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O 10: Focus Session: Frontiers of Electronic-Structure Theory: Correlated Electron Materials I
(joint session O/MM/DS/TT/CPP)

Exploring, understanding, and describing materials with strong electronic Coulomb correlations remain
among the big challenges of modern condensed matter physics. Correlated materials are characterized
by an extreme sensitivity to external probes such as pressure or temperature, and slight changes in
composition, constraints during the growth process (e.g. by heterostructuring) or off-stoechiometries can
significantly alter their properties. While the invited lectures will have a focus on correlated electron
materials, the symposium will cover the general field of computational materials science and electronic-
structure theory.

Organizers: Silke Biermann, Ecole Polytechnique, Palaiseau cedex, France; Paul R. Kent, Oak Ridge
National Laboratory, USA; Matthias Scheffler, Fritz-Haber-Institut der Max-Planck-Gesellschaft, Berlin

Monday 10:30–13:00 HL 001

Talk O 10.1 Mon 10:30 HL 001
How Derivative Discontinuities in the Energy Yield In-
teratomic Steps in the Exact Kohn-Sham Potential of
Density-Functional Theory — •Eli Kraisler1, Matthew J. P.
Hodgson1, Axel Schild2, and Eberhard K.U. Gross1,3 — 1Max-
Planck-Institut für Mikrostrukturphysik, Halle (Saale), Germany —
2Laboratorium für Physikalische Chemie, ETH Zürich, Switzerland —
3Fritz Haber Center for Molecular Dynamics, Institute of Chemistry,
The Hebrew University of Jerusalem, Israel

Accurate density-functional calculations hinge on reliable approxima-
tions to the unknown exchange-correlation (xc) potential. The most
popular approximations usually lack features of the exact xc potential
that are important for an accurate prediction of the fundamental gap
and the distribution of charge in complex systems. Two principal fea-
tures in this regard are the spatially uniform shift in the potential, as
the number of electrons infinitesimally surpasses an integer, and the
spatial steps that form, e.g., between the atoms of stretched molecules.
Although both aforementioned concepts are well-known, the exact rela-
tionship between them remained unclear. In this talk, we establish this
relationship and introduce a new concept: the charge-transfer deriva-
tive discontinuity, ∆CT. By numerically solving the many-electron
Schrödinger equation, we extract the exact Kohn-Sham potential and
directly observe its features, particularly the spatial interatomic steps.
For the first time, spatial steps in the exact xc potential of a full
configuration-interaction (FCI) calculation of a molecule are presented
in three dimensions.

Talk O 10.2 Mon 10:45 HL 001
Steps in the exact Kohn-Sham potential of ensemble density-
functional theory for excited states and their relation to
the derivative discontinuity — •Matthew J. P. Hodgson1, Eli
Kraisler1, Michael T. Entwistle2, Axel Schild3, and Eberhard
K. U. Gross1,4 — 1MPI für Mikrostrukturphysik, D-06120 Halle, Ger-
many — 2Dep. of Physics, Uni. of York, Heslington, YO10 5DD, UK
— 3Lab. für Physikalische Chemie, ETH Zürich, 8093, Switzerland —
4Fritz Haber Center for Molecular Dynamics, The Hebrew University
of Jerusalem, 91904, Israel

An accurate approximation to the exchange-correlation (xc) part of
the Kohn-Sham (KS) potential is essential for any density-functional
calculation. Understanding the behaviour of the exact xc potential
and developing improved approximations to it are crucial. The fo-
cus of calculations within density functional theory is usually on the
ground state. However, knowledge of how the system responds to an
excitation is important. In this talk we present the exact KS potential
of an ensemble of the ground state and the first excited state of a 1D
diatomic molecule. For this system, upon excitation, a small amount
of charge transfers from one atom to the other. In the correspond-
ing exact ensemble xc potential we find two plateaus: one that forms
around the nucleus of the acceptor atom, associated with the deriva-
tive 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’.

Talk O 10.3 Mon 11:00 HL 001
Koopmans-compliant functionals: A reliable and efficient
tool for the prediction of spectroscopic quantities — •Nicola
Colonna1, Ngoc Linh Nguyen1, Andrea Ferretti2, and Nicola
Marzari1 — 1THEOS and MARVEL, EPFL, Lausanne, Switzerland
— 2Centro S3, CNR-Istituto Nanoscienze, Modena, Italy

Commonly used approximate density functionals produce total ener-

gies that do not exhibit the expected piecewise-linear behavior as a
function of the particle number, leading to a discrepancy between to-
tal and partial electron removal/addition energies and poor predictive
capabilities of ionization potentials. Koopmans-compliant function-
als enforce a generalized criterion of piecewise linearity in the energy
of any approximate density functional with respect to the partial re-
moval/addition of an electron - i.e., with respect to charged excitations
- from/to any orbital of the system. When used to purify approximate
density functionals, Koopmans’ corrections lead to orbital-density de-
pendent functionals and potentials that are able to deliver accurate
spectroscopic properties. As an example, ionization potentials of a
large set of molecules (the GW100 test set), photoemission spectra
of organic donors and acceptors and band gaps of 35 semiconductors
and insulators are presented, showing very good agreement with ex-
periment or higher-order theories. Being this a functional framework,
the straightforward advantages are that forces and other derivatives are
also readily accessible, that the computational costs are much reduced,
and the numerical parameters are those typical of DFT calculations.

Talk O 10.4 Mon 11:15 HL 001
Selfconsitent density embedding - a new class of functionals
for DFT — •Uliana Mordovina1, Teresa E. Reinhard1, Heiko
Appel1, and Angel Rubio1,2,3 — 1Max Planck Institute for the Struc-
ture and Dynamics of Matter, Hamburg, Germany — 2Center for Com-
putational Quantum Physics (CCQ), The Flatiron Institute, 162 Fifth
Avenue, New York NY 10010, USA — 3Nano-bio Spectroscopy Group
and ETSF, Departamento de Fisica de Materiales, Universidad del
Pais Vasco UPV/EHU, San Sebastian, Spain

We propose a new technique to find functionals for density func-
tional theory (DFT) in an ab-initio fashion. This technique origins in
the recently developed density-matrix embedding theory (DMET) [1].
DMET is a quantum-in-quantum embedding method, which is based
on finding a projection between the high-dimensional wave function of
the full system and a lower-dimensional wavefunction living in the ac-
tive space of the embedded system, which is then solved exactly. In the
original DMET scope, the projection is improved via optimization of
the reduced one-body density matrix. We replace this optimization by
a density inversion, exploiting the one-to-one mapping between elec-
tronic density and Kohn-Sham potential.

The proposed density-embedding scheme serves as functional in
DFT, which, unlike in usual DFT, can be systematically improved
by increasing the size of the active space.

We show convergence toward exact results for 1D systems as well as
results for 2D systems.

[1] G. Knizia, G. K.-L Chan, Phys. Rev. Lett 109, 186404, (2012)

Talk O 10.5 Mon 11:30 HL 001
Pressure dependence of the effective screened Coulomb in-
teractions in transition metal monoxides — •Swarup Ku-
mar Panda1, Hong Jiang2, and Silke Biermann1,3 — 1Centre de
Physique Théorique, Ecole Polytechnique, France — 2College of Chem-
istry and Molecular Engineering, Peking University, China — 3Collège
de France, Paris, France

In transition metal compounds, the magnitudes of the effective
Coulomb interaction parameters (Hubbard U) and their pressure de-
pendence are of utmost importance in any realistic many-body simu-
lations for describing their pressure driven insulator-metal transition.
One of the powerful methods for calculating the Hubbard U from first
principles is based on linear response theory within the constrained
random-phase approximation (cRPA) [1], which provides the full U
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matrix including off-site elements and its frequency dependence. In
this presentation, we apply this method (in its implementation into
the Wien2k code [2]) to the transition metal monoxides (FeO, CoO,
NiO, and CuO) [3]. Although the pressure induced changes in the bare
Coulomb interactions are negligible, the effective screened U grows
monotonically with increasing pressure for all of the above monoxides.
Finally, I will argue that neither the pressure dependence nor the fre-
quency dependence of U should be ignored in a reliable theoretical
description of correlated oxides.

References: [1] Aryasetiawan et al., PRB 70, 195104 (2004) [2]
Vaugier et al., PRB 86, 165105 (2012) [3] Panda et al., PRB 96, 045137
(2017)

Talk O 10.6 Mon 11:45 HL 001
Self-Interaction Corrected SCAN for Molecules: All-Electron
Implementation with Numerical Atom-Centered Basis Func-
tions — •Sheng Bi, Igor Ying Zhang, and Matthias Scheffler —
Fritz-Haber-Institut der Max-Planck-Gesellschaft, Berlin

The self-interaction error (SIE) is a well-known problem in all semilo-
cal density-functional approximations (DFAs), including the recently
proposed ”strongly constrained and appropriately normed” (SCAN)
functional [1]. The so-called self-consistent Fermi-orbital SIC (FSIC)
algorithm proposed by Pederson et al. [2] shows promising poten-
tial to eliminate the self-interaction error in semilocal approximations,
which has been demonstrated for the local-spin-density approximation
(LSDA) in a study of molecules.

