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Dear colleagues,

Welcome to 16th ETSF Young Researchers’ Meeting, San Sebastian 2019. The
Young Researchers’ Meeting (YRM) of the European Theoretical Spectroscopy Fa-
cility (ETSF) is an annual meeting of the first stage researchers (MSc and PhD
students and Postdoctoral researchers) who work on the novel theoretical and com-
putational approaches to study electronic and optical properties of materials. This
meeting provides researchers in beginning of their careers opportunity to share their
work, introduce themselves with state-of-the-art theoretical methods for describing
properties of materials, exchange ideas and make connections with other researchers
at similar point of career.

YRM 2019 will have five oral sessions. Topics of all the sessions will be on
ab-initio approaches of modelling material properties. First session will be on the
ground state of the system and second will be on excited states of atomic, molecular
and solid state systems. Third session will be on vibrational properties of materials.
Fourth session will be on multi-scale simulation and fifth session will be on highly-
correlated systems.

Conference will also host poster session where some of the participants will have
opportunity to show their work in graphical representation and to explain it to other
researchers in less formal way. Industry session is also scheduled where people who
transferred from academia to industry will tell participants their experiences and
provide them with insight in needs and expectations of industry regarding physicists
and material scientists.
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The ETSF YRM 2019 will be held at the Carlos Santamara Center (CSC) in
Donostia, Spain. The CSC is named after the mathematician, philosopher, meteo-
rologist, euskaltzale and pacifist from San Sebastian. He was awarded an honorary
doctorate by the UPV / EHU in 1992. His support was decisive in the development
of the Gipuzkoa Campus.

It houses the Campus Library, as well as new resources and services (learning
rooms, language lab, resource workshop for teaching and learning, etc.). In this uni-
versity center are also the headquarters of Institutes, Chairs and Research Groups,
in the areas of Social Sciences, Law and Humanities, as well as the Andrestegi Room
that hosts interesting exhibitions throughout the year.

The accommodation will take place at Residencia Villa Alaidi. The residence
is located only ten minutes by foot to Centro Carlos Santamara (roughly 1 Km).
Rooms are booked for five nights featuring two or three-bed occupation. Continental
breakfast will be also provided by Villa Alaidi.
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Spin in Quantum Materials

Manuel dos Santos Dias

Peter Grünberg Institut and Institute for Advanced Simulation
Forschungszentrum Jülich, 52425 Jülich, Germany

In this talk, I will paint with a broad brush the field of quantum materials,
from the theoretical methods to selected examples. Quantum materials are those
for which the quantum nature of the constituents is of primary importance to un-
derstand, predict and engineer their properties. The scope of this label is ever-
expanding, as listed in a recent review [1]: “Such quantum materials include su-
perconductors, graphene, topological insulators, Weyl semimetals, quantum spin
liquids, and spin ices.” This talk consists of four parts. I will start with a general
introduction to the toolkit of electronic structure calculations and how it applies
to theoretical spectroscopy. The second part will focus on the spin of the electron,
from its appearance in the Dirac equation to how concepts from spin physics perme-
ate quantum materials, even if magnetism is seemingly absent. Next, I will tie the
first and second parts by giving a theoretical description of scanning tunneling mi-
croscopy and spectroscopy, a key tool for probing quantum materials at the atomic
scale, where exciting physics takes place at the surface or at the edges of the sample.
Lastly, I will describe recent developments, highlighting examples from topological
insulators to 2D materials.

Figure 1: Quantum materials involve the interplay between many different degrees of
freedom, including spin. This leads to the emergence of new functionalities. Figure
from Ref. [2].

[1] B. Keimer and J. E. Moore, Nat. Phys. 13, 1045-1055 (2017)
[2] Y. Tokura, M. Kawasaki and N. Nagaosa, Nat. Phys. 13, 1056-1068 (2017)



The exact functional of density functional theory

Aron J. Cohen1, Paula Mori Sanchez2

1Max Planck Institute for Soild State Research, Stuttgart, Germany
2 Universidad Autonoma de Madrid, Spain

The foundational theorems of density functional theory (DFT) prove the mathe-
matical existence of an exact functional: one unique exact functional that gives the
exact answer for all densities and potentials1−2.

We will illustrate several examples of exact DFT in some model universes be-
fore seeing what this might mean for the improvement of currently used DFAs and
overcoming their challenges3. Perhaps the clearest example is the exact functional
for the two-site Hubbard Model4−5 where the entire exact functional can even be
3d-printed (see Figure 1 below). We will also illustrate other examples of a stochas-
tic minimization method to calculate the exact functional in a 1d universe6 , where
incidentally we also visualize some entire wavefunctions. The field of density func-
tional approximations (DFA) has taken a pragmatic approach (both non-empirical
and empirical) and often it is said that there is no clear path to progress. Hope-
fully, the calculation and a clear view of the exact functional can guide the future
improvement of DFAs for an accurate description of physics and chemistry.

[1] P. Hohenberg and W. Kohn; Phys. Rev. 1964, 136, B864 (1964)
[2] M. Levy, Proc. Natl. Acad. Sci. 76, 6062 (1979)
[3] A. J. Cohen, P. Mori-Snchez and Weitao Yang; Chem. Rev. 112, 289 (2012)
[4] D. J. Carrascal, J. Ferrer, J. C. Smith and K. Burke J. Phys. Cond. Matt.

27, 393001 (2015)
[5] A. J. Cohen and P. Mori-Snchez; Phys. Rev. A 93, 042511 (2016)
[6] P. Mori-Snchez and A. J. Cohen; J. Phys. Chem. Lett. 9, 4910 (2018)
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High-Pressure Iron as a Spin-Smectic State

Tommaso Gorni1

1LPEM, ESPCI Paris, PSL Research University, CNRS, Sorbonne Université, 75005
Paris, France

Iron’s alpha-epsilon transition, induced by hydrostatic compression around 13GPa,
marks the passage from the well-known bcc, ferromagnetic alpha-phase, to the more
elusive hcp epsilon-phase, whose magnetic properties have been object of study and
debate for several decades, their interest spanning from geophysics to the unconven-
tional superconducting state arising at low temperatures. The experimental evidence
provided so far has proven to be difficult to reconcile within a single picture and has
left room to different theoretical interpretations, ranging from a perfect paramagnet
to a long-range ordered antiferromagnetic state. Here we discuss some new experi-
mental results of x-ray emission spectroscopy and neutron powder diffraction, which
find appreciable local magnetic moments, but no magnetic long-range order until
very low temperatures (≈ 2 k) in epsilon-iron. We explain these results by propos-
ing a novel magnetic pattern based on first-principles simulations: this particular
arrangement, that we named ‘spin-smectic’ by analogy with liquid crystals, forms
antiferromagnetic bilayers separated by null spin bilayers, with an extremely weak
interlayer interaction. The spin-smectic phase may shed some light on the afore-
mentioned contradictions in high-pressure iron and could be integral to explaining
its puzzling superconductivity [1].
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Figure 2: Schematic phase diagram of iron. Our calculations predict that the disor-
dered moments (blue) form an orientationally-disordered spin-smectic state (green)
below a critical temperature Tm, which may be related to irons superconductivity
(Tc dome shown).

[1] B.W. Lebert, T. Gorni, et al., Epsilon-iron as a spin-smectic state,
arXiv:1903.04792 (2019).
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Analysis of defect states in MoSe2 and unfolding of defect
band structure

Stefan Rost1, Christoph Friedrich1, Irene Aguilera1, Beata Kardynal1, Stefan
Blügel1

1Peter Grünberg Institut and Institute for Advanced Simulation, Forschungszentrum
Jülich and JARA, 52425 Jülich, Germany

We identify possible dopants in MoSe2 that could facilitate single photon emission
reflecting the symmetry of the host lattice. In particular, we investigate dopants
in the chalcogen layer, because these are easiest to implant and introduce only
little strain on the crystal structure. Suitable dopands are identified by density-
functional-theory (DFT) studies of structural relaxation, projected density-of-states,
band structure, and electron energy loss spectra, all calculated with the Jülich
FLAPW code family. Calculations for the doped systems are performed using a
super-cell that contains 3×3 monolayer MoSe2 unit cells. Due to the breaking of
translational symmetry, it is difficult to interpret the band structure of defect sys-
tems, in particular, for low doping concentrations. Therefore, we implemented a
method for unfolding the bands in the Fleur code (www.flapw.de). The resulting
band structure resembles the one of the pristine material, but it contains additional
information about the defect states and their interaction with the MoSe2 bands. It is
shown that doping with group-5 and group-7 elements is promising. To understand
the many-body effects on the defect level, GW corrections are calculated.
We acknowledge the support through ”Integration of Molecular Components in
Functional Macroscopic System” initiative of VW Stiftung.
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Charge-transfer features in the exact Kohn-Sham potential
of ensemble density functional theory for excited states

