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Nicolas Bergeal, Laboratoire de Physique et d'Etude des Materiaux, ESPCI Paris, 
France 
Superconducting stiffness of (001) and (110)-oriented LaAlO3/SrTiO3 interfaces 
 
The achievement of high-quality epitaxial interfaces involving transition metal oxides gives a unique 
opportunity to engineer artificial materials where new electronic phases take place. The discovery 
of a high mobility two-dimensional electron gas (2-DEG) confined in a quantum well at the interface 
between two insulating oxides such as LaTiO3 and SrTiO3 or LaAlO3 and SrTiO3, is probably one of 
the most prominent examples in the field [1]. Unlike more conventional semiconductor based 
quantum wells, conducting electrons in SrTiO3 fill 3d-bands, which gives a favorable ground for the 
emergence of complex electronic phases. In particular, 2D superconductivity [2,3] and strong spin 
orbit coupling [4] have been reported in such interfaces.  
 
A key feature of these electronic systems lies in the possibility to control their carrier density by 
electric field effect. In this talk, I will present recent resonant microwave transport measurements 
on LaAlO3/SrTiO3 interfaces that allows extracting the superfluid stiffness Js, i.e. the energy scale 
that controls the phase rigidity of the superconducting condensate. We find that the competition 
between Js and Δ controls the superconducting phase diagram obtained by plotting the 
superconducting Tc as a function of gate voltage. Whereas a good agreement with the Bardeen-
Cooper-Schrieffer (BCS) theory is observed at high carrier doping, our data suggest that the 
suppression of Tc at low doping is controlled by the loss of macroscopic phase coherence instead of 
electron pairing as in standard BCS theory [5]. In (110)-oriented LaAlO3/SrTiO3 interfaces, we 
evidence a transition from single-band to two-band superconductivity driven by electrostatic 
doping, which we relate to the filling of the different 3d-orbitals in the quantum well. [6,7]. 
  
[1] A. Ohtomo and H.Y. Hwang, Nature 427, 423 (2004). 
[2] N. Reyren et al., Science 317, 1196 (2007) 
[3] J. Biscaras et al., Nature Communications 1, 89 (2010)  
[4] A. D. Caviglia et al., Phys. Rev. Lett. 104, 126803 (2010), G. Singh et al., Phys. Rev. B  96, 024509 (2017) 
[5] G. Singh et al., Nat. Commun. 9, 407 (2018). 
[6] G. Herranz et al. Nature Commun. 6, 6028 (2015). 
[7] G. Singh et al., arxiv (2018). 
 
 
 
 
 
 
 
 
 
 
 
 
 



Sergio Caprara Sapienza University of Rome, Rome, Italy 
Negative electronic compressibility and nanoscale inhomogeneity in ionic-liquid 
gated two-dimensional superconductors 
 
When the electron density of highly crystalline thin films is tuned by chemical doping or ionic liquid 
gating, interesting effects appear including unconventional superconductivity, sizable spin-orbit 
coupling, competition with charge-density waves. Some experiments highlight a marked tendency 
to a negative electron compressibility. We suggest that this triggers an electronic phase separation 
resulting in a nanoscale inhomogeneity. Although the related mild modulation of the density 
landscape is compatible with a high electron mobility, this intrinsically inhomogeneous character is 
emphasized by the peculiar behavior of the metal-to-superconductor transition. Modeling the 
system with superconducting puddles embedded in a normal metal matrix, we fit the peculiar 
resistance vs. temperature curves of systems like TiSe2, MoS2, and ZrNCl, capturing similarities and 
important differences among these systems. An intrinsically inhomogeneous character naturally 
raises the question of the formation mechanism(s). We propose a mechanism based on the 
interplay between electrons and the charges of the gating ionic liquid 
 
 
 
 
 
 
 
Andrey Chubukov, University of Minnesota, Minneapolis, USA 
Superconductivity near a quantum critical point 
 
