Pb/Ge [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF] system (see figure 1.6, [START_REF] Yaji | Large rashba spin splitting of a metallic surfacestate band on a semiconductor surface[END_REF]) and the surface bands are split by Rashba interaction, however, the sample surface is equally metallic in this case.

The Rashba energy in the spin-split systems grown on a semiconductor is of the order of a few to hundreds of meV and if these systems also present a superconductivity state, these physical properties could compete one to each other. The Rashba phenomenon is expected to yield peculiar superconductivity, indeed, in normal superconductors, the Cooper pairs are formed of two electrons of opposite spins, resulting thus in a quantum singlet state. However, in superconductors with strong Rashba interaction, the parity of the superconducting state is no more a good quantum number and a mixing of spin-singlet and spin-triplet states ( [START_REF] Gor | Superconducting 2d system with lifted spin degeneracy: Mixed singlet-triplet state[END_REF]) can [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF] surface, measured at 30 K. The dashed line indicates the upper edge of the projected bulk bands of Ge [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF]. The surface state S1 is composed of 2 spin-polarized branches separated by strong Rashba spin-orbit interactions. b) scheme of the trimer structure with a nominal Pb coverage of 4 3 , with one of four Pb atoms per unit cell located at an H3 site and the other three on off -centred bridge positions between T1 and T4 sites. H3, T1 and H4 sites are specific sites of (111) surfaces of Ge and Si. Adapted from [START_REF] Yaji | Large rashba spin splitting of a metallic surfacestate band on a semiconductor surface[END_REF]. -Source :6 take place. This kind of superconductors is a new opening field of research in condensed mater physics which has good candidates to explain and understand the physics behind the Heavy Fermions superconductors [START_REF] Bauer | Heavy fermion superconductivity and magnetic order in NoncentrosymmetricCePt3si[END_REF], to evidence Majorana Fermions based on superconducting topological insulators [START_REF] Wray | Observation of topological order in a superconducting doped topological insulator[END_REF], and it is a new alternative for making quantum computing devices [START_REF] Lutchyn | Majorana fermions and a topological phase transition in semiconductor-superconductor heterostructures[END_REF].

√ 3 × √ 3-R30 º-Pb/Ge

The electron-electron interaction role

Two-dimensional systems consisting on a metallic layer in the top of some semiconductor surface can be a good departing point to probe the effect of electron-electron interactions, particularity when this kinetic energy is comparable to the Coulomb energy when the thickness of the system is reduced towards a 2D-limit weakening the screening of the electron charge by surrounding electrons.

These correlations can drastically change the electronic band diagram and density close to

the Fermi level, provoking in some extreme cases insulating phases or charge and spin density waves, changing completely the behaviour of the electrons at the origin of the superconductivity. Materials with moderate electron density at the Fermi level and electronic states originated from sp-orbitals, as in the case of Pb, could present this complex interaction phenomenon and these correlations in thin superconductors may be modify deeply the spectroscopic signature 1.4 which have to be analysed carefully.

At the surface of the silicon, for example, a localized metallic states may be present which are supposed to be strongly correlated [START_REF] Santoro | Charge-density waves and surface mott insulators for adlayer structures on semiconductors: Extended hubbard modeling[END_REF][START_REF] Tejeda | Electron correlation and many-body effects at interfaces on semiconducting substrates[END_REF] and possibly leading to Mott insulating phases at low temperature. There is still no clear observation of the enhancement of the many-body effects in these systems leading then to a paradox which may be clarified during further studies.

Chapter 2

Scanning Tunneling Microscope and Spectroscopy

In this chapter I describe the techniques used to investigate my samples and to elucidate their physical properties: scanning tunneling microscopy and spectroscopy (STM/STS).

It is also presented different approximations to explain the physical properties behind the measurements performed during these works: STM topography and spectroscopy, Gundlach Oscillations and quasiparticle interferences analysis.

Scanning Tunneling Microscope

Basics

Since its invention by Binnig and Rohrer in 1981, the main use of the scanning tunneling microscope (STM) is for imaging surfaces at atomic scale [START_REF] Binnig | Tunneling through a controllable vacuum gap[END_REF][START_REF] Binnig | Surface studies by Scanning Tunneling Microscopy[END_REF]. This microscope revolutionized the world of surface physics insofar as the atomic structure of the surface of silicon was directly measured for the first time. However, due to the fact that it measures a current, not only the STM makes possible the structural study at the atomic scale but it allows also the measurement of the quasiparticle density of states and their quantum interferences. Schematically (see figure 2.1), this technique consists in bringing a metallic tip at a distance of a few Angström above a conducting surface thanks to piezoelectric actuators. A tunneling current I t takes place through the vacuum between the tip and the surface to study when a bias voltage (V ) is applied to the electrodes. Generally, two experimental methods are used: topography and tunneling spectroscopy modes. A topography image is obtained when record- to the structural corrugation of the surface. The spectroscopy mode consists in measuring the variation of the tunneling current as a function of the bias voltage when the tip is kept at a fixed position z above a chosen location of the surface (x,y). In this case we will show in the following that the derivative of the tunneling current with respect to the voltage dI(x,y) dV z(x,y) is very similar to the local density of quasiparticle states evaluated at the tip's position (x,y,z).

The tunneling matrix element

Before addressing mathematically the topography and the spectroscopy modes of a STM, let's introduce the calculation of the tunneling current between two planar electrodes separated by a tunneling barrier. To calculate theoretically the elastic tunneling current, Bardeen [START_REF] Bardeen | Tunnelling from a many-particle point of view[END_REF] proposed a perturbation model where the the wave functions are mostly reflected at the barrier and where they are exponentially damped with distance inside the barrier.

When the electrodes are close enough, the electrons can tunnel from one site to the other.

The elastic tunneling current is given by the sum of all the processes where an electron of an occupied state in the first (second) electrode cross the tunneling barrier and reach an unoccupied state of the second (first) electrode at the same energy. The tunneling theory of Bardeen [START_REF] Bardeen | Tunnelling from a many-particle point of view[END_REF] tells us that the two set of wave functions of the unperturbed electrodes ψ a and φ b are not eigenfunctions of the Hamiltonian of the whole system, however, they are quasi-orthogonal:

ψ * a φ b d 3 r ∼ 0.
The tunneling matrix element can be defined as:

M ab = ψ a U R φ * b d 3 r (2.1)
The elastic tunneling is driven by the tunneling matrix element which can be calculated by using an appropriate hypothesis on the electrode wavefunctions and when writing the equation (2.1) as a surface integral of the wave functions of the electrodes:

M ab = 2 2m ψ a ∂φ * b ∂z -φ * b ∂ψ a ∂z dxdy (2.2)
The calculation of the elastic tunneling passing by the computation of the probability of tunneling between a and b, and with well-known Fermi's Golden Rule, one can write:

P ab = 2π | M ab | 2 δ(E a -E b ) (2.3)
The introduction of the temperature is described by the Fermi-Dirac distribution f (E) for the occupied states and the unoccupied states are described by 1 -f (E). The temperature of the two electrodes is supposed to be equivalent. A factor of 2 is added to the density of states for taking into account the spin of the electrons. The current from the sample to the tip is:

I S→T = 4πe ab f (E T a )[1 -f (E S b + eV )] | M ab | 2 δ(E S b -E T a ) (2.4)
And from tip to sample:

I T →S = 4πe ab f (E S b + eV )[1 -f (E T a )] | M ab | 2 δ(E S b -E T a ) (2.5)
After replacing the finite summation using the density of states, one can write the difference between these two currents as the net total tunneling current:

I = 4πe +∞ -∞ | M | 2 ρ t (E T F -eV + )ρ s (E S F + )(f (E T F -eV + ) -f (E S F + ))d (2.6) 2.1

Tersoff-Hamman Approach

Shortly after the discovery of the scanning tunneling microscope, Tersoff and Hamann proposed an expression of the tunneling current for the STM geometry figure 2.2. Their model generalizes the Bardeen's model where the sample surface is represented by a Bloch wave in the surface plane z = 0 and where the STM tip is modeled as spherical evanescent wave at its extremity. In the vacuum region, between the sample and the tip, the wave functions satisfy the 

∇ 2 Ψ( r) = κ 2 Ψ( r) (2.7)
To solve this previous equation, we can write it in the reciprocal space and using a twodimensional Fourier expansion, we obtain a wave function described by a Bloch state, parallel to the surface modulated by a term which decreases in the z-axis direction:

Ψ s a ( r) = G a(k , G )e -z | k , G + G| 2 +κ 2 e i( k , G + G) • r (2.8)
The index s, stands for the sample, indicates the (k x , k y ) plane, a k , G are Fourier coefficients, G is a vector of the reciprocal lattice. From the equation 2.8, one can define a length of attenuation of the wavefunction is

β -1 k , G = | k , G + G | 2 +κ 2 -1
As enunciated before the tip has a spherical apex and its electronic properties are described by an evanescent wave with spherical symmetry:

Ψ t b ( r) = A b e -κ| r-r 0 | | r -r 0 | (2.9)
Putting these wave functions into equation 2.2, one can obtain:

M a,b = - 2π 2 m A b Ψ s a ( r 0 ) (2.10)
Using it into equation 2.6 and summing up all sample states close to the Fermi level, one can write:

I ≈| Ψ s a ( r 0 ) | 2 ρ s (E F )V ≈ ρ s (E F , r 0 )V (2.11)
Where, ρ s (E F , r 0 ) is the expression of the local density of electronic states (LDOS) of the sample at the Fermi Level. According Tersoff-Hamman's theory the tunneling current at low bias measures the density of states at the Fermi level.

Limits of Thersoff-Hamman's theory

The model proposed by Tersoff and Hamman [START_REF] Tersoff | Theory and application for the scanning tunneling microscope[END_REF], described before is well verified for a low bias voltage applied to the system and zero Kelvin. In order to take into account the effect of the voltage and the temperature, one has to rewrite the tunnel current expression.

Topopography

At a finite bias value, the vacuum barrier should be taken into account in the calculation of the current. This effect was first introduced by A. Selloni and collaborators [START_REF] Selloni | Voltage-dependent scanningtunneling microscopy of a crystal surface: Graphite[END_REF]. They have chosen to introduce the voltage dependence in the expression of the density of state of the surface evaluated at the tip position:

ρ s ( r 0 , E) = ρ s ( r , E)T (E, V, z) (2.12)
where T (E, V, z) is a function taking into account the effect of the transmission of the tunnel barrier and ρ s ( r , E) is the LDOS of the sample in the surface plane. A trapezoidal barrier is a good approximation for the vacuum tunneling barrier when a bias voltage is applied to the electrodes. In that case, the potential mean value is φ = φ -E + eV 2 . One can renormalize the attenuation length as:

κ2 = 2m φ 2 + k 2 (2.13)
And the transmission coefficient T as:

T (E, V, z) = e -2κz (2.14)
This term, which is related to attenuation lengths of the order of 2 5 Å for typical materials in vacuum is at the origin of the extraordinary spatial resolution of the scanning tunneling microscope. Finally, the new expression for the current is a convolution between the tip and surface density of states as follows:

I( r 0 , V ) ≈ E F +eV E F dEρ s ( r , E)ρ t (E -eV )e -2κz
(2.15)

Thus, the tunneling current mixes the effect of the surface electronic properties and the corru- A bias voltage V induces a relative shift of the chemical potentials of the electrodes, here a positive voltage is applied to the sample with respect to the tip. Electrons can tunnel from occupied states of the tip to unoccupied states the surface. The tunneling probability depends on the barrier height in such a way that electrons at the Fermi energy of the tip have a higher tunneling probability than electrons at lower energy.

be respected for voltages corresponding to energies well below the work function of the tip and the surface. The tunneling current will be driven by:

1. the states showing the lowest barrier amplitude;

2. the strong density of states;

3. the corrugation of the surface z.

For very low voltages, this theory is still in agreement with Thersoff-Hamman's result and the current is comparable to the local density of states at E F . However for high voltage enough, the tunneling current averages the effect of the density of state over a large window of energy. In that case, the effect of possible heterogeneities in the local density of states will be attenuated and the current will be more related to the structural corrugation (z), this is the topography mode of the microscope. So, it is important to use a high enough voltage to get rid as much as possible of the density of states effects in a topography image which consists in recording V stab = 1.5 V and I stab = 51 pA. This image was obtained in a STM constant current mode using a Kolibri tip.

2.1

Scanning tunneling spectroscopy

If one wants to extract the density if states of the surface from the current, see equation 2.15, the z dependence has to be cancelled. This is done by recording the tunneling conductance at constant height. If one assumes that T (E F + eV, V, z = cste) does not vary much with V (i.e, if the voltage is still low with respect to φ e ), the tunneling conductance at T= 0 K is:

dI dV z ∝ ρ s ( r , E F + eV ) (2.16)
Here, the variation of the density of states of the tip with respect to the energy has also been neglected. This is a strong assumption, one has to understand that the tip's DOS is an unknown parameter in most of the experiments. However, the most important skill of the experimentalist consists in being able to prepare a tip with appropriate properties and among them, a weak and monotonous DOS variation around the Fermi energy. As a result, for favourable experimental conditions, the tunneling conductance is proportional to the electron density of states of the surface. Taking into account the fact that electrons are dressed by low energy excitations when the tunneling event occurs, one can generalize equation 2. 16 to the measurement of the density of quasiparticle states.

Scanning tunneling spectroscopy where the tunneling conductance data dI(V ) dV z(x,y) are recorded is the method for studying the LDOS at tip's position z(x, y). There are two ways to proceed, both are achieved when keeping the tip at a constant position above the surface:

• The tunneling conductance can be readily recorded thanks to a lock-in technique when applying a low voltage modulation to the bias voltage. This is a very efficient technique for filtering the noise fluctuations but it is a very slow process.

• The tunneling current as a function of the bias voltage can be recorded and post-analysed by numerical differentiation. This is a very fast experimental process which enable experiments with massive sets of data. The price to pay is that one has to remove the noise fluctuations with the appropriate mathematical filters without loosing information.

During an experiment, a matrix of spectra can be taken at each point z(x i , y i ) of a twodimensional (i, j) grid. Conductance map at a given energy E F + eV are extracted from the set of spectra by plotting of the variation of the tunnel conductance in all points of an area [∆X, ∆Y ] at a given voltage V. These maps are quite similar to the isoenergetic LDOS of the surface ρ s (x, y, E F + eV ).

The effect of thermal broadening

The effect of the temperature on the current conductance is obtained by introducing the Fermi-Dirac distributions in a similar way as it has been done for Bardeen's theory:

I ∝ ∞ -∞ dEρ t ( r 0 , E -eV )ρ s ( r , E)T (E, V, z) (f t (E -eV ) -f s (E)) (2.17)
where the indices s and t are respectively for surface and tip.

Taking into account the same assumption as for equation 2.16 the tunneling conductance becomes:

dI dV ∝ ∞ -∞ dE eβ exp(β(E -eV )) (1 + exp(β(E -eV ))) 2 ρ s ( r , E F + eV )T (E F + eV, V, z) (2.18)
The function inside the brackets is responsible for the thermal broadening and evaluates the best expected resolution for a scanning tunneling junction at a given temperature. The thermal resolution of a STM will be of the order of the full width at half maximum (FWHM) of this function as shown in figure 2.5. This bell-shaped function has root mean square approximately of 3.5k B T . We will see in the following that this resolution can drastically be improved in the case of a 2.2 superconductor-insulator-superconductor junction. This is illustrated in figure 2.6 where the scattering of electrons with defects produces patterns enabling the determination of the Fermi surface. During an elastic scattering of an electron at the Fermi energy with whatever scatterer, the electron is taken from an occupied quantum state | q i , σ, E F towards an unoccupied state | q f , σ, E F of same spin σ. The wavevectors q i and q f are necessary belonging to the Fermi surface. In a simple picture where no other wavevector is involved, all these possible processes draw what is called the Joint-DOS, i.e.

Beyond standard Measurements

the self-correlation of the Fermi surface. Au [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF] is particular ; the Fermi surface is spinpolarized because of Rashba spin-orbit interactions in such a way that, in order to satisfy the spin conservation, the wavectors have to follow for each spin-polarized branches of the band diagram:

δ q Au(111) = q f -q i = -2 || k F || || q i || q i (2.19)
Finally, if we take into account all the initial wavectors on the Fermi surface, this relation

draws a circle of a radius 2 k F which is what is observed 2 in the 2D-FFT of the current image, in figure 2.6.
In a more general mechanism, the electrons can also be elastically scattered by spatial periodic perturbation of the potential, phonons, magnons or other kinds of pseudoparticles related specific wavevectors. Therefore, they can exchange wavectors with the scatterer in such a way that: The scanning tunneling current being of the order of ten's of pA, the experiments are averaging over a lot tunneling processes after a lot of scattering events. So a conductance experiment will be the result of the summation of all the possible scattering processes involving all the possible wavevectors that are reflected in modulations of LDOS. The exchange vectors will appear as additional channels with respect to the simple Joint-DOS picture. For example, figure 2.6 is made in such a way that the topography effect is removed from the current image, yet the effect of the structural reconstruction on the electronic properties appears in the this image and is revealed by 2D-FFT.