M. J. P. Hodgson1, Eli Kraisler1,2, Axel Schild1,3 and E. K. U. Gross1,2

1Max-Planck-Institut für Mikrostrukturphysik, Weinberg 2, D-06120 Halle, Germany and
the European Theoretical Spectroscopy Facility, 2Fritz Haber Center for Molecular
Dynamics, Institute of Chemistry, The Hebrew University of Jerusalem, Jerusalem
91904, Israel, 3Laboratorium für Physikalische Chemie, ETH Zürich, 8093 Zürich,

Switzerland

Density functional theory (DFT) is widely used in condensed matter physics,
quantum chemistry and many other fields of research; however, accurately describ-
ing charge transfer has been a long-standing challenge within time-dependent, en-
semble and ground-state DFT owing to unreliable approximations to the exchange-
correlation (xc) potential of Kohn-Sham theory. Therefore, studying the exact xc
potential for charge-transfer systems is crucial for developing improved approxima-
tions. In this talk we present the exact xc potential of an ensemble of the ground
state and the first excited state of a 1D diatomic molecule consisting of an integer
number of electrons. For this system, upon excitation, a small amount of charge (δ)
transfers from one atom to the other within the molecule. In the corresponding exact
xc potential we find two plateaus: one that forms around the nucleus of the acceptor
atom, which is associated with the derivative discontinuity (∆) of that atom, and
another that forms around the donor atom and corresponds to a new phenomenon
which we term the ‘charge-transfer derivative discontinuity’ (∆CT)[1]. The relevance
of the aforementioned features to an accurate prediction of the excitation spectrum
of the molecule is discussed.

Figure 3: Charge transfer in a molecule gives rise to plateaus in the exact Kohn-
Sham potential which depend non-locally on the electron density.

[1] M. J. P. Hodgson, E. Kraisler, A. Schild, and E. K. U. Gross, The Journal of
Physical Chemistry Letters 2017, 8 (24), 5974-5980.
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Stable ordered phases of cuprous iodide with complexes of
copper vacancies

Mário Rui Gonçalves1

1Martin Luther University Halle

We perform an exhaustive theoretical study of the phase diagram of CuxI1−x,
concentrating on the region relevant for p-type transparent conduction (up to 30%
of copper vacancies). We find that interaction between vacancies is the determining
factor in stabilizing the zincblende CuI phase. This interaction leads to defect
complexes where Cu vacancies align along the [100] crystallographic direction. It
turns out that these defect complexes have an important influence on the electronic
properties, leading to conducting p-states that extend up to around 0.8 eV above
the Fermi level. We furthermore observe a a characteristic peak in the density of
electronic states, which may provide an experimental signature for this type of defect
complexes.
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Charge disproportionation, mixed valence, and Janus effect
in multiorbital systems: A tale of two insulators

Aldo Isidori1

1Scuola Internazionale Superiore di Studi Avanzati (SISSA), Trieste, Italy

Multiorbital Hubbard models differ substantially from the single-band prototipe
model that has been widely used to describe cuprates. In particular, they host a
strongly correlated ”Hund’s metal” state even for interactions much stronger than
the bandwidth. This behaviour has puzzled many theorists since its discovery, leav-
ing the Hund’s metal as a somewhat elusive concept. We now eventually charac-
terise this interaction-resilient metal as a mixed-valence state that can be pictured
as a bridge between two strongly correlated insulators: a high-spin Mott insulator,
favoured by a large Coulomb interaction, and a charge-disproportionation insulator,
stabilised by a large Hund’s coupling. The mixed-valence metallic state emerges in
the region where the two competing parent insulators are degenerate. This picture
is further strengthened by comparing models with negative and positive Hund’s cou-
pling at different fillings. Our results provide a characterisation of the Hund’s metal
state and connect its presence with charge disproportionation, which has indeed been
observed in chromates and proposed to play a role in iron-based superconductors.

Figure 4: Hund’s metal as mixed-valence state between degenerate insulators.

[1] Aldo Isidori, Maja Berović, Laura Fanfarillo, Luca de’ Medici, Michele Fab-
rizio, and Massimo Capone, Phys. Rev. Lett. 122, 186401 (2019).
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Orbital selectivity in Hund’s correlated metals

Maja Berović1

1Scuola Internazionale Superiore di Studi Avanzati (SISSA), Trieste, Italy

Fast technological development and vast need for new materials have triggered
a number of studies of transition-metal oxides. These materials can be described by
multi-orbital Hubbard models, which rely on the importance of the electronic corre-
lations among the outer-shell electrons in isolated transition-metal atoms. Moreover,
these correlations are strongly affected by Hund’s coupling [1,2], promoting metallic,
insulating or bad-metallic behaviour, depending on the filling. The later is charac-
teried by the strong increase of correlations as a function of interaction, with the
persistent itinerancy of the system (”Janus-effect”) [2,3]. The crossover from a stan-
dard metal to this kind of ”Hund’s metal” is associated to an effective decoupling
between the orbitals [3,4,5], which in turn appears as a key to understand the cor-
relation properties of transition-metal oxides and their orbital-selective character
[6].

A variety of different mechanism have been shown to give rise to this orbital-
selective phenomena, which is also motivated by the properties of real solids. The
effect of breaking the symmetry between the orbitals has been mainly taken into
account in the single-particle properties, in particular considering different hoppings
(bandwidths) for the various orbitals or a crystal-field splitting [1,6,7]. I will discuss
the effect of non-uniform Coulomb interactions on the physics of strong correlations
[8], a topic which is directly connected with the possible orbital selectivity and it
is motivated by realistic calculations of interaction parameters, which are typically
not symmetric. I will show how a very basic and simplified analysis assuming a
very limited parametrization reveals the richness of the physics induced by orbital-
dependent interactions, suggesting that these effects should be seriously taken into
account in studies of real materials.

[1] L. de Medici, Phys. Rev. B 83, 205112 (2011).
[2] A. Georges, L. de Medici, J. Mravlje, Annual Rev. of Cond. Mat. Phys. 4,

137 (2013).
[3] A. Isidori, M. Berovic, L. Fanfarillo, L. de Medici, M. Fabrizio, M. Capone,

Phys. Rev. Lett. 122, 186401 (2019).
[4] L. de Medici, G. Giovannetti, M. Capone, Phys. Rev. Lett. 112, 177001

(2014).
[5] L. Fanfarillo, E. Bascones, Phys. Rev. B 92, 075136 (2015).
[6] L. de Medici, S. R. Hassan, M. Capone, X. Dai, Phys. Rev. Lett. 102, 126401

(2009).
[7] L. de Medici, A. Georges, S. Biermann, Phys. Rev. B 72, 205124 (2005).
[8] M. Berovic, A. Isidori, L. Fanfarillo, M. Capone, in the preparation
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Enhanced electronic compressibility in a doped Mott
insulator in the presence of a crystal field

Maria Chatzieleftheriou1, Maja Berovic2, Pablo Villar Arribi1, Massimo Capone2,
Luca de’ Medici 1

1LPEM, ESPCI Paris, PSL Research University, CNRS, Sorbonne Universit, 75005
Paris, France,2International School for Advanced Studies (SISSA), Via Bonomea
265, I-34136 Trieste, Italy

It is known that a doped half-filled Mott insulator, in presence of Hunds coupling,
exhibits a crossover between a normal metal and a Hunds metal. It has also been
shown that near this frontier an enhancement of the electronic compressibility is
found, culminating in a divergence, possibly related to the mechanism for high-
Tc superconductivity. We explore the effect of a crystal field removing the orbital
degeneracy on the zone of enhanced compressibility and we find that it results in
an extension of the instability zone towards larger dopings, placing it close to the
region of parent compounds of the Fe-based superconductors.

