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E. Bascones (ICMM-CISC) 

Title: 

Interactions and correlated states in graphene based moiré systems.  

Abstract: 

The discovery of superconducting and insulating states in magic angle twisted bilayer 
graphene (MATBG) in 2018 opened a new area in the study of strongly correlated 
systems, the correlations in flat band moiré systems. The number of moiré systems 
showing insulating states or superconducting is growing fast. The correlated states in 
these systems are highly tunable with gate voltages, magnetic fields or via the 
alignment with the substrate. However the driving force of even the insulating states is 
still under discussion. In the talk I will discuss the similarities and differences of the 
interactions in two graphene based moiré systems: MATBG and trilayer ABC-graphene 
on boron nitride (ABC-TLG/hBN). I will then explore the possible relevance of Mott 
physics in ABC-TLG/hBN. 

 

  



L. Benfatto (Sapienza University of Rome) 

Title: 

THz driving of superconducting phase excitations 

Abstract: 

In the last few years, a number of experiments carried out with very intense THz fields, 
either in transmission or in pump-probe configuration, have shown the possibility to 
excite superconducting collective modes, like amplitude (Higgs) and phase 
(Goldstone) excitation of the order parameter, via light pulses. The signatures of the 
superconducting excitations manifest either in third-harmonic generation, in the case 
of narrowband pulses, or in well-defined oscillations of the transmitted field as a 
function of the pump-probe delay, in the case of broadband pulses. In both cases, one 
is essentially measuring the properties of the non-linear optical kernel [1,2]. Besides 
collective electronic excitations, in the superconducting state also the BCS response, 
connected to the continuum of quasiparticle excitations, can lead to pronounced 
resonances. How to distinguish and characterise the different possible processes has 
been the subject of an intense experimental and theoretical research. In this talk I will 
discuss some recent results on the role of disorder[3] and of the layered structure[4], 
as the one of cuprates, for what concerns the excitations of superconducting phase 
modes.  

[1] F. Giorgianni, T. Cea, C. Vicario, C. P. Hauri, W. K. Withanage, X. Xi, and L. 
Benfatto, Nat. Phys. 15, 341 (2019). 

[2] M. Udina, T. Cea and L. Benfatto, Phys. Rev. B 100, 165131 (2019) 

[3] G. Seibold, M. Udina, C. Castellani and L. Benfatto,arXiv:2010.12507, to appear on 
Phys Rev B (2021) 

[3] F. Gabriele, M. Udina and L. Benfatto, arXiv:2006.02296, to appear on Nat Comm 
(2021) 

  



A. Bernevig (Princeton) 

Title: 

Mòire Samples: The twisted bilayer graphene scenario  

Abstract: 

We present a full theory of the interacting insulating phases of twisted bilayer graphene 
around the first magic angle where the bandwidth of the “active” bands becomes very 
small. We show that the single particle Hamiltonian is fully anomalous: it contains 
stable topology for every set of bands. Furthermore, we analyze the Coulomb 
interaction and obtain exact insulating ground states as well as the full excitation 
spectrum in certain limits. 

 

  



L. Classen (Brookhaven National Laboratory) 

Title: 

Intercalated graphene - Competing orders at high-order Van Hove points 

Abstract: 

Van Hove points are special points in the energy dispersion, where the density of states 
exhibits analytic singularities. When a Van Hove point is close to the Fermi level, 
tendencies towards density wave orders, Pomeranchuk orders, and superconductivity 
can all be enhanced, often in more than one channel, leading to a competition between 
different orders and unconventional ground states. Here we consider the effects from 
high-order Van Hove points, around which the dispersion is flatter than near a 
conventional Van Hove point, and the density of states has a power-law divergence. 
We argue that such points are present in intercalated graphene and other materials. 
We use an effective low-energy model for electrons near high-order Van Hove points 
and analyze the competition between different ordering tendencies using an unbiased 
renormalization group approach. For purely repulsive interactions, we find that two key 
competitors are ferromagnetism and chiral superconductivity. For a small attractive 
exchange interaction, we find a new type of spin Pomeranchuk order, in which the spin 
order parameter winds around the Fermi surface. The supermetal state, predicted for 
a single high-order Van Hove point, is an unstable fixed point in our case.  