I discuss the interplay between non-Fermi liquid behaviour and superconductivity near a quantum-
critical point (QCP) in a metal.  It was widely thought that, in D=2, superconductivity involves non-
Fermi-liquid quasiparticles and emerges due to peculiar interplay between strong attraction and 
strong pair-breaking effects from self-energy.  I argue that this is not necessary always the case. I 
show that in a situation, when critical bosons are slow compared to electrons, fermionic self-energy 
does not play a crucial role for superconductivity, despite that it is strong and destroys fermionic 
coherence. I discuss the special role of the “first Matsubara frequency” in this regard.   I present 
explicit results for Tc for the set of models with frequency-dependent effective interaction and 
discuss the behaviour below Tc, particularly of the density of states.  I argue that there are two 
qualitatively different regimes of “gap closing” and “gap filling in” and relate the second regime to 
the pairing induced entirely by fermions with first Matsubara frequency.   
 
 
 
 
 
 
 
 
 



Laura Fanfarillo,  SISSA, Trieste, Italy 
Hind’s Physics: exploring the phase diagram of iron-based superconductors 
 
Understanding the nature and strength of correlations in iron based superconductors (IBS) is key to 
unveil the nature of the superconducting, nematic and magnetic instabilities that appear in the 
phase diagram of these systems. The metallic nature of the spin-density-wave characterizing the 
parent compound has been interpreted as an indication of a weak (or intermediate) regime of 
correlations. However, there is an increasing experimental evidence of the orbital-dependent 
character of electronic correlations in IBS, with the simultaneous presence of strong- and weak-
correlated electrons. In particular, the degree of correlation of each orbital appears to be 
proportional to its individual deviation from half-filling (1 electron for each orbital).  
 
In this talk I will discuss the paramagnetic phase of IBS in terms of Hund’s metal. After revising the 
concept itself of Hund’s metal in light of recent theoretical developments [1], I will show how the 
phenomenology of the metallic phase of IBS can be explained as a consequence of the effective 
“orbital decoupling” induced by the Hund’s coupling, which makes the occupation of each orbital 
crucial and allows to interpret the IBS systems in terms of multiorbital weakly coupled doped Mott-
insulators [2, 3]. 
I will then discuss the role of Hund’s coupling in the nematicity of iron superconductors. I will show 
how correlations severely constrain the precise nature of the feasible orbital-ordered state and 
enhance the nematic character of the xz/yz orbitals [4].  
 
Finally I will briefly comment on the use of ultrashort light pulses as a tool to transiently modify the 
band population and possibly manipulating the orbital polarization and the strength of correlation 
in multi-band solid state systems as IBS. This technique can provide new understanding of the 
ground state properties and moreover offers a new tool to induce transient emergent properties 
with no counterpart at equilibrium [5]. 
 
[1] A. Isidori, M. Berovic, L. Fanfarillo, M. Fabrizio and M. Capone, in preparation (2018) 
[2] L. De Medici, G. Giovannetti and M.Capone, Phys. Rev. Lett. 112, 177001 (2014) 
[3] L. Fanfarillo and E. Bascones, Phys. Rev. B 92, 075136 (2015) 
[4] L. Fanfarillo, G. Giovannetti, M.Capone and E. Bascones, Phys. Rev. B 95, 144511 (2017) 
[5] A. Ronchi, P. Franceschini, L. Fanfarillo, P. Homm, M. Menghini, S. Peli, G. Ferrini, F. Banfi, F. Cilento, A. 
Damascelli, F. Parmigiani, J-P Locquet, M. Fabrizio, M. Capone, C. Giannetti, Proc. SPIE 10530, 105300V (2018) 
 
 
 
 
 
 
 
 
 
 
 
 



Antonio Garcia-Garcia, Shangai Jiao Tong University, Shanghai, China 
Direct evidence of multi-scale superconductivity in mono-layer NbSe2 
 
Eigenstate multifractality is a distinctive feature of quasi-two dimensional non-interacting weakly 
disordered quantum systems. Here we study superconductivity in a weakly-disordered mono-layer 
of NbSe2 theoretically and by scanning tunneling microscope techniques as well. In the range of 
parameters where multifractality is expected, we find agreement between theory and experiments: 
the superconducting gap is highly inhomogeneous in space with a spatial distribution close to log-
normal and a two-point correlation function that decays as a power-law for intermediate distances. 
Moreover, the distribution of the coherence peak height is Poisson which suggests strong 
superconducting phase fluctuations though transport properties indicate that phase coherence still 
holds. This superconducting state, that we term multi-scale superconductivity, offers a novel 
platform to tune and control superconductivity in quasi two-dimensional quantum materials. 
 