We present an all-electron implementation of the self-consistent
FSIC approach on the SCAN method [1]. Beside a systematic bench-
mark with respect to a selected molecular test set, we examine the
performance of FSIC-SCAN in predicting the geometry of Pentacene,
which is a well-documented challenge for standard semilocal DFAs [3].
Finally, we briefly discuss our ongoing work concerned with the imple-
mentation of the all-electron FSIC-SCAN approach for solids.
[1] J. Sun, A. Ruzsinszky, and J. P. Perdew, Phys. Rev. Lett. 115,
036402 (2015).
[2] M. R. Pederson and T. Baruah, Advances In Atomic, Molecular,
and Optical Physics 64, 153 (2015).
[3] M. R. Pederson, T. Baruah, D. you Kao, and L. Basurto, The
Journal of Chemical Physics 144, 164117 (2016).

Talk O 10.7 Mon 12:00 HL 001
Progress in Fermi-Löwdin orbital self-interaction correc-
tion to DFT — •Torsten Hahn1, Sebastian Schwalbe1, Simon
Liebing1, Mark Pederson2, and Jens Kortus1 — 1TU Freiberg,
Institute for Theoretical Physics, Germany — 2Johns Hopkins Uni-
versity, Department of Chemistry, USA

The accuracy of density functional theory (DFT) calculations is lim-
ited by the so called self-interaction error [1]. The recently proposed
Fermi-Löwdin orbital based method [2,3,4] for self-interaction correc-
tion (FLO-SIC) is a unitary invariant and size extensive approach
to overcome this error. We present the current state of the method
and discuss the performance of FLO-SIC DFT applied to atoms and
molecules in combination with different exchange-correlation function-
als. In addition, this method delivers a description of the chemical
bonding as intuitive as Lewis theory that may bridge the gap between
DFT and chemical intuition.

[1] J. P. Perdew, A. Zunger, Phys. Rev. B 23, 5048 (1981)
[2] M. R. Pederson et al., J. Chem. Phys., vol. 140, 121103 (2014)
[3] M. R. Pederson, J. Chem. Phys., vol. 142, 064112 (2015)
[4] T. Hahn et. al., J. Chem. Phys., vol- 143, 224104 (2015)

Talk O 10.8 Mon 12:15 HL 001
First-principles modeling of mixed-valence compounds from
extended Hubbard-corrected functionals — •Matteo Cococ-
cioni and Nicola Marzari — Theory and Simulations of Materials
and MARVEL, EPFL, Lausanne, Switzerland

Modeling the electronic properties of mixed valence compounds is cen-

tral to developing many materials of technological relevance. Unfortu-
nately, most approximate implementations of density functional theory
(DFT) fail in capturing the localization of valence electrons on low dis-
persion states (e.g., of d or f kind) and mis-represent many properties
of these systems. Quantitatively predictive first-principles calculations
thus require, for these systems, the use of corrective functionals able to
improve the description of electronic localization. Using the results of
a recent study on materials for cathodes of Li-ion batteries this work
shows how an extended Hubbard correction to DFT functionals, in-
cluding on-site (U) and inter-site (V) interactions (named DFT+U+V)
improves considerably on simpler approximations for electronic, mag-
netic and structural properties and correctly describes localized states
even in presence of significant inter-site hybridization. The work also
demonstrates that evaluating the effective interaction parameters (U
and V) consistently with the electronic and crystal structures, and
treating them as material-specific quantities, improves the prediction
of thermodynamic quantities and of average voltages. Finally, a novel
method to compute these interactions from density-functional pertur-
bation theory is shown to guarantee unprecedented efficiency, accuracy
and convergence control.

Talk O 10.9 Mon 12:30 HL 001
A Kohn-Sham type construction on a lattice with the ex-
act kinetic energy density — •Iris Theophilou1, Michael
Ruggenthaler1, Florian Buchholz1, Florian Eich1, and Angel
Rubio1,2 — 1Max Planck Institute for the Structure and Dynamics
of Matter, Hamburg, Germany — 2Nano-bio Spectroscopy Group and
ETSF, Departamento de Fisica de Materiales, Universidad del Pais
Vasco UPV/EHU, San Sebastian, Spain

In this presentation we explore a possible formulation of ground state
Density Functional Theory by introducing the kinetic energy density
as basic quantity in addition to the density. We presently restrict
this formulation to the lattice case, and show that for a few site Hub-
bard interacting model it is numerically feasible to find an equivalent
non-interacting system that yields the same density and kinetic en-
ergy density. By finding such a non-interacting system we mean here
finding the local/on site potential and the non-local site dependent
hopping that will give the target density and kinetic energy density.
Our hope is that by including the kinetic energy density we will fa-
cilitate the functional construction and also put into grounds already
existing approximations based on this quantity.

Talk O 10.10 Mon 12:45 HL 001
Small-Polaron Formation in Polymorphs of Ga2O3 and TiO2

— •Sebastian Kokott, Sergey V. Levchenko, and Matthias
Scheffler — Fritz-Haber-Institut der MPG, Berlin 14195, Germany

Transparent oxides are key materials for new devices in photovoltaics
and electronics. One important factor influencing the behavior of
charge carriers in these materials is the interaction with polar phonon
modes. We focus on materials with strong electron-phonon coupling,
where small polarons are formed. Although, density-functional the-
ory (DFT) is often used for calculating polaron properties, there are
two challenges: Sensitivity of the calculated properties to the errors
in exchange-correlation treatment, and finite-size effects in supercell
calculations. We have developed an approach [1] to address these is-
sues. The polaron properties are obtained using a modified neutral
potential-energy surface from DFT [2]. Based on Pekar′s model [3],
we correct for the proper elastic long-range behavior of the polaron in
a supercell. With this approach, the influence of the crystal structure
on the polaron properties is investigated for rutile and anatase TiO2,
and for the monoclinic β– and orthorhombic ε–Ga2O3. We find that
in rutile TiO2 only small electron polarons are stable, while only small
hole polarons are found in anatase. On the contrary, small hole po-
larons exist in both Ga2O3 polymorphs but have significantly different
binding energies.
[1] S. Kokott, arXiv:1710.03722 (2017)
[2] B. Sadigh et al., Phys. Rev. B 92, 75202 (2015)
[3] S. I. Pekar, Zh. Eksp. Teor. Fiz. 16 335 (1946)
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O 19: Focus Session: Frontiers of Electronic-Structure Theory: Correlated Electron Materials II
(joint session O/MM/DS/TT/CPP)

Organizers: Silke Biermann, Ecole Polytechnique, Palaiseau cedex, France; Paul R. Kent, Oak Ridge
National Laboratory, USA; Matthias Scheffler, Fritz-Haber-Institut der Max-Planck-Gesellschaft, Berlin

(Synopsis provided with part I of this session)

Monday 15:00–17:15 HL 001

Talk O 19.1 Mon 15:00 HL 001
Non-adiabatic Dynamics in Single-Electron Tunneling De-
vices with Time-Dependent Density Functional Theory —
•Niklas Dittmann1,2,3, Janine Splettstoesser2, and Nicole
Helbig3 — 1Institute for Theory of Statistical Physics, RWTH
Aachen University, Germany — 2Department of Microtechnology and
Nanoscience (MC2), Chalmers University of Technology, Gothenburg,
Sweden — 3Peter-Grünberg Institut and Institute for Advanced Sim-
ulation, Forschungszentrum Jülich, Germany

The recent advance of various single-electron sources in solid-state
setups has sparked interest in the investigation of electronic trans-
port at the single-particle level. In our recent work (N. Dittmann,
J. Splettstoesser, N. Helbig, arxiv:1706.04547), we put forward time-
dependent density-functional theory to calculate the dynamics of in-
teracting electrons in single-electron tunneling devices. As a physical
system, we analyze a single-electron source which is built by a quantum
dot tunnel-coupled to a nearby electron reservoir and driven by a time-
dependent gate voltage. By using analogies with quantum-transport
theory, we extract a time-nonlocal exchange-correlation potential for
a Hubbard U on-site interaction on the quantum dot. The time non-
locality manifests itself in a dynamical potential step, which we explic-
itly link to physical relaxation time scales of the electron dynamics.
Finally, we discuss prospects for simulations of larger mesoscopic sys-
tems.

Talk O 19.2 Mon 15:15 HL 001
Dissipative exchange-correlation functional in QED-TDDFT
— •Camilla Pellegrini1, Ilya Tokatly2,3, and Angel Rubio2,4 —
1Max-Planck-Institut fur Mikrostrukturphysik, Weinberg 2, D-06120
Halle, Germany — 2Nano-bio Spectroscopy Group and ETSF Scien-
tific Development Centre, Departamento de Fisica de Materiales, Uni-
versidad del Pais Vasco UPV/EHU, E-20018 San Sebastian, Spain —
3IKERBASQUE, Basque Foundation for Science, 48001 Bilbao, Spain
— 4Max Planck Institute for the Structure and the Dynamics of Mat-
ter, Luruper Chausse 149, 22761 Hamburg, Germany

Time-dependent density functional theory has been recently extended
to treat many-electron systems coupled to quantized electromagnetic
modes. Here we discuss the implications of this approach for the theory
of open quantum systems. In particular we show that in the limit of
continuous spectrum of photon modes, QED-TDDFT naturally leads
to time-dependent density functional theory for dissipative systems
coupled to the Caldeira-Leggett bath. We consider the application to
the Ohmic spin boson model and show that the developed approx-
imation to the exchange-correlation functional describes the natural
linewidth of the electronic linear density response function.