δ q = q f -q i -q exchange (2.20)
The study of the quasiparticle interference patterns can be generalized to energies corresponding to E F + eV when using conductance maps instead of current images at low voltage and by plotting the 2D-Fourier transformation of dI(x,y,V )

dV z(x,y)
.

Spectroscopy of a superconductor with a metallic tip

In the case where the surface to study is a superconductor and the tip is a metal, the DOS of the surface will be treated as a conventional BCS superconductor in the equations 2.17 and 2.18.

In the figure 2.7 is presented in a) the simulated DOS of the system as function of the temperature, one can note the gap closing and in b) the STS for the same temperature range where is clearly seen the effect of the thermal broadening over the DOS, these narrows peaks have a finite height and the full width at half maximum increases and some spectral weight 

Spectroscopy of a superconductor with a superconducting tip

Effect of the superconducting gap amplitudes

The quasiparticules DOS of a BCS superconductor exhibiting two diverging peaks, the convolution between surface and tip DOS in equation 2.17 is mainly evaluated at the quasiparticle peak energy, shifted of ∆ from the Fermi energy where the Fermi-Dirac function amplitude is small. Therefore, a superconducting tip with a large enough superconducting gap with respect to the thermal energy is an amazing filter for spectroscopy because the temperature effect is drastically reduced. The price to pay for this extreme energetic resolution is that the DOS of the tip can not be excluded from equation 2.18 anymore. However, the effect of the voltage on transmission of the barrier can still be neglected since the superconducting gap is very small with respect to Φ e . To tackle this difficulty we can write:

dI dV ≈ ∞ -∞ dE g(E, V ) ρ s ( r , E) (2.21)
where g(E, V ) is the transfer function of the scanning tunneling junction:

g(E, V ) = ρ t (E -eV )(f t (E -eV ) -f s (E)) + ρ t (E -eV )f t (E -eV ) (2.22)
Let's first consider the case where both electrodes are standard BCS superconductors with ∆ s and ∆ s , for tip and surface gap amplitudes respectively. Two possible cases exist:

1. ∆ t = ∆ s ; 2. ∆ t = ∆ s .
In the figure 2.8, the first case is presented, if the thermal energy is low with respect to the gap amplitude, the conductance spectrum shows ultrasharp peaks at ±2∆(T )/∆ 0 . In these last figures (2.8 and 2.9), a small variation of the position of the quasiparticle peaks can be observed, this effect came from the increasing of temperature which has a tendency to close the superconducting gap; as presented in the next equation: where ∆ 0 is the superconducting gap value at zero temperature. This phenomenon is illustrated in the insert of the figure 2.8, where is shown the variation of the gap value as function of the temperature, for this simulation it was taken a superconducting material with a

∆(T ) = ∆ 0 1 -(T /T C ) 2 (2.23) 2.2
T C ∝ ∆ 0 /(1.76k B )K and ∆ 0 = 1 mV.
Using thus a superconducting tip with a large superconducting gap value (∆ T ), we can observe a shift in the value of the measured peaks with respect to its position in the bulk material and resolve small superconducting gaps, increasing then the energy resolution of our experiment.

Figure 2.10 show a typical spectrum recorded for the surface of Pb [START_REF] Watson | Evidence for unidirectional nematic bond ordering in FeSe[END_REF] with a tip made of superconducting Pb on W. This is the ideal case where the two superconducting gaps (surface and tip) are close enough for the quasiparticle peaks to be very salient.

Deconvolution of SIS spectra

In a normal experiment one measures the tunneling conductance and wants to recover the quasiparticle density of states of the surface, it can be recovered if one can make the inversion of the following set of linear equations [START_REF] Pillet | Andreev bound states in supercurrent-carrying carbon nanotubes revealed[END_REF]:

∂I ∂V exp ≈ M g [ρ s (E)]
(2.24) where ∂I ∂V exp is the vector made of experimental scanning tunneling spectroscopy data points and M g is a matrix sampling g(E, V ) over V and E (see equation 2. [START_REF] He | Phase diagram and electronic indication of high-temperature superconductivity at 65 k in single-layer FeSe films[END_REF]. By construction M g has a null determinant, because all its base vectors are linked together. The inversion of the set of linear equations 2.24 constitutes an ill problem where the solution is not unique. Some advanced algorithms exist for solving linear inverse problems, the simplest method to obtain the best deconvolution solution that we can achieve numerically with a reasonable time of calculation is addressed by minimizing the residual value (Res) in the following expression:

  M g [ρ s (E)] deconv - ∂I ∂V exp   2 = Res (2.25)
However, from the expression 2.22 of g(E, V ) it is clear that the density of states of the tip ρ t (E) cannot be removed from the calculation of M g and one has to introduce it as an input for processing the deconvolution. An example of deconvolution can be achieved for the spectrum presented in figure 2.10. Since the tip and the surface are supposed to be of same nature, the most simple assumption is to consider that the tip and surface DOS have the same expression:

ρ imput t (E) ≡ [ρ s (E)] deconv (2.26)
In that case, the surface (tip) density of states obtained by minimizing of the set of linear equations 2.25 is presented in figure 2.11.

In general, by using a well know surface as a reference (e.g. Pb [START_REF] Watson | Evidence for unidirectional nematic bond ordering in FeSe[END_REF]) one can determine the 2.2 

Gundlach Oscillations

In 1966, Gundlach [START_REF] Gundlach | Zur berechnung des tunnelstroms durch eine trapezförmige potentialstufe[END_REF] predicted an oscillatory behaviour in the electron emission probability as a function of energy above the tunneling barrier at energies higher than work function of the sample. This phenomenon is the result of resonant transmission of electron through the junction (see figure 2.12). The way to study Gundlach oscillations by means of scanning tunneling microscopy is measuring z(V )| I(x,y) . The closed feed-back loop of the microscope will keep the current constant when increasing the voltage well above Φ e , for that, the tip is automatically retracted. The system is not anymore in tunneling regime.

The data are usually differentiated as dZ dV (V )

I(x,y)
showing thus peaks when the tip has to be strongly retracted, i. cannot distinguish the chemical nature of the surface atoms, it can be revealed thanks to the analysis of the voltage dependence of Gundlach oscillation.

[87] 

Our Microscope

All measurements of this thesis were performed by means of a commercial scanning tunneling microscope from SPECS company. A picture of the equipment is presented in figure 2.14. 

Surface Preparation

The preparation chamber is equipped with an argon sputtering gun for cleaning the sample surface. Molecular beam epitaxy growth of different metals including gold and lead can be achieved with an accuracy of the order of a few % monolayers (ML) per minute. A Low Energy Electron Diffraction (LEED) apparatus allows for the determination of the crystallography structure of surfaces.

Three kinds of heaters can be used for annealing our samples:

• An oven including a filament which can be biased at high voltage makes possible to heat the sample holder at 1100 o C by electron bombardment.

• A basic resistive oven is included in the sample receiver of the manipulator and it reaches up to 850 o C.

• A direct current system which has been set-up on the sample receiver enables Joule heating of the sample itself by applying up to 6.0 A.

A pyrometer working in the 250 o C to 2500 o C range and a thermocouple on the sample receiver of the manipulator can be used to control the temperature.

The low temperature

The microscope is composed by to two co-cylindrical cryostats in vacuum, thermally isolated from each other and from the chamber, the external ones contains liquid nitrogen screen- Chapter 3

ing

Iron Selenide

The study of FeSe [001] is presented in this chapter. Samples with a high density of defects are investigated by means of scanning tunneling microscopy and spectroscopy. We found quasiparticle excitations inside the superconducting gap surrounding structural defects. This additional spectral intensity helps reveal new scattering channels for the quasiparticles in the gap around the M-point of the Brillouin zone which follow the C 2 symmetry. They could be related to the interaction of Cooper pairs with the nematic fluctuations in FeSe. [90]

Iron based superconductors: the case of FeSe

[90] Despite of its simple crystallographic structure, FeSe properties are complex. This material 

Electronic properties of FeSe

FeSe, as many iron-based superconductors, experiences an electronic nematic order [START_REF] Kivelson | Electronic liquid-crystal phases of a doped mott insulator[END_REF][START_REF] Böhmer | Nematicity, magnetism and superconductivity in FeSe[END_REF]. The origin of the nematicity at low temperature [START_REF] Zhao | Spinwaves and magnetic exchange interactions in CaFe 2 As 2[END_REF][START_REF] Chu | In-plane resistivity anisotropy in an underdoped iron arsenide superconductor[END_REF][START_REF] Chuang | Nematic electronic structure in the "parent" state of the ironbased superconductor Ca(Fe 1-x Co x ) 2 As 2[END_REF][START_REF] Yi | Symmetry-breaking orbital anisotropy observed for detwinned Ba(Fe 1-x Co x ) 2 As 2 above the spin density wave transition[END_REF][START_REF] Rosenthal | Visualization of electron nematicity and unidirectional antiferroic fluctuations at high temperatures in NaFeAs[END_REF] is still allusive. On the one hand, it could be solely related to the structural transition described before and it provides a breaking of the rotational symmetry, but the structural transition itself could be side effect of this nematicity. On the other hand, many additional experimental and theoretical works suggest that the nematicity could be due to other electronic instabilities such as magnetic fluctuations or orbital order [START_REF] Wand | Nematicity and quantum paramagnetism in FeSe[END_REF][START_REF] Fernandes | What drives nematic order in iron-based superconductors?[END_REF][START_REF] Sprau | Discovery of orbital-selective cooper pairing in FeSe[END_REF][START_REF] Baek | Orbital-driven nematicity in FeSe[END_REF][START_REF] Nakayama | Reconstruction of band structure induced by electronic nematicity in an FeSe superconductor[END_REF][START_REF] Böhmer | Origin of the tetragonal-to-orthorhombic phase transition in FeSe: A combined thermodynamic and NMR study of nematicity[END_REF][START_REF] Wang | Strong interplay between stripe spin fluctuations, nematicity and superconductivity in FeSe[END_REF][START_REF] Ma | Prominent role of spin-orbit coupling in FeSe revealed by inelastic neutron scattering[END_REF]. This nematic order in F eSe samples seems to be intimately linked to the structural transition -which takes place at T S ≈ 80 K -in such a way that the electronic structure of detwinned crystal determined by angle resolved photoemission spectroscopy (ARPES) presents a C 2 symmetry [START_REF] Watson | Electronic anisotropies revealed by detwinned angle-resolved photo-emission spectroscopy measurements of FeSe[END_REF]. Spin and orbital momenta are entangled by spin-orbit interactions and thus structural, orbital order and spin fluctuations could be mutually involved in the emergence of the nematicity. In a recent article based on scanning tunneling spectroscopy (at T=300 mK) and density functional calculations, Sprau and colleagues [START_REF] Sprau | Discovery of orbital-selective cooper pairing in FeSe[END_REF] show that the superconducting gap is highly anisotropic and they claim that it is nodeless. They used Bogoliubov quasiparticle interferences images in order to determine the Fermi surface geometry, their study was focused on in the center of the Brillouin zone. The authors came to the conclusion that only the electrons of the This material has no magnetic static order at low temperatures, but it is very close to be magnetic [START_REF] Bendele | Coexistence of superconductivity and magnetism in FeSe 1-x under pressure[END_REF][START_REF] Sun | Dome-shaped magnetic order competing with high-temperature superconductivity at high pressures in FeSe[END_REF][START_REF] Kothapalli | Strong cooperative coupling of pressure-induced magnetic order and nematicity in FeSe[END_REF] and bosonic modes associated with spin excitations were evidenced by means of inelastic neutron scattering [START_REF] Wang | Strong interplay between stripe spin fluctuations, nematicity and superconductivity in FeSe[END_REF][START_REF] Ma | Prominent role of spin-orbit coupling in FeSe revealed by inelastic neutron scattering[END_REF]. It is generally thought that superconductivity is not driven by conventional electron-phonon interactions because the superconducting order parameter, although not yet fully determined, is not of standard isotropic s-symmetry.

Also, the way superconductivity interacts with the nematic order is not clear [START_REF] Baek | Orbital-driven nematicity in FeSe[END_REF][START_REF] Wang | Strong interplay between stripe spin fluctuations, nematicity and superconductivity in FeSe[END_REF]. A large amount of defects were commonly found as shown in figure 3.6: according to reference [START_REF] Huang | Dumbbell defects in FeSe films: A Scanning Tunneling Microscopy and first-principles investigation[END_REF] the ones with two sharp spots can be ascribed to Fe vacancies while others manifest themselves as week corrugation of the surface and are of unknown origin. The Fe vacancies topographical signature is oriented with respect to the orthorhombic compression (along a-axis

or b-axis).

The high quantity of these defects oriented in 2 different directions implies that our sample was composed of a patchwork of small orientational domains separated by twin

boundaries. Yet one of the two orientations is clearly dominant in figure 3.6.a).

The average gap amplitude as estimated in figure 3.6 is around 2.2 meV, this is a rather low amplitude with respect to other works made with crystals with lower defects density [START_REF] Qing-Yan | Interface-induced high-temperature superconductivity in single unit-cell fese films on SrTiO 3[END_REF][START_REF] Sprau | Discovery of orbital-selective cooper pairing in FeSe[END_REF].

This spectrum exhibits a peculiar V-shape and the QP peaks are almost washed out. The origin of an unusually strong gap filling and the typical V-shaped spectral background could rely either in the specificity of superconducting mechanism (i.e. anisotropic order parameter or multiband superconductivity with nonequivalent gaps) or in any process that perturbs the pair condensate and breaks the Cooper pairs. In the following, we use the interaction of the Cooper pairs with defects for exploring the nature of the in-gap quasiparticle excitations.

Most of the defects, including point defects, seem not to interact strongly with superconductivity and preserve the superconducting gap in their vicinity. However, conductance maps at zero-bias (ZB) reveal peculiar large defects showing a sharp resonance at the Fermi level which overcomes the superconducting gap, as seen in figure 3.9a-f). The analysis of the amplitude of the zero bias conductance as a function of the distance shows that the superconducting properties are recovered at typical distances of 5.5 Angström from these very localized strong defects.

Thus, these defects behave as Yu-Shiba-Rusinov impurities -i.e. they break locally the Cooper pairs -and their spatial influence is quite isotropic over the distance of the coherence length of the Cooper pairs [START_REF] Menard | Coherent long-range magnetic bound states in a superconductor[END_REF] (of the order of a nm in FeSe [001]). The density of these defects is still too low to produce a percolating effect. However, an additional smoother interacting potential makes the zero-bias spectral intensity spatially inhomogeneous as seen in figure 3.9g). The nature of this smooth underlying perturbation is unknown but is provokes an additional moderate gap-filling without breaking superconductivity. This supplementary spectral intensity in the superconducting gap opens the opportunity to probe efficiently the symmetry of the scattering channels of the Bogoliubov quasiparticles in FeSe.

Quasiparticle interference patterns and symmetry of the scattering channels

The Fourier transform of the conductance images for energies below and above the superconducting gap are presented in figure 3.10. These QPI patterns allow us to determine the relevant wavevectors of the interference patterns of coherent quasiparticles or Bogoliubov quasiparticles. A symmetrization procedure was performed to our data in order to enhance the coherent signal and to reduce the random noise. This procedure is described in the appendix. g.
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These spectral features are well understood for normal quasiparticle scattering with small k values in addition to Umklapp processes related to the 2 Fe atoms unit cell periodicity. In that case, we obtain a spectral image in agreement with the apparent C 4 symmetry in STM topography images. It seems that the interband scattering of the normal quasiparticles between the center of the BZ and the pockets around M points is not visible in our data. It could be that symmetry considerations forbid the related channels or that the spectral intensity is negligible with respect to the one of the umklapp processes.

The analysis of the scattering channels inside the superconducting gap gives specific characteristic wavevectors which contrast from the ones of the normal quasiparticles. The high density of defects provokes, on purpose, the enhancement of the scattering phenomena and reinforces the weak spectral signatures and in particular the following ones. First, it seems that the spectral signatures around Γ n,m points become fuzzier and more extended as if additional interactions emerged. More importantly, figure 3 evidences new scattering channels at the vicinity of (nπ, mπ) points. Only two characteristic wavevectors are found in the first Brillouin zone (1BZ) at q 1 st Bz 1 ≈ 5 6 (-π, +π) and q 1 st Bz 2 ≈ 5 6 (+π, -π). Let us stress that a C 4 symmetry would imply the same signatures at conjugated wavevectors g ± ≈ ± 5 6 (π, π). This is not the case and the scattering of the Bogoliubov quasiparticles in the reciprocal space has a C 2 symmetry. In the second Brillouin zones, 4 more channels are visible at the following wavevectors:

q 2 nd Bz 1 ≈ (π, π)+ 1 6 (-π, π), q 2 nd Bz 2 ≈ (π, π)+ 1 6 (π, -π), q 2 nd Bz 3 ≈ (-π, -π)+ 1 6 (-π, π), and q 2 nd Bz 4 ≈ (-π, -π) + 1 6 (π, -π).
Only two of the channels in the 3 rd BZs are visible (the other ones are too far in the reciprocal space to be recorded) at wavevectors: q 3 rd Bz 1 ≈ 7 6 (-π, π) and q 3 rdBz 2 ≈ 7 6 (π, -π). All these signatures are in agreement with C 2 symmetry.