 
  



D. Efetov (ICFO Barcelona) 

t.b.a. 

  



R. M. Fernandes (U Minnesota) 

Title:  

Electronic nematicity in twisted moiré systems 

Abstract: 
 
The discovery of correlated states in narrow-band twisted graphitic systems opened a 
new platform to investigate the interplay between correlations, topology, and 
superconductivity. Recent experiments have reported evidence for breaking of the 
three-fold rotational symmetry of the triangular moiré superlattice in the normal and/or 
superconducting states of twisted bilayer and twisted double-bilayer graphene. Here 
we present a theoretical model for electronic nematicity in moiré superlattices. In the 
case of triangular (super)lattices, the nematic order parameter has the symmetry of a 
3-state Potts order parameter. As a result, a well-defined nematic-flop transition can 
take place even in the presence of uniaxial strain, in contrast to the case of Ising-
nematic order in tetragonal (super)lattices. Lattice fluctuations fundamentally change 
the nature of the Potts-nematic transition by mediating an effective nemato-orbital 
interaction that couples the orientation of the nematic director to certain soft directions 
in momentum space. In contrast to a rigid triangular lattice, in the moiré superlattice 
the Fermi-surface hot-spots associated with these soft directions are maximally 
coupled to the low-energy nematic fluctuations. Finally, we discuss the differences 
between the nematic states of twisted bilayer and double-bilayer graphene. 

 

  



A. Georges (CCQ, New York) 

Title: 

Quantum Criticality, Planckian Metals and the Seebeck Effect 

Abstract: 

I will review recent work on random t-J models which support the existence of a 
quantum phase transition at a critical doping doping between two metallic phases in a 
random t-J model related to Sachdev-Ye-Kitaev models. The Fermi surface undergoes 
a volume change at the quantum critical point, and transport displays `Planckian’ 
behaviour with linear resistivity. I will emphasize that such non Fermi liquids may 
naturally host a strong particle-hole asymmetry (skewness) which has surprising 
consequences for the sign and temperature dependence of the Seebeck effect. 
Connections with the phenomenology of cuprates will be discussed in light of recent 
experiments.    

 

  



C. Gies (U Bremen) 

Title: 

Correlation-induced phenomena in the cavity-QED regime of semiconductor 
nanostructures 

Abstract: 

Semiconductors are not the first systems that come to mind when thinking about 
correlation-driven phenomena. There are, however, regimes in nanophotonics, in 
which correlations have been revealed to play a decisive role and even give rise to 
fascinating new effects.  

Microcavities confine the electromagnetic field in three dimensions. Embedding 
semiconductor nanostructures into microcavities allows us to approach the quantum 
limit, in which single electronic excitations interact with photons in a single mode of the 
quantized light field. Being able to control the interaction between light and matter 
enables us to tailor inherent material properties, such as spontaneous emission itself. 
A fascinating example is superradiance, which results from correlations stored in the 
electronic degrees of freedom, but it manifests itself in the emission properties. 

In my talk I will explore correlation-dominated regimes of light-matter interaction in 
semiconductor systems and discuss how in gaining control over the formation of 
correlations and the correlation dynamics, new applications may be realized for 
quantum technologies. 

 

  



D. Kennes (RWTH Aachen) 

Title: 

Moiré heterostructures: a condensed matter quantum simulator 

Abstract: 