Talk O 19.3 Mon 15:30 HL 001
Electric and magnetic response properties of solids from
the current density — •Rubén Rodŕıguez Ferradás1, Pina
Romaniello2, and Arjan Berger1 — 1LCPQ, University of
Toulouse, France — 2LPT, University of Toulouse, France

The evaluation of the macroscopic polarization and magnetization of
solids is problematic when periodic boundary conditions are used be-
cause surface effects are artificially removed. This poses a problem
unless surface effects can be reformulated in terms of bulk quantities
[1-5]. In this work we show the advantage of calculating electric and
magnetic response properties of solids using the current density as basic
variable. An efficient approach to calculate the current density is time-
dependent current-density-functional theory. We will show results for
optical properties of solids using a recently developed functional [6].
We will also discuss how the magnetization can be described within
this framework.

[1] F. Kootstra, P.L. de Boeij, and J.G. Snijders, J. Chem. Phys.
112, 6517.

[2] J.A. Berger, P.L. de Boeij, and R. van Leeuwen, Phys. Rev. B
71, 155104 (2005).

[3] P. Romaniello and P.L. de Boeij, Phys. Rev. B 71, 155108 (2005).

[4] J.A. Berger, P. Romaniello, R. van Leeuwen, and P.L. de Boeij,
Phys. Rev. B 74, 245117 (2006).

[5] J.A. Berger, P.L. de Boeij, and R. van Leeuwen, Phys. Rev. B
75, 035116 (2007).

[6] J.A. Berger, Phys. Rev. Lett. 115, 137402 (2015)

Talk O 19.4 Mon 15:45 HL 001
Coupling Maxwell’s equations to the time-dependent Kohn-
Sham equations: near-field effects and electromagnetic
backreaction — •Rene Jestaedt1, Micael Oliveira1, Angel
Rubio1,2,3, and Heiko Appel1 — 1Max Planck Institute for the
Structure and Dynamics of Matter and Center for Free-Electron Laser
Science, Germany — 2Center for Computational Quantum Physics
(CCQ), The Flatiron Institute, USA — 3Nano-bio Spectroscopy Group
and ETSF, Universidad del Páıs Vasco, 20018 San Sebastián, Spain

Induced currents in large molecular and condensed matter systems are
non-negligible and can affect the conductivity and the optical prop-
erties of the system. In the present work, we have implemented the
real-time propagation of Maxwell’s equations in Riemann-Silberstein
representation to use standard unitary propagation techniques in the
TDDFT code octopus [1]. The Maxwell and the Kohn-Sham system
are coupled via a predictor-corrector method to obtain a self-consistent
time-evolution of the total system [2]. Explicitely solving the micro-
scopic Maxwell’s equations also allows us to determine the optical
properties of the system directly from the Maxwell fields. We show
near-field effects of a full Maxwell-matter and matter-Maxwell cou-
pling for plasmon excitations in metallic nanoparticles [2,3] and for
ring-currents in organic molecules [2].
[1] Alejandro Varas et al., J. Phys. Chem. Lett. 2015, 6, 1891-1898 /
[2] R. Jestädt et al., (to be submitted) / [3] X. Andrade et al., Physi.
Chemistry Chem. Physics 2015, 17 31371-31396

Talk O 19.5 Mon 16:00 HL 001
Enhanching excitation energy and charge transfer with
strongly correlated light-matter interaction — •Christian
Schäfer1, Michael Ruggenthaler1, Heiko Appel1, and Angel
Rubio1,2,3 — 1Max Planck Institute for the Structure and Dynamics
of Matter, Hamburg, Germany — 2Center for Computational Quan-
tum Physics (CCQ), The Flatiron Institute, 162 Fifth Avenue, New
York NY 10010, USA — 3Nano-bio Spectroscopy Group and ETSF,
Departamento de Fisica de Materiales, Universidad del Pais Vasco
UPV/EHU, San Sebastian, Spain

Förster excitation energy and charge transfer are fundamental pro-
cesses of chemical reactions and connected to interesting quantities
such as correlation. Often this correlation is taken as fixed property
of the system.

In the current work, we present how the coupling to cavity photons
in a minimal realistic molecular system can drastically alter trans-
fer characteristics, e.g. renders the excitation transfer to be distance
independent [1,2]. The photonic interaction can imprint fermionic cor-
relation on arbitrary distances.

The exact real-space description is suited to describe transfer and
correlation in a unprejudiced ab-initio picture and allows us to extend
our insights beyond common quantum-optical approximations.

[1] X. Zhong et al., Angew Chem Int Ed Engl. 56(31), 9034 (2017).
[2] M. Slootsky et al., PRL 112, 076401 (2014).

Talk O 19.6 Mon 16:15 HL 001
Effects of electronic correlations on the magnetic properties
of organometallic molecules — •Sumanta Bhandary and Silke
Biermann — Centre de Physique Thèorique, Ecole Polytechnique,
91128 Palaiseau, France

The realm of molecular spintronics relies on the external accessibility
of molecular magnetic states. In correlated organometallic complexes,
a delicate balance between the crystal field, Coulomb repulsion and
dynamical hybridization between metal center and organic ligands dic-
tates the electronic and magnetic properties and often poses challenges
for an accurate theoretical modelling. We have employed density func-
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tional theory (DFT), the GW approach and Anderson’s impurity
model (AIM) technique to study the ground state electronic and
magnetic properties of transition metal-based porphyrin and phthalo-
cyanine molecules, both in the gas phase [1] as well as while adsorbed
on surfaces. Our study reveals that the dynamical correlation effects
are important in order to accurately estimate spin-transition energies,
magnetic anisotropy energies as well as the ground state electronic
configurations in the molecular complexes. We have explored the ma-
nipulation of surface molecule interactions to externally influence the
electronic and magnetic properties of the molecular system.

[1] S. Bhandary, M. Schüler, P. Thunström, I. di Marco, B. Brena,
O. Eriksson, T. Wehling, and B. Sanyal, Phys. Rev. B 93, 155158
(2016).

Talk O 19.7 Mon 16:30 HL 001
Structural, electronic and optical properties of cubic and
tetragonal SrTiO3: a DFT study including many-body effects
— •Vijaya Begum, Markus E. Gruner, and Rossitza Pentcheva
— Faculty of Physics and Centre for Nanointegration (CENIDE), Uni-
versity of Duisburg-Essen, Duisburg.

SrTiO3 (STO) is of fundamental interest as a substrate material in ox-
ide electronics. The bulk undergoes a phase transition from the cubic
to a tetragonal structure at T=105 K accompanied by characteris-
tic antiferrodistortive rotations of the TiO6 octahedra. We present a
systematic comparison of the performance of the gradient corrected
exchange correlation functional (GGA), the strongly constrained and
appropriately normed (SCAN) meta-GGA and the hybrid functional
HSE06 with respect to the electronic, structural and optical proper-
ties of cubic and tetragonal STO. For the tetragonal structure, SCAN
gives a significantly improved description of the structural properties,
comparable to HSE06, at a computational cost similar to GGA. The
experimental band gap can be reproduced within SCAN with an on-site
Hubbard term (+U), whereas within GGA the gap is underestimated
even for very high U values. We calculate the optical spectrum for both
phases, including many-body effects and excitonic corrections within
the GW+Bethe-Salpeter equation approach, and compare this to pre-
vious theoretical results for the cubic phase [PRB 87, 235102 (2013)]
and experiment [PRB 93, 075204 (2016)]. Funding by the DFG within
SFB1242, project C02 is gratefully acknowledged.

Talk O 19.8 Mon 16:45 HL 001
Unveiling the mysterious magnetic state of superconduct-
ing iron under pressure — •Matteo d’Astuto — Institut NEEL
CNRS/UGA UPR2940 25 rue des Martyrs BP 166 38042 Grenoble
cedex 9 FRANCE — IMPMC, UMR CNRS 7590, Sorbonne Univer-
sités-UPMC University Paris 06, MNHN, IRD, 4 Place Jussieu, F-
75005 Paris, France

Compressed iron undergoes a transition from bcc to hcp crystal struc-
ture with a loss of ferromagnetism. The magnetic state of the hcp
phase has been debated for many decades and experiments give seem-
ingly contradictory results. Mössbauer measurements find no mag-
netism, however x-ray emission spectroscopy finds remnant magnetism
and Raman mode splitting suggests symmetry breaking due to anti-
ferromagnetism. These paradoxical results are consistent with either
a paramagnetic state with spin fluctuations faster than Mössbauer
timescales or an antiferromagnetic state, afmII, which is undetectable
with Mössbauer spectroscopy. We performed neutron powder diffrac-
tion measurements in the hcp phase and do not observe afmII order
down to 1.8 K, while confirming the existence of a local magnetic mo-
ment in the hcp phase with x-ray emission spectroscopy and find it is
intrinsic to this phase (1). This local magnetic moment disappears at
30–40 GPa, exactly the same pressure region where superconductivity
disappears.