Figure 5: Zone of instability towards phase separation in a 3 band model with crystal
field
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Effect of van Hove singularities in the quasiparticle weight

Pablo Villar Arribi1 and Luca de Medici1

1 LPEM, ESPCI Paris, PSL University; CNRS; 10 rue Vauquelin, F-75005 Paris, France

A common spectral feature of many electronic systems is the presence of van
Hove singuarities in their non-interacting density of states. If they are located next
to the Fermi level, they can strongly influence the electronic transport properties
of the system in a way that is far from straightforward, even more when the mo-
tion of electrons is dominated by dynamical correlations. In order to characterize
the effect of these singularities, we have solved a one-band Hubbard model in a
2-dimensional square lattice with first and second nearest-neighbor hoppings, with
dynamical mean-field theory and slave-spins mean-field theory, two methods which
allow to address the quasiparticle regime of these types of systems. We find that
the presence of these kinks around the Fermi level has little influence in the quasi-
particle renormalization at low values of the local Coulomb interaction, whereas at
strong interaction the behavior of quasiparticles is governed mainly by many-body
correlations and only the particle-hole asymmetry of the bare density of states has
a sizeable effect in the quasiparticle mass enhancement at finite doping. The im-
plications of our findings for the transport in the quasiparticle regime in realistic
models are also briefly discussed, in particular in the context of transition metal
compounds. [1] P. Villar Arribi and L. de Medici, in preparation
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Charge and spin transport in correlated nano-junctions

Andrea Droghetti

Nano-Bio Spectroscopy Group, University of the Basque Country

As we are entering the nano-world, the modeling of electronic and spintronic
devices is facing some great challenges. One has indeed to describe on the same
footing material-specific properties, quantum behaviors and strong correlation ef-
fects in and out-of equilibrium. In this context, new opportunities are offered by
combining the non-equilibrium Green’s function formalism with different electronic
structure methods such as Density Functional Theory and, moreover, Dynamical
Mean-Field Theory. Here we describe our recent developments within the electronic
structure code Smeagol. We demonstrate how we can accurately describe Kondo
physics, Coulomb blockade as well as finite-bias effects, such as spin excitations, in
molecular devices. Finally we present some preliminary results for solid-state tunnel
junctions. In particular we focus on the so-called piezoresistive devices comprising
SmSe, where an accurate description of electronic correlation in f-orbitals is needed
to predict the transport properties.
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Advantageous nearsightedness of many-body perturbation
theory contrasted with Kohn-Sham density functional

theory1

Jack Wetherell

Ecole Polytechnique - Palaiseau

For properties of interacting electron systems, Kohn-Sham (KS) theory is often
favored over many-body perturbation theory (MBPT), owing to its low computa-
tional cost. However, the exact KS potential can be challenging to approximate, for
example in the presence of localized subsystems where the exact potential is known
to exhibit pathological features such as spatial steps. By modeling two electrons,
each localized in a distinct potential well, we illustrate that the step feature has
no counterpart in MBPTs (including Hartree-Fock and GW ) or hybrid methods
involving Fock exchange because the spatial nonlocality of the self-energy renders
such pathological behavior unnecessary. We present a quantitative illustration of the
orbital-dependent nature of the nonlocal potential, and a numerical demonstration
of Kohn’s concept of the nearsightedness for self-energies, when two distant subsys-
tems are combined, in contrast to the KS potential. These properties emphasize the
value of self-energy-based approximations in developing future approaches within
KS-like theories.

[1] J. Wetherell, M. J. P. Hodgson, L. Talirz, and R. W. Godby. Phys. Rev. B
99 (2019)
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Superconductivity, Pseudogap and Their Interplay with the
Mott Transition

Lorenzo Fratino

LPEM,ESPCI Paris, PSL Research University, CNRS, Sorbonne Universit, 75005 Paris,
France

After more than thirty years since the discoveries of high temperature supercon-
ductivity in the cuprates, their properties still miss a complete theoretical under-
standing. In this presenta- tion, we will argue that the key role to decipher the phase
diagram of these compunds lies in the physics of the Mott transition combined with
the effect of short-range order correlations. The simplest one-band model to study
such systems is provided by the two-dimensional Hub- bard model: this paradig-
matic model represents the natural playground to understand the Mott physics and
it is widely believed to capture many of the essential features of strongly correlated
materials. Despite its simplicity, it has no known analytical solution and it must be
addressed with some numerical approaches. This can be done using the Dynami-
cal Mean-Field Theory and its cluster extensions the Cellular or Dynamical Cluster
Approximaxion Dynamical Mean- Field Theory. We plan to explore the phase dia-
gram of the 2 dimensional Hubbard model in order to investigate the nature of the
Mott transition and its faith as function of doping [1-4]. Upon doping the system,
the study of several parametric regimes in the presence of d-wave superconductivity
reveals the role of the pseudogap to correlated transition, hidden under the super-
conducting dome. The Widom line is a line of crossovers that emerges at high-
temperature from this transition. This supercritical behaviour not only determines
the shape of this dome but also the maxima of T c at optimal doping as well as
the driving mechanism that allows the superconductivity to occur. Furthermore,
it explains how the condensation energy can change from potential-energy driven
to kinetic-energy driven upon a reduction in doping. The first- order transition af-
fects the superconducting properties, providing an organising principle for the whole
phase diagram.

[1] L. Fratino, et al., Scientific Reports 6, 22715 (2016)
[2] L. Fratino, et al., Phys. Rev. B 93, 245147 (2017)
[3] L. Fratino, et al., Phys. Rev. B 95, 235109 (2017)
[4] L. Fratino, et al., unpubblished
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Amplification of magneto-optical activity via hybridization
with dark plasmons in magnetoplasmonic nanocavities

Mario Zapata Herrera

Nanomagnetism Group, Nanoscience Cooperative Research Center CIC Nanogune,
Donostia-San Sebastin, Espana

Universidad Distrital Francisco Jos de Caldas, Bogot-Colombia

Magneto-optical effects are widely used in studying technologically relevant mag-
netic materials as well as to realize optical devices exploiting non-reciprocal prop-
agation of light. The rapidly developing field of magnetoplasmonics merges the
concepts from plasmonics and magneto-optics to realize novel phenomena and func-
tionalities for the manipulation of light at the nanoscale.[1] Owing to the intertwined
optical and magneto-optical properties, magnetoplasmonics may offer a smart tool-
box for actively tunable optical ultrathin surfaces and metasurfaces.[2,3] Enhancing
magneto-optical effects is crucial for size reduction of key photonic devices based
on non-reciprocal propagation of light and to enable active nanophotonics. Here,
we disclose an approach that exploits dark plasmons to achieve an unprecedented
amplification of magneto-optical activity.[4] We designed and realized a symme-
try broken non-concentric magnetoplasmonic-disk/plasmonic-ring nanocavity fabri-
cated by e-beam lithography. The nanocavity is made of a ferromagnetic disk-shaped
nanoantenna precisely placed inside a ring-shaped gold nanoresonator. The broken
symmetry enables the free-space light excitation of dark multipolar modes in the
plasmonic-nanoring and their hybridization with the dipolar plasmonic resonance of
the magnetoplasmonic nanoantenna. Such hybridization gives rise to a multipolar
Fano resonance that, when excited, produces a large amplification of the magneto-
optic response of the nanocavity, which is 1-order of magnitude higher than the
ordinary amplification provided by localized plasmons in a bare magnetoplasmonics
nanoantenna. Such large amplification is explained as due to the peculiar and en-
hanced electrodynamics of the nanocavity, yielding a large magnetically activated
radiant magneto-optical dipole driven by the low-radiant multipolar Fano resonance
mode. The concept proposed here is general and offers prospects for even higher
enhancements via optimization of the nanocavity design. Altogether, our results
open a new and fresh path that can revitalize the research and the applications of
magnetoplasmonics to active nanophotonics and flat optics.

[1] N. Maccaferri et al., Phys. Rev. Lett. 111, 167401 (2013)
[2] K. Lodewijks et al., Nano Lett. 14, 7207 (2014)
[3] I. Zubritskaya et al., Nano Lett. 18, 302 (2018)
[4] A. Lpez-Ortega et al., submitted.
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Ultrafast relaxation of symmetry-breaking photo-induced
atomic forces

Shane M. O’Mahony1,2, Felipe Murphy-Armando1, Éamonn D. Murray3, 1, José D.
Querales-Flores1, Ivana Savić1, Stephen Fahy1,2

1Tyndall National Institute, Cork T12R5CP, Ireland
2Department of Physics, University College Cork, Cork T12K8AF, Ireland 3Department
of Physics and Department of Materials, Imperial College London, London SW7 2AZ,

United Kingdom

We present a first-principles method for the calculation of the temperature-
dependent relaxation of symmetry-breaking atomic driving forces in photoexcited
systems. We calculate the phonon-assisted decay of the photoexcited force on the
low-symmetry Eg mode following absorption of an ultrafast pulse in the prototyp-
ical group-V semimetals, Bi, Sb and As [1]. The force decay lifetimes for Bi and
Sb are of the order of 10 fs and in good agreement with recent experiments [2],
demonstrating that electron-phonon scattering is the dominant mechanism relaxing
the symmetry-breaking forces. Calculations for a range of absorbed photon energies
suggest that larger amplitude, symmetry-breaking atomic motion may be induced
by choosing a pump photon energy which maximises the product of the initial Eg

force and its lifetime. We also find that the high-symmetry A1g force undergoes a
partial decay to a non-zero constant on similar timescales, which has not yet been
measured in experiments. We observe that the imaginary part of the electron self-
energy, averaged over the photoexcited carrier distribution, provides a reasonable
estimate for the decay rate of symmetry-breaking forces.

[1] É. D. Murray and S. Fahy, Phys. Rev. Lett. 114, 055502 (2015)
[2] J. J. Li, J. Chen, D. A. Reis, S. Fahy, and R. Merlin, Phys. Rev. Lett. 110

(2013), 10.1103.
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Towards optimal orbital description of molecules and solids.