We propose twisted van der Waals heterostructures as an efficient, reliable and 
scalable quantum platform that enables the seamless realization and control of a 
plethora of interacting quantum models in a solid state framework. These new 
materials hold great promise to realize novel and elusive states of matter in experiment. 
We survey these systems as platform to study strongly correlated physics and topology 
that is notoriously difficult to study computationally [1]. Among the features that make 
these materials a versatile toolbox are (i) tunability of properties via readily accessible 
external parameters (such as gating, straining, packing and twist angle), (ii) ability to 
realize and control a large number of fundamental many-body quantum models 
relevant in the field of condensed matter physics and beyond and (iii) state-of-the-art 
experimental readouts exist to directly map out their rich phase diagrams in and out of 
equilibrium. This general framework, besides unravelling new phases of matter, 
permits to identify their key microscopic ingredients and therefore to robustly realize 
and functionalize those new phases in other material systems, deepening our 
fundamental understanding and holding many promises for future technological 
applications. As examples we discuss our recent findings in twisted bilayer graphene, 
bilayer BN, double bilayer graphene, bilayer WSe2, bilayer MoS2, bilayer GeSe and 
generalizations to three dimensions [2]. 

[1] arXiv:2011.12638 (Nature physics in press) 

[2] Nature 572, 95-100 (2019), Nature Communications 11, 1124 (2020), Nature 
Materials 19, 861 (2020), Phys. Rev. B 102, 085109 (2020), Phys. Rev. B 103, 
041103 (2021), arXiv:1911.00007 (PNAS in press), Nat Communications 12, 242 
(2021), arXiv:2004.02964, , arXiv:2012.09649 

 

  



A. Imamoglu (ETH Zürich)  

Title: 

Atomically thin semiconductors: probing strongly correlated electrons using excitons  

Abstract: 

If the Coulomb repulsion between the electrons becomes significantly stronger than 
their kinetic energy, the itinerant electrons in the two-dimensional systems are 
expected to form a spatially-ordered state, termed a Wigner crystal [1]. According to 
former Quantum Monte Carlo calculations [2], the ratio rs of the two energy scales 
must exceed 30 for such a crystallization to occur in the absence of the magnetic field 
(B  = 0). Owing to severe difficulties in satisfying this condition for conventional 
semiconductors (e.g., GaAs), prior experimental studies of the crystalline electronic 
states have mainly focused on the electrons confined to single Landau level under 
strong external magnetic field, which almost quenches the kinetic energy.  

In this talk, I will describe recent experiments in atomically-thin transition metal 
dichalcogenides (TMDs) where it is possible to reach rs > 40. Our measurements 
provide a direct evidence that the electrons at densities < 3 · 1011 cm-2 in a pristine 
MoSe2 monolayer form a Wigner crystal even at B = 0 [3]. This is revealed by our low-
temperature (T = 80 mK) magneto-optical spectroscopy experiments that utilize a 
newly developed technique allowing to unequivocally detect charge order in an 
electronic Mott-insulator state [4]. This method relies on the modification of excitonic 
band structure arising due to the periodic potential experienced by the excitons 
interacting with a crystalline electronic lattice. Under such conditions, optically-inactive 
exciton states with finite momentum matching the reciprocal Wigner lattice vector k = 
kW get Bragg scattered back to the light cone, where they hybridize with the zero-
momentum bright exciton states. This leads to emergence of a new, umklapp peak in 
the optical spectrum heralding the presence of periodically-ordered electronic lattice.   

Bibliography:  
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S. Latini (MPISD Hamburg) 

Title: 
 
The Ferroelectric Photo-Groundstate of SrTiO3 
 
Abstract: 
 
Engineering the collective behaviour of particles in quantum materials is considered a 
new paradigm in material design [1, 2]. One enticing possibility is to create collective 
light-matter-hybrid states by embedding materials inside optical cavities [3, 4]. In an 
optical cavity, the confinement of light on a small region of space can result in strong 
light-matter coupling and hence alter the properties of the material altogether. Here I 
demonstrate, based on first principles calculations, that the strong light-matter coupling 
in a cavity can induce a change of the collective phase from paraelectric to ferroelectric 
in the groundstate of SrTiO3, which has thus far only been achieved in out-
ofequilibrium strongly excited conditions [5, 6]. This is a light-matter-hybrid groundstate 
which can only exist because of the coupling to the vacuum fluctuations of light, a 
photo-groundstate. The atomistic calculations show the nuclear quantum fluctations of 
the SrTiO3 lattice, the ones responsible for the quantum paraelectricity of the SrTiO3 
[7], can be suppressed by means of the coupling to the vacuum fluctuations of light in 
a process that is analogous to dynamical localisation [8]: the interaction with cavity 
photons results in an enhancement of the effective mass of the ions thus slowing them 
down and reducing the strength of their quantum fluctuations. I further demonstrate 
that the effect of cavity induced localization extends to finite temperatures, even when 
thermal lattice fluctuations overcome the quantum ones. I thus introduce a revisited 
paraelectric to ferroelectric phase diagram, with the cavity coupling strength as new 
dimension. These findings ultimately demonstrate how exposing a material to confined 
light can change fundamental properties of its groundstate as far as its crystal 
structure. 
 