(1) B. W. Lebert, T. Gorni J.-P. Rueff, S. Klotz, M. Casula, A.
Juhin, J. M. Ablett, F. Baudelet, T. Straessle, T. Hansen, A. Polian,
P. Munsch, G. Le Marchand, Z. Zhang, M. d’Astuto, article in prepa-
ration.

Talk O 19.9 Mon 17:00 HL 001
Frist-principle and experimental characterisation of the elec-
tronic properties of CaGaSiN3 and CaAlSiN3: impact
of chemical disorder — •Jan Minar1, Ondrej Sipr2, Robin
Niklaus3, Jonas Hausler3, and Wolfgang Scgnick3 — 1New Tech-
nologies Research Center, University of West Bohemia, Pilsen, Czech
Rep., — 2FZU, Academy of Sciences, Czech Rep — 3Department of
Chemistry, University of Munich, Munich, Germany

We report a detailed investigation of the electronic, mechanical and
optical properties of the recently discovered nitridogallosilicate Ca-
GaSiN3 which has potential as a LED-phosphor host material. We
focus on chemical disorder effects, originating from the Ga/Si site, and
compared them to those of isostructural CaAlSiN3. We calculate the
elastic moduli and the Debye temperature in terms of quasi harmoni-
cal approximation. Spectral properties like the joint density of states
(JDOS) are evaluated and the absorption, reflectance and energy loss
function are obtained from the dielectric function. The optical band
gap of CaGaSiN3 from experiment is compared to the electronic band
gap in terms of electronic DOS and band structure calculations. All
properties are evaluated for different ordering models of Ga/Si while
the experimentally observed substitutional disorder is accounted for
by utilizing the Coherent Potential Approximation (CPA). We con-
clude a shrinking of the band gap for both CaGaSiN3 and CaAlSiN3
due to atomic disorder, which is unfavorable for potential phosphor
applications [1]. R. Niklaus, J. Minar, J Häusler, W. Schnick, Physical
Chemistry Chemical Physics 19 (13), 9292 (2017)

O 31: Focus Session: Frontiers of Electronic-Structure Theory: Correlated Electron Materials III
(joint session O/MM/DS/TT/CPP)

Organizers: Silke Biermann, Ecole Polytechnique, Palaiseau cedex, France; Paul R. Kent, Oak Ridge
National Laboratory, USA; Matthias Scheffler, Fritz-Haber-Institut der Max-Planck-Gesellschaft, Berlin

(Synopsis provided with part I of this session)

Tuesday 10:30–13:00 HL 001

Talk O 31.1 Tue 10:30 HL 001
Control and prediction of molecular crystal properties by
multilevel strategies — •Jan Gerit Brandenburg — London Cen-
tre for Nanotechnology, Department of Physics and Astronomy, Uni-
versity College London, 20 Gordon Street, London, U.K.

Computational material science is a dynamic and thriving area of mod-
ern scientific research. Approaches based on the fundamental laws
of quantum mechanics are now integral to almost any materials de-
sign initiative in academia and industry, underpinning efforts such as
the Materials Genome initiative or the computational crystal struc-
ture prediction [1]. I will present a hierarchy of quantum chemical
methods designed for this purpose, in particular targeting molecu-
lar crystals and their property prediction. The methods range from
high-level diffusion Monte-Carlo (DMC) to London dispersion inclu-
sive DFT, and thus, cover many orders of magnitudes in computational
efficiency [2,3]. I will demonstrate the application to the 6th blind test
for organic crystal structure prediction. Comparisons to other state-

of-the-art methods indicate both success and remaining challenges in
the recent method developments [4].

[1] S. L. Price and J. G. Brandenburg, Molecular Crystal Structure
Prediction; Elsevier Australia, 2017.

[2] A. Zen, J. G. Brandenburg, J. Klimeš, A. Tkatchenko, D. Alfè,
A. Michaelides, 2017, submitted.

[3] J. G. Brandenburg, E. Caldeweyher, S. Grimme, Phys. Chem.
Chem. Phys. 2016, 18, 15519.

[4] A. M. Reilly, et al. Acta. Cryst. B 2016, 72, 439.

Talk O 31.2 Tue 11:00 HL 001
Advances in first-principles and model spin Hamiltonian sim-
ulations of point defects in semiconductors for quantum sen-
sors and computing — •Viktor Ivády — Department of Physics,
Chemistry and Biology, Linköping University, 581 83 Linköping, Swe-
den — Wigner Research Center for Physics, Konkoly-Thege Miklós út
29-33, 1121 Budapest, Hungary

4



Berlin 2018 Wednesday

First principles simulations play a key role in understanding the physics
of point defects in semiconductors, while model spin Hamiltonian ap-
proaches are traditionally used to interpret experimental spin depen-
dent observations and describe the spin dynamics of point defects. The
development of novel point defect applications, such as quantum bit
(qubit) and single photon emitter applications for quantum informa-
tion processing and quantum sensing, requires detailed understanding
of spin-related couplings and addressability of localized defects states
in the bath of delocalized electrons that calls for further development
and implementation of theoretical tools. Here, I report on my contribu-
tion to this field that covers 1) first principles studies for identification
of point defect based qubits and single photon emitters , 2) method
development for the description of point defects with correlated elec-
tron states, 3) implementation of zero-field-splitting calculation for
point defect based qubits, 4) development of model spin Hamiltonian
approaches for the simulation of optical dynamic nuclear polarization
process (ODNP) of point defects, and 5) spin dynamic simulation of
existing point defect qubits. As an outlook, I discuss the requirements
toward fully-ab initio point defect spin dynamic simulations.

Talk O 31.3 Tue 11:30 HL 001
Recent advances in first-principles modelling of correlated
magnetic materials — •Yaroslav Kvashnin — Department of
physics and astronomy, Uppsala University, BOX 516, 75120 Uppsala

Most of modern first-principles electronic structure studies of corre-
lated materials are based on a combination of density functional theory
and dynamical mean field theory (DFT+DMFT).

Addressing magnetic materials within DFT+DMFT has certain pe-
culiarities. There are two recipes one can follow: either to account
for magnetism within the DFT functional or to introduce it entirely
within the self-energy. Both approaches have their flaws and advan-
tages, which are well-known for DFT+U, but are not often discussed
for DFT+DMFT. In my talk I will present a systematic comparison
of the two methods and demonstrate the evidences favouring the use
of non-polarised functionals.

Next, I will demonstrate how the obtained electronic structure infor-
mation can be used to simulate finite-temperature magnetic properties
in real materials. I employ a so-called two-step approach. First, I map
the system on a Heisenberg model and extract the effective exchange
parameters Jij’s from DFT+DMFT. Then the atomistic spin dynam-
ics simulations are used to simulate magnon spectra and predict the
magnetic ordering temperatures.

I will demonstrate the power of such an approach by showing a di-
rect comparison with available experimental data for a wide range of
different materials.

Talk O 31.4 Tue 12:00 HL 001
A first-principles approach to hot-electron-induced ultrafast

dynamics at metal surfaces — •Reinhard J. Maurer — Depart-
ment of Chemistry, University of Warwick, Gibbet Hill Road, CV4
7AL Coventry, UK

Low-lying electronic excitations in metals, so-called hot electrons, cou-
ple efficiently to molecular adsorbate motion. In doing so, they give rise
to a number of curious experimental observations. This includes pico-
second-scale energy loss of molecular adsorbate vibration, highly in-
elastic atomic and molecular scattering from metal surfaces, and light-
assisted molecular desorption and chemical transformations, recently
coined ”hot-electron chemistry”. In this talk, I will present a first-
principles treatment of hot-electron-induced molecular dynamics based
on Density Functional Theory that correctly captures the magnitude
and mode-specificity of hot-electron mediated adsorbate-substrate en-
ergy transfer [1]. Utilizing our efficient all-electron local-orbital im-
plementation of hot-electron-induced frictional forces based on Time-
Dependent Perturbation Theory, [2] I will show how we correctly cap-
ture vibrational relaxation in large-scale metal-mounted molecular cat-
alysts as well as the energy loss and coupled electron-nuclear dynam-
ics of small molecular adsorbates in both thermal and laser-heated
conditions. [3] We scrutinize our approach in comparison to recent
Sum-Frequency Generation (SFG) spectroscopy and molecular beam
scattering experiments. [1] Phys. Rev. Lett. 116, 217601 (2016) ; [2]
Phys. Rev. B 94, 115432 (2017); [3] Phys. Rev. Lett. 118, 256001
(2017);

Talk O 31.5 Tue 12:30 HL 001
Temperature effects in spin-orbit physics from first princi-
ples — •Bartomeu Monserrat — University of Cambridge, UK —
Rutgers University, USA

The spin-orbit interaction drives a number of physical phenomena, in-
cluding the band inversion in topological insulators and the spin split-
ting of electronic bands in inversion asymmetric crystals. In this work,
we study the effects of finite temperature on such spin-orbit physics,
including both thermal expansion and electron-phonon coupling effects
[PRB 92, 184301 (2015)].