 
 
 
 
Jerome Lesueur, Laboratoire de Physique et d'Etude des Materiaux, ESPCI Paris, 
France 
Approaching the quantum Griffiths phase of a disordered superconductor 
 
A Quantum Phase Transition (QPT) from an ordered phase to a disordered one is described by 
critical exponents which characterize the divergence of the spatial and temporal coherence length 
when approaching the transition by tuning a parameter in the Hamiltonian. These exponents 
characterize universality classes which depend of the physics of the system. Under certain 
circumstances, rare large fluctuations and the corresponding spatial regions, such as for instance 
large clusters of ordered phase in the disordered one, play an important role. They cause so-called 
Griffiths singularities which deeply change the phase diagram in the vicinity of the QPT. The critical 
region, named Griffiths phase, extends, and the critical exponents themselves diverge at the critical 
point. 
We studied the SIT that occurs in the two-dimensional electron gas (2-DEG) at LaAlO3/SrTiO3 
interface using two parameters: the carrier density electrostatically modulated by a gate voltage VG 
and a perpendicular magnetic field B. We showed that the critical exponents measured when the 
SIT is driven by VG, change with the magnetic field: they diverge when  B is increased, as if the 
magnetic field controls the Griffiths character of the system. We analyzed the resistive transitions 
as a function of temperature for all possible VG and B values. We know from previous studies that 
the system is made of superconducting puddles embedded in normal regions. When the magnetic 
field is turned on, we evidence the development of rare superconducting regions obeying a Levy 
statistics typical of rare events, accompanying the divergence of the critical exponents. Random 
Resistance Network simulations confirm this finding. 
We report therefore for the first time the progressive transition from a non-Griffiths to a Griffiths 
phase in an experimental system, with a divergence of the critical exponents and the development 
of rare events. 
 
 



José Lorenzana, CNR, Institute of Complex Systems, Rome, Italy 
The silver route to high-Tc superconductivity 
 
Analogues of cuprates without copper can pave the way to new quantum materials exhibiting exotic 
magnetic states and perhaps new high-Tc superconductors. A natural choice is to replace Cu d9 by 
Ag d9. Unfortunately,  AgO is non magnetic and probably can be thought as a negative charge 
transfer system. Positive charge transfer can be restored replacing O by F. We studied  AgF2 using 
DFT, model Hamiltonians, Raman and inelastic neutron scattering and showed that it reproduces 
the well-known features of insulating cuprates including a large superexchange constant  which  
reaches 70% of cuprates and could potentially surpass cuprates if the large buckling present could 
be eliminated.  
 
 
  
 
Pratap Raychaudhuri, Tata Institute of Fundamental Research, Mumbai, India 
Variety of Hexatic states in vortex matter 
 
The Hexatic state is an intermediate state between a crystalline solid and a liquid was initially 
introduced in the context of melting of a 2-dimensional solid. The archetypal hexatic state has 
(quasi)-long range orientational order similar to a solid, and yet its positional order is short range 
and the shear resistance is zero like in a liquid. In this talk, I will show that the hexatic state is quite 
ubiquitous in the vortex state of weakly pinned type II superconductors. However, these hexatic 
states are not always of the archetypal type. Very often in the presence of pinning, one can realize 
hexatic glass states which have positional and orientational order similar to a hexatic, but whose 
shear modulus is finite[1],[2],[3]. In a recent experiment in very weakly pinned amorphous MoxGe1-
x superconducting films, we have recently observed the typical hexatic fluid state as an intermediate 
state between a Bragg glass and a vortex liquid[4]. The vortex phase diagram of this 2-dimensional 
system suggests that the hexatic state persists down to T = 0, suggesting that it might be a quantum 
fluid. 
 