[1] Y. Tokura, M. Kawasaki, N. Nagaosa, Nature Physics 13, 1056 (2017).  

[2] D. Hsieh, D. N. Basov, R. D. Averitt, Nature Materials 16, 1077 (2017).  

[3] H. Hübener, et al., Nature Materials 13, 1045 (2020).  

[4] M. Ruggenthaler, N. Tancogne-Dejean, J. Flick, H. Appel, A. Rubio, Nature Reviews 
Chemistry 2, 1 (2018).  

[5] X. Li, et al., Science 364, 1079 (2019).  

[6] T. F. Nova, A. S. Disa, M. Fechner, A. Cavalleri, Science 364, 1075 (2019).  

[7] W. Zhong, D. Vanderbilt, Phys. Rev. B 53, 5047 (1996).  
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A. Mitra (NYU) 

Title:  
 
Floquet Symmetry Protected Topological (SPT) Phases 
 
Abstract:  
 
In this talk I will give an overview of SPT phases in periodically driven (Floquet) 
systems. I will describe the topological invariants needed to characterize these 
systems, and highlight their differences from SPT phases arising in static systems. I 
will also discuss how the entanglement properties of a many-particle wavefunction 
depend on these topological invariants. I will then show that many of the topological 
features encountered in free fermion SPTs are remarkably robust to adding 
interactions, even in disorder-free systems where generic bulk quantities can heat to 
infinite temperatures due to periodic driving. This robustness of the topological 
properties to heating can be understood in the language of strong modes for free 
fermion SPTs, and almost strong modes for interacting SPTs. 

 

  



A. Pasupathy (Columbia) 

Title:  

Moiré potentials and density waves in twisted transition metal dichalcogenides 

 

Abstract:  

In twisted bilayers of semiconducting transition metal dichalcogenides (TMDs), a 
combination of structural rippling and electronic coupling gives rise to periodic moiré 
potentials that can confine charged and neutral excitations. In this talk, I will describe 
experimental measurements of the structure and spectroscopic properties of twisted 
bilayers of WSe2 and MoSe2 in the H-stacking configuration using scanning tunneling 
microscopy (STM). Our experiments reveal that the moiré potential in these bilayers at 
small angles is unexpectedly large, reaching values of above 300 meV for the valence 
band and 150 meV for the conduction band - an order of magnitude larger than 
theoretical estimates based on interlayer coupling alone. I will then show 
experimentally (again from STM) that TMD semiconductors are at the verge of a 
charge density wave transition upon electron doping from local measurements of the 
electronic structure around donor impurities in these materials. 

 

  



G. Sangiovanni (U Würzburg) 

Title: 

Deconfinement of Mott localized electrons into topological and spin–orbit-coupled 
Dirac fermions 

Abstract: 