First, we describe the temperature dependence of the inverted gap
in topological insulators. We find that increasing temperature reduces
the topological gap in the Bi2Se3 family of materials, and we predict a
temperature-induced topological phase transition in Sb2Se3 [PRL 117,
226801 (2016)].

Second, we study the temperature dependence of the spin splitting
of electronic bands in both inversion symmetric and asymmetric crys-
tals. We predict a dynamical spin splitting in centrosymmetric crystals
and characterise the associated phenomenology in the cubic perovskite
CsPbCl3 [arXiv:1711.06274]. In inversion asymmetric crystals, exem-
plified by the bismuth tellurohalides, we find that increasing tempera-
ture suppresses the static spin splitting arising from the Rashba effect
[PRM 1, 054201 (2017)].

O 62: Focus Session: Frontiers of Electronic-Structure Theory: Correlated Electron Materials IV
(joint session O/MM/DS/TT/CPP)

Organizers: Silke Biermann, Ecole Polytechnique, Palaiseau cedex, France; Paul R. Kent, Oak Ridge
National Laboratory, USA; Matthias Scheffler, Fritz-Haber-Institut der Max-Planck-Gesellschaft, Berlin

(Synopsis provided with part I of this session)

Wednesday 10:30–13:00 HL 001

Invited Talk O 62.1 Wed 10:30 HL 001
Correlating electrons via adiabatic connection approach:
a general formalism, approximations, and applications —
•Katarzyna Pernal — Institute of Physics, Lodz University of Tech-
nology, Poland

Electronic systems are usually described by assuming a model Hamil-
tonian, which only partially recovers electron correlation effects. To
assure a quantitative description one faces a problem of recovering the
missing part of the correlation. Over years different methods have been
developed, most of them originating from the perturbation theory.

In my talk I will present another, fairly general, approach based
on the adiabatic connection formalism. The idea itself is not novel
although it has not been considered as a way of adding electron cor-
relation for multireference models. Until recently it has not been re-
alized that by combining the adiabatic connection (AC) with the ex-
tended random phase approximation one obtains a general tool capa-
ble of accounting for dynamical electron correlation for a broad class

of multireference wavefunctions, applicable even to systems includ-
ing strongly correlated electrons. It will be shown that the AC-based
approximation yields excellent results when applied to multireference
models, exceeding in accuracy second-order perturbation-theory-based
methods.

Talk O 62.2 Wed 11:00 HL 001
Density functional theory of electron transfer beyond the
Born-Oppenheimer approximation: case study of LiF —
•Chen Li1, Ryan Requist1, and Eberhard. K. U. Gross1,2 — 1Max
Planck Institute of Microstructure Physics, Halle, Germany — 2Fritz
Haber Center for Molecular Dynamics, Institute of Chemistry, The
Hebrew University of Jerusalem, Jerusalem, Israel

We demonstrate that beyond Born-Oppenheimer (BO) effects can be
accurately and seamlessly incorporated within a density functional
framework. In alkali halides like LiF, there is an abrupt change in the
ground state electronic distribution due to an electron transfer at a crit-
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ical bond length R = Rc. We find that nonadiabatic electron-nuclear
coupling produces a sizable elongation of the critical Rc by 0.5 Bohr,
an effect which is very accurately captured by a simple and rigorously-
derived nuclear mass-dependent correction to the exchange-correlation
potential in density functional theory. Since this nonadiabatic term
depends on gradients of the nuclear wave function and conditional
electronic density, ∇Rχ(R) and ∇Rn(r,R), it couples the Kohn-Sham
equations at neighboring R points. Motivated by an observed localiza-
tion of nonadiabatic effects in nuclear configuration space, we propose
an approximation that reduces the search for nonadiabatic density
functionals to the search for a single function. This work is a step
towards bringing density functional theory beyond the limitations of
the BO approximation.

Talk O 62.3 Wed 11:15 HL 001
Ground-State Quantum-Electrodynamical Density-
Functional Theory — •Michael Ruggenthaler — Max Planck
Institute for the Structure and Dynamics of Matter, Hamburg, Ger-
many

In this talk I present a density-functional reformulation of correlated
matter-photon problems subject to general external electromagnetic
fields and charge currents [1]. I first show that for static minimally-
coupled matter-photon systems an external electromagnetic field is
equivalent to an external charge current. I employ this to show
that scalar external potentials and transversal external charge cur-
rents are in a one-to-one correspondence to the expectation values of
the charge density and the vector-potential of the correlated matter-
photon ground state. This allows to establish a Maxwell-Kohn-Sham
approach, where in conjunction with the usual single-particle Kohn-
Sham equations a classical Maxwell equation has to be solved in or-
der to capture the correlation induced by the transversal photon field.
In the magnetic mean-field limit this reduces to a current-density-
functional theory that does not suffer from non-uniqueness problems
and if furthermore the magnetic field is zero recovers standard density-
functional theory.

[1] ”Ground-State Quantum-Electrodynamical Density-Functional
Theory”, M. Ruggenthaler, arXiv:1509.01417 (2017).

Talk O 62.4 Wed 11:30 HL 001
Design of auxiliary systems for observables: the dynamic
structure factor and the electron addition and removal spec-
tra — Marco Vanzini, Martin Panholzer, Lucia Reining, and
•Matteo Gatti — LSI, CNRS, Ecole Polytechnique, Palaiseau,
France

Density functional theory tells us that the external potential, and
therefore all observables, are functionals of the ground state density.
The exact functionals, however, are not known, and one has to find
approximations. To obtain the density, Kohn and Sham have proposed
the idea to use an “auxiliary system”. Much research effort goes into
finding better and better Kohn Sham potentials for the density and
the total ground state energy. In order to access also observables other
than the density, we have proposed to generalize the Kohn-Sham idea
of an auxiliary system [1], and to design a “connector” that allows
us to profit from calculations done in a model system [2,3]. We have
recently shown that this is a successful strategy for the dynamic struc-
ture factor [2] and for the one-body spectral function of simple metals,
semiconductors and insulators [3]. [1] M. Gatti, V. Olevano, L. Rein-
ing, and I. V. Tokatly, Phys. Rev. Lett. 99, 057401 (2007) [2] M.
Panholzer, M. Gatti, and L. Reining, arXiv:1708.02992 [3] M. Vanzini,
L. Reining, and M. Gatti, arXiv:1708.02450

Talk O 62.5 Wed 11:45 HL 001
Exact exchange energy of the ferromagnetic electron gas with
dipolar interactions — •Camilla Pellegrini, Tristan Mueller,
Kay Dewhurst, Sangeeta Sharma, and Eberhard K. U. Gross —
Max-Planck-Institut fur Mikrostrukturphysik, Weinberg 2, D-06120
Halle, Germany

We propose a density functional treatment of the magnetic dipole-
dipole interaction as a spin-spin correction to the Coulomb force in
the Breit-Pauli Hamiltonian. Within this microscopic approach, the
Hartree-like term for the dipolar coupling corresponds to the classical
magnetostatic energy currently implemented in micromagnetic calcu-
lations. In addition, we have derived quantum corrections by evalu-
ating analytically the exact exchange energy (Fock term) for the ho-
mogeneous electron gas, within the linear response to a noncollinear
magnetic field. We expect our functional to open the path towards
a full ab initio description of inhomogeneous magnetic structures at
the nanoscale, with applications to domain-wall operated spintronic

devices.

Talk O 62.6 Wed 12:00 HL 001
Precise total-energy calculations at a significantly reduced
cost — •Rudolf Zeller — Institute for Advanced Simulation,
Forschungszentrum Jülich and JARA, 52425 Jülich, Germany

In density-functional calculations, the total-energy functional is sta-
tionary with respect to the density, the Kohn-Sham orbitals and the
Kohn-Sham effective potential. This means that approximations for
these quantities only lead to total-energy errors of second order pro-
vided that the total-energy functional is evaluated accurately without
further uncontrolled approximations.

Unfortunately, usually the Kohn-Sham orbitals and thus the kinetic
part of the total energy are evaluated by using a projection of the
potential into a finite subspace of basis functions. This approxima-
tion damages the stationarity of the total energy as a functional of the
potential.

A technique will be discussed which can relieve this deficiency so that
a considerably smaller subspace of basis functions can be used for a
precise evaluation of the kinetic part of the total energy. The advantage
will be illustrated for the particular example of angular projection po-
tentials as they are used in the full-potential Korringa-Kohn-Rostoker
Green function method.

Talk O 62.7 Wed 12:15 HL 001
Approach to Orbital-free DFT with Englert-Schwinger model
— •Jouko Lehtomäki and Olga Lopez-Acevedo — COMP Centre
of Excellence, Department of Applied Physics, Aalto University, Fin-
land

We briefly present the Englert and Schwinger (ES) model in com-
parison with other approaches to orbital-free DFT. Essential failure
of many kinetic energy density functionals is that they can not de-
scribe the most tightly bound core electrons in a satisfactory manner.
Englert-Schwinger model allows treating these problematic electrons
with more accurate single-particle wavefunctions while still obtaining
the self-consistent orbital-free solution to the electronic problem.