The experimental data tends to show that the spectral density of the new scattering channels depends on the considered index of the BZ. For example, the signal is quite asymmetric with respect to M +,+ = (+π, +π) along the Γ 10 Γ 01 direction, whereas the two spectral signatures are both located in second order Brillouin zones. A composition of two excitations with

q 1 st Bz 1,2
with or without Umklapp processes could also be at the origin of the broadening of the spectral features at Γ points. The new spectral signatures subsist in a narrow energy range (|E| < 0.9 meV) inside the superconducting gap whereas they do not exist outside the gap.

The crossover from C 2 to C 4 symmetry when exploring energies in and out of the gap strongly suggests that the C 2 symmetry is inherent to the superconducting physics and is not related to 3.4 the geometry of the STM experiment where the probe is necessary outside of the crystal of S 4 symmetry. So, it reveals a hidden C 2 character of nesting vectors which are relevant of the Cooper pairs (i.e. for the Bogoliubov quasiparticles) and not for the "normal" quasiparticles.

Origin of the quasiparticles scattering channels inside the superconducting gap

These channels could be related to nesting vectors from the hole bands at the center of the Brillouin zone towards the electron pockets around M. The spectral weight of these channels being anisotropic around M points indicate either an anisotropic superconducting gap or an anisotropic susceptibility for the pair breaking as expected for an interaction with nematic order excitations. Our STS data -figure 3.9.i-l). -did not show any observable energy dispersion of the discovered scattering channels. This observation could point towards a different origin than nodes in the order parameter. These channels are not related to a simple spin fluctuations process because they exist at an energy scale well below the energy of the magnetic modes discovered by neutron scattering [START_REF] Wang | Strong interplay between stripe spin fluctuations, nematicity and superconductivity in FeSe[END_REF] (above 2.5 meV) and their spectral signatures are located slightly off the antiferromagnetic nesting wavevectors. We attribute the C 2 symmetry and the lack of dispersion of these scattering channels to the interaction of the Bogoliubov quasiparticle with the nematic order. All these experimental features are consistent with a scenario where the nematic order competes with the superconductivity. The discovery of only one orientation for the C 2 symmetry in the spectroscopic data even if the sample exhibits both orthorhombic orientational domains is somehow surprising and would support the fact that structure and nematicity are not necessary locked together. However, the ratio between the two orthorhombic orientational domains is not determined and one structural domain could be strongly dominant.

In that case the nematic character of this dominant domain could dictate the symmetry of the FFT analysis, the spectral intensity for small domains in the real space being spread out in the reciprocal space.

Pb deposition on FeSe

Some attempts were made for characterizing the order parameter of FeSe. The idea was to measure locally by STM and STS how superconductivity connects between FeSe and Pb, Pb being known as a s-isotropic superconductor. The resulting experiment is presented in figure 3.11. Pb grows in small nanocrystals which are, if taken alone, out of the Anderson criterion for developing superconductivity, i.e. they are too small [START_REF] Anderson | Theory of dirty superconductors[END_REF][START_REF] Vlaic | Superconducting parity effect across the anderson limit[END_REF]. Some nanocrystals are prone to move under the tip, an evidence of the bad adhesion of the nanocrystals and a hint that the electrical junction between the Pb grains and the FeSe substrate is bad.

Pb nanocrystals do not behave all the same. Some of them show well developped gaps with no quasiparticle peaks, see figure 3.12. The gap width is compatible with the one of FeSe (not the one of Pb) indicating that as expected for such small grains the inverse proximity effect forces Pb to adopt the superconducting characteristics of FeSe. Yet, the absence of quasiparticle peaks implies that some interactions washes out the low energy quasiparticle excitations. These spectra evidence a very good electronic coupling between the substrate and the nanocrystals of this kind. Other ones show pseudogaps with a behavior more compatible with power laws of density of states than a superconducting gaps. In that case we attribute the shallow decrease of spectral intensity at the Fermi energy to dynamical Coulomb blockade which tends to limit the conductivity. It means that this kind of nanocrystals show a bad electronic coupling to the surface. As a consequence the inverse proximity effect is weak (or null) and the nanograins are not showing a superconducting gap.

In large uncovered parts of the substrate (slightly larger than the coherence length of FeSe), the superconductivity of FeSe is shown be strongly modified. In these regions, as seen in spectrum 7 of figure 3.12. The tunneling spectra exhibit very large quasiparticle peaks and a strong gap filling. The peak to peak gap amplitude (2.2 meV) is similar to the one that was measured in the pristine samples, figure 3.6. We attribute the increase of the width of the quasiparticle to the increase of the Coulomb interactions which would push the quasiparticle excitations towards higher energies. This assumption is reinforced by the fact that small uncovered parts the quasiparticle peaks are washed out. The gap filling could be related to the inverse proximity effect from the Pb surrounding nanoislands as well as any more enigmatic phenomena such as order parameter symmetry matching at interfaces and/or strong spin-orbit coupling in Pb.

The inhomogeneity of the behavior of the Pb nanocristal is well illustrated by figure 3.11.

The evolution of the tunneling conductance with energy mixes the effects of density of quasiparticles states variations and dynamical conductance spatial variations. By comparing spectra of figure 3.12, one can distinguish the superconducting regions form the badly conducting regions thanks to the higher spectral intensity at the quasiparticle peaks energy (at around + and -1 mV). 

Appendix

Each wavevector involved in the quasiparticle scattering processes as a weak contribution with respect to the total tunneling current. This phenomenon makes the study very sensitive to the remaining electric and incoherent noise. In order to attenuate the noise we have chosen to use a symmetry procedure for improving the data. The result of this procedure is presented in figure 3.13. Chapter 4

Lead on Silicon

A very rich collection of ground states was already discovered in single atomic metal layers at the surface of semiconductors, such as Mott transition [START_REF] Modesti | Insulating ground state ofSn/si(111)-(3×3)r30°[END_REF][START_REF] Hansmann | Long-range coulomb interactions in surface systems: A first-principles description within self-consistently CombinedGWand dynamical mean-field theory[END_REF], Charge and Spin Density Waves (CDW/SDW) [START_REF] Carpinelli | Surface charge ordering transition:phase of sn/ge(111)[END_REF], ordered magnetic phases [START_REF] Li | Magnetic order in a frustrated two-dimensional atom lattice at a semiconductor surface[END_REF][START_REF] Lee | Ferrimagnetic slater insulator phase of theSn/ge(111)surface[END_REF], 1D-physics [START_REF] Blumenstein | Atomically controlled quantum chains hosting a tomonaga-luttinger liquid[END_REF], superconductivity [17,[START_REF] Brun | Remarkable effects of disorder on superconductivity of single atomic layers of lead on silicon[END_REF], and structural fluctuations. These orders, often competing, are only recently accessible with states-of-the-art computations, and there are major discrepancies between experiments and theory for many systems. Remarkably, the phenomenon of superconductivity, evidenced in 2010 in single dense (≈ 1 Pb atom per Si surface atom) layers of Pb/Si [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF], was completely unexpected from the theoretical point of view [17]. Recent experiments on Pb/Si [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF] show that the superconductivity develops at the very interface of Pb and Si and is not directly related to the superconducting nature of Pb bulk material [START_REF] Brun | Remarkable effects of disorder on superconductivity of single atomic layers of lead on silicon[END_REF].

For lower coverage (below 0.5), the Pb/Si(111) systems show various structural and electronic orders related to a charge (or spin) charge density wave, Mott insulating state and/or surface magnetism. The physical origins of these structural and electronic transitions occurring at low temperature in Pb/Si(111) (as it is in Sn/Si [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF]) are the object of controversy. In particular, there is an uncertainty on the relative importance of electron-electron correlations versus electron-phonon interactions in these systems. Other quantum ground states are neighbouring the superconducting phase.

Strongly correlated single layers of metal atoms on semiconductors combined with strong spin-orbit interactions are also good candidates for Topological Mott Insulators [START_REF] Pesin | Mott physics and band topology in materials with strong spin-orbit interaction[END_REF]. Topological Mott Insulators is a new class of materials which has never been evidenced experimentally.

Bulk topological Mott Insulators are Mott insulators exhibiting robust surface states which can be polarized as in the case of standard topological insulators (e.g. Bi 2 Se 3 ). The analogy for 2D materials is a 2D insulator showing protected metallic edges states as it is the case for quantum 61 is chosen for adjusting their resistivity which fits with a preparation by means of direct current heating with I < 6 A.

2. The sample is mounted in a home made direct current sample holder, see figure 4.1.

3. The sample holder is loaded in the load lock chamber. The sample is introduced in the preparation chamber when the pressure is of the order of 5 × 10 -8 mbar. 111) surface obtained at 56.5 eV. The nomenclature of this reconstruction come from the fact that now the base cell of the system counts 7 times the size of the basic cell on Si [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF] in each direction.

[136] where we can note a monoatomic step and details of the 7 × 7 reconstruction at an atomic resolution. In these figures, one can note that our flat substrate present defects and changing the sign of the bias voltage, we can probe the empty (positive bias) and occupied (negative bias) states. These images show the asymmetry of the unit cell, Hamers et al in [START_REF] Hamers | Surface electronic structure of si (111)-(7×7) resolved in real space[END_REF] explain in their work that in the negative bias we can probe the rest atoms and at positive ones, the major contribution of the tunnel current came from the adatoms.

In this kind of reconstruction, different levels could be measured, each level are separated one from each other by a monoatomical step (≈ 3.12 Å). Each terrace expends over a few hundreds of nanometers. The zigzag shape of the successive step edges visible in the figure 4.5 is understood as the minimization of the energy line at the boundary of two adjacent 7 × 7 domains of different phases which squeezes the terraces.

From low to high density phases of Pb on silicon

Pb and Si( 111) is a very interesting couple of elements because they are exhibiting a large collection of structural orderings at the monolayer regime and they are studied since 1980's, because Pb and Si have negligible mutual bulk solubility [START_REF] Lay | Surface spectroscopy studies of pb monolayers on si(111)[END_REF]. The phase diagram of Pb/Si [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF] is complicated, because it depends on different parameters as coverage, temperature and postannealing processes.

The lead overlayer being capable to accept extremely large variation of stress, the atomic density of Pb can vary of more than a factor of 4 from the dilute to the ultra-compact dense phase locally showing structural buckling, we can easily pass from a α -√ 3 × √ 3 R30 º Pb/Si(111) phase, with a coverage ratio (θ) of 1 3 ML to a β -

√ 3 × √ 3 R30 º Pb/Si(111) phase
with a coverage rate of 4 3 ML. In their pure bulk form, these elements have a mismatch between their lattice constants about 10%. In order to get such a collection of different phase the Pb layers are under stress. In the following the ML will refer to the substrate lattice parameters giving a density of = 7.85 × 10 14 atoms/cm2 .

In the figure 4.6(a) we present the Mosaïc phase which is a quasi-ordered phase with no long-range order [START_REF] Ganz | Growth and morphology of Pb on Si(111)[END_REF][START_REF] Gómez-Rodríguez | Scanning tunneling microscopy study of the Si(111)-( √ 3 × √ 3)-Pb mosaic phase[END_REF][START_REF] Ganz | Submonolayer phases of Pb on Si(111)[END_REF]. The accepted model for this reconstruction structure consists of Pb and Si atoms in equal proportion occupying randomly T 4 sites [START_REF] Northrup | Si(111) √ 3 × √ 3-Al: An adatom-induced reconstruction[END_REF][START_REF] Nicholls | Surface states on Si(111) √ 3 × √ 3ŕ-In: Experiment and theory[END_REF].

By increasing of the Pb coverage until θ = 1 3 ML, all the T 4 sites are occupied by Pb atoms. This phase corresponds to the α -√ 3 × √ 3 R30 º Pb/Si [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF] which is visible in figure 4.6(b).

The α-√ 3× √ 3 R30 º reconstruction was discovered firstly in systems of Pb or Sn on Ge [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF] by Carpinelli and collaborators [START_REF] Carpinelli | Direct observation of a surface charge density wave[END_REF][START_REF] Carpinelli | Surface charge ordering transition:phase of sn/ge(111)[END_REF] and then by Brihuega and colleagues [START_REF] Brihuega | Intrinsic character of the(3×3)to(3×3)phase transition inPb/si(111)[END_REF][START_REF] Brihuega | Defects in the(3×3)↔(3×3)phase transition in thePbsi(111)system[END_REF] in Pb/Si(111) 2 . These α-Pb phase shows a ( √ 3 × √ 3) symmetry at high temperature and evolves to a apparent 3×3 symmetry at low temperature. The reversible transition between these phases takes place at T ≈ 85K [START_REF] Brihuega | Intrinsic character of the(3×3)to(3×3)phase transition inPb/si(111)[END_REF].

At higher density, up to 1.2 ML, the √ 3 × √ 3 subsists in LEED patterns at room temperature, however, below 270K, the structure corresponding to the √ 7× √ 3 Pb/Si(111) emerges [START_REF] Stepanovsky | The dense -√ 3 × √ 3 Pb/Si(111) phase: A comprehensive STM and SPA-LEED study of ordering, phase transitions and interactions[END_REF].

Scanning x-ray diffraction (SXRD) experiments show that the Pb monolayer is a rather flat in that case, closed-packed lead layer with six Pb atoms by unit cell [START_REF] Kumpf | Structural study of the commensurate-incommensurate low-temperature phase transition of pb on si(111)[END_REF], thus its coverage ratio [147] and [START_REF] Brand | Spin-resolved band structure of a densely packed pb monolayer on si(111)[END_REF] andc) adapted from [START_REF] Choi | Electronic structure of dense pb overlayers on si(111) investigated using angle-resolved photoemission[END_REF], the large (small) open circles correspond to the first (second) layer of Si atoms and the filled circles to Pb atoms sitting in different sites of Si matrix. In d) from [START_REF] Brand | Spin-resolved band structure of a densely packed pb monolayer on si(111)[END_REF], is presented a schematically a reconstruction very close to the SIC phase in which the √ 3 × √ 3 domains can be in a H 3 site or in a T 4 site, in order to link these two structures, a domain wall, composed by a quasi-√ 7 × √ 3, is needed. The Pb atoms are represented by yellow, green and pink circles and the Si atoms for blue and grey circles. -Source :3 The table 4.1 summarize the phase reconstructions discussed here from a sub-monolayer to a dense monolayer structure systems [START_REF] Grey | THE RELATION-SHIP BETWEEN THE METASTABLE AND STABLE PHASES OF pb/si (111)[END_REF][START_REF] Ganz | Growth and morphology of Pb on Si(111)[END_REF][START_REF] Karlsson | Photoemission study of the Si(111)-√ 3× √ 3 -Pb mosaic phase: Observation of a large charge transfer[END_REF][START_REF] Gómez-Rodríguez | Scanning tunneling microscopy study of the Si(111)-( √ 3 × √ 3)-Pb mosaic phase[END_REF][START_REF] Kumpf | Structural study of the commensurate-incommensurate low-temperature phase transition of pb on si(111)[END_REF][START_REF] Hupalo | Atomic models, domain-wall arrangement, and electronic structure of the dense Pb/Si(111)-3 × 3 phase[END_REF][START_REF] Ressel | Quantized valence states of the Pb/Si(111) mosaic phase[END_REF][START_REF] Chan | Firstprinciples studies of structures and stabilities of Pb/Si(111)[END_REF][START_REF] Yakes | Self-organization at finite temperatures of the devil's staircase in Pb/Si(111)[END_REF][START_REF] Yeh | Low temperature formation of numerous phases in Pb/Si(111)[END_REF][START_REF] Stepanovsky | The dense -√ 3 × √ 3 Pb/Si(111) phase: A comprehensive STM and SPA-LEED study of ordering, phase transitions and interactions[END_REF].

4.1 Name Mosaïc α - √ 3 × √ 3 R30 º √ 7 × √ 3 HIC A HIC B HIC C SIC β - √ 3 × √ 3 R30 º ML 1/
Other ordered linear phases can also be obtained by Pb evaporation on Si [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF] in a range of 1.2 < θ < 1.3 ML, as shown by Hupalo et al in [START_REF] Hupalo | devil's staircase" inPb/si(111)ordered phases[END_REF], where with a small increment of matter is able to modify the reconstructed lead structure on the silicon surface showing some different phases (≈ 12), this phases are pointed out using a STM at low temperature. These different monolayer per minute. Two methodologies were successfully followed for obtaining the target single atomic Pb phase:

• the exact amount of matter is deposited followed by a low temperature post-annealing. Where the first procedure is very subtle and necessitates a very precise deposition rate, the second one takes into advantage the relative stability with temperature of one of the Pb phase described latter (SIC) and allows for exchanges and structural mechanisms which are forbidden or less probable at lower temperatures.