The interplay of electronic correlations, spin–orbit coupling and topology holds promise 
for the realization of exotic states of quantum matter. Models of strongly interacting 
electrons on honeycomb lattices have revealed rich phase diagrams featuring 
unconventional quantum states including chiral superconductivity and correlated 
quantum spin Hall insulators intertwining with complex magnetic order. Material 
realizations of these electronic states are, however, scarce or inexistent. In this work, 
we propose and show that stacking 1T-TaSe2 into bilayers can deconfine electrons 
from a deep Mott insulating state in the monolayer to a system of correlated Dirac 
fermions subject to sizable spin–orbit coupling in the bilayer. 1T-TaSe2 develops a 
Star-of-David charge density wave pattern in each layer. When the Star-of-David 
centers belonging to two adyacent layers are stacked in a honeycomb pattern, the 
system realizes a generalized Kane–Mele–Hubbard model in a regime where Dirac 
semimetallic states are subject to significant Mott–Hubbard interactions and spin–orbit 
coupling. At charge neutrality, the system is close to a quantum phase transition 
between a quantum spin Hall and an antiferromagnetic insulator. We identify a 
perpendicular electric field and the twisting angle as two knobs to control topology and 
spin–orbit coupling in the system. Their combination can drive it across hitherto 
unexplored grounds of correlated electron physics, including a quantum tricritical point 
and an exotic first-order topological phase transition. 

  



C. Schneider (U. Oldenburg) 

Title: 

Bose Condensation of Exciton-Polaritons in a MoSe2 monolayer - microcavity 

Abstract: 

Semiconducting monolayer crystals have emerged as a new platform for studies of 

tightly bound excitons and many-body excitations in ultimately thin materials. Their 

giant dipole coupling to optical fields makes them very appealing for (nano-) photonic 

devices, and for fundamental investigations in the framework of cavity quantum 

electrodynamics [1]. 

 

Our recent experiments show that the regime of strong light-matter coupling can be 

accessed, and the effect of bosonic condensation of exciton-polaritons (see Figs. 

1a,b), driven by excitons hosted in an atomically thin layer of MoSe2 has become within 

reach [2]. We have furthermore addressed the pending question on the emergence of 

long-range first-order spatial coherence, via interferometric g(1)(t) measures (Fig. 1c). 

We will finally discuss the emergence of polaritonic resonances at room temperature 

in fully tuneable optical lattices with integrated WS2 monolayers as a first step towards 

exploring correlations in highly non-linear synthetic lattices.  

 

 

Figure 1. Polariton dispersion relation below (0.1 Pth, panel a, excitation laser at 1.671 

eV) and above threshold (2Pth, panel b). (c) Real space interference pattern produced 

in a Michelson interferometer, with a zero delay between the two interfering paths, and 

one retro-reflected image. Excitation conditions same as those in panel (b). 

 

[1] C. Schneider et al. Nature Commun. 9, 2695 (2018). 

[2] C. Anton-Solanas, et al. Arxiv 2009.11885 (2020). 

  



M Sentef (MPISD Hamburg) 

Title: 

Light-induced superconductivity via dynamical Hubbard U 

Abstract: 

Light-induced superconducting optical responses have been experimentally observed 
in a variety of materials, including high-T_c cuprates [1,2] and alkali-doped fullerides 
[3,4]. Despite intense theoretical efforts, a comprehensive and microscopic 
understanding of light-induced superconductivity has not been fully reached yet. More 
recently, a new class of materials has been added to the picture, namely two-
dimensional organic conductors [5], whose basic phenomenology can be understood 
via a frustrated 2D Hubbard model on an anisotropic triangular lattice. In this talk, I will 
discuss a possible connection of light-induced superconductivity to dynamically 
modified Hubbard U in the organic material [6] and the more general concept of 
heating-induced order.  

 
[1] W. Hu et al., Nat. Mater. 13, 705 (2014) 

[2] R. Mankowsky et al., Nature 516, 71 (2014) 

[3] M. Mitrano et al., Nature 530, 461 (2016) 

[4] A. Cantaluppi et al., Nat. Phys. 14, 837 (2018) 

[5] M. Buzzi et al., Phys. Rev. X 10, 031028 (2020) 

[6] J. Tindall et al., Phys. Rev. Lett. 125, 137001 (2020) 

 

  



S. Shallcross (U. Erlangen)  

Title: 
 
Twists and other stacking faults in the graphene bilayer 
 
Abstract: 
 