Specifically, we detail how the ES model compares to the more
known Thomas-Fermi-Dirac-Weizsäcker model self-consistently in
atoms. We look at the total energy and few geometric properties. We
show qualitative improvement in Pauli potential, which shows unphys-
ical singularities near nucleus when the most tightly bound electrons
are not treated correctly. We present how augmentation of the model
with Kohn-Sham orbitals allows us to explore all-electron solution to
the OFDFT problem and how this paves way for an orbital-free DFT
method which does not need pseudopotentials.

Talk O 62.8 Wed 12:30 HL 001
The Kerker Preconditioner for FLAPW Methods with
Charge Density Mixing — •Miriam Hinzen, Edoardo Di Napoli,
Daniel Wortmann, and Stefan Blügel — Institute for Advanced
Simulation, Forschungszentrum Jülich and JARA, 52425 Jülich, Ger-
many

In metallic systems of larger size the self-consistent field convergence
of electronic structure calculations is often slowed down substantially
due to charge sloshing: close to the Fermi level, little change in energy
can cause large fluctuations in charge density. Mathematically speak-
ing, the problem is ill-conditioned. For plane-wave methods the Kerker
preconditioner effectively solved this problem, but for many other elec-
tronic structure methods, in particular all-electron methods as the
FLAPW or KKR methods, a real-space formulation would be needed.
We developed a formulation of the Kerker preconditioner for FLAPW
methods with charge density mixing, implemented in FLEUR [1]. Nu-
merical experiments show an enormous reduction of the number of
iterations needed for convergence; even more importantly, the SCF
convergence has become independent of the system size.
[1] www.flapw.de

Talk O 62.9 Wed 12:45 HL 001
Effect of spin on the generalized Pauli constraints in Reduced
Density Matrix Functional Theory — •Nicole Helbig1, Iris
Theophilou2, and Nektarios N. Lathiotakis3 — 1Peter-Grünberg
Institut and Institute for Advanced Simulation, Forschungszentrum
Jülich, D-52425 Jülich, Germany — 2Max Planck Institute for the
Structure and Dynamics of Matter, Luruper Chaussee 149, 22761 Ham-
burg, Germany — 3Theoretical and Physical Chemistry Institute, Na-
tional Hellenic Research Foundation, Vass. Constantinou 48, GR-11635
Athens, Greece

Reduced Density Matrix Functional Theory is a method that relies
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on the 1-1 correspondence between the many-body ground-state wave
function and the first order reduced density matrix (1RDM) and uses
the latter as its fundamental variable. Enforcing the generalized Pauli
constraints during the energy minimization ensures that the 1RDM
corresponds to a fermionic pure state. We demonstrate that these

constraints are modified for open-shell systems if the spin degrees of
freedom are taken into account. From the generalized Pauli constraints
we also derive properties of the exact occupation numbers and natural
orbitals which ensure that the 1RDM corresponds to an eigenstate of
the total spin.

O 72: Focus Session: Frontiers of Electronic-Structure Theory: Correlated Electron Materials V
(joint session O/MM/DS/TT/CPP)

Organizers: Silke Biermann, Ecole Polytechnique, Palaiseau cedex, France; Paul R. Kent, Oak Ridge
National Laboratory, USA; Matthias Scheffler, Fritz-Haber-Institut der Max-Planck-Gesellschaft, Berlin

(Synopsis provided with part I of this session)

Wednesday 15:00–17:45 HL 001

Invited Talk O 72.1 Wed 15:00 HL 001
Computational Approach to the Electronic Structure of
Strongly Correlated Materials: Towards Theoretical Spec-
troscopy and Theory Assisted Material Design — •Gabriel
Kotliar — Serin Physics Laboratory Rutgers University —
Brookhaven National Laboratories

We will introduce a project, to build algorithms and a suite of open
source codes, to compute the electronic structure of correlated mate-
rials. It involves different methods, to provide different compromises
between speed and accuracy, and to treat different types of correlation
(static and dynamic). The suite includes methods ranging from vertex
corrected GW, rotationally invariant slave bosons and LDA+DMFT,
and we will illustrate some of these methods ( and their failures) in d
and f electron systems.

Talk O 72.2 Wed 15:30 HL 001
Spectral properties of Sr2IrO4 from first principles — •Cyril
Martins1, Benjamin Lenz2, and Silke Biermann2,3 — 1Laboratoire
de Chimie et Physique Quantiques, UMR 5626, Université Paul
Sabatier, 118 route de Narbonne, 31400 Toulouse, France — 2Centre
de Physique Théorique, Ecole Polytechnique, CNRS UMR 7644, Uni-
versité Paris-Saclay, 91128 Palaiseau, France — 3Collège de France, 11
place Marcelin Berthelot, 75005 Paris, France

The spin-orbit system Sr2IrO4 has raised tremendous interest recently,
due to intriguing similarities to the high-Tc superconducting copper
oxides.

We study the evolution of the electronic structure of Sr2IrO4 using
a combination of ab-initio density functional theory and many-body
techniques. The effects of spin-orbit coupling, distortions of the oxygen
octahedra and Hubbard interactions are included on a first-principles
level. We calculate the momentum-resolved spectral function and com-
pare to recent photoemission data, finding good agreement with exper-
iment.

Talk O 72.3 Wed 15:45 HL 001
Role of non-local correlations in doped Sr2IrO4 — •Benjamin
Lenz1, Cyril Martins2, and Silke Biermann1,3 — 1Centre de
Physique Théorique, Ecole Polytechnique, CNRS UMR 7644, Univer-
sité Paris-Saclay, 91128 Palaiseau, France — 2Laboratoire de Chimie
et Physique Quantiques, UMR 5626, Université Paul Sabatier, 118
route de Narbonne, 31400 Toulouse, France — 3Collège de France, 11
place Marcelin Berthelot, 75005 Paris, France

When doping the spin-orbit system Sr2IrO4 recent photoemission ex-
periments found pseudogap behavior at low temperatures, which raises
the question of its relation to the pseudogap found in high-Tc super-
conducting copper oxides.

Here, we study the evolution of the electronic structure of Sr2IrO4

upon electron- and hole-doping by combining ab-initio density func-
tional theory and two quantum cluster techniques. Our treatment
includes the effects of spin-orbit coupling, distortions of the oxygen
octahedra and Hubbard interactions on a first-principles level. We
show that short-range antiferromagnetic fluctuations are crucial to ac-
count for the electronic properties of the material even in the high-
temperature paramagnetic phase. Furthermore, pseudogap features
in the momentum-resolved spectral function of the emerging exotic
metallic state are analyzed and found to be in good agreement with
experiment.

Talk O 72.4 Wed 16:00 HL 001
Describing the coupled structural and metal-insulator transi-

tion in rare-earth nickelates with DFT+DMFT — •Alexander
Hampel and Claude Ederer — Materials Theory, ETH Zürich,
Switzerland

Perovskite rare-earth nickelates, RNiO3, display a rich phase dia-
gram, where all compounds with R from Pr to Lu undergo a metal-
insulator transition (MIT) that is accompanied by a structural distor-
tion. This distortion breaks the symmetry between formerly equiva-
lent Ni sites and is related to a charge disproportionation driven by
correlation effects, resulting in an insulating state. Here, we employ
density functional theory together with dynamical mean field theory
(DFT+DMFT) to explore the interplay between lattice distortions
and electronic correlation effects in these compounds. By utilizing
a symmetry-based distortion mode analysis, we are able to isolate the
specific lattice distortion occurring at the phase transition. Calcu-
lating total energies within DFT+DMFT then allows us to relax the
structures with respect to this distortion. We find, that the resulting
distortion amplitudes and its variation across the series are in good
agreement with experimental results. Our work highlights the capa-
bilities of the DFT+DMFT method to describe complex materials with
coupled electronic and structural degrees of freedom.

Talk O 72.5 Wed 16:15 HL 001
Magnetocrystalline anisotropy of FePt: LDA+DMFT study
— •saleem Ayaz Khan1, Junqing Xu2, johan Schott3, Ondřej
Šipr1, and Jan Minár1 — 1University of West Bohemia, Pilsen, Czech
Republic — 2LMU Munich, Germany — 3Uppsala University, Sweden

In our recent work (Phys. Rev B, 94, 144436, 2016) we employed
ab initio methods (FLAPW and KKR) to get a reliable value for the
magnetocrystalline anisotropy (MCA) energy of FePt. The theoret-
ical MCA energy of FePt (3.0 meV) is significantly larger than the
experimental value (1.3 meV), implying that the LDA cannot prop-
erly describe the MCA of FePt. Considering that the MCA essentially
arises from spin orbit coupling it appears that to obtain reasonable
agreement with experiments, it is necessary to include orbital corre-
lations. To account realistically for both the electronic and geometric
structure of materials, we use a combined density functional and dy-
namical mean field theory, LDA+DMFT. Our computation is based
on the fluctuation exchange approximation and an analytic continu-
ation method for the self-energy. Our results show that dynamical
correlation effects are important for a correct treatment of the 3d-5d
hybridization in FePt, which in turn plays a significant role for the
magnetocrystalline anisotropy

Talk O 72.6 Wed 16:30 HL 001
Diagnostics for plasmon satellites and Hubbard bands in
transition metal oxides — •Steffen Backes1, Hong Jiang2, and
Silke Biermann1 — 1Centre de Physique Théorique, École Polytech-
nique, 91128 Palaiseau, France — 2College of Chemistry and Molecular
Engineering, Peking University, China

The generally accepted picture of SrVO3 is that of a correlated elec-
tron metal where a renormalized quasi-particle peak at the Fermi level
coexists with upper and lower Hubbard bands, separated by Coulomb
interaction U . Recently, this picture has become blurred with the rise
in interest in additional plasmonic satellites. Distinguishing plasmonic
features from Hubbard bands is a non-trivial question. In this talk
we employ combined many-body perturbation theory and dynamical
mean field theory (”GW+DMFT”) to discuss the processes that give
rise to these different satellites and show how to identify their origin
in realistic materials. We present an application of this scheme to dif-
ferent transition metal oxides, which we find to exhibit both Hubbard
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and plasmonic satellites at similar energetic positions.