Electronic properties of Pb/Si(111) phases: state of the art

The preparation of homogeneous and clean samples being very difficult to achieve, only a few ARPES measurements were performed for atomic layers of Pb/Si [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF] with well-defined Pb structures at the surface. Most of the structural reconstructions produce rotational domains at the surface of silicon which makes the analysis of ARPES data even more difficult. Choi and collaborators [START_REF] Choi | Electronic structure of dense pb overlayers on si(111) investigated using angle-resolved photoemission[END_REF] were the first to measure the Fermi surface and the band structure of The patterns observe in their experiments would be then due to the Umklapp of the bands with a 14× periodicity.

Later, Kim et al. [START_REF] Kim | Nearly massless electrons in the silicon interface with a metal film[END_REF], obtained more precise results for √ 7 × √ 3 Pb/Si [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF]. From their measurement, they assumed that the surface is almost degenerate as the top of the Si valance bands are barely touching the Fermi level. Their silicon substrate being n-doped they show that the Pb overlayer produces an inversion layer of p-doped nature at the surface. The inversion layer is supposed to produce a set of quantum well silicon valance states in the triangular well formed by the subsurface band bending. The strong spectral weight at K 1×1 and at around -0.7

eV is, according to them, the result of covalent-bonding of Pb-p z with Si-p z states. A parabolic band of supposed pure Pb p xy nature emerges from this spectral feature and crosses the Fermi level. This latter band is responsible for the metallicity of the Pb layer [START_REF] Cudazzo | Low temperature phases of pb/si(111) and related surfaces[END_REF]. [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF] phase in e), f), g) and h). a) and e) present a Fermi contour at the Fermi level in k || space taken at a phton energy of 90eV. b) and f) show schemes derived from the intensity maps seen in a) and e). c) and g) present the binding energy as function of the momentum along ΓM -direction, d) in KM K direction and h) KΓK direction. Adapted from [START_REF] Choi | Electronic structure of dense pb overlayers on si(111) investigated using angle-resolved photoemission[END_REF], the Fermi surface and the band structure of √ 7 × √ 3-Pb/Si(111) and of a linear phase of the Devil's Staircase which has a coverage ratio very close to the SIC phase : 14 × √ 3 Pb/Si [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF], see figure 4.10. These two systems show a free-electron like behavior, both Fermi surface exhibits a very complex set of bands, for the √ 7 × √ 3 structure, its Fermi surface follows the symmetry and periodicity of the bare 1 × 1 Si(111) surface and for 14 × √ 3 Pb/Si [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF], it presents a √ 3 × √ 3 periodicity of the electronic states. -Source :4

[159]

Figure 4.11: Pb/Si(111): √ 7 × √ 3 phase -ARPES data adapted from [START_REF] Kim | Nearly massless electrons in the silicon interface with a metal film[END_REF]. Show that the top of the Si valance bands are barely touching the Fermi level, their silicon sample is n-doped and the fact that the system has a Pb overlayer, it produces an inversion layer of p-doped nature at the surface. A strong spectral weight at K 1×1 and at around -0.7 eV is, according to the authors, the result of covalent-bonding of Pb-p z with Si-p z states. A parabolic band of Pb (p x y nature) crosses the Fermi level. In a) A structural scheme of the surface, showing the Pb atoms in red and Si ones in blue, b) presents the binding energy as function of the momentum along KΓK-direction and in c) the binding energy as function of the momentum along KM K-direction is presented. -Source :5

In their work, Kim and collaborators [START_REF] Kim | Nearly massless electrons in the silicon interface with a metal film[END_REF] could reveal the nature of the states at the Fermi level close to M 1×1 shown in figure 4.11. They proposed that most of them are standard Pb-p states with parabolic dispersion and follow the periodicity and symmetry of the 3 orientationnal domains of the √ 7× √ 3 reconstruction. They also claimed that one of these states is of peculiar nature and emerges from the interband interaction of an unoccupied Pb state with the light hole band of silicon. This latter state has been measure to be nearly massless.

Pb is a very heavy element and heavy elements at the surface of Si [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF] often exhibit strong Rashba spin-orbit coupling which induces a spin-polarization of the surface states [START_REF] Frantzeskakis | Band structure scenario for the giant spinorbit splitting observed at the bi/si(111) interface[END_REF]. For Pb-SIC on silicon, the seek of this spin polarization brought Brand and collaborators to perform a spin-resolved photoemission study [START_REF] Brand | Spin-resolved band structure of a densely packed pb monolayer on si(111)[END_REF]. There work is presented in the figure 4.12. The authors claim that the data -despite their bad quality -support their DFT calculations which anticipate a small Rashba spin splitting of the bands.

4.3

Our studies of the Pb/si(111) phases

4.3.1 Pb/Si(111) - √ 7 × √ 3: ARPES results
We have studied the √ 7 × √ 3 Pb/Si [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF] system by means of ARPES measurements. This sample was prepared in a chamber equipped with a cryogenic manipulator under UHV, the silicon was prepared as described before and in this freshly Si(111)-7 × 7 surface, 3.4ML of Pb are evaporated on it and the system is post-annealed firstly at 350 o C during 3 minutes and then to 460 o C for 2 minutes more and thus cooled down using the cryogenic manipulator. The sample was checked by LEED at low temperature and its diffraction pattern is presented in 

Our ARPES results (see figure 4.13c)) is very similar to the one of the group of Yeom [START_REF] Kim | Nearly massless electrons in the silicon interface with a metal film[END_REF],

in particular the linear dispersion of the states crossing the Fermi level. The domains size is typically 15 -25 Å in agreement with previous studies [START_REF] Seehofer | Structural study of the close-packed two-dimensional phases of pb on ge(111) and si(111)[END_REF]. Interestingly half the domains meet at corners designing a chiral triangular vortex. This first kind of domains make a percolating path through the sample whereas the other domains are always isolated from [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF]. M is at k = (0, 0). The band crossing at M shows a linear dispersion. Once a zoom is performed on the atomic structure, figure 4.18, a shift appears between the atomic rows of Pb atoms in two neighboring domains. This is further confirmed by our AFM analysis of the structural ordering presented in figure 4. [START_REF] Yamada | Magnetoresistance measurements of a superconducting surface state of in-induced and pb-induced structures on si(111)[END_REF]. The AFM study evidence the lateral atomic shift of the surface atoms from one domain to the neighboring one. This is a proof that the SIC structure consists in an alternation of domains where Pb atoms occupy H 3 sites and T 4 sites separated by stacking fault lines as it was already proposed in reference [START_REF] Brand | Spin-resolved band structure of a densely packed pb monolayer on si(111)[END_REF] and presented figure 4.6. Interestingly, the STM topography image shows a quite important contrast at the corner of the reconstruction and at the domains boundaries whereas the AFM image which is insensitive to the electronic effects, evidence a complete absence of buckling of the atomic surface at the same location with a maximum z variation of 14 pm. Thus, the artificial corrugation seen in all STM topography images 4.17 is of pure electronic origin and not the result of periodic vertical displacements of atoms. Although the atomic adsorption sites of Pb alternate H 3 , stacking fault and T 4 sites, the surface is relatively flat. This observation could have two consequences:

4.3

• The Pb overlayer could be close to freestanding and strongly two-dimensional • The Rashba interactions could be weaken since it is usually stronger in corrugated surfaces Electronic properties of SIC Pb/Si [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF] The tunneling current is dominated by the silicon bulk states as seen in the spatially average spectrum shown in figure 4.15 where increases of the conductance occur at around -300 mV and 800 mV. These values agree well with tunneling current involving states of bulk silicon for which the indirect band gap amplitude is of the order 1.1 eV. According to this spectrum the Fermi level of the surface layer stands in bulk gap of silicon indicating that the electronic states which are at the origin of the superconductivity are mainly surface and Pb related. ,c),d), i), j), k) and l) present the conductance maps at -500, -100, 660, 780, 960, 1000, 1120, 1240 and 1360 meV respectively, these conductance maps show the electronic properties of the studied surface (40×40 nm 2 ) presenting two different kind of domains with particular signatures. e), f), g), h), m), n), o) and p) present the QPI patterns from their respectively conductance images at -500, -100, 660, 780, 960, 1000, 1120, 1240 and 1360 meV, these patterns present the evolution of the scattering channels which are intimately related to the physical phenomenon taking place at a given energy.The momentum scale for the QPI patterns are given in Å-1 . The hexagons and the Γ points refer to the BZ √ 3 .

4.3

The figure 4.19 shows the evolution of the spatial variation of the tunneling conductance with the bias voltage. According to the theoretical description of the tunneling current one can consider that the dI dV z(x,y) is a quantitative estimation of the spatial variation of the local density of states. At low voltage (-500 mV), the density of states is mainly located at the domain boundaries of the reconstruction and at the step edge orientated in along y direction.

Since this voltage correspond to the energy of the silicon valance states, one can consider that the coupling of the surface state with the silicon ones is favoured in these regions and weaker in the core of the SIC domains and at the other step edges. A careful eye can also distinguish some shallow modulations of the density of states randomly distributed. We have attributed this weak effect to the dopants distribution. As the probed energy increases and one come closer to the Fermi energy, the step edges of all directions host most of the density of states. The core of the SIC domains exhibit a very weak density of states if we compare it to the domain boundaries. This phenomenon questions the importance of the domain boundary for the development of the superconductivity. The conductance images are very similar until the voltage reaches values of the order of 1000 mV, corresponding to energies very close to the bottom of the conduction bands of silicon. In that case, the core of the density of states seems to fill the whole domains (1) and to be very localized at the center of domains (2) in a specific chain of atoms. As the energy increases the maxima of density of states quit the domain boundaries for the core of the domains. Finally, at 1300 mV, the LDOS relocalizes at the domain boundaries and most of the step are weakly populated by states. The conductance patterns evidence a complex interaction of the surface electronic states with surface features.

A deeper insight can be obtained by studying the quasiparticle interference patterns extracted from the Fourier transformed conductance images presented in figure 4. [START_REF] Brun | Remarkable effects of disorder on superconductivity of single atomic layers of lead on silicon[END_REF].

For all voltages, we note the presence of a six-branches star in the center of the BZ, related to the symmetry of the silcon surface. Since the proximity of the structure and electronic properties of the SIC phase with the √ 3 × √ 3 R30 º Pb/Si(111) reconstruction we have chosen to consider the Brillouin zone of the latter as a reference (labelled in the following √ 3BZ).

This assumption is well supported by the experiment since the reciprocal analysis of the surface crystallography (e.g. ) are located at the K points of the 1 × 1 silicon Brillouin zone (i.e. K 1×1 ).

From 1000 to 1120 mV a collection of periodically separated nodes (δq ≈ 1.4nm -1 ) ap- This periodicity is doubled for higher energies than 1240 mV where a spot is visible at a * √ 3 8 ≈ 0.13Å -1 meaning that either the electronic properties remain localized in the domains but they differ from domain (1) and (2) or, on the contrary, that the electronic states delocalize in the Pb layer over the two domains.

Between 100 and 1200 mV, the overall Fourier transformed images seem rotated by [START_REF] Valatin | Comments on the theory of superconductivity[END_REF] °which may indicate a complete change of the nature of the hybridized silicon-Pb states in that energy window.

Our collaborators are currently investigating by theory the potential impact of these findings on the superconducting properties.

4.4 Superconducting properties of Pb/Si(111)

State-of-the-art

The first observation of superconductivity in √ 7 × √ 3 and SIC systems was described by Zhang et al in 2010 [17] in a lead and indium atomic layers grown on Si [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF]. In this paper, the authors studied three different systems: [START_REF] Yamada | Magnetoresistance measurements of a superconducting surface state of in-induced and pb-induced structures on si(111)[END_REF] show systematically a critical temperature lower than the temperature obtained by means of STS measurements.

√ 7 × √ 3 
[17] In/Si, adapted from [17]. Showing the variation of the SC gap value as function of the temperature, red circles present the measured data and the blue line is a fit based on the BCS theory described before. -Source :7 Among all the structural phases of monolayer Pb/Si [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF], only the √ 7× √ 3 and SIC phases were shown to be superconducting so far. The work of Tong et al [START_REF] Tong | Structure and electrical conductance of pbcovered si(111) surfaces[END_REF] have shown an increase of the conductance during the addition of Pb onto the HIC phase at RT, which indicates an increasing of the carrier concentration in the metallic surface states of HIC with respect to SIC phases. Moreover, the difference of lead density in HIC phases with respect to √ 7 × √ 3 and SIC phase (table 4.1) being very low, one can infer that it could also be superconducting.

At 1.3 K, the BCS theory predicts an expected superconducting gap value of ∆(1.3K) = 0.18 mV in the limit of the thermal resolution of the microscope, to avoid any problems with this resolution, one performed measurements with a superconducting tip as explained in Chapter 2.

Increasing the sample temperature, we expect a gap amplitude sharply decreasing and vanishing for the surface and a quite constant gap amplitude for the tip covered with a thick layer of Pb. The bulk Pb critical temperature is 7.2 K, up to 2.5 K the gap amplitude variation is less than 7% according to equation (2.23). ditions. The spectral weight at zero bias is seen to increase with the temperature. The gap filling can be estimated by integrating the spectral intensity on a voltage window of (±1.2mV ).

The result of this operation is shown in figure 4.22b, where a strong kink at T C ≈ 1.8 K is directly related to the superconducting transition of the surface, indicating a critical temperature completely compatible with published results [17].

Our transport experiments

In this subsection, transport measurements with a 4-probes home made tip are presented.

These studies were performed in collaboration with Denis Baranov, who built the 4-probes tip and was in charge of the measurements of my samples.

This home made tip is presented in the figure 4.23, one can note the 4 contacts wires, made of gold wires, and 2 of then are curt circuited and counting thus as only 3 contacts, the fourth ones, is the charge evacuation on the sample as is schematically shown in figure 4.23.

, where is presented that a pair of these contacts are used to apply a current and the other pair to measure a difference of bias potential generated by the application of this current.

The purpose of this probe is to measure the resistivity of a given material, bulk or thin film specimen, these 4-contact probe has a typical spacing of 100 µm, by construction each gold tip acts as a spring when it lands onto the surface in order to preserve the measured surface, minimizing the sample damage during the probing. This fact can be seen in the figure 4.24 done by scanning electron microscope, where in this given region only 4 zones present a linear shapes, parallel one to each others, related probably of one of our transport measurements. In whole sample, this was the only region presenting these feature, reinforcing the argument that our 4-probes tip has a very soft landing onto the surface. Landing areas The transport measurement done in the SIC-Pb/Si [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF] sample is presented in the figure 4.25, we note a plateau until ≈ 2 K and then a decreasing of the resistivity with the decreasing of the temperature, in this measurement the end of this transition was not achieved, due to the experimental minimum temperature of ≈ 1.17 K, extrapolating thus the data tendency and doing a linear regression, one can estimate the temperature of transition of T C ≈ 0.4 K (see figure 4.26), a lower value that it is expected in the literature [17] and comparing to my previous result when the LDOS was integrated. The raison behind this difference, between the STM measurements and the transport, is from their nature, because STM does locally its measures and the 4-tip probe perform an average over a given surface staying more sensible to defects and steps which could terminated with the superconducting phenomenon. This argument is reinforced by the work of different groups as [START_REF] Kim | Enhancement and termination of the superconducting proximity effect due to atomic-scale defects visualized by scanning tunneling microscopy[END_REF][START_REF] Brun | Remarkable effects of disorder on superconductivity of single atomic layers of lead on silicon[END_REF].

Two characteristics curves I(V) at two temperatures (1.18 K and 3.4 K) are presented in the figure 4.27, one can note that when the temperature is decreased the slope of the curve reduces, giving us a smaller resistivity.

Conclusion

A different ground states was discovered in a metallic layers at the surface of semiconductors, Pb growth in a Si [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF] substrate is a rich system wit different crystallographic phases. Its phase diagram is quite complex, few phases present a superconducting state.

In this study, I focused on one of these phases: stripped incommensurate phase (SIC), which is a superconductor at 1.8 K [17]. This system was studied by means of STM/STS and its QPI pattern reveals tow different behaviours between two neighbours domains, called here as domain 1 and 2.

In the surface, the monolayer can coexists with islands, it is shown that if this island is not well connected to the substrate due a defect or a step, the expected proximity effect between these two superconductors does not take place.