Aleksei Ivanov1, Elvar Örn Jónsson1, Hannes Jónsson1

1Science Institute and Faculty of Physical Sciences, University of Iceland VR-III,107
Reykjav́ık, Iceland

A typical introduction to Chemistry is based on the concept of orbitals, i.e. single
electron wave functions. This basic model of many-electron systems can be described
as ’... each electron being subject to the effect of the other electrons averaged over
the positions they occupy’ [1]. Even after mastering advanced computational meth-
ods, the orbital based description of electronic structure remains the tool of choice
for many calculations, especially those of large systems, and for gaining insight from
calculated results. But, how are optimal orbitals obtained and how accurate can
this level of approximation be? Neither Hartree-Fock (HF) nor Kohn-Sham density
functional theory (DFT) [2], directly provides orbitals consistent with chemical in-
tuition, so post-processing of the results of such calculations is often carried out to
form new linear combinations of orbitals, for example sp3 and sp2 hybrid orbitals.
HF and practical implementations of DFT based on the electron density and its
gradient, furthermore, are not accurate enough in many cases, but tend to have
errors of opposite sign and this has led to an ever growing number of hybrid energy
functionals where calculations are based on some mixture of the two approaches.
Also, commonly used density functionals fail to give accurate estimation of orbital
energies that can be used to estimate ionization potentials, band gaps, etc. In this
presentation it will be argued that an orbital based model, i.e. mean field theory
of electronic structure, can be formulated in such a way as to gain higher accuracy
than conventional DFT approximations, while simultaneously providing a unique set
of orbitals consistent with chemical intuition. This can be accomplished by intro-
ducing explicit orbital density dependence (ODD) in the energy functional and by
carrying out variational minimization of the energy with respect to the orbitals. An
example of such a model is the Perdew-Zunger self-interaction correction [3], where
the spurious self-interaction error inherent to density functional approximations is
exactly cancelled out in the one-electron limit. Calculations of molecules and solids
including substitutional defects in solids using an ODD functional obtained by ap-
plying revised self-interaction correction to a Kohn-Sham functional, and variational
optimization with respect to complex valued orbitals, will be presented and further
work in this direction discussed.

[1] G. M. Barrow, Physical Chemistry 3rd ed.
[2] W. Kohn and L. J. Sham, Phys. Rev 140, A1133 (1965).
[3] J. P. Perdew and A. Zunger, Phys. Rev. B 23 5048 (1981).
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Dielectric function of homogeneous electron gas from
Bethe-Salpeter equation

J. Koskelo1,2, M. Panholzer3,2, L. Reining1,2, M. Gatti1,2,4
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Facility (ETSF) 3Institute for Theoretical Physics, Johannes Kepler University Linz,
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The homogeneous electron gas (HEG) is one of the most important model sys-
tems in condensed matter physics, and it has been subject of a great number of
studies. Further interest in the HEG is directed through the connector theory [1,2]
where the properties of a model system are imported to real systems by using suit-
able effective potentials. Some properties of the HEG such as total energy and static
correlation functions can be obtained from quantum Monte Carlo (QMC) simula-
tions with great accuracy, but for dynamical correlation functions only very few
results are available.

Methods based on the Bethe-Salpeter equation (BSE) have been very succesful in
semiconductors and insulators, but metals have been less studied. In this contribu-
tion, we use the BSE in its standard approximations, including a statically screened
electron-hole interaction, to study the dielectric function of the HEG. We find sig-
nificant differences in static screening and spectra compared to other approaches.
In particular, the BSE in its current approximations fails to reproduce the negative
static screening in the low-density HEG, which is related to a so-called ghost exciton
[3,4].

[1] M. Panholzer et al, Phys. Rev. Lett. 120, 166402 (2018).
[2] M. Vanzini et al, arXiv:1903.07930
[3] K. Takayanagi, and E. Lipparini, Phys. Rev. B 56, 4872 (1997).
[4] Y. Takada, Phys. Rev. B 94, 245106 (2016).
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DFT ground-state based approaches in the simulation of
core-level excitation energies

Georg S. Michelitsch1
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Core-level spectroscopic measurements are established experimental procedures
to characterize a material’s composition, two of which are the object of the current
study, namely X-ray photoelectron spectroscopy (XPS) and near-edge X-ray ab-
sorption fine-structure (NEXAFS). The state-of-the-art methodological approaches
towards the simulation of experimental signatures are based on GW and the BSE
[1] but as such are restricted to a small system size. However, the experimental
length-scales typically exceed the computationally accessible realm and as such of-
ten multi-parameter fitting procedures based on model Hamiltonians are employed
to facilitate the interpretation of a measurement [2]. This can lead to problems such
as fitting artifacts or missing resonances due to the intrinsic line-broadening and thus
overlapping signals in the experiment. In order to overcome these disadvantages, the
work presented here tries to find approaches suitable to access these length-scales
and retain a first-principles description of the system, based on a ground-state DFT
calculation with fractionally occupied states [3]. This kind of approaches have gained
increased popularity in the interpretation of X-ray spectroscopic signatures but a
careful validation and gauging of the various conceptual approximations and nu-
merical settings is required for a successful calculation. To this end, I present a
systematic ground-state DFT study of core-level excitations within the framework
of the all-electron full-potential DFT code FHI-aims [4]. Apart from the ubiquitous
choice of density functional and basis set, I highlight important boundary conditions
such as the proper localization of the core-hole.
[1] J. Vinson et al. Phys. Rev. B, 83, 115106 (2011)
[2] E. Stavitski et al. Micron, 41, 687 (2010)
[3] G.S. Michelitsch et al. J. Chem. Phys., 150 (7), 074104 (2019)
[4] V. Blum et al. Comp. Phys. Comm., 180(11), 2175 (2009)
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Going beyond TDDFT for some of its pathological cases:
double excitations and magnetic excitations

Elisa Rebolini

Institut Laue Langevin

Linear-response time-dependent density-functional theory (TDDFT) [1] is one of
the most widely used method to compute electronic excitation energies, thanks to
its good cost versus accuracy ratio. The key component in TDDFT is the Hartree-
exchange-correlation kernel which must describe the effects of the electron-electron
interaction on the excitation energies of the system. Unfortunately, the analytic form
of this kernel is unknown and the design of approxima- tions remains a major chal-
lenge. Within the usual adiabatic semi-local approximations, TDDFT reproduces
correctly the valence excitation energies of weakly-correlated systems. However it
is not able to describe properly Rydberg, charge-transfer or multiple excitations in
these systems and fails completely in strongly-correlated systems. Range separa-
tion of the electron-electron interaction [2] allows one to mix rigorously density-
functional methods at short range and wave-function or Greens function methods
at long range. When applied to the exchange kernel, the inclusion of the long-
range Hartree-Fock exchange kernel already corrects most of TDDFT deficiencies
[3] as, in particular, the correct asymptotic behavior of the potential at long range
is recovered. However multiple excitations are still missing with such a kernel as
they need a frequency-dependent kernel in order to be captured. In this talk, I
will present several developments in range-separated time-dependent and time- in-
dependent density-functional theory to improve the treatment of such excitations
[46]. TDDFT also performs poorly to describe excitations in strongly-correlated
systems, espe- cially in the lower part of the spectrum. Indeed a mean-field de-
scription of the ground state is a poor choice in this case. In order to compute the
magnetic excitations in strongly-correlated systems such as transition metal oxides,
I will briefly present the Selected Active Space + Single Methods and how to address
its computational challenges [7, 8].

Casida, M. Time-Depent Density-functional response theory for molecules. In: Re-
cent Adv. Density Funct. Methods, Part I. Ed. by Chong, D. P. Singapore: World
Scientific, 1995, p. 155.

[2] Savin, A. On degeneracy, near-degeneracy and density functional theory. In:
Recent Dev. Appl. Mod. Density Funct. Theory. Ed. by J.M. Seminario. Amster-
dam: Elsevier, 1996, p. 327.

[3] Tawada, Y.; Tsuneda, T.; Yanagisawa, S., et al. 2004. J. Chem. Phys. 120.
P. 8425.

[4] Rebolini, E.; Toulouse, J.; Teale, A. M., et al. 2014. J. Chem. Phys. 141. P.
044123.

[5] Rebolini, E. and Toulouse, J. 2016. J. Chem. Phys. 144.
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[6] Rebolini, E.; Teale, A. M.; Helgaker, T., et al. 2018. Mol. Phys. 116. Pp.
14431451.

[7] Gell, A.; Varignon, J., and Lepetit, M.-B. 2009. EPL. 88. P. 37003.