Talk O 72.7 Wed 16:45 HL 001
Phase transitions of the 2D Hubbard-Holstein model —
•Teresa E. Reinhard1, Uliana Mordovina1, Heiko Appel1, and
Angel Rubio1,2,3 — 1Max Planck Institute for the Structure and Dy-
namics of Matter, Hamburg, Germany — 2Center for Computational
Quantum Physics (CCQ), The Flatiron Institute, 162 Fifth Avenue,
New York NY 10010, USA — 3Nano-bio Spectroscopy Group and
ETSF, Departamento de Fisica de Materiales, Universidad del Pais
Vasco UPV/EHU, San Sebastian, Spain

In the 2d Hubbard-Holstein model at zero temperature, a quantum
phase transition between Mott and Peierls insulator can be observed.
Whether a metallic phase emerges in between remains an open ques-
tion [1,2]. As the emergence of the Mott phase is a many body effect,
a description beyond the mean field level is crucial. At the same time,
a method that can cope with two dimensions is needed.

To address this open question, we have extended Density Matrix
Embedding Theory (DMET) from the purely electronic case [3,4] to
coupled fermion-boson systems. DMET is an embedding theory which
benefits from the exponentially decaying correlation in most quantum
systems thus allowing a description beyond mean field at low cost.

We show the phase diagram of the 2d Hubbard-Holstein model at
zero temperature obtained for different cluster sizes. [1] G. Knizia, G.
K.-L Chan, Phys. Rev. Lett 109, 186404, (2012) [2] S. Wouters, C.
A. Jiménez-Hoyos, G. K.-L. Chan, arXiv:1605.05547 (2016) [3] R. T.
Clay and R. P. Hardikar, Phys. Rev. Lett 95, 096401 (2005) [4] J.
Bauer, EPL 90 27002 (2010)

Talk O 72.8 Wed 17:00 HL 001
A quantum embedding theory combining many-body pertur-
bation theory with configuration interaction — •Marc Dvorak
and Patrick Rinke — Department of Applied Physics, Aalto Univer-
sity School of Science, 00076-Aalto, Finland

We present a new quantum embedding theory called dynamical config-
uration interaction (DCI). It captures non-local and static correlation
in an orbital active space with configuration interaction (CI) and high-
energy, dynamic correlation in the complementary bath space with
many-body perturbation theory (MBPT). The formulation is general,
but we focus on molecular systems with an ab-initio Hamiltonian.
The conceptual key to our approach is to replace the exact electronic
Hamiltonian in the bath space with one of excitations defined over the
correlated ground state. This transformation is naturally suited to the
language and methodology of many-body Green’s functions. Correla-
tion in the bath is therefore described at the quasiparticle level with
Green’s functions instead of with the many-body wave function. Our
approach avoids computational and conceptual difficulties associated

with Green’s function embedding and improves upon wave function
methods by including dynamical correlation from the bath space. A
major advantage to DCI is that it naturally treats ground and excited
states on equal quantum mechanical levels. For ground state prop-
erties, we present dimer dissociation curves for H2 and N2 in excel-
lent agreement with exact results. Excited states of N2 give excellent
agreement with experiment, and we demonstrate the scalability of our
method by computing excited states of a free-base porphyrin molecule.

Talk O 72.9 Wed 17:15 HL 001
Real-Structure Effects and Correlation in Layered Sodium
Cobaltates — Sophie Chauvin1,2, Silke Biermann1, Lucia
Reining2, and •Claudia Rödl3 — 1Centre de Physique Théorique,
École polytechnique, CNRS, Université Paris-Saclay, 91128 Palaiseau,
France — 2Laboratoire des Solides Irradiés, École polytechnique,
CNRS, CEA, Université Paris-Saclay, 91128 Palaiseau, France
— 3Institut für Festkörpertheorie und -optik, Friedrich-Schiller-
Universität Jena, Max-Wien-Platz 1, 07743 Jena, Germany

Na-doped layered cobaltates NaxCoO2 feature a rich phase diagram
with a plethora of physical phenomena ranging from metal-insulator
transitions over magnetism to charge ordering. These instabilities of
the electronic structure are mostly attributed to correlation effects
within the quasi-2D CoO2 layers. Here, we focus on Na2/3CoO2, a
doping for which the system is metallic and exhibits an experimen-
tally established charge disproportionation on the Co atoms.

We study the electronic properties of the CoO2 layers and investi-
gate the impact of the intercalated Na atoms on the electronic struc-
ture in the ordered layered superstructure. The problem is tackled
from an ab-initio point of view using density-functional theory (DFT)
and many-body perturbation theory (MBPT). Moreover, we study the
static charge-density response of the material to understand instabil-
ities in the system. Our approach complements recent model calcu-
lations from extended dynamical mean-field theory (EDMFT). The
calculated results are compared to experimental spectroscopic data.

Talk O 72.10 Wed 17:30 HL 001
Slave rotor approach to impurity models with correlated dp
orbitals — •Jakob Steinbauer and Silke Biermann — École Poly-
technique, Palaiseau, France

We propose a slave rotor method for the solution of many-orbital quan-
tum impurity problems, which maps the original problem onto one
with reduced degeneracy. This is particularly useful for the dynamical
mean field theory treatment of transition metal oxides where the inter-
actions between ligand states with d-electrons are all too often simply
neglected. We derive a general formalism relying on an optimized ef-
fective model obtained from the variational principle of Feynman and
Peierls and test the method in the atomic limit.

O 94: Focus Session: Frontiers of Electronic-Structure Theory: Correlated Electron Materials VI
(joint session O/MM/DS/TT/CPP)

Organizers: Silke Biermann, Ecole Polytechnique, Palaiseau cedex, France; Paul R. Kent, Oak Ridge
National Laboratory, USA; Matthias Scheffler, Fritz-Haber-Institut der Max-Planck-Gesellschaft, Berlin

(Synopsis provided with part I of this session)

Thursday 10:30–12:45 HL 001

Talk O 94.1 Thu 10:30 HL 001
Core-level spectroscopy with the GW approximation —
•Dorothea Golze and Patrick Rinke — Department of Applied
Physics, Aalto University, Espoo, Finland

Inner-shell spectroscopy is an important tool to characterize molecules,
liquids and adsorption processes at surfaces. We present a new, accu-
rate method for computing X-ray photoelectron spectra based on the
GW approximation that overcomes the limitations of density func-
tional theory based approaches. Green’s function theory in the GW
approximation has become the method of choice for addition and re-
moval energies of valence electrons in solids and is now increasingly
being applied to molecules. However, GW core-level spectroscopy has
thus far not received any attention. In most GW implementations, the
self-energy is computed in the imaginary frequency domain followed by
an analytic continuation to the real frequency axis. However, our calcu-
lations show that the analytic continuation becomes highly inaccurate
for frequencies far away from the Fermi level and is not suitable for the
computation of core excitations. Thus, we evaluate the self-energy on

the real-frequency axis using the contour deformation (CD) technique.
We implemented CD in combination with a resolution-of-the-identity
approximation for the screened Coulomb interaction in the FHI-aims
program package. Test calculations reveal that our implementation re-
produces Turbomole reference calculations [1] perfectly. Furthermore,
we present benchmark studies of small and medium-sized gas-phase
molecules and discuss the potential of our method for more complex
systems. [1] M. J. van Setten et al. JCTC, 2013, 232

Talk O 94.2 Thu 10:45 HL 001
GW and beyond from matrix resolvents — •Jan Gesenhues1,
Dmitrii Nabok2, Michael Rohlfing1, and Claudia Draxl2 —
1Institut für Festkörpertheorie, Westfälische Wilhelms-Universität,
48149 Münster, Germany — 2Theoretische Festkörperphysik,
Humboldt-Universität zu Berlin, 12489 Berlin, Germany

Typically GW calculations make use of either plasmon pole models
or numerical integration in order to determine the screened Coulomb
interaction W. We demonstrate how to obtain an analytical represen-
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tation of W with the help of a matrix resolvent and present some
standard GW results which have been obtained with the method. The
analytical W is a useful starting point for subsequent calculations in-
volving vertex corrections. On the other hand, the matrix resolvent
technique itself can be applied upon a BSE-like equation of motion for
the polarizability to include vertex corrections.