At the superconducting energy range, performing local STS in the SIC phase and doing an integration of the LDOS over few energies inside of the superconducting gap and presenting this result as function of the temperature, a kink was seen at around 1.8 K and it could be linked directly to the superconducting transition, however, the 4-probes transport measurements performed in this sample does not show, in the measured temperature range, the end of the superconducting transition, extrapolating our transport data, one can expect a T C ≈ 0.4K, a lower value than was expected [17] and than was measured locally in the SIC. The main reason behind the difference between the transport measurements and the local spectroscopic measurements is that the transport with its four-tip probes does an average over few hundred micrometers, measuring then the averaged region, however the measurements performed by STM does it locally avoiding to take into account the defects of the surface and the atomic steps which could impede the transport current flow during the transport measurements. This argument is reinforced by STM measurements of Kim et al in [START_REF] Kim | Enhancement and termination of the superconducting proximity effect due to atomic-scale defects visualized by scanning tunneling microscopy[END_REF] where the proximity effect is terminated by the steps in their sample.

Chapter 5

Lead and Au mixed phases on Silicon

In this chapter a mixing study is presented, a couple of metals was chosen: Pb and Au.

The aim of this study is point out the effects of the Au in the Pb/Si [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF] reconstruction and in its electronics properties. Pb and Au are known for their bulk miscibility, in their bulk form these metals show huge variations in their physical properties. For example, bulk Pb is a BCS superconductors whereas Au does not show superconductivity, but it keeps very good metallic behaviour as the thickness decreases. This mixing system could be a good candidate to evaluate the interplay of the Rashba spin-orbit interaction and the electron-electron correlations with the superconductivity The mixing phase of Pb and Au was studied by STM/STS, Gundlach

Oscillations and by QPI pattern analysis.

5.1 Au/Si(111): 5 × 2 phase Various attempts were achieved by us for mixing Au and Pb at the surface of silicon such as successive deposition or codeposition at different temperatures. We have obtained the best results when using a preliminary well reconstructed 5 × 2 Au/Si [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF]surface as a base for receiving an additional Pb deposition. The 5 × 2 phase of gold on silicon is a sub-monolayer phase which recovers the whole silicon surface which nominal coverage depending on the group os researchers and the year of the study, the coverage ratio of the Au/Si(111) can variate in value from one study to other. In our study, we follow [164, [START_REF] Mcalinden | New evidence for the influence of step morphology on the formation of au atomic chains on vicinal si(111) surfaces[END_REF][START_REF] Kautz | Titration of submonolayer au growth on si(111)[END_REF] where they present measures where the coverage ratio is in the range of 0.56 -0.67 ML, other studies show a coexistence of this phase with the Si(111)-7 × 7 reconstruction (θ < 0.65 ML) and also with α -√ 3 × √ 3 Au/Si(111) (0.67 < θ < 1 ML) [START_REF] Bauer | The si(111)-(5 × 1) au structure[END_REF][START_REF] Plass | Submonolayer au on si(111) phase diagram[END_REF][START_REF] Yamazaki | Electrical conduction on various au/si(111) surface superstructures[END_REF][START_REF] Stepniak | Ag adatoms on si(111)5x2-au surface[END_REF].

We present here, in figures 5. respect to the deposition coverage (see table 5.1 for details). These samples were prepared as follows:

1. The 7 × 7 Si [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF] phase prepared obtain and checked in the LEED.

2.

Gold is evaporated at a rate of 0.2 ML per minute on the sample kept at room temperature.

3. the sample is post-annealed at 580 °C for a typical duration of 100 s.

In the figure 5.1, we present the large view of the result of the low coverage of gold on silicon (0.39 ML). On can observe that the gold reconstruction nucleation is favoured at the step edge and the growth of the domains occurs on the the upper terraces. The 5 × 2 domains show 3 orientations and are well faceted. Far from the step edges ( 50 nm), some 5 × 2 domains also nucleate. In between the 5×2 domains the bare silicon 7×7 reconstruction remains intact. LEED pattern with a [2 × 1]-plane diffuse and its name was progressively changed with the advancement of STM studies with this reconstruction [START_REF] Baski | Si(111)-5×1-au reconstruction as studied by scanning tunneling microscopy[END_REF][START_REF] O'mahony | The au-induced 5 × 2 reconstruction on si(111)[END_REF] or with x-ray diffraction experiments [START_REF] Feidenhans'1 | Kinetics of ordering and growth at surfaces[END_REF][START_REF] Schamper | Static lattice distortions and the structure of au/si(111)-(5×1): An x-raydiffraction study[END_REF]. Si adatoms occupy randomly a given adsorption site in the chain direction [START_REF] Bennewitz | Atomic scale memory at a silicon surface[END_REF][START_REF] Kirakosian | Silicon adatoms on the si()5×2-au surface[END_REF] and it appears lighter than the rest of atoms in the reconstruction and from the 

Pb-Au mixing

Once a proper, clean and complete 5 × 2 Au/Si [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF] template is prepared, Pb can thus evaporated. The total coverage of Au + Pb is chosen to be of the order of 4 3 ML (comparable to the SIC coverage density). A coverage of 0.65 ML of Au, i.e. a complete monolayer coverage of 5 × 2 Au, as described previously, completed by a post-deposition of ≈ 0.7 ML of Pb was seen to produce the best results. After the Pb deposition a post annealing at 410 °C for 2 minutes In all the cases presented here, the LEED pattern after preparation of Au-Pb mixed phase on Si [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF] shows the same characteristic as the one presented in figure 5.6. appear to be composed of 2 rows of atoms of different nature or with a very different ordering than the SIC. This step termination seems to be very well connected to the Leopard phase (see profiles in figure 5.8). Moreover the height of the Leopard phase is very similar to the one of the double row at step edges. However, the new phase does not seem to have a long-range order and, for Pb on silicon, neither such a phase was observed nor any step termination of this kind.

For all these reasons, we attribute the double row of atoms to Au chains at step edges and we believe that the leopard phase is a Au-rich disordered phase possibly allowed with Pb and Si.

The direct consequence to this observation is that Au and Pb tend to demix at the surface of silicon. In the figure 5.9 is presented in the center of the image a formation of an island with the leopard phase and a double line reinforcing this last argument, one can observe a formation of the double ordered line in contact with a the leopard phase. 

Islands Network

If a higher and longer annealing is performed the metastable Leopard phase is seen to disappear as shown in figure 5.10-a where patches of networks of small islands coexist with the decorated SIC phase. These islands have the same height as the decoration line, ≈ 120 pm, as presented in the profile cut. The patches are separated from the upper SIC terraces by the double row of gold atoms but nor from the lower terraces. A zoom is presented in figure 5.11 where the one can appreciate the hexagonlike shape of the islands and the great regularity of their sizes and shapes. The island seats on a very uniform and compact hexagonal lattice. A statistical study of the islands' area distribution, in figure

(5.11) gives a quite sharp distribution of area centred at around 3.5 nm 2 . We attribute these patches to a self-organization of network of Au nanocrystals sitting of silicon.

Decorated SIC

Conserving the time of post-annealing (2 minutes) and the temperature (410 °C), and evaporation more Pb (% ML) during a longer time (≈ 15 minutes), after post annealed the sample, the Leopard phases and the self-organized network do not subsist more, however a very corru- If we consider that the double row of atoms visible in topography image are made of gold, we believe that the formation of this double row is enough energetically favourable for being the driving force of the pyramid creation. Indeed, the more the pyramid growth, the more the perimeter of the island growth, the longer is the double row of gold atoms.

A Quasiparticle Interference pattern study

In the figure 5.17 As shown previously, dI dV z(x,y) is a quantitative estimation of the spatial variation of the local density of states. In the figure 5.18 is presented a set of conductance maps at different voltages and their QPI patterns.

The conductance map at -450 mV show fluctuations of intensity at a same heigh level, for example in the bottom left corner, we note some rounds structures at low conductance value which are originate from the doping of the substrate, at -100 mV, the only difference in the image is the variation of conductance between the border of each level and the contend by this border. In the energies of 950 and 1050 mV, one can observe the presence of SIC domains in each level, at 950 meV, we see clearly the difference between the SIC reconstruction and the gold lines, and with the increasing of energy, one can observe at 1050 meV, the intensity of the SIC ripples increases and their intensity starts to be comparable to the intensity of the gold lines. The conductance map at 1350 mV reveals a region just above the center, where there was a strong changing of the tip apex.

The QPI patterns present only few differences at low energy, probably due to the difference of available states, at -450 and -100 mV the star branches presented in these QPI patterns are dashed. For all voltages, we note the presence of a six-branches star in the center of the BZ, related to the symmetry of the silcon surface as described before and the BZ of where we can clearly note the presence of the SIC domains in the conductance map at 950 mV, which is not the case for the ones at -100 mV.

At 1350 mV, other spectral weighs are shown at

a * √ 3 8 ≈ 0.13Å -1 along ΓM √
3 related probably to the difference of behaviour between the domains 1 and 2. In the respectively conductance image appears with different colors.

From 1350 to 1750 meV, we observe the apparition of the star in the center of the QPI pattern and its intensity increases with the energy. Above these values, we note the reappearance of a spot in the ΓM √ 3 direction, related one time more to rise of intensity of the SIC ripples.

Decorated SIC: a proximity effect study

In our decorated SIC sample, a coexistence of an island and the monolayer was seen, as was expected when more than a monolayer is evaporated [START_REF] Ganz | Submonolayer phases of Pb on Si(111)[END_REF]. A proximity effect can be probe by STS measurements starting in the top of the island and going through the monolayer, as done in the work of Cherkez et al in [START_REF] Cherkez | Proximity effect between two superconductors spatially resolved by scanning tunneling spectroscopy[END_REF].

In the top of the Pb-island, we observe a SIS junction between two Pb-bulk like superconductors and when the tip is out of the island we measure a SIS junction between a Pb-bulk like superconductor (the tip signature) and a small superconducting gap (SIC ones). Normally a transient region between these two superconductors is expected. However, this measurements show an abruptly changing of behaviour when the tip is not more placed over the Pb-island region, pointing out thus an absence of proximity effect between the Pb-island and the monolayer.

Performing a deconvolution between the measured spectra and the tip, as discussed before in the chapter 2, the signature of the surface can be extracted. In the figure 5 A small protrusion in a given system can be weaker the superconducting phenomena as shown by Brun et al. in [START_REF] Brun | Remarkable effects of disorder on superconductivity of single atomic layers of lead on silicon[END_REF] and the presence of steps and defects can also reduce drastically the superconducting gap value and blocked the superconducting proximity effect.

Transport Measurements

In this subsection, transport measurements with a 4-probe home made tip are presented, as in the previous chapter, these measurements were done in collaboration with Denis Baranov.

Examples of I(V) characteristics are presented in the figure 5.20, these curves are measured at at T=1.17 K and at T=1.50 K, in the former case if we imagine that this Decorated SIC has the same behaviour of the pure SIC, we can tell that at this temperature the sample is in the superconducting state and for the later the sample start to be in the normal state. These both curves deviated from a perfect line, as low the temperature is, more this effect is visible, when we approach to the transition, more linear the curve is, presenting thus a metallic behaviour as expected.

Doing thus the characteristic curves from the lowest temperature possible with our STM up to 9K, we can see the variation of the resistivity as function of the temperature, see figure 5.21.

In this last figure 5.21, we observe few changes of regime in the curve, starting around 7.5K when the concavity of the curve changes, indicating a paraconductivity and it is also shown the superconductivity transition, with a critical temperature of T C ≈ 1.2 K. When these results are compared to the studies done in the previous chapter in the SIC phase, one can see that this decorated SIC phase posit equally different levels, but it presents the aforementioned transition, showing that these gold atoms forming the double line on edge of the steps do a good link between the different atomic levels.

Conclusion

The departure point of the mixing study was the Au/Si [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF], which possesses different phase reconstructions. The bases of my study was one of these phases, the 5 × 2 Au/Si [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF] where the Pb was evaporated.

Depending on the evaporation parameters few metastable phases were seen: Leopard phase and an Island Network phase. Improving thus these parameters a Decorated SIC phase was obtained, this phase presents different levels, on each level its border is decorated by a double 5.4 Chapter 6

5.4

Conclusion and Perspectives

The first system studied here is the FeSe (001), a material presenting the superconductivity in bulk form and in the monolayer. With the decreasing of the thickness of the sample, its critical temperature increases, passing from a T C ≈ 8K up to T C ≈ 100K. This material presents also a nematic order and its origin stills allusive, different groups propose varied explanations, the nematic order in this system is linked to the structural transition from a tetragonal to an orthorhombic structure, but which of both takes place before is not yet well understand, being comparable to the chicken or the egg problem. By means of STM/STS, the surface of our sample was characterized, showing two kinds of defects, one attributed to the selenium vacancies, which does not affect the superconductivity signature and a large spatial extend defect which presents a zero bias voltage signature, thus, weakening the superconductivity around their localization. Our samples presented a large quantity of defects and the superconducting gap value was lower than the best crystals studied by other groups. In the aim to elucidate the role of this defects with the supercondcuctivity. QPI patterns analysis were performed, showing new scattering channels inside of the superconducting gap lowering the symmetry of the system, from a C 4 to a C 2 symmetry. A further study in order to characterize precisely these channels is needed, particularly to understand the parts of the Fermi surface which are involved in the scattering, the possible influence of the magnetism and its relation to these channels.

A study of nanocrystals in the FeSe sample was performed to try to point out how superconductivity connects between FeSe and Pb to characterize the order parameter of the superconducting FeSe, Pb being known as a s-isotropic superconductor. Different Pb nanocrystals are seen, some of them show developed gaps with no quasiparticle peaks, indicating that some interactions washes out the low energy quasiparticle excitations. The order parameter remains unknown.Some questions stay without an answer as the order parameter of this system and the 113 6.0 influence of the magnetism in the superconductivity phenomenon.

Working with a metallic monolayer of two (or more) metals growth onto a semiconductor is a good candidate to probe the influence of the spin-orbit coupling in these atomic layers and their role in superconductivity. For instance SIC Pb/Si [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF] phase is superconducting with a critical temperature 1.8K. This phase was prepared under ultrahigh-vacuum by MBE of Pb in the top of 7 × 7 Si [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF] and was studied by means of STM/STS. AFM and STM are used to analyse the atomic structure of this reconstruction.

The QPI pattern analysis pointed out a difference between two neighbouring domains and they could come from the sitting position of Pb atoms in the silicon reconstruction. STS measurements show using a superconducting tip, a superconducting surface with a ∆ ≈ 0.25 meV, however the transport measurements performed with a 4-probes home made tip does not show in the measured temperature range the complete superconducting transition. The difference was attributed to the fact that transport measurements average over a macroscopically regions, and is sensible to defects and steps. Theoretical studies are in progress to clarify these results.

The study of Pb-Au deposition in the Si [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF] was an attempt to introduce spin-orbit interactions in the layer. The growth processes starts with an ordered monolayer of 5 × 2 Au/Si [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF] which presents a chain-like structure covered with a low density of Si adatoms. Once the 5 × 2

Au/Si(111) reconstruction achieved, Pb was grown onto it.

Two intermediate metastable phases, Leopard and Island Network, were obtained and disappears when annealing. A new phase, Decorated SIC, was obtained, it is made of a SIC-Pb/Si(111) reconstruction bordered by double line. This phase is also exhibiting a high density of steps and many terraces. Two questions emerged, the first was the origin and the nature of the double line.

By studying Gundlach Oscillations, we could shown the same behaviour at each step level leading us to the conclusion that these levels have the same crystallographic structure. This resonant oscillations study pointed out a different nature between the center of the terraces (SIC) and their borders (double line), leading thus an attribution of these double atomic lines to Au atoms.

The superconducting proximity effect between the Pb-island and the decorated SIC could not be evidenced, probably due an interface effect between the island and the monolayer blocking the propagation of the wavefunctions. The absence of the proximity effect should be carefully studied in future works in order to determine its precise origin.

The transport measurements in this sample shown a superconducting critical temperature of T C ≈ 1.2 K, reinforcing the importance of the Au-double atomic lines. These atoms could link the different terraces allowing the superconductivity to propagate. This result should be confirmed by future theoretical calculations.

Further studies where the coverage ratio of Au in the surface is increased could lead to large patches of Au with large spin-orbit coupling coexisting with the SIC Pb/Si [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF]. If patches of gold are created in the surface, the proximity effect between the SIC and these metallic patches could be probed.

In order to tuning and reinforce some physical properties in the system other couple of mixing materials could be selected, for example Bi with Pb expecting a better mixing layer in the final system. The first point in this study will be a characterization of the formed structure and then its electronic properties.