[8] Varignon, J.; Petit, S.; Gell, A., and Lepetit, M. B. 2013. J. Phys. Condens.
Matter. 25. P. 496004.
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Describing atomic vibrations from first-principles accurately is of paramount
importance to understand the thermodynamic and transport properties of solids.
Phonon dispersions are routinely calculated within the harmonic approximation,
and transport properties can be studied by estimating the electron-phonon and
phonon-phonon interactions within perturbation theory. Nevertheless, whenever
the amplitude of the atomic displacements largely exceeds the range in which the
harmonic potential is valid, the harmonic approximation completely fails without
allowing a perturbative expansion. The stochastic self-consistent harmonic approxi-
mation (SSCHA) that we have developed1,2,3,4 offers an efficient method to calculate
vibrational properties of solids even when the harmonic approximation completely
collapses. The method is variational and takes into account quantum and thermal
effects rigorously. With our recent developments on the SSCHA method3 , we show
how phonon frequencies should be defined from the second derivative of the free en-
ergy, which allows calculating the transition temperature of structural second-order
phase transitions. More- over, the new developments3 allow calculating third-order
anharmonic force-constants, which determine thermal properties, beyond the per-
turbative limit. In this lecture we will present the method and several applications
of it in superconducting hydrides, charge-density-wave systems, and thermoelectric
materials.

[1] I. Errea, M. Calandra, and F. Mauri, Phys. Rev. Lett. 111 (2013) 177002.
[2] I. Errea, M. Calandra, and F. Mauri, Phys. Rev. B 89 (2014) 064302.
[3] R. Bianco, I. Errea, L. Paulatto, M. Calandra, and F. Mauri, Phys. Rev. B

96 (2017) 014111.
[4] L. Monacelli, I. Errea, M. Calandra, and F. Mauri, Phys. Rev. B 98 (2018)

024106.
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Quantum Anharmonic Effects on the Superconducting
LaH10
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The discovery of superconductivity in the H3S at 203 K revived the attention on
superconductors described through the Bardeen-Cooper-Schrieffer (BCS) and the
Migdal-Eliashberg theories. Furthermore, the constant advancing of experimental
and computational tools for the investigation and prediction of the system properties
significantly widened the landscape on superconductivity in the BCS hydrides.

One of the most recent breakthrough is the discovery of the Lanthanum hydride
(LaHx) with a record superconductivity temperature of 250 K at a pressure of 170
GPa [1], [2]. The multiple experimental studies performed for this system reported
different and distant values for its superconductive temperature (Tc) [1], [2], [3].
This suggests the existence of multiple superconductive phases coexisting at the
same pressure. This feature sums up to the not yet well known stoichiometry of the
material.

In this study we apply first-principle calculations including anharminic effects
within the Stochastic Self Consistent Harmonic Approximation [4] (SSCHA) in or-
der to accurately characterize the supeconductive properties of LaH10. Our results
suggest that the crystal structure of LaH10 is stabilized by quantum nature of the
ions. This is similar to the situation in H3S [5]. The superconducting properties
and Tc are consequently strongly affected by large anharmonicity. Our results in
LaH10 point again that quantum anharmonic effects are crucial in high-temperature
superconducting hydrides.

[1] Maddury Somayazulu, Muhtar Ahart, Ajay K. Mishra, Zachary M. Geballe,
Maria Baldini, Yue Meng, Viktor V. Struzhkin, and Russell J. Hemley, Phys. Rev.
Lett. 122, 027001 (2019)

[2] A. P. Drozdov, P. P. Kong, V. S. Minkov, S. P. Besedin, M. A. Kuzovnikov,
S. Mozaffari, L. Balicas, F. Balakirev, D. Graf, V. B. Prakapenka, E. Greenberg, D.
A. Knyazev, M. Tkacz, M. I. Eremets arXiv :1812.01561 [cond-mat.supr-con]

[3] A. P. Drozdov, V. S. Minkov, S. P. Besedin, P. P. Kong, M. A. Kuzovnikov,
D. A. Knyazev, M. I. Eremets, arXiv :1808.07039 [cond-mat.supr-con]

[4] I. Errea, M. Calandra, F. Mauri, Phys. Rev. B 89, 064302 (2014)

[5] Ion Errea, Matteo Calandra, Chris J. Pickard, Joseph R. Nelson, Richard J.
Needs, Yinwei Li, Hanyu Liu, Yunwei Zhang, Yanming Ma, Francesco Mauri, Na-
ture 532, 8184 (2016)
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Since 2014 the layered semiconductor SnSe in the high-temperature Cmcm phase
is known to be the most efficient intrinsic thermoelectric material[1]. The thermo-
electric efficiency is measured by a dimensionless figure of merit ZT = S2σT/κ,
where S is the Seebeck Coefficient, σ the electrical conductivity, T the temperature
and κ the thermal conductivity, constituted by electronic κe and lattice κl contri-
butions. The thermal conductivity of SnSe is dominated by the lattice and is very
low (below 1 W/mK) in the whole temperature range. The material suffers a phase
transition from the low temperature Pnma to the high temperature Cmcm phase
at around 800 K and the power factor PF = S2σ is greatly increased after the
phase transition giving a very high ZT ≃ 2.6 at around 900 K. The PF is increased
from the Pnma to the Cmcm phase because the electronic band gap is decreased
after the structural phase transition. It is still not well understood whether the
phase transition is first or second-order and there are discrepancies among different
experiments on the value and anisotropy of the thermal conductivity.

Making use of first-principles calculations we show[2] that its vibrational and
thermal transport properties are determined by huge nonperturbative anharmonic
effects. We show that the transition from the Cmcm phase to the low-symmetry
Pnma is a second-order phase transition driven by the collapse of a zone border
phonon, whose frequency vanishes at the transition temperature. Our calcula-
tions show that the spectral function of the in-plane vibrational modes are strongly
anomalous with shoulders and double-peak structures. We calculate the lattice ther-
mal conductivity obtaining good agreement with experiments only when nonpertur-
bative anharmonic scattering is included. We also see that the thermal conductivity
shows a clear anisotropy between in-plane and out-of-plane calculations. Our results
suggest that the good thermoelectric efficiency of SnSe is strongly affected by the
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nonperturbative anharmonicity.
[1] L.-D. Zhao, S.-H. Lo, Y. Zhang, H. Sun, G. Tan, C. Uher, C. Wolverton, V.

P. Dravid, and M. G. Kanatzidis, Nature 508, 373 (2014).
[2] U. Aseginolaza, R. Bianco, L. Monacelli, L. Paulatto, M. Calandra, F. Mauri,

A. Bergara and, I. Errea. Physical Review Letters 122 (7), 075901 (2019).
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Prediction of photoinduced phase transitions and coherent
optical phonon generation in BaTiO3

Fangyuan GU, amonn Murray, and Paul Tangney

Imperial College London

The effects of above band gap ultrafast laser pulses on the lattice dynamics and
structural properties of the prototypical perovskite, BaTiO3 , are investigated us-
ing electronic structure methods and atomistic simulations. A constrained density
functional method[1][2] is first used to study the local changes induced by ultrafast
laser excitation. Our work shows a reduction in the ionicity due to electrons being
returned by O anions to Ti cations. By phonon and equilibrium structure calcu-
lations, we find that moderate levels of photo-excitation reduces the polarization,
coherently excites and softens optical A1 phonons, and lowers the local barriers
to ferroelectric domain reversal, which further suggest a lowering of the coercive
field and the phase transition temperature. The information gained from our first
principles calculations is used to make suitable electronically-excited state atom-
istic potentials and to study significantly longer time-scales structural changes. We
suggest that pump-probe spectroscopy could be used to induce a purely-displacive
transition to higher symmetry phase at low temperature and to study the decay of
coherent optical phonons. Our findings may also provide guidance to the design of
optically controlled devices.

Supported by EPSRC grants EP/L015579/1, EP/P020194/1.
[1] . D. Murray et.al. Phys. Rev. B 72, 060301 (2005)
[2] P. Tangney and S. Fahy, Phys. Rev. B 65, 054302 (2002)
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is a n-doped small-gap semiconductor displaying a charge density wave (CDW)
transition at ≈ 200K in bulk and ≈ 200−280K in single-layer, depending on the sub-
strate. The formation of CDW is normally interpreted as an interplay between the
electron-electron and electron-phonon interaction. The vibrational spectra are, how-
ever, strongly temperature dependent, a fingerprint of phonon-phonon scattering.
Here, by using hybrid and semi-local functionals as force engines and the stochastic
self-consistent harmonic approximation, we estimate the effect of non-perturbative
anharmonicity in single-layer . We find that, at odds with the bulk case, the ex-
change interaction has negligible effect on the CDW. By using the experimental
lattice parameters, we show that ≈ 455K for an isolated and undoped single-layer.
The combined action of electron-doping (n = 4.6 × 1013 cm−2) and anharmonicity
strongly suppresses , an effect absent at the harmonic level. Our work establishes
phonon-phonon scattering and the density of carriers in the conduction band as two
key players in the CDW formation in single-layer.
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Multi-scale journey through the molecular mechanisms of
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To properly simulate colour expression in dyes one must simultaneously take
into account a wide range of time and length scales — spanning electronic excita-
tions responsible for the absorption of the dye, thermal fluctuations, conformational
changes, and the equilibrium properties between tautomers in solution. This requires
an efficient combination of simulation types, which we present here as a multi-scale
protocol applicable to organic dyes in solvent. We apply this to anthocyanin sys-
tems, a broad family of natural dyes which are increasingly finding application as
substitutes for artificial colorants in the food industry. We address the mechanisms
responsible for their optical properties combining force field based molecular dy-
namics, free energy methods, ab-initio molecular dynamics at the density functional
theory (DFT) level as well as time-dependent DFT calculations to obtain optical
spectra. The computed spectra are in excellent agreement with experiments, provid-
ing unprecedented insight into the complex behavior underlying colour expression
in these molecules [1], and indicating a potentially wider use of our methodology in
predicting and understanding optical absorption in organic systems.