[1] M. Zehetmayer, How the vortex lattice of a superconductor becomes disordered: a study by scanning 
tunneling spectroscopy, Sci. Rep. 5, 9244 (2015). 
 [2] S. C. Ganguli, H. Singh, G. Saraswat, R. Ganguly, V. Bagwe, P. Shirage, A. Thamizhavel and P. 
Raychaudhuri, Disordering of the vortex lattice through successive destruction of positional and orientational 
order in a weakly pinned Co0.0075NbSe2 single crystal, Sci. Rep. 5, 10613 (2015). 
[3] S. C. Ganguli, H. Singh, I. Roy, V. Bagwe, D. Bala, A. Thamizhavel and P. Raychaudhuri, Disorder-induced 
two-step melting of vortex matter in Co-intercalated NbSe2 single crystals, Phys. Rev. B 93, 144503 (2016). 
[4] Indranil Roy, Surajit Dutta, Aditya N. Roy Choudhury, Somak Basistha, Ilaria Maccari, Soumyajit Mandal, 
John Jesudasan, Vivas Bagwe, Claudio Castellani, Lara Benfatto, Pratap Raychaudhuri, Melting of the vortex 
lattice through intermediate hexatic fluid in a-MoGe thin film, arXiv:1805.05193 
 
 
 
 
 
 
 



Naurang Saini, Sapienza University, Rome, Italy 
Self-doped superconductivity and phase separation in undoped BiS2-based 
materials 

A wide variety of emerging functional materials reveal their physical properties determined by 
electronic inhomogeneities appearing at varying length scales. Here, we will present some of our 
recent studies using space resolved photoemission on BiS2-based superconductors. The work was 
motivated by the recent discovery of superconductivity in undoped CeOBiS2 system. Using space 
resolved ARPES we have found metallic phase embedded in the morphological defects and at the 
sample edges of stoichiometric CeOBiS2. While bulk of the sample is semiconducting, the embedded 
metallic phase is characterized by the Fermi surface similar to the one of doped BiS2-based 
superconductors. Typical size of the observed metallic domains is larger than the superconducting 
correlation length of the system suggesting that the observed superconductivity in undoped 
CeOBiS2 is likely to be due to this embedded metallic phase at the defects. Space resolved ARPES of 
self-doped EuFBiS2 will also be discussed revealing phase separation at mesoscopic scale that is 
driven by peculiar lattice distortions in these materials. 

 
 
 
 
 
 
Marc Scheffler, University of Stuttgart, Stuttgart, Germany 
Probing the microwave response of ultrathin disordered superconductors using 
broadband Corbino spectroscopy 
 
Strongly disordered superconductors, which are typically prepared as (ultra-)thin films, exhibit 
peculiar properties that motivate various ongoing experimental and theoretical research efforts. 
With typical critical temperature of a few K or below, the superconducting energy gap is expected 
at energies of a few meV or below. Optical probing of the dynamics of such disordered 
superconductors thus requires microwave and/or THz spectroscopy approaches. To this end, 
several groups worldwide have developed broadband microwave spectrometers for reflection 
measurements in Corbino geometry, and they have established dedicated calibration procedures to 
overcome the technical challenges related to cryogenic broadband microwave spectroscopy. 
  
Conceptually, Corbino reflectometry is ideally suited to study disordered superconducting films, 
offering an extremely wide frequency range (in our case 45 MHz to 40 GHz), sufficient sensitivity, 
and established procedures for 4He and 3He temperatures. Here we will present results of our 
ongoing Corbino studies of superconducting thin films, in particular of strongly disordered 
superconductors such as NbN or TaN. We will consider technical aspects that can be of great 
importance for such Corbino measurements on superconductors, and which so far were not 
addressed. We will also discuss possible perspectives how these effects can be used to characterize 
the superconducting films under study. 
 