The Decorated SIC can be also studied by ARPES to probe if some modifications are presented in the band diagram when it is compared to the purely SIC Pb/Si [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF] Subject : Quantum phase engineering of a metallic monolayer on a semiconductor Abstract: Superconductivity in metallic monolayer systems is a poorly understood phenomenon and it may be the key for quantum computing. For a better understanding of this phenomenon and to study other physical interesting phenomena like Rashba spin-orbit interaction and their influence on superconductivity, a mixing of different metals evaporated on a semiconductor is presented as a promising system. Firstly, we studied the SIC (Striped Incommensurate) Pb/Si [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF] phase which is a superconductor at T c ≈ 1.8 K using a scanning tunnelling microscope at low temperature. Studying the quasiparticle interferences patterns, one can show that two neighbouring domains have different physical behaviours. Making thus a mixture of gold and lead in the metallic monolayer evaporated on the silicon, a new phase called Decorated SIC is found, which is composed of different terraces. Each terrace is encircled by a double atomic line. Performing Gundlach Oscillations, one can show that the nature of these lines and the content which they encircle are not the same. These lines are attributed to gold atoms and, although the relief has different levels, it has been shown to have the same crystallographic structure. The transport measurements made on the SIC and Decorated SIC show that the system is sensitive to defects. Indeed, we observe that the superconducting transition is not reached for the SIC, whereas for the Decorated SIC this transition is reached, maybe the present gold atoms favor the propagation of the superconductivity in this latter system.

Keywords : Superconductivity, Mixing, Pb/Si [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF], SIC, Pb+Au/Si(111), Gundlach Oscillations, STM/STS, QPI
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 1 Figure 1: Schematic of the strategy of the present work
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 1 2 Bardeen, Cooper and Schrieffer Theory In 1957, Bardeen, Cooper and Schrieffer (BCS) proposed a microscopic theory [2, 3] based on the coupling of pairs of electrons -Cooper pairs -mediated by electron-phonon interaction in a metal. In their theory the Copper pairs form a singlet coherent state of lower than ones of unpaired electrons of a metal.

  .5, the first term computes the kinetics energy of the Cooper Pairs and the second term, takes into account the interaction a creation of a Cooper Pair and a annihilation of a different Cooper Pair, V is a small potential, non-zero for -ω D < E k < ω D (and ω D is the Debye Energy). This equation is the simplest description of a superconductor, i.e. a s-wave superconductor.

  1.6) this wave function is a superposition of the Fermi sea (|0 ) and a given Cooper pair (ĉ † k,↑ ĉ † -k,↓ |0 ), the different possible states hava a probability of be filled of | v k | 2 or empty with a probability | u k | 2

Figure 1 . 1 :

 11 Figure 1.1: the evolution of the resistance as function of the temperature for different film thicknesses of Bi growth on Ge showing the behaviour of a SIT in a homogeneous system. Adapted from [7] -Source :2

Figure 1 . 3 :

 13 Figure 1.3: Combination of different techniques for characterizing the two-dimensionnal superconductivity of a single FeSe atomic plane deposited on an insulator: a) schematic view of the structure sample structure: 1 unit cell of FeSe on an insulating substrate, textbfb) scanning tunneling spectrum showing a superconducting gap at the Fermi level, c), d) scanning tunneling microscopy images showing the atomic resolution image and the homogeneity of the film thickness, e) Fermi surface measured by angle resolved photoemission spectroscopy showing only two-dimensionnal electron-like bands at the corner of the Brillouin zone and f) transport measurements confirming the high temperature superconductivity of the whole film. Adapted from [63, 16]. -Source :4

FeSe at the surface

  figure (Fig. 1.3.c and d) present the atomic resolution of the surface and the STS measurements probe the density of states at the Fermi level, showing a complete gap within a range of around 10meV at low temperature (Fig. 1.3 b).
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 143 Figure 1.4: Pb/Si(111) superconducting phases: in a)-d) the presented results were measured in the SIC phase and in e)-h) in the √ 7 × √ 3 Pb/Si(111). a) and e) show the STM image of the studied region, c) and d) present the STS of the studied surface, showing in both cases a superconducting gap,in b) and d) zero-bias conductance maps are presented showing that the superconducting gap exists everywhere, in f) and h) conductance maps at biases of V SIC = 0.29 mV and V √ 7× √ 3 = 0.26 mV, corresponding to the energy of the quasiparticle peaks, where the spatial variations of the peak amplitudes do not follow the local structural defects observed in the topography. Adapted from [19]. -Source :5
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 141 Figure 1.5: a) A Dirac cone shape band diagram at the surface of Bi 2 Se 3 measured by angle resolved photoemission spectroscopy (ARPES). Bi 2 Se 3 is a topological insulator where the strong Rashba interaction is at the origin of the perculiar band topology. b) The band structure measured by angle resolved photoemission spectroscopy of the surface state of Au(111), the unit at x-axis is ÅA. The two Rashba branches separated of k = 0.012 Å-1 are directly evidenced. This splitting is related to an effective Rashba energy of 2.1 meV. These measurements were performed by Dr. Stéphane Pons.

Figure 1 .

 1 Figure 1.6: a) Energy band dispersion measured by ARPES of the trimer-√ 3 × √ 3-R30 º-Pb/Ge[START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF] surface, measured at 30 K. The dashed line indicates the upper edge of the projected bulk bands of Ge[START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF]. The surface state S1 is composed of 2 spin-polarized branches separated by strong Rashba spin-orbit interactions. b) scheme of the trimer structure with a nominal Pb coverage of4 3 , with one of four Pb atoms per unit cell located at an H3 site and the other three on off -centred bridge positions between T1 and T4 sites. H3, T1 and H4 sites are specific sites of (111) surfaces of Ge and Si. Adapted from[START_REF] Yaji | Large rashba spin splitting of a metallic surfacestate band on a semiconductor surface[END_REF]. -Source :6
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 1 STM from [iap.tu.wien.ac.at]

Figure 2 . 1 :

 21 Figure 2.1: A scheme of the working principle of a STM adapted from [iap.tu.wien.ac.at]. -Source :1

Figure 2 . 2 :

 22 Figure 2.2: STM: Tersoff Hamann model. The STM tip is modelled as a spherical potential well centred at r 0 = (0, 0, z 0 ) with a radius of curvature R.

  gation of the surface, through the exponential dependence to the z coordinate. In the figure 2.3, a simple schematic makes simple the understanding of the effect of the bias voltage on the current. From equation 2.15 and figure 2.3 one can anticipate that the tunneling conditions will

Figure 2 . 3 :

 23 Figure 2.3: Schematic of a tunneling junction at T=0 K where two metallic electrodes are separated with vacuum.A bias voltage V induces a relative shift of the chemical potentials of the electrodes, here a positive voltage is applied to the sample with respect to the tip. Electrons can tunnel from occupied states of the tip to unoccupied states the surface. The tunneling probability depends on the barrier height in such a way that electrons at the Fermi energy of the tip have a higher tunneling probability than electrons at lower energy.

  z(x, y)| I,V . An example of a topography image of the Au(111) is shown in figure 2.4, one can see monoatomic steps and the peculiar surface reconstruction of the Au (111) sample, called chevron reconstruction, result of the difference of coordination between the surface atoms and those of the bulk, which generates stresses on the surface, where 23 gold atoms on the surface are sitting on 22 gold atoms in the bulk following the direction [110].

Figure 2 . 4 :

 24 Figure 2.4: Topography image of Au(111) showing the chevron reconstruction. Image size: 100 × 100 nm 2 .V stab = 1.5 V and I stab = 51 pA. This image was obtained in a STM constant current mode using a Kolibri tip.

Figure 2

 2 Figure 2.5: A bell-shaped function as function of energy centred at E = eV at ), 1.3, 2, 5 and 10 K, respectively in black,red,green, blue and pink. The arrows show the FWHM.
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 1 Quasiparticle Interference AnalysisAccording to Thersoff-Hamman's theory, the current at low voltage is directly proportional to the density of states of the surface at E F . The spatial variation of LDOS makes patterns which carry the interference information of the quasiparticles, especially the information on the involved wavevectors, coherence length and periodicities of the potential in the real space. It is possible in principle to extract the distribution of k vectors involved in the scattering processes at the Fermi energy by plotting the 2D-Fourier transformation of the current at low voltage.

Figure 2 . 6 :

 26 Figure2.6: Our scanning tunneling microscope can also operate as an atomic-force microscope, using a kolibritip, which has a resonator with a eigenfrequency (1M Hz) and with the interaction of the tip with the surface a frequency shift can be measured, an example of measure in an AFM mode of Au[START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF] surface with a set point in the frequency shift a) the distance between the tip and the surface and b) the measured current. c) and d) are Fourier Transformations of the images in the figure a) and b). In this figure, one can observe a difference between the Fourier Transformations of the z-image and the current ones. In the former we can see the Bragg peaks and other structures related to the surface and in the latter a circle is present, this structure is the representation of the Fermi surface of Au[START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF] and its value corresponds to 2k F .

  fills the gap region due to the thermal broadening.

Figure 2 . 7 :

 27 Figure 2.7: The effect of temperature in the quasi-particle DOS excitation spectra of a superconductor, in a) the effect in the DOS and in b) in the STS, for both figures the temperature variates from 0.1T C to 2T C and the energy was normalized by ∆ 0 .
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 28 Figure 2.8: A quasiparticle excitation spectrum of a surface in a superconducting state measured by a superconducting tip with same gap values as function of the temperature at 0.1T C , 0.4T C , 0.7T C , 0.9T C , 1T C , respectively in black,red, blue, yellow and brown.

Figure 2

 2 Figure 2.9: A quasiparticle excitation spectrum of a surface in a superconducting state measured by a superconducting tip with different gap values 0.1∆ S , 0.2∆ S , 0.4∆ S , 0.7∆ S , 0.8∆ S , 0.9∆ S and 1∆ S (black, cyan, red, blue, magenta, yellow, purple), at a given temperature of 0.1∆ S /k B .

Figure 2 .

 2 Figure 2.10: A SIS spectrum of Pb(110) measured with a Pb-tip.

Figure 2 .

 2 Figure 2.11: The deconvolution spectrum SIS Pb-Pb showing a simple SC gap.

  e. when the current diverges. The peak positions show a periodic pattern as shown in figure 2.13. The resonant conductance energies are driven by matching the wavefunctions of the electrons in the tunneling junction and in the electrodes. The simplest ingredients are the band diagram of the sample electronic states, the tip's electronic structure and the shape of the potential barrier in the junction. The shape of the tunneling barrier is firstly defined by the work functions of the tip and the surface. At an inhomogeneous surface made of different materials, the work function is not uniform. As presented in the figure 2.13, when topography images

Figure 2 . 12 :

 212 Figure 2.12: A scheme of the Gundlach Oscillations, the dashed green line represents the potential between the tip and the surface. In the junction, few propagative states can take place and they generate peaks in the dZ dV (V ) I(x,y) .

Figure 2 . 13 :

 213 Figure 2.13: Adapted from [87]: Cu and Ag islands deposited on Cu(111) can be discriminated to Gundlach Oscillations. -Source :3

Figure 2 . 14 :

 214 Figure 2.14: Our scanning tunneling microscope designed by Specs.

  figure 2.16, one can see the different shields in order to screening the radiation, allowing the system to achieve low temperatures, in a) the liquid nitrogen shield door is indicated by a red arrow, b) another red arrow indicates the liquid helium shield door and a blue ones the emplacements for sample in front of the liquid nitrogen shield, c) an arrow indicates the J-T

Figure 2 . 15 :

 215 Figure 2.15: A schematic view from Specs of the J-T cryostat.

Figure 2 . 16 :

 216 Figure 2.16: The scanning tunneling microscope progressively unmounted. a) A red arrow indicates the liquid nitrogen shield door, b) A red arrow indicates the liquid helium shield door and a blue arrow the emplacements for sample in front of the liquid nitrogen shield, c) A red arrow indicates the J-T pot door, d) A red arrow indicates the STM chamber, e) A red arrow indicates the sample drawer and the blue arrow the emplacement for the tip holder, f) the STM motor head unmounted.
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 131 Figure 3.1: Example of a scanning spectrum of an iron-based superconductor (black)recorded at 1.3K compared to a simulated quasiparticle DOS spectrum of a BCS superconductor (red)and a quasiparticle excitation spectrum of a BCS superconductor (blue) taking into account the effect of the temperature at the same critical temperature (Tc=8K).
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 32131311 Figure 3.2: FeSe structure: a) a bulk view and b) the top view, adapted from [90]. -Source :1
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 33 Figure 3.3: Illustration of the iron-based superconductor band structure: a) the projection of the bands in the different points of high symmetry b) the binding energy as function of momentum, adapted from [90]. -Source :2
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 34 Figure 3.4: Fermi Surface mapping obtained at 30 K with an He lamp, the black square is the representation of the tetragonal BZ adapted from [115]. -Source :3

Figure 3 .

 3 Figure 3.4 presents the measurement of the Fermi surface and is adapted from their work. One can observe the elongated shape of the elliptical hole band at Γ (long axis along k y ) which is rotated of 90 o with respect to the electron band at M . They also have used orbital sensitive ARPES close to the center of the Brillouin zone (BZ) by means of a linearly polarized UV laser. Figure 3.5 presents the results obtained with s and p polarizations [115]. s-polarized light can be used to probe d yz and d xy orbitals with odd symmetry with respect to the measurement plane and p-polarized light is used for d xz orbital (even symmetry) [116]. The two different experimental geometries are presented in figure 3.5.They came to the conclusion that the hole

Figure 3 . 5 :

 35 Figure 3.5: ARPES study around Γ-point by means of a linearly polarized laser. Upper panel and lower panel correspond to two different geometries depending on the polarization of the light. For a) and the upper panel the orthorhombic compression is along a-axis is parallel to the detector slit. For b) and the lower panel, the orthorhombic compression is along b-axis is parallel to the slit. c), f), i) and l) are spectral intensity images where the data were divided by the Fermi-Dirac distribution in order to enhance what is occurring at the Fermi energy. d), g), j) and m) are the corresponding second energy derivative. From these data the orbital nature of the bands was deduced to be corresponding to e)-h), k) and n). The color code for the orbital composition is given in a) and b). This figure is adapted from[START_REF] Suzuki | Momentumdependent sign inversion of orbital order in superconducting FeSe[END_REF] -Source :4

Fe 3 -

 3 d yz orbitals participate to the Cooper pairing.

Figure 3

 3 Figure 3.6: a): Topographic STM image of FeSe(001) at atomic resolution showing a high density of structural defects. b): zoom on typical defects. c): average scanning tunneling spectrum. The superconducting gap shows many peculiar features: it has a overall V-shape with nonzero conductance at the Fermi level and the quasiparticle peaks are beheaded.
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 37 Figure 3.7: Optical microscopy image of the studied samples. Samples 1, 2, 3, 4 FeSe(100) single crystals were glued with silver conducting glue and cleaved by means of scotch tape under ultra-high vacuum before being studied by STM-STS at 1.1 K. A chuck of gold is also visible and was used for cleaning the tip before and during experiments.
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 38 Figure 3.8: Resistivity as function of temperature of our FeSe sample, showing a critical temperature of 7.8K and a structural transition temperature ≈ 80K. In the inset one can see the FeSe crystals.

3. 2

 2 Scanning tunneling microscopy and spectroscopy study of FeSe3.3 Our FeSe samplesAll the samples where made by Pierre Toulemonde at Néel institute, in Grenoble. The studied samples -FeSe [001] single crystals -were glued in a molybdenum sample holder with a silver conducting glue (figure3.7) and then cleaved under ultra-high vacuum at room temperature before introduction in the STM held at 1.3 K under ultrahigh vacuum. The tip-surface interaction being very strong with FeSe, the tunneling condition can be drastically perturbed by FeSe flakes detaching from the crystal and sticking to the tip. When necessary, the tip was repeatedly dipped in the gold surface visible in figure3.7 in a controlled way for recovering a stable and good tunneling condition. Samples of the same batch were characterized elsewhere by various other experimental techniques[START_REF] Audouard | Quantum oscillations and upper critical magnetic field of the iron-based superconductor FeSe[END_REF][START_REF] Karlsson | Study of high-quality superconducting FeSe single crystals: crossover in electronic transport from a metallic to an activated regime above 350 K[END_REF][START_REF] Massat | Charge-induced nematicity in FeSe[END_REF]. The critical superconducting temperature of our sample was measured to be slightly below 8 K which was on purpose chosen to be weaker than our best crystals as shown in the figure3.8. This rather low temperature is explained by the large density of structural defects of various nature, as visible in the typical microscopy image presented in figure3.6. The atomic corrugation of the topography image corresponds to the position of the topmost Se atoms[START_REF] Hsu | Superconductivity in the PbO-type structure α-FeSe[END_REF].
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 39 Figure 3.9: Defect analysis a): mapping of the locations where superconductivity is broken (the superconducting gap is filled). b): average spectrum corresponding to these locations. These defects are similar to Shiba impurities. c), d): analysis of the tunneling conductance around Shiba impurities as a function of energy and distance along a-axis and b. e), f): spectral intensity at 0 bias around Shiba impurities as a function of distance along a and b. g): mapping of the location where superconductivity is weakened (where ingap spectral weight is superior to the spatial average of the spectral weight); ie. where the gap is weakened but not completely filled.