Figure 6: Small changes in molecular geometry can cause significant shifts in the
instantaneous absorption spectrum

[1] M. Rusishvili, L. Grisanti, S. Laporte, M. Micciarelli, M. Rosa, R. J.Robbins,
T. Collins, A. Magistrato, and S. Baroni Unraveling the molecular mechanisms of
color expression in anthocyanins Phys. Chem. Chem. Phys. 21:87578766, (2019)
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Multiscale atomistic simulations in the wake of machine
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Multiscale modeling of molecules, solids and liquids at the atomic scale in-
volves the inte- gration of different levels of description to make complex simu-
lations, that are in principle out of reach, possible. Multiscale techniques range
from the explicit mixing of different levels of theory in the same simulation (e.g.,
the so-called QM/MM approach) to more commonplace implicit multiscaling, where
computationally-demanding methods inform the construction or parametrization of
simpler surrogate models which are cheaper to evaluate yet capture the es- sen-
tial physics of the problem at hand. In the context of atomistic solid-state and
molecular computational physics, these models often (but not always) feed on ab
initio data generated within different flavors of density functional theory. With the
emergence and popularization of machine learning-based interatomic potentials and
other data-driven methodologies, the land- scape of the field is quickly evolving and
looks significantly different from what it did just three or four years ago.

In this talk, after briefly motivating the need for multiscaling in atomistic mod-
eling, I will go on to discuss one example of pre-machine-learning-era multiscale
simulation, where we looked at the electronic properties of InGaN-based quantum
wells [1,2]. In the second part, I will introduce one of the dominating machine-
learning-based interatomic potential methodologies, the Gaussian approximation
potential (GAP) of Bartk, Csnyi et al. [3], used in combination with SOAP many-
body atomic descriptors [4,5]. Then, I will show how we used GAP to run large-scale
molecular dynamics simulations to help settle the decades-old conundrum regarding
the microscopic growth mechanism and origin of diamond-likeness in amorphous
carbon [6].

[1] M. A. Caro, S. Schulz, E. P. OReilly, Phys. Rev. B 88, 214103 (2013).
[2] S. Schulz, M. A. Caro, C. Coughlan, E. P. OReilly, Phys. Rev. B 91, 035439

(2015).
[3] A. P. Bartk, M. C. Payne, R. Kondor, G. Csnyi, Phys. Rev. Lett. 104,

136403 (2010).
[4] A. P. Bartk, R. Kondor, G. Csnyi, Phys. Rev. B 87, 184115 (2013).
[5] M. A. Caro, arXiv:1905.02142.
[6] M. A. Caro, V. L. Deringer, J. Koskinen, T. Laurila, G. Csnyi, Phys. Rev.

Lett. 120, 166101 (2018).
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Understanding X-ray spectroscopy of carbonaceous
materials by combining simulations with experimental data

Anja Aarva1, Volker L. Deringer2,3, Sami Sainio4, Tomi Laurila1, Miguel A.
Caro1,5s

1Department of Electrical Engineering and Automation, School of Electrical Engineering,
Aalto University, 02150 Espoo, Finland

2Engineering Laboratory, University of Cambridge, Cambridge CB2 1PZ, United
Kingdom

3Department of Chemistry, University of Cambridge, Cambridge CB2 1EW, United
Kingdom

4SLAC SSRL Stanford and NASA Ames Research Center
5Department of Applied Physics, Aalto University, 02150 Espoo, Finland

Carbonaceus materials, especially amorphous carbon (a-C), where carbon can
be bonded in various ways [1], are known to be promising candidates to be used
in several applications. These materials possess desirable properties such as bio-
compatibility and resistance to bacterial adhesion. They can be used, for instance,
as protective coatings, biomedical coatings [2], and as electrode materials for elec-
trochemical detection of biomolecules in vivo [3]. However, these materials often
contain also elements other than carbon, such as hydrogen and oxygen, and the
properties of the materials depend on the chemical composition. In order to obtain
in depth understanding of the connection between the properties and the structure
of these materials careful material characterization is needed.

X-ray absorption spectroscopy (XAS) and X-ray photoelectron spectroscopy
(XPS), are extremely rigorous methods for analysing the electronic structure and,
thus, the composition of the material in question [4, 5]. However, since the materials
discussed here are so complex, deconvolution of the experimental data is challeng-
ing. Literature search about characterization of carbon based materials utilizing
X-ray spectroscopy quickly shows that interpretations of the XAS and XPS spectra
are often vague and controversial. A simulation tool that can recreate the spectra
ab initio would aid the interpretation of the experimental data remarkably. Com-
putational references can be especially useful when the specta of more complicated
materials such as a-C and other less organized forms of carbon are interpreted.

In this study we combine high quality experimental data with novel simulation
techniques. We utilize machine learning (ML) based structure construction [6] in
order to obtain suffient sampling to address the complexity of a-C. Then, to ratio-
nalize the variety of different sites present in amourphous substance and to aid in
deconvolution of the spectra, the structures are classified by employing unsupervised
ML-based clustering where we calculate the similarity between certain chemical en-
vironments. The similarity matrix is obtained from Smooth Overlap of Atomic
Positions (SOAP) [7] kernels and the clustering is based on k-medoids [8, 9]. In ad-
dition to a-C sampling, graphene and diamond models are also included as more well
defined references. All surfaces are functionalized with hydrogen and oxygen con-
taining functional groups. Then we employ density functional theory-based (DFT)
simulations to calculate the XAS spectra of differently clustered and functionalized
sites. We also calculate the ∆-Kohn- Sham (∆KS) energy shifts which define the
onset of the XAS spectra and can be used to interpret XPS spectra [10]. Finally, we
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will fit experimental spectra with our simulated XAS and XPS spectra to provide
unbiased atomic level chemical information about carbon nanomaterials.

[1] M. A. Caro, V. L. Deringer, J. Koskinen, T. Laurila, and G. Csnyi. Growth
mechanism and origin of high s p 3 content in tetrahedral amorphous carbon. Phys.
Rev. Lett., 120(16):166101, 2018.

[2] J. Robertson. Diamond-like amorphous carbon. Mat. Sci. Eng. R, 37(4):129281,
2002.

[3] T. Laurila, S. Sainio, and M. A. Caro. Hybrid carbon based nanomaterials
for electrochemical detection of biomolecules. Prog. Mater. Sci., 88:499 594, 2017.

[4] J. Sthr. NEXAFS spectroscopy, volume 25. Springer Science Business Media,
2013.

[5] C. S. Fadley. X-ray photoelectron spectroscopy: Progress and perspectives.
J. Electron Spectrosc., 178:232, 2010.

[6] V. L. Deringer, M. A. Caro, R. Jana, A. Aarva, S. R. Elliott, T. Laurila, G.
Csnyi, and L. Pastewka. Computational surface chemistry of tetrahedral amorphous
carbon by combining machine learning and density functional theory. Chem. Mater.,
30(21):7438 7445, 2018.

[7] S. De, A. P. Bartk, G. Csnyi, and M. Ceriotti. Comparing molecules and solids
across structural and alchemical space. Phys. Chem. Chem. Phys., 18(20):1375413769,
2016.

[8] M. A. Caro, A. Aarva, V. L. Deringer, G. Csnyi, and T. Laurila. Reactiv-
ity of amor- phous carbon surfaces: rationalizing the role of structural motifs in
functionalization using machine learning. Chem. Mater., 30(21):74467455, 2018.

[9] C. Bauckhage. Numpy/scipy recipes for data science: k-medoids clustering.
Technical report, University of Bonn, 2015.