The graphene twist bilayer is the prototypical system for the study of stacking faults. 
These can be either random partial dislocation networks [1], twists [2], or ordered 
partial dislocation networks that result when the minimally twisted bilayer relaxes [3]. 
Each of these systems has characteristic electronic properties, which we will explore 
in this talk. Ordered dislocation networks in the presence of an interlayer bias generate 
a network of 1d topological states, giving rise to a perfectly nested and controllable 
fermiology. At large angles the twist geometry is robust to reconstruction to a partial 
dislocation network, giving rise to curious electronic effects such as ghost cones and 
band broadening near commensurate angles, with the latter especially pronounced for 
the MoS2 bilayer. Finally, I will discuss how close to the Dirac point partial dislocations 
can dramatically impact the minimal conductivity found in pristine bilayer, in a way that 
is profoundly sensitive to dislocation position [4]. 
 
[1] F Kisslinger et al. Nature Physics 11 (8), 650-653  

[2] F Rost et al. Physical Review B 100 (3), 035101  

[3] M Fleischmann et al. Nano Letters 20 (2), 971-978  

[4] S Shallcross, S Sharma, HB Weber. Nature communications 8 (1), 1-8 

 

  



L. Savary (ENS Lyon) 

Title: 

Renormalization group approach to competing orders at charge neutrality in twisted 
bilayer graphene 

Abstract:  

We investigate twisted bilayer graphene near charge neutrality using a generalized 
Bistritzer- MacDonald continuum model accounting for corrugation effects. The Fermi 
velocity vanishes for particular twist angles properly reproducing the physics of the 
celebrated magic angles. Using group representation theory, we identify all contact 
interaction potentials compatible with the symmetries of the model. This enables us to 
identify two classes of quartic interactions leading to either the opening of a gap or to 
nematic ordering. We then implement a renormalization group analysis to study the 
effect of quantum fluctuations on the appearance of these states for twist angles 
approaching the first magic value. This combined group theory-renormalization study 
reveals that the proximity to the first magic angle favors the occurrence of a layer-
polarized, gapped state with a spatial modulation of interlayer correlations, which we 
call a nematic insulator. 
 

 

  



R. Thomale (U Würzburg) 

Title:  

Synthetic unconventional superconductivity 

Abstract: 

I will report on contemporary frontiers of theoretical research on unconventional 
superconductivity. Specifically, I will highlight motifs of artificial, i.e., synthetic material 
design that might prove useful in the future to realize desirable features of 
unconventional superconductors such as high critical temperatures, robust Majorana 
modes, or non-trivial topology. 

 

  



O. Vafek (NHMFL) 

Title: 
 
Correlations and topology in the magic angle twisted bilayer graphene  
 
Abstract: 
 
When the twist angle of a bilayer graphene is near the ``magic'' value, there are four 
narrow bands near the neutrality point, each two-fold spin degenerate. These bands 
are separated from the rest of the bands by energy gaps. In the first part of the talk, 
the topology of the narrow bands will be discussed, as well as the associated 
obstructions --or lack there of -- to construction of a complete localized basis [1,3].  
In the second part of the talk, I will present a two stage renormalization group treatment 
[4] which connects the continuum Hamiltonian at length scales shorter than the moire 
superlattice period to the Hamiltonian for the active narrow bands only, which is valid 
at distances much longer than the moire period.  Via a progressive numerical 
elimination of remote bands the relative strength of the one-particle-like dispersion and 
the interactions within the active narrow band Hamiltonian will be determined, thus 
quantifying the residual correlations and justifying the strong coupling approach in the 
final step. 
In the last part of the talk, the states favored by electron-electron Coulomb interactions 
within the narrow bands will be discussed. Analytical and DMRG results based on 2D 
localized Wannier states [2,5], 1D localized hybrid Wannier states [3] and Bloch states 
[3,4] will be compared. Topological and symmetry constraints on the spectra of 
charged and neutral excitation [4] for various ground states, as well as non-Abelian 
braiding of Dirac nodes [3] , will also be presented.  
 
[1] Jian Kang and Oskar Vafek, Phys. Rev. X 8, 031088 (2018). 