Figure 3 .

 3 Figure 3.10: a)-f): Fourier transform of ±V antisymmetrized conductance images at absolute voltage (2 mV, 0.8 mV, 0.6 mV, 0.4 mV, 0.2 mV, 0 mV) respectively (see the appendix for more details). b)-f) correspond to energies inside the superconducting gap. g) profiles of the spectral intensity along Γ 10 M +,+ Γ 01 at 2 mV (top) and 0.4 mV (bottom). h): profiles of the spectral intensity along Γ 00 M -,+ Γ1 0 at 2 mV (top) and 0.4 mV (bottom). i), j): voltage dependance of the spectral intensity in the along Γ 10 M +,+ Γ 01 . The two channels are separated from each other by ≈ (0.17 ± 0.01)Γ 10 Γ 01 . k), l) voltage dependance of the spectral intensity along Γ 00 M -,+ Γ1 0 . kx and ky refer to (fast and slow) scan directions in the real space.

Figure 3 .

 3 Figure 3.11: a) the topography of the studied region b)-f) conductance maps at -4, -1, 0, 1, 4 mV respectively

Figure 3 . 12 :

 312 Figure 3.12: Diffrenet LDOS taken in the positions indicated in the figure 3.11-a), the left scale axis is referred to the spectra 7, 8 and 9, and the right ones to 1 to 6.

Figure 3 .

 3 Figure 3.13: a): The Raw data at 0.45 mV, b) the Fourier transform of ±V antisymmetrized conductance images at absolute voltage 0.45 mV, c) Fourier transform of ±V symmetrized conductance images at absolute voltage 0.45 mV, d) the spectral intensity of the new scattering channels at 0.45 mV, e) the normalized spectral intensity of the new scattering channels as function of voltage from antisymmetrized conductance images, f) normalized spectral intensity of the new scattering channels as function of voltage from symmetrized conductance images.

4 .

 4 The sample holder and the silicon sample are firstly heated over night at ≈ 600 °C for degassing water and making possible the segregation of the mobile dopants in excess towards the surface.5. The sample is flashed 3 to 10 times at 1200 °C to get rid of the oxide layer and of the dopants in excess at the surface. At this temperature the silicon carbide impurities are supposed to diffuse to the bulk of the sample. The pressure is kept under 2 × 10 -9 mbar during the flashes in such a way that the flash duration is limited to 10 to 20 seconds.6. The final flash is completed by a a quick quenching of the temperature to 900 °C followed by a slow temperature decrease until 600 °C (5 minutes). A this point the direct current heating is stopped. The 7 × 7 transition taking place at T ≈ 860 °C, this procedure enables the development of an homogeneous 7 × 7 atomic reconstruction at the surface of Si[START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF]. The preparation protocol was carefully established and avoids parasitic reconstructed phases such as silicon 1 × 1 and 5 × 5 reconstructions. 7. Depending on the quality of the LEED pattern as presented in figure4.2, the loop starts again at point 5.Since Pb atoms evaporate completely from the silicon surface at temperatures of the order of 550 °C and Au atoms diffuse to the bulk at around 1100 ºC, a sample can be reprepared even if it has been recovered by Au or Pb thick layers. The procedure for preparing the (possibly covered) substrate and obtaining a clean Si[START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF] substrate consists in following the aforementioned loop starting at point 5. Si(111) 7 × 7 reconstruction The 7 × 7 surface reconstruction is a prerequisite for the deposition of single layers of Pb and Au with controlled crystallographic structures. It was firstly observed by Schlier and4.1

Figure 4 .

 4 Figure 4.2: A LEED pattern of Si(111) surface obtained at 56.5 eV. The nomenclature of this reconstruction come from the fact that now the base cell of the system counts 7 times the size of the basic cell on Si[START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF] in each direction.

Figure 4 . 3 :

 43 Figure 4.3: The DAS model adapted from [136]: the top view of the DAS model, where CoA, CeA and R are respectively corner adatom, center adatom and rest atom. -Source :1

Figure 4 . 4 :

 44 Figure 4.4: A Si(111) surface imaged by STM a) Bias positive (V stab = 1.5V and I stab = 100pA) and b) Bias Negative (V stab = -1.5V and I stab = 100pA), both images have a size of 45 × 45 nm 2 .

Figure 4 .

 4 Figure 4.5: A Si(111) surface images showing the zig-zag antiphase steps in a) an image of 500x500 nm 2 (V stab = -2.0V and I stab = 30pA) and b) an image of 1x1 µm 2 (V stab = 3.0V and I stab = 20pA). The drift on the image is due to the STM temperature during this experiment: 77 K.

Figure 4 . 6 :

 46 Figure 4.6: Pb/Si(111): a) Mosaic Phase (V stab = -1.2V and I stab = 30pA), b) √ 7 × √ 3 and α -√ 3 × √ 3 R30 º reconstructions (V stab = -250mV and I stab = 20pA). Measurement temperature : 77 K.

Figure 4 . 7 : 3

 473 Figure 4.7: Structural models for a) α -√ 3 × √ 3 R30 °Pb/Si(111) at 1 3 ML, b) β -√ 3 × √ 3 R30 °Pb/Si(111) at 4 3 ML, c) √ 7 × √ 3 Pb/Si(111) at 6 5 ML and d) SIC-Pb/Si(111) at ≈ 4 3 ML. In a), b)and c) adapted from[START_REF] Choi | Electronic structure of dense pb overlayers on si(111) investigated using angle-resolved photoemission[END_REF], the large (small) open circles correspond to the first (second) layer of Si atoms and the filled circles to Pb atoms sitting in different sites of Si matrix. In d) from[START_REF] Brand | Spin-resolved band structure of a densely packed pb monolayer on si(111)[END_REF], is presented a schematically a reconstruction very close to the SIC phase in which the √ 3 × √ 3 domains can be in a H 3 site or in a T 4 site, in order to link these two structures, a domain wall, composed by a quasi-√ 7 × √ 3, is needed. The Pb atoms are represented by yellow, green and pink circles and the Si atoms for blue and grey circles. -Source :3

Figure 4 . 8 :

 48 Figure 4.8: Pb/Si(111): Striped Incommensurate phase reconstruction showing its peculiar structure at an image of 100 × 100 nm 2 (V stab = 1.5V and I stab = 20pA).

Figure 4 . 9 : 3 × √ 3 reconstruction with a coverage rate of 4 3

 4934 Figure 4.9: Pb/Si(111): Devil's Staircase phase reconstruction showing a combination of different (2,1)-linear phase and striped incommensurate phase in images of 50x50 nm 2 (V stab = 2.0V and I stab = 60pA).

  ELECTRONIC PROPERTIES OF PB/SI(111) PHASES: STATE OF THE ART • 3 to 5 monolayers of Pb can be deposited followed by an intermediate temperature of annealing were the excess of Pb is removed by evaporation.

√ 7 × √ 3 3

 33 Pb/Si(111) and of a linear phase of the Devil's Staircase which has a coverage ratio very close to the SIC phase : 14 × √ 3 Pb/Si(111), see figure 4.10. For these two systems the authors claimed that the Fermi surface reveals a free-electron like behavior. In both cases, the Fermi surface exhibits a very complex set of bands and the authors claimed that they do not follow the structural periodicity. For the √ 7 × √ 3 structure, their work shows that the Fermi surface follows the symmetry and periodicity of the bare 1 × 1 Si(111) surface. For 14 × √ Pb/Si(111) samples, Choi et al. have rather found a √ 3× √ 3 periodicity of the electronic states.

Figure 4 . 10 :× √ 3

 4103 Figure 4.10: ARPES Measurements: Fermi surfaces and Bands dispersion on Pb/Si(111) systems. The Fermi contours, its schematic representation and the band dispersions in two directions for √ 7 × √ 3 Pb/Si(111) phase in a),b), c) and d), respectively, and for 14 × √ 3 Pb/Si(111) phase in e), f), g) and h). a) and e) present a Fermi contour at the Fermi level in k || space taken at a phton energy of 90eV. b) and f) show schemes derived from the intensity maps seen in a) and e). c) and g) present the binding energy as function of the momentum along ΓM -direction, d) in KM K direction and h) KΓK direction. Adapted from [147], the Fermi surface and the band structure of √ 7 × √ 3-Pb/Si(111) and of a linear phase of the Devil's Staircase which has a coverage ratio very close to the SIC phase : 14 × √ 3 Pb/Si(111), see figure 4.10. These two systems show a free-electron like behavior, both Fermi surface exhibits a very complex set of bands, for the √ 7 × √ 3 structure, its Fermi surface follows the symmetry and periodicity of the bare 1 × 1 Si(111) surface and for 14 × √ 3 Pb/Si(111), it presents a √ 3 × √ 3 periodicity of the electronic states. -Source :4

Figure 4 . 12 :× √ 3

 4123 Figure 4.12: Pb/Si(111): Striped Incommensurate phase -spin-polarized ARPES data adapted from [148].a) the binding energy as function of momentum in ΓK direction, in b) the d 2 I/dE 2 of a). Despite the bad quality of their spin polarization data, Brand and collaborators claim that this data supported by DFT calculations anticipate a small Rashba spin splitting of the bands. The red dashed lines indicate the M -point, at 0 Å-1 the system is at Γ-point. -Source :6

4. 3 .

 3 2 Pb/Si(111) -SIC: structural and local electronic properties Structural properties Before start our structural study, a LEED pattern of the SIC reconstruction is presente din the figure 4.14, where one can identify the Si-1 × 1 spots and three banana shape spots around the √ 3 R30 º region which are the characteristic spots of this reconstruction.

Figure 4 .

 4 Figure 4.15 presents the studied area of the sample with an atomic resolution where many details related to the structure of the stripe incommensurable phase will have an important impact on the local electronic properties. One can distinguish a step edge with two orientations at 120 °and a vacancy island (indicated in the figure). The stripped phase is composed of a patchwork of well organized domains separated with shallow lines like as domain boundaries.

Figure 4 . 13 :√ 3

 4133 Figure 4.13: In a) The LEED pattern of √ 7× √ 3 Pb/Si(111), showing the diffraction spots where one can identify the spots of Si-1 × 1 and the √ 7 × √ 3 Pb/Si(111) reconstruction spots, both indicated by red arrows, the spots characterizing this reconstruction appears in the region of √ 3 spot. b) shows a STM image of 15 × 15 nm 2 (V stab = 2.2 V, I stab = 10 pA). In c) our photoemission study (He I-α line), showing the intensity along K-M-K direction of Si[START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF]. M is at k = (0, 0). The band crossing at M shows a linear dispersion.

Figure 4 . 14 :

 414 Figure 4.14: Pb/Si(111): SIC -The LEED pattern at low temperature, the 1 × 1 spots of Si are identified and three banana-shape spots in the √ 3 R30 º region are the characteristic spots of this reconstruction.

Figure 4 . 15 :

 415 Figure 4.15: Pb/Si(111): SIC a) the atomic resolution image of 40 × 40 nm 2 (V stab = 1.5V and I stab = 50pA), showing organized patchworks of domains, b) FFT of the topographic image where the Brillouin zone of the √ 3 √ 3 R30 °reconstruction is seen to be at least partly consistent with the SIC structure and, c) average conductance spectrum.

Figure 4 . 16 :

 416 Figure 4.16: Pb/Si(111): SIC -is composed of a patchwork of different kinds of domains. One of these kind of domains (1, light gray) percolates around a chiral vortex. The other kind of domains, labelled 2, (dark gray) are isolated from each others.

Figure 4 . 17 :

 417 Figure 4.17: Pb/Si(111): Striped Incommensurate phase reconstruction a) and b) atomic resolution STM topography images taken at the same location. a) 100 × 100 nm 2 , b) zoom of 23 × 23 nm 2 . V stab = 1.5 V and I stab = 20 pA.

Figure 4 .

 4 Figure 4.18: a) Pb/Si(111): Striped incommensurate phase reconstruction a zoomed STM image showing the shift of arrangement of Pb atoms in two different domains. V stab = 1.5 V and I stab = 20 pA. b) and insert, STM topography image, 30 × 30 nm 2 , V stab = 1.5 V and I stab = 20 pA and Atomic force microscopy image at the same location, δf = 0.5 Hz, f ≈ 980 kHz, 10 × 10 nm 2 and c) a zoom of the dashed green location in b).

Figure 4 . 19 :

 419 Figure 4.19: Pb/Si[START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF]: SIC -a QPI study: a), b), c), d), i), j), k) and l) present the conductance maps at -500, -100, 660, 780, 960, 1000, 1120, 1240 and 1360 meV respectively, these conductance maps show the electronic properties of the studied surface (40×40 nm 2 ) presenting two different kind of domains with particular signatures. e), f), g), h), m), n), o) and p) present the QPI patterns from their respectively conductance images at -500, -100, 660, 780, 960, 1000, 1120, 1240 and 1360 meV, these patterns present the evolution of the scattering channels which are intimately related to the physical phenomenon taking place at a given energy.The momentum scale for the QPI patterns are given in Å-1 . The hexagons and the Γ points refer to the BZ √ 3 .

figure 4 .

 4 15)and the quasiparticle interference patterns (see figure 4.19 show some consistency with the symmetry of the √ 3BZ. Let's remind that the centres of the secondary Brillouin zones of the √ 3 × √ 3 R30 º reconstruction (i.e. Γ 2 nd BZ √ 3

Figure 4 . 3 directions at a * √ 3 4

 433 Figure 4.20: A Profile showing the intensity of the QPI scattering channels passing by K √ 3 -Γ -K √ 3 points, indicating that the 6 spots in the center of 1BZ are related to the domain size. The hexagon and Γ are labelled with respetc to the BZ √ 3 .

Figure 4 . 21 :

 421 Figure 4.21: Superconductivity in a Monolayer evaporated on a Semiconductor. The superconducting gap as a function of temperature a) for the SIC phase, b) for the Pb/Si(111): √ 7 × √ 3 phase and b) for √ 7 × √ 3In/Si, adapted from[17]. Showing the variation of the SC gap value as function of the temperature, red circles present the measured data and the blue line is a fit based on the BCS theory described before. -Source :7

Figure 4 .Figure 4 . 22 :

 4422 Figure 4.22 presents the variation of the conductance spectra with temperature in SIS con-7 Source :[17] 

Figure 4 . 23 :

 423 Figure 4.23: Transport Measurements: 4-probes tip a) The 4-probes home made tip in contact with a silicon sample and b) The scheme of this tip presenting the current inlet done by the curt circuited wires, the potential difference measured (V) by two other wires and the current outlet in the sample holder.

Figure 4 . 24 :

 424 Figure 4.24: Pb+Au/Si(111): Scanning Electron Microscope -A SEM image showing the presence of few islands with different shapes and few parallel disturbed zones with similar shapes attributed to a possible region of measurement.

Figure 4 .

 4 Figure 4.25: Pb/Si(111): Striped Incommensurate phase reconstruction -Transport measurements: The resistivity as function of temperature, showing a decreasing of at low temperature, the end of the transition was not achieved.

Figure 4 .

 4 Figure 4.26: Pb/Si(111): Striped Incommensurate phase reconstruction -Transport measurements: a linear regression in order to estimate the critical superconducting temperature.

Figure 4 . 27 :

 427 Figure 4.27: Pb/Si(111): Striped Incommensurate phase reconstruction -Transport measurements: The characteristics curves done at a) 1.18K and b) 3.4 K, showing the dependence of the voltage in function of the current.
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 511191523 Figure 5.1: Au/Si(111): 5 × 2 mixed with a Si(111):7 × 7 reconstruction in the left a 1000 × 1000 nm 2 image (V stab = 1.0 V and I stab = 10 pA) showing in a same step a bright reconstruction (7 × 7) and a dark ones (5 × 2) and in right a zoom image of 100 × 100 nm 2 (V stab = 2.0 V and I stab = 10 pA).

Figure 5 . 3 :

 53 Figure 5.3: Au/Si(111): A mixing between 5 × 2 reconstruction and α -√ 3 reconstruction in a) a 500 × 500 nm 2 image. V stab = 2.0 V and I stab = 10 pA, b) a zoomed image of 25 × 25 nm 2 , indicated by a red square in a) and c) a LEED pattern showing a mixing of 5 × 2 and √ 3 × √ 3 reconstructions.