[10] L. Triguero, L. G. M. Pettersson, and H. gren. Calculations of near-edge x-
ray- absorption spectra of gas-phase and chemisorbed molecules by means of density-
functional and transition-potential theory. Phys. Rev. B, 58(12):8097, 1998.
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Machine learning the exchange-correlation functional of
DFT: a Jacobselevator through modern neural networks

architecture

Jonathan Schmidt1, Carlos Benavides1, Miguel Marques1

1Martin-Luther Universität Halle Wittenberg

Using the automatic differentiation of modern machine-learning techniques, we
develop a new neural network functional for the exchange-correlation energy and
the exchange-correlation potential of density functional theory (DFT). Training the
neural network with exact results for a large set of 2-electrons systems in 1D, we
demonstrate that the functional achieves great accuracy in self-consistent calcula-
tions for systems in the test set as well as other molecular systems. We investigate
the locality and various other important properties of the exchange-correlation func-
tional of DFT and compare the properties of the neural network with traditional
DFT functionals (e.g. LDA). Using a local functional allows for a simple exten-
sive scaling to larger systems and drastically reduces the size and complexity of the
neural network. Furthermore, by changing the degree of locality one can make the
functional flexible to the required accuracy for an application.
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Fundamental energy gaps from grand canonical quantum
Monte Carlo calculations applied to solid hydrogen

Vitaly Gorelov1,Markus Holzmann2,3, D.M. Ceperley4, Carlo Pierleoni1,5

1Maison de la Simulation, CEA, CNRS, Univ. Paris-Sud, UVSQ, Université
Paris-Saclay, 91191 Gif-sur-Yvette, France

2Univ. Grenoble Alpes, CNRS, LPMMC, 3800 Grenoble, France
3Institut Laue-Langevin, BP 156, F-38042 Grenoble Cedex 9, France

4Department of Physics, University of Illinois Urbana-Champaign, Illinois, USA
5Department of Physical and Chemical Sciences, University of L’Aquila, Italy

We propose a purely variational method for computing band gaps within quan-
tum Monte Carlo (QMC) simulation. Based on grand canonical reptation quantum
Monte Carlo (GC-RQMC) with twisted boundary conditions, we analyze energies
of systems of Np protons varying the number of electrons. Grand canonical analysis
can be done as a post processing converting the dependency on the number of elec-
trons Ne in favour of the chemical potential µ. Different twists are used to correct
all single particle size effects, two-particle size effects are corrected by analyzing the
structure factor S(k, µ) [1]

We apply this new technique to compute the band gap of solid molecular hy-
drogen beyond 250 GPa. We investigate various crystalline structures for phase III
and phase IV, namely C2c, Cmca12 and Pc48 and we consider thermal and nu-
clear quantum effects by analyzing nuclear configurations generated during Coupled
Electron-Ion Monte Carlo simulations at constant density and temperature [2]. For
all ideal structures we observe a linearly decreasing behaviour with pressure and the
gap vanishing around 400-450GPa. Nuclear quantum effects strongly reduces the
energy gap by 2.5 eV, while thermal effects are only marginal to the gap value. At
200 K we see the close of the energy gap slightly above 300 GPa for all the struc-
tures. With our method we can extract the density of states around the gap, which
allows us to make a conclusion about semimetallic behaviour of studied stuctures
above 300 GPa [3].

Finally we benchmark two approximated XC functional of DFT and we address
the comparison with experiments where the value of the gap is extracted by the
optical absorption coefficient.

[1] M.Holzmann, R.C.Clay, M.A.Morales, N.M.Tubman, D.M.Ceperley
and C.Pierleoni, Theory of finite size effects for electronic quantum Monte Carlo
calculations of liquids and solids, Phys. Rev. B 94, (2016).

[2] G. Rillo, M. A. Morales, D. M. Ceperley, and C. Pierleoni, Coupled electron-
ion Monte Carlo simulation of hydrogen molecular crystals, J. Chem. Phys. 148,
(2018).

[3] M. I. Eremets, A. P. Drozdov, P. P. Kong, H. Wang, Molecular semimetallic
hydrogen, arXiv:1708.05217, (2017)
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Ab initio study of possible metastable occupation of
tetrahedral sites in Palladium Hydride compounds

Antonella Meninno 1,2 and Ion Errea 1,2,3

1Centro de Fsica de Materiales (CSIC-UPV/EHU), Donostia, Basque Country, Spain
2Fisika Aplikatua 1 Saila, University of the Basque Country (UPV/EHU), Donostia,

Basque Country, Spain
3Donostia International Physics Center (DIPC), Donostia, Basque Country, Spain

Palladium hydrides are one of the rare examples of superconducting hydrides
at ambient pressure. Even if their critical temperature is around 10 K, they are
fascinating superconductors because of their inverse isotope effect: the palladium
compound has a larger critical temperature than the hydrogen compound, in clear
contradiction with standard electron-phonon superconductors. As shown by Errea
et al.[1], this anomalous behavior is induced by the large anharmonicity of the
hydrogen vibrations in the octahedral sites they occupy.

In recent times, in a controversial paper[2], high temperature superconductivity
was observed in PdH compounds. The authors of the paper measure traces of
superconductivity as high as at 54K for PdH if this compound is obtained through
fast cooling in the synthesis. If the compound is obtained with slow cooling no
superconductivity is observed. Their conclusion is that superconductivity depends
strongly on the sites occupied by hydrogen atoms.

In this work we present first principles calculations including anharmonic effects
within the stochastic self-consistent harmonic approximation (SSCHA)[3] in order to
unveil the possible existence of dynamically stable structures with full or partial oc-
cupation of tetrahedral sites, which may be metastable. We discuss the implications
of these possible structures in superconductivity.

[1] Errea, I., Calandra, M., & Mauri, F. (2013). First-principles theory of anhar-
monicity and the inverse isotope effect in superconducting palladium-hydride com-
pounds. Physical review letters, 111(17), 177002.

[2] Syed, H. M., Gould, T. J., Webb, C. J., & Gray, E. (2016). Supercon-
ductivity in palladium hydride and deuteride at 52-61 Kelvin. arXiv preprint
arXiv:1608.01774.

[3] Errea, I., Calandra, M., & Mauri, F. (2014). Anharmonic free energies and
phonon dispersions from the stochastic self-consistent harmonic approximation:
Application to platinum and palladium hydrides. Physical Review B, 89(6),
064302.
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Ab initio study of Silver chloride: Modelization of the
dielectric function

Arnaud Lorin, Matteo Gatti, Lucia Reining and Francesco Sottile

LSI, Ecole Polytechnique, CNRS, CEA, Institut Polytechnique de Paris, 91128 Palaiseau
- France

Silver chloride has been widely used in photographic process, thanks to its sen-
sitivity to visible light and its capacity to form latent images. It was at the heart of
the works of Edmond Becquerel for the photovoltaic effect (the worlds first solar cell)
and the first color photographic process [1]. Its photo-reduction characteristics are
reversible, which makes photochromic lenses possible. More recently, this material
gained interest also as a photocatalyst [2].

In this work, we study the absorption properties of silver chloride focusing on
the electron-hole interaction that gives rise to excitonic effects. Calculations have
been done for a pure silver chloride crystal with the Bethe-Salpeter equation (BSE)
as implemented in the Exc code [3]. The key ingredient of the BSE is the screened
Coulomb attraction between the electron and the hole, where the screening is given
by the dielectric function. Since its ab initio calculation is expensive, the use of
a model for the screening [4] has been investigated in detail. The model screening
gives results that are in good agreement with the full ab-initio calculation and makes
the convergence of the BSE affordable with respect to the k point grid. It also allows
the computation of the BSE starting from self-consistent quasiparticle GW results.
Finally, our BSE calculations demonstrate that silver chloride absorption spectrum
is characterised by a bound exciton localised around chlorine atoms and extended
over few unit cells.

[1] Edmond Becquerel in ”La lumire, ses causes et ses effets”, (F. Didot frres, fils
et Cie (Paris) 1867).

[2] S.Zhang et al., Chem. Eng. Journal 240, 548, 2014; J. Gou et al. J.Ind.
Eng. Chem. 59, 99 2017.

[3] https://etsf.polytechnique.fr/exc/
[4] Cappellini, G. et al. , Phys. Rev. B, 1993, 47, 9892-9895
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Excitations in the Raman spectra of SrRu2O6 with
honeycomb lattice.

Yu.S. Ponosov1,2, E.V. Komleva1, D. A. Zamyatin3, R. I. Walton4 and S.V.
Streltsov1,2

1Institute of Metal Physics UB RAS, Ekaterinburg, Russia
2Ural Federal University, Ekaterinburg, Russia

3Zavaritsky Institute of Geology and Geochemistry UB RAS, Ekaterinburg, Russia
4Department of Chemistry, University of Warwick, United Kingdom

SrRu2O6 (SRO) is a low-dimentional honeycomb lattice antiferromagnet with
large Nel temperature. Recently reported in ref.[1] Raman spectra of SRO contain
several types of excitations. With the help of DFT-based lattice dynamics calcula-
tions (in Vienna Ab initio Simulation Package [2] and Phonopy [3]) observed peaks
were attributed to different types of processes. Those in the low-energy region (till
approximately 635 cm−1) are due to simple lattice vibrations (phonons). Moreover, a
fairy good agreement between experimental and theoretically found frequencies was
obtained. A weak and narrow peak with A1g symmetry observed at 665 cm−1 does
not correspond to any calculated phonon energy value and most probably belongs
to two-phonon processes that are rather strong in this SRO. An additional peak at
2050 cm−1 with E2g symmetry can be treated as a result of two-magnon scattering
or interband electronic transitions. According to the estimation of two-magnon ex-
citation frequency with the exchange parameter J given in literature [4, 5] its energy
should be significantly higher. Thus, this peak is associated with electronic scatter-
ing, electronic transition through the band gap in particular. Furthermore, from the
symmetry point of view, this consideration is consistent with both molecular orbital
[4] and Mott-Habbard [5] models.