[2] Jian Kang and Oskar Vafek, Phys. Rev. Lett. 122, 246401 (2019)   

[3] Jian Kang and Oskar Vafek, Phys. Rev. B 102, 035161 (2020) 

[4] Oskar Vafek and Jian Kang Phys. Rev. Lett. 125, 257602 (2020) 

[5] Bin-Bin Chen, Yuan Da Liao, Ziyu Chen, Oskar Vafek, Jian Kang, Wei Li, Zi Yang 
Meng arXiv:2011.07602 

 

  



U. Wurstbauer (WWU Münster) 

Title:  

Degenerate many-body states and multi-valley physics of excitons in vdW hetero-
bilayers 

Abstract: 

Increasing the interaction strength between quasiparticles can cause strong 
correlations, collective phenomena and transition to emergent quantum phases.  VdW 
heterobilayers are ideal systems for the realization of exciton condensation because 
of large exciton binding energies [1], long lifetimes [2] and a permanent dipole allowing 
for the manipulation of the exciton ensembles via electric fields [3]. We demonstrate 
electric field control of layer index, orbital character, lifetime, and emission energy of 
indirect excitons in MoS2 - WS2 heterobilayers embedded in an vdW field-effect 
structur due to valley selective hybridization and multi valley physics [3,4]. In contrast, 
in photogenerated exciton ensembles hosted in MoSe2–WSe2 hetero-bilayers, we 
observe several criticalities with respect to photoluminescence intensity, linewidth, and 
temporal coherence [5] pointing towards the transition to a coherent many-body 
quantum state. The phenomena survive above 10 Kelvin, consistent with the predicted 
critical degeneracy temperature.  

I gratefully acknowledge the cooperation Lukas Sigl, Florian Sigger, Fabian 
Kronowetter, Jonas Kiemle and Alexander W. Holleitner and financial support by DFG 
via projects WU 637/4- 1, 4 – 2, 7-1 and SPP 2244. 
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R. Žitko (Jožef Stefan Institute) 

Title: 

Subgap states induced by inhomogeneities in paramagnetic Mott insulating layered 

materials 

Abstract: 

1T-TaS2 is a well-known charge-density-wave (CDW) system with an insulating 

ground state. Charge repulsion participates in the stabilization of this ground state, 

which is widely believed to be a paramagnetic Mott insulator with no magnetic ordering 

down to the lowest experimentally accessible temperatures (hence possibly a quantum 

spin liquid state on the triangular lattice), although the interlayer coupling in bulk 

material makes a conclusive identification a matter of ongoing debates. The situation 

is more clear in 1T-TaS2 monolayer (ML), which likewise has a large charge gap. 

Further monolayer CDW systems which are most likely Mott insulators are 1T-TaSe2 

and 1T-NbSe2. A simple model for the low-energy behaviour of these systems is 

Hubbard model on triangular lattice. Due to a lack of magnetic ordering, the dynamical 

mean-field theory (DMFT) constrained to the paramagnetic solution is a possible 

starting point for exploring some basic features in these systems. 

Defects in Mott insulators can induce subgap states. Two types of defects are of main 
interest in these systems: one-dimensional CDW domain walls and various point 
defects (substitutional, local conformation changes, topological defects at domain wall 
intersections). These can be studied using the real-space (inhomogeneous) version of 
the DMFT. I'll discuss an application of this approach to the case of a domain wall 
between two CDW domains. The Mott state collapses along the wall, although a small 
gap persists in the resulting subgap band due to cell-doubling along the domain wall, 
leading to a small hybridisation gap. 
I'll also briefly discuss the physics of subgap states of an impurity in a superconducting 
island with a finite charging energy Ec, and discuss the continuous connection between 
the Yu-Shiba-Rusinov states in bulk superconductors (with Ec=0) and "Coulombic 
subgap states" in ultrasmall superconductors (with Ec>>Delta, Delta being the 
superconducting gap), the latter being closely related to the subgap states at point-like 
defects in paramagnetic Mott insulators. 
 