Figure 5 . 4 :

 54 Figure 5.4: a. Peculiar LEED pattern of 5 × 2 Au/Si(111). The spots follow the 5 × 1 periodicity whereas some lines corresponds to planes generated by a 2 × 1 periodicity. b. atomic resolution by means of STM topography. The phase shows a quasi one-dimensional anisotropy with an underlying pattern covered by Si adatoms. These adatoms are supposed expelled from the reconstruction when Au atoms organize. Image size: 10 × 10 nm 2 . V stab = 1.0 V and I stab = 90 pA

Figure 5 . 5 :

 55 Figure 5.5: Au/Si(111) : 5 × 2 reconstruction a. The structural model proposed by Erwin, Barke and Himpsel, b) the structural model proposed by Kwon and Kang coparated to the simulated STM images and the experimental ones taken at bias voltages for empty and filled states. Taken from [179], where large (small) circles represent Au (Si) atoms and the dashed lines the 5 × 2 unit cell. -Source :1

Figure 5 . 6 :

 56 Figure 5.6: LEED pattern of Pb+Au/Si(111) showing √ 3 spots rotated of 30 °from the 1 × 1 spots.

Figure 5 . 7 :

 57 Figure 5.7: STM topography image of Pb+Au/Si(111): SIC and Leopard coexisting phases obtained with a post annealing after the Pb evaporation on 5 × 2 Au/Si(111). Image size: 500 × 500 nm 2 . V stab = 1.0 V and I stab = 5 pA

Figure 5 . 8 :

 58 Figure 5.8: Pb+Au/Si(111): Leopard Phase analysis. a)A STM image of 100 × 100 nm 2 . V stab = 1.0 V and I stab = 10 pA. In b) and c) profiles are shown, they are represented in a) by the blue and red lines respectively.

Figure 5 . 9 :

 59 Figure 5.9: Pb+Au/Si(111): Leopard Phase -An island formation (indicated by the red circle). Image size: 100 × 100 nm 2 . V stab = 1.0 V and I stab = 10 pA.

5. 3 gated

 3 surface fully covered by the decorated SIC phase take place (see figure5.12). The silicon underlying step structure has be completely remodelled by the deposition. On this image of 150 × 150 nm 2 at least 10 different atomic levels are visible whereas the average step concentration on the substrate was estimated to be of the order of 1 every 100 to 200 nm. It means either that the deposition is strongly perturbing the silicon substrate or that the Pb-SIC phase can develop on multilayer islands.At large scale the overall sample is quite flat as indicated in the SEM image of figure 5.13. Some scattered large well-faceted islands (a few microns) of Pb very far from each other (5 to 10 microns) as expected for the Pb depositions on silicon.5.3 Electronic properties of the decorated SIC5.3.1 Thickness determination In the figure (5.16) presents the region of decorated SIC sample which was studied by Z(V) spectroscopy. At the border of the image a Pb single nanocrystal is visible. A set of 93 × 93 spectra with 800 voltage values was analyzed as a function of the location on the topography image. In the figure 5.15, we can observe the 4 different selected regions, corresponding to 4 different topography heights. One of these area correspond to the Pb nanocrystal. The spatially averaged dZ(V ) dV I spectra over the 4 area are presented in the figure5.16. Clearly, the Pb nanocrystal exhibits a different behavior than the other regions. However region 1, 2, and 3 show the same spectra. Gundlach oscillations -at voltages above the work functionare the consequence of resonant conductance between the tip and the surface. The STM tip being always the same during the experiment, the oscillation characteristic voltages are extremely dependent on the local work functions (any spatial distribution of the total charge density, electrostatic potential or electron affinity in a more chemical picture at atomic scale) which bends the potential barrier at the surface. So, the experiment tells us first that, if we put aside the Pb nanocrystal, the surface is terminated by a similar structure of the same chemical elements, as expected for the SIC patterns observed in the topography images. The homogeneity of the Gundlach oscillations tell us also that the coupling of the wave functions of the bulks states of the sample and the vacuum states inside the STM junction is everywhere the same. Any variation of the z component of the wave function in the sample would yield a set of different voltages for the Gundlach oscillation. This last observation rules out the hypothesis of different Pb thicknesses in the sample. So our sample consists in a decorated SIC sample lying on a very corrugated silicon substrate. It means that the presence of Au in the system produces a reorganization of the substrate and the growth of pyramids of Si under the decorated SIC phase.

  presents the average conductance spectra in an energy range from -2000 meV to 2000 meV and the STM topographic image showing a landscape with different levels, on which a double line decoration is presented. The FFT of the topography is also presented in this figure, a weight in the center of the image related to the global form of the terraces structures.

√ 3 × √ 3 * √ 3 4 3 At 3 4

 3333 R30 ºPb/Si[START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF] reconstruction was chosen as a reference. In the QPI patterns a white cross indicates a a popint at the BZ √ 3 .5.850 meV, 6 points start to appears between the different star branches (see QPI at 950 mV, figure 5.18-g), in the ΓM √ 3 directions, and their intensity increases with the energy until 1350 mV. These spectral signatures appearing at a * √ ≈ 0.25Å -1 along ΓM √ 3 are reliated as evoked in the chapter 4 to the size of the domains of the SIC reconstruction and it is reinforced when the conductance maps at -100 and 950 mV are compared (figure 5.18-b and 5.18-c),

  .[START_REF] Brun | Remarkable effects of disorder on superconductivity of single atomic layers of lead on silicon[END_REF]. is presented the studied region, where a red line shows the location where the STS measurements were recorded, in b) a profile of the landscape is presented and finally in c) and d) the SIS spectra taken along the red line in a) and the result of the deconvolution respectively. One can observe a large gap value (∆ Island ≈ 1.35 mV) in the top of the island and a small gap in the monolayer (∆ DecoratedSIC ≈ 0.25 mV) and an abruptly changing between these two values showing an absence of a proximity effect between these systems.

5. 4 atomic

 4 line and the reconstruction in the layer is the SIC Pb/Si[START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF] ones. Few questions about this decorated phase emerges, the first is the real nature of this different levels and what is the nature of the atoms in the double line.Gundlach oscillations studies show that these different levels have the same metallic width fo same chemical elements in the top of the substrate ruling out the hypothesis of different Pb thicknesses in the sample. This decorated SIC sample consists on a a very corrugated silicon substrate where is sitting metallic atoms. This resonant conductance states study shows equally a difference between the border of the levels and their contents reinforcing that Pb and Au do not mixing at all and the Au atoms have the tendency to be placed in the step border forming the seen double atomic lines.The transport measurements show a superconducting transition, the critical temperature T C ≈ 1.2 K, comparing this sample to the SIC Pb/Si[START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF] studied in the previous chapter, one can conclude that the Au double line decoration in the step edges does a good link between the different atomic steps avoiding the termination of the superconducting phenomenon.
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 510 Figure 5.10: Pb+Au/Si(111): Leopard Phase -Small metastable islands a) in an image of 200×200 nm 2 (V stab = 1.0V and I stab = 10pA) and b) a profile cut done along the blue line presented in a).

Figure 5 .

 5 Figure 5.11: Pb+Au/Si(111): Self-organized network of nanocrystals a) zoomed in (V stab = 1.0V and I stab = 10pA), b) a histogram of the distribution of islands' areas and and c) the selected islands used to this study.

Figure 5 . 12 :

 512 Figure 5.12: Pb+Au/Si(111): topography image of the decorated SIC phase 150 × 150 nm 2 V stab = 1.4 V and I stab = 50 pA.

Figure 5 . 13 :

 513 Figure 5.13: Pb+Au/Si(111): Scanning Electron Microscope in the left a SEM image showing the presence of few islands with different shapes and the right a zoomed image showing a triangular island and two hexagonlike islands.

Figure 5 . 14 :

 514 Figure 5.14: topography image of Pb+Au/Si(111) decorated SIC with a Pb island in the surface coexisting with the other phases. Image size: 340 × 340 nm 2 . V stab = 1.0 V and I stab = 50 pA.

Figure 5 . 15 : 4 Figure 5 . 16 :

 5154516 Figure 5.15: Pb+Au/Si(111): Decorated SIC a 340 × 340 nm 2 image. V stab = 1.0 V and I stab = 50 pA. The images presented here show the 4 studied regions a) The lead island, b) The Zone 1, c) the different layers (zone 2) and d) the layer borders (zone 3). The white color represents the selected region and the black the not-selected.

Figure 5 . 17 :

 517 Figure 5.17: Pb+Au/Si(111): Decorated SIC a) the STM image of 256 × 256 nm 2 (V stab = 1.5 V and I stab = 50 pA), b) the FFT of the topographic image and c)the average conductance spectrum.

Figure 5 . 18 :

 518 Figure 5.18: Pb+Au/Si(111): Decorated SIC phase -QPI pattern analysis a), b), c), d), i), j), k) and l) present the conductance maps at -450, -100, 950, 1050, 1200, 1350, 1550 and 1800 mV respectively. e), f), g), h), m), n), o) and p) present the QPI patterns at -450, -100, 950, 1050, 1200, 1350, 1550 and 1800 mV respectively. The momentum in the QPI pattern is given in Å-1 . In the QPI patterns a white cross indicates a a * √

Figure 5 . 19 :

 519 Figure 5.19: Decorated SIC -The absence of proximity effect between two superconductors. a) A STM image (600 × 600nm 2 , V stab = 0.1 V and I stab = 20 pA) of the studied region indicated by a red line, b) the profile of the measured region starting in the top of Pb-Island and going through to the monolayer, c) The SIS measured gap as function of the distance and d) The result of the deconvolution, as presented in the previous chapiter, as function of the distance, showing a rupture of regime between the Pb-Island and the monolayer and pointing out the absence of proximity effect.

Figure 5 . 20 :

 520 Figure 5.20: Pb+Au/Si(111): Decorated SIC -Transport Measurements: Characteristic curves I(V) a) A measure done at T=1.17 K and b) at T=3.30 K.

Figure 5 . 21 :

 521 Figure 5.21: Pb+Au/Si(111): Decorated SIC phase -Transport Measurements: Resistivity as function of the temperature.

  

Table 4 . 1 :

 41 Surface coverage of Pb/Si[START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF] phases. is of 1.2 ML where 6 atoms of Pb relocated over 5 Si atoms. Four of these Pb atoms are located in T 1 on-top sites, one is located in a bridge position above two Si atoms, between T 1 and T 4 sites, from different planes and the sixth ones is located on a hollow site H 3 (see figure 4.7). It phase rotated by 120 o from each other and it presents thin Pb atomic lines as the superstructure as in the figure 4.6.Ganz et al. suggested that lead tends to form rotated and incommensurate layer when the quantity of Pb is more than 1 ML[START_REF] Ganz | Submonolayer phases of Pb on Si(111)[END_REF], increasing thus the quantity of evaporated Pb in the silicon surface, we are be able to obtain other phases as these incommensurate phases which coexist with Pb islands due to the preferable growth mode, Stranski-Krastanov, of these systems. ML), this phase has a metallic surface state crossing the Fermi level according to the ARPES measurement performed by Weitering et al Pb atoms for 3 Si atoms in the unit cell. Three of these Pb atoms occupy T 1 site and the resting ones, the H 3 hollow site. A STM image of this phase is presented in the figure 4.8,

	also possess a threefold symmetry, allowing then the appearance of three different orientations
	of	√	7 ×	√ 3

Other dense phases can obtained with Pb atoms evaporated in Si

[START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF] 
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Table 5 . 1 :

 51 Parameters for the growth of 5 × 2 Au/Si[START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF].

  sample, trying to quantity the role of the Au atoms in this system. Ingénierie de phase quantique d'une monocouche métallique sur un semi-conducteur Résumé : La supraconductivité dans les monocouches métalliques est un phénomène peu compris et il peut être la clé pour l'informatique quantique. Afin de mieux comprendre ce phénomène et d'étudier d'autres phénomènes physiques intéressants comme l'interaction spin-orbite du type Rashba et leur influence dans la supraconductivité, un mélange de différents métaux déposés sur un semi-conducteur se présente comme un système prometteur. Dans un premier temps, nous avons étudié la phase SIC (Striped Incommensurate) Pb/Si(111) qui est un supraconducteur à T c ≈ 1.8 K à l'aide d'un microscope à effet tunnel à basse température. Par l'étude des interférences de quasiparticules, nous montrons que deux domaines voisins possèdent des comportements physiques différents. Par un mélange d'or et de plomb dans cette monocouche métallique déposée sur le silicium, une nouvelle phase appelée SIC décorée est découverte, qui est composée de différentes terrasses. Chaque terrasse est encerclée par une double rangée atomique. Par des Oscillations de Gundlach, nous montrons que la nature de ces lignes et le contenu qu'elles encerclent ne sont pas les mêmes. Ces lignes sont attribuées aux atomes d'or et, même si le relief présente différents niveaux, il a été démontré qu'ils possèdent la même structure cristallographique. Les mesures de transport effectuées sur la SIC et la SIC décorée montrent que le système est sensible aux défauts. En effet, nous observons que la transition supraconductrice n'est pas atteinte pour la SIC, tandis que pour la SIC décorée cette transition est atteinte, peut-être que les atomes d'or présents favorisent la propagation de la supraconductivité dans ce dernier système.
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, SIC, Pb+Au/Si
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, Oscillations de Gundlach, STM/STS, QPI

The odd terms of this equation are zero due to the symmetry of a second order parameter.

1.2. THE EFFECT OF THE REDUCTION OF THE DIMENSIONALITY ON SUPERCONDUCTIVITY

Source :[START_REF] Cherkez | Proximity effect between two superconductors spatially resolved by scanning tunneling spectroscopy[END_REF] 

1.3. SUPERCONDUCTIVITY IN QUASI-2D MATERIALS

Source :[START_REF] Wang | Interface-induced high-temperature superconductivity in single unit-cell FeSe films on SrTiO3[END_REF] 16] 

1.4. SUPERCONDUCTIVITY AT THIN-ATOMICAL LAYERS: STATE OF ART

Source :[START_REF] Brun | Remarkable effects of disorder on superconductivity of single atomic layers of lead on silicon[END_REF] 

Source :[START_REF] Yaji | Large rashba spin splitting of a metallic surfacestate band on a semiconductor surface[END_REF] 

Source : STM from [iap.tu.wien.ac.at]

2.1. SCANNING TUNNELING MICROSCOPE

CHAPTER 2. SCANNING TUNNELING MICROSCOPE AND SPECTROSCOPY 2.1

In reality, the Fermi surface is only partly polarized and scattering processes with δ q < 2 kF are also possible with a lower spectral weight than the aforementioned ones. These phenomena explains the spectral intensity inside the circle visible in figure 2.6

2.2. BEYOND STANDARD MEASUREMENTS

Source :[START_REF] Lin | Manifestation of work function difference in high order Gundlach oscillation[END_REF] 

2.3. OUR MICROSCOPE

Source :[START_REF] Johnson | Iron-Based Superconductivity[END_REF] 

3.1. IRON BASED SUPERCONDUCTORS: THE CASE OF FESE

Source :[START_REF] Johnson | Iron-Based Superconductivity[END_REF] 

Source :[START_REF] Suzuki | Momentumdependent sign inversion of orbital order in superconducting FeSe[END_REF] 

Source :[START_REF] Suzuki | Momentumdependent sign inversion of orbital order in superconducting FeSe[END_REF] 

3.3. OUR FESE SAMPLES

4.1. GROWTH AND STRUCTURAL PROPERTIES OF PB/SI(111) PHASES

Source :[START_REF] Wang | Toward a detailed understanding of Si(111)-7 × 7 surface and adsorbed Ge nanostructures: Fabrications, structures, and calculations[END_REF] 

α (low density) and β (high density) reconstructions were sometimes inverted in the literature

Source :[START_REF] Choi | Electronic structure of dense pb overlayers on si(111) investigated using angle-resolved photoemission[END_REF] and[START_REF] Brand | Spin-resolved band structure of a densely packed pb monolayer on si(111)[END_REF] 

Source :[START_REF] Choi | Electronic structure of dense pb overlayers on si(111) investigated using angle-resolved photoemission[END_REF] 

Source :[START_REF] Kim | Nearly massless electrons in the silicon interface with a metal film[END_REF] 

Source :[START_REF] Brand | Spin-resolved band structure of a densely packed pb monolayer on si(111)[END_REF] 

4.3. OUR STUDIES OF THE PB/SI(111) PHASES

4.4. SUPERCONDUCTING PROPERTIES OF PB/SI[START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF] 

Source :[START_REF] Kwon | Identification of the au coverage and structure of theAu/si(111)-(5×2)surface[END_REF] 
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4.1

Hall effect but without applying a magnetic field.

The purpose of this is to provide a systematic combined experimental analysis of single atomic metal layers deposited on semiconductors. Precisely, the goal is to understand the parameters driving the emergence of new ordered phases and thus paving the way towards an electronic-phase engineering, and disentangle the effects of superconductivity, electronelectron correlations and spin-orbit interactions. To this end, the goal is to study ordered alloys at the surface of silicon base on a triangle of chemical elements Pb, Sn and Au known for their bulk miscibility.

In this chapter, Pb/Si [START_REF] Watson | Shifts and splittings of the hole bands in the nematic phase of FeSe[END_REF] pure phases are presented. The sample holder as well as the preparation chamber were modified in order to allow for heating the sample by applying a direct current (up to 6A) through the silicon substrate.

The protocol for preparing a new substrate is the following:

1. The wafer is cut with a diamond scriber in small pieces of 7 mm by 2 mm. Their size