Work was supported by the Russian Science Foundation via program RSF 17-
12-01207.

[1] Yu.S. Ponosov, E.V. Komleva, D.A. Zamyatin, R.I. Walton, and S.V. Streltsov,
Phys. Rev. B 99, 085103 (2019).

[2] G. Kresse and J. Hafner, Phys. Rev. B 47, 558 (1993).
[3] A. Togo and I. Tanaka, Scr. Mater. 108, 1 (2015).
[4] S. Streltsov, I.I. Mazin, and K. Foyevtsova, Phys. Rev. B 92, 134408 (2015).
[5] W. Tian, C. Svoboda, M. Ochi, M. Matsuda, H. B. Cao, J.-G. Cheng, B.C.

Sales, D.G. Mandrus, R. Arita, N. Trivedi, and J.-Q. Yan, Phys. Rev. B 92, 100404
(2015).
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Electron-phonon coupling in hybrid inorganic/organic
systems from first-principles

Ignacio Gonzalez Oliva, Fabio Caruso and Claudia Draxl

Institut für Physik and IRIS-Adlershof, Humboldt-Universität zu Berlin, Berlin,
Germany

Electron-phonon interactions (EPI) are ubiquitous in condensed matter and un-
derpin a broad range of physical phenomena, such as the temperature dependence
of the electrical resistivity, carrier mobility in semiconductors, and superconductiv-
ity [1]. Only in the last decade the computational tools to study EPI from first-
principles have become accessible. However, due to their high computational cost
EPI calculations are mostly restricted to systems with a few atoms per unit cell.
In this work, we develop a first-principles approach to extend EPI calculations to
hybrid inorganic/organic systems (HIOS) and interfaces. We are implementing this
approach in the exciting code, an all-electron highly parallel code based on lin-
earized augmented plane waves (LAPW) [2]. As a starting point, we have limited the
EPI calculations to the gamma point and implemented the electron-phonon matrix
elements for this case. Preliminary calculations have been carried out for diamond
and our numerical results are validated by the comparison with the EPW code [3].

[1] F. Giustino, Rev. Mod. Phys. 89, 1 (2017).
[2] A. Gulans, S. Kontur, C. Meisenbichler, D. Nabok, P. Pavone, S. Rigamonti,

S. Sagmeister, U. Werner, and C. Draxl, J. Phys. Condens. Matter 26, 363202
(2014).

[3] S. Ponce, E. R. Margine, C. Verdi, and F. Giustino, Comput. Phys. Commun.
209, 116 (2016).
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Construction of symmetry adapted k · p Hamiltonian from
DFT calculations

Milan Jocić, Nenad Vukmirović

Scientific Computing Laboratory, Center for the Study of Complex Systems, Institute of
Physics Belgrade,University of Belgrade, Pregrevica 118, 11080 Belgrade, Serbia

Electronic structure of semiconductors and their nanostructures can be described
using the well known k · p perturbation theory of Kane for bulk materials and Burt
for heterostructures. Corresponding Hamiltonians are represented in a basis of Bloch
wave-functions and parameters of the Hamiltonian are related to momentum ma-
trix elements between the basis states. Due to crystal symmetry some of these
matrix elements vanish, while some have the same value and consequently the k ·
p Hamiltonian has a relatively simple form with a limited number of parameters.
However, there is still no automatic way to obtain the k · p Hamiltonian in this
standard symmetrical form from ab-initio electronic structure calculation. In this
work, we established the procedure to achieve this. The first step of the procedure
is to perform density functional theory calculation of material band structure and
obtain the Kohn-Sham wave-functions. Next, for each of these wave-functions we
determine the corresponding irreducible representation of the symmetry group and
transform them to a standard symmetry-adapted basis. We then calculate the mo-
mentum matrix elements in this basis which leads to the parameters of desired k · p
Hamiltonian. We illustrate the method by applying it to cubic lead-based perovskite
CsPbBr3 as seen in Figure below.
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Figure 7: Calculated band structure of CsPbBr3 near the band-gap (point R) ob-
tained from DFT (squares) and from symmetry-adapted k· p Hamiltonian (full line).
Valence and conduction states at R correspond to irreducible representations Γ

′
2 and

Γ
′
25 , respectively. Alternative labels for irreducible representations, their partners

and their product as well as an example of momentum matrix element are shown
in the top inset. The symmetry-adapted k · p Hamiltonian is shown in the bottom
inset.
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Theoretical description of non-linear processes in magnetic
materials

Shalu Rani and Valérie Véniard

Laboratoire des Solides Irradiés, Ecole Polytechnique, CEA-DSM-IRAMIS, CNRS ,
Institut Polytechnique de Paris, 91128 PALAISEAU cedex, France

Chromia (Cr2 O3) is a typical Mott Hubbard anti-ferromagnetic insulator in the
class of transition metal oxides. Cr2O3 is an ideal material to demonstrate ultra-fast
control of demagnetization at higher speed. Ultra-fast control on the magnetic state
could have the strong impact on magnetic recording technology. Second harmonic
generation (SHG) is a process where two photons are absorbed by a material, and
a photon of twice the energy of the incoming photons is emitted. This spectroscopy
is used to study the optical properties of materials because it reveals additional
information, compared with linear optical spectroscopies. Due to dipole selection
rules, SHG is forbidden in centrosymmetric materials, and it is possible to obtain a
structural and electronic characterization for these systems. However, the absence of
time-inversion symmetry in antiferromagnetic materials leads to new contributions
in the second harmonic generation, thus revealing the arrangement of spins in the
solid. SHG becomes a powerful tool to study of ultra-fast demagnetization processes.
There are few satisfactory theoretical descriptions for SHG in magnetic materials,
since spin-orbit coupling, electron-electron interactions, and local field effect must be
treated on the same footing. The project is to calculate the Second order response
function of Cr2O3 using Time-Dependent Density Functional Theory, and taking
into account the many-body effects through an exchange-correlation kernel derived
from the Bethe-Salpeter equation for the linear response. Results will be shown for
the linear response and the GW corrected band gap for the Cr2O3. Preliminary
results will also be also presented for the BSE calculations.
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Surface spectroscopy of Si(001) surface functionalized with
nucleobases

Stefano Mazzei1, Christine Giorgetti1, Valérie Véniard1

1Laboratoire des Solides Irradiés, École Polytechnique, CNRS, CEA, Institut
Polytechnique de Paris, 91128 Palaiseau, France

and European Theoretical Spectroscopy Facility, 91128 Palaiseau, France

Understanding the mechanism of interaction between amino acids and peptides
with surfaces opens new perspectives. Adsorption of DNA molecules on semicon-
ducting surfaces is regularly evoked for the design of bio-sensors or the production
of bio-materials. The possibility to functionalize surfaces with bio-molecules, to cre-
ate organized structures up to nanometers’ distances depends on our capability to
understand precisely the mechanisms which govern the deposition of molecular films
onto different kinds of surfaces. For these reasons, this kind of systems have been
intensively studied during last decades [1-5].
We present in this poster the results that I have obtained for the Si(001) surface func-
tionalized with two different molecules, the Thymine and the Uracil. The electronic
structure has been obtained with a DFT approach, using Abinit [6] . Using DP [7],
which allows the calculation of the dielectric response of materials in the TDDFT
framework, we computed several surface-related linear spectroscopy quantities (Re-
flectance Anisotropy Spectrum, adsorbance anisotropy...), that are compared with
previous studies [5]. Finally, the code 2Light, which has been recently extended to
the case of surfaces [8], has been used to study the Second Harmonic Generation of
the Si(001) functionalized with nucleobases.

y x

z

Figure 8: Uracil molecule adsorbed on the Si(001) surface.

[1] A. Lopez, Q. Chen, N.V. Richardson, Surf. Interface Anal. 33, 441 (2002)
[2] K. Seino, W.G. Schmidt, M. Preuss, F. Bechstedt, J. Phys. Chem. B 107,

5031 (2003)
[3] K. Seino, W.G. Schmidt, F. Bechstedt, Phys. Rev. B 69, 245309 (2004)
[4] E. Molteni, G. Onida, and G. Cappellini, Eur. Phys. J. B 89, 98 (2016)
[5] E. Molteni, G. Cappellini, G. Onida, and G. Fratesi, Phys. Rev. B 95, 075437

(2017)
[6] X. Gonze et al., Comput. Phys. Commun. 205, 106-131 (2016)
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