Talk O 94.3 Thu 11:00 HL 001
Electron-Magnon Scattering in Elementary Ferromagnets
from First Principles: Lifetime Broadening and Kinks —
Mathias C. T. D. Müller, •Christoph Friedrich, and Stefan
Blügel — Peter Grünberg Institut and Institute for Advanced Simu-
lation, Forschungszentrum Jülich and JARA, 52425 Jülich, Germany

We study the electron-magnon scattering in bulk Fe, Co, and Ni within
the framework of many-body perturbation theory implemented in
the full-potential linearized augmented-plane-wave method. Starting
from the GW approximation we obtain a Bethe-Salpeter equation for
the two-particle (electron-hole) Green function, where single-particle
Stoner excitations and collective spin-wave excitations (magnons) are
treated on the same footing. We employ the solution of the Bethe-
Salpeter equation to construct a self-energy that describes the scatter-
ing of electrons and magnons. The resulting renormalized electronic
band structures exhibit strong spin-dependent lifetime effects close to
the Fermi energy, which are strongest in Fe. In the case of Co and Ni,
the renormalization gives rise to kinks in the electronic band dispersion
at low binding energies, which we attribute to electron scattering with
spatially extended spin waves. Furthermore, we find a band anomaly
at larger binding energies in iron, which results from a coupling of
the quasihole with single-particle excitations that form a peak in the
Stoner continuum. This band anomaly has, in fact, been observed in
recent photoemission experiments at the same energy and momentum.

Talk O 94.4 Thu 11:15 HL 001
Effects of the Tamm-Dancoff approximation on the optical
spectra of organic molecules — •Tobias Lettmann and Michael
Rohlfing — Institut für Festkörpertheorie, Westfälische Wilhelms-
Universität Münster, 48149 Münster, Germany

When calculating excited state properties of electronic systems within
the many-body perturbation theory (MBPT), the Bethe-Salpeter
equation (BSE) needs to be solved. This is often done within the so
called Tamm-Dancoff approximation (TDA), neglecting the coupling
of resonant and anti-resonant excitations.

It is generally accepted that the TDA is justified for large, extended
systems e.g. bulk crystals. However it has been shown that the TDA
may no longer hold for some organic semiconductors1. In this talk
we discuss the effects of the TDA on the resulting optical spectra of
organic molecules of different sizes and investigate for which cases the
TDA may still be justified.

1 B. Baumeier et al: J Chem. Theory Comput., 2012, 8, 997

Talk O 94.5 Thu 11:30 HL 001
Ab-initio treatment of non-local electronic correlations with
the dynamical vertex approximation — •Anna Galler1, Patrik
Thunström2, Patrik Gunacker3, Josef Kaufmann3, Matthias
Pickem3, Jan M. Tomczak3, and Karsten Held3 — 1Centre de
Physique Theorique, Ecole Polytechnique, 91128 Palaiseau, France —
2Department of Physics and Astronomy, Materials Theory, Uppsala
University, 75120 Uppsala, Sweden — 3Institute of Solid State Physics,
TU Wien, 1040 Vienna, Austria

Recently, approaches such as the dynamical vertex approximation
(DΓA) or dual-fermion method have been developed. These dia-
grammatic approaches are going beyond dynamical mean-field theory
(DMFT) by including non-local electronic correlations on all length
scales as well as the local DMFT correlations. Here we present our
efforts to extend the DΓA methodology to ab-initio materials calcu-
lations (AbinitioDΓA). Our approach is a unifying framework which
includes both, GW and DMFT-type of diagrams, but also important
non-local correlations beyond, e.g. non-local spin fluctuations. In our
multi-band implementation we are using a worm sampling technique
within continuous-time quantum Monte Carlo in the hybridization ex-
pansion to obtain the DMFT vertex, from which we construct the
reducible vertex function in a ladder approximation. As a first ap-
plication we show results for transition metal oxides. Support by the
ERC project AbinitioDGA (306447) is acknowledged.

References: [1] A. Galler, P. Thunström, P. Gunacker, Jan M. Tom-
czak, and K. Held, Physical Review B 95, 115107 (2017)

Talk O 94.6 Thu 11:45 HL 001

Non-local correlations in effectively reduced spatial di-
mensions — •Jan M. Tomczak1, Matthias Pickem1, Benjamin
Klebel1, Anna Galler2, Josef Kaufmann1, Patrik Gunacker1,
Patrik Thunström3, Thomas Schäfer2, Alessandro Toschi1, and
Karsten Held1 — 1Institute of Solid State Physics, TU Wien,
Austria — 2Centre de Physique Théorique, Ecole Polytechnique,
Palaiseau, France — 3Department of Physics and Astronomy, Upp-
sala University, Uppsala, Sweden

Using the dynamical vertex approximation and its recent extension for
electronic structure calculations, AbinitioDΓA[1], we explore the im-
pact of spatial dimensions onto non-local correlations: (a) we compare
magnitude and manifestations of non-local self-energies in ultra-thin
films of transition-metal oxides to those in the bulk material. (b)
we track the evolution of non-local correlations in the doped Hub-
bard model when continuously going from 3D to 2D. In particular we
probe the limits of the “space-time separation” of electronic correla-
tions evidenced in 3D[2]. Support by the ERC project AbinitioDGA
(306447) and the Austrian Science Fund (FWF) projects I 2794-N35
and P 30213-N36 is acknowledged.

References: [1] A. Galler, P. Thunström, P. Gunacker, JMT, K.
Held, PRB 95, 115107 (2017), [2] T. Schäfer, A. Toschi, JMT, PRB
91, 121107R (2015)

Talk O 94.7 Thu 12:00 HL 001
Does the optical signature of oxidized polyethylene stem from
saturated or unsaturated carbonyl defects? — •Guido Roma1,
Fabien Bruneval1, and Layla Martin-Samos2 — 1DEN-Service de
Recherches de Métallurgie Physique, CEA, Université Paris-Saclay, F-
91191 Gif sur Yvette, France — 2CNR-Demokritos, Trieste, Italy

Polyethylene (PE), one of the simplest and most used aliphatic poly-
mers, is generally provided with a number of additives, in particular
antioxidants, because of its tendency to get oxidized. Carbonyl de-
fects, a product of the oxidation of PE, are occurring in various forms,
in particular saturated ones, known as ketones, where a C=O double
bond substitutes a CH2 group, and various unsaturated ones, i.e., with
further missing hydrogens. Many experimental investigations of the
optical properties in the visible/UV range mainly attribute the pho-
toluminescence of PE to one specific kind of unsaturated carbonyls,
following analogies to the emission spectra of similar small molecules.
However, the reason why saturated carbonyls should not be optically
detected is not clear. We investigated the optical properties of PE with
and without carbonyl defects using perturbative GW and the Bethe-
Salpeter equation in order to take into account excitonic effects. We
discuss the calculated excitonic states in comparison with experimen-
tal absorption/emission energies and the stability of both saturated
and unsaturated carbonyl defects. We conclude that the unsaturated
defects are indeed the best candidate for the luminescence of oxidized
PE, and the reason is mainly due to oscillator strengths.

Talk O 94.8 Thu 12:15 HL 001
Bethe-Salpeter equation beyond the Tamm-Dancoff approx-
imation at finite momentum transfer: Absorption and loss
spectra including excitonic effects — •Benjamin Aurich, Cate-
rina Cocchi, and Claudia Draxl — Humboldt-University, Berlin,
Germany

The state-of-the-art ab-initio method for computing optical proper-
ties of semiconductors is based on the Bethe-Salpeter equation (BSE)
which describes the excitations of the system in terms of interacting
electron-hole (e-h) pairs. For absorption spectra, typically no mo-
mentum transfer from light to the e-h pairs is considered, and the
coupling between excitations and de-excitations of e-h pairs is usually
neglected by using the Tamm-Dancoff approximation (TDA). This ap-
proach yields excellent agreement with experiment for many materials,
but may break down for confined systems [1]. The TDA is also known
to fail to describe the electron energy loss spectra for materials as sim-
ple as silicon [2]. We report on the extensions of the open-source code
exciting [3] allowing for BSE calculations beyond the TDA and at
finite momentum transfer using an exact diagonalization scheme [4].
We demonstrate the differences between TDA and non-TDA spectra
at vanishing and finite momentum transfer for periodic molecular sys-
tems.

[1] M. Grüning et al., Nano Lett 9, 2820 (2009)
[2] V. Olevano and L. Reining, Phys. Rev. Lett. 86, 5962 (2001)
[3] A. Gulans et al., J. Phys. Condens. Matter 26, 363202 (2014)
[4] T. Sander et al., Phys. Rev. B 92, 045209 (2015)

Talk O 94.9 Thu 12:30 HL 001
Calculations of charge and spin susceptibilities and quasipar-
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ticle energy shifts within the CASTEP plane-wave DFT code
— •Vincent Sacksteder1, Evgeny Plekhanov2, Phil Hasnip3,
Matt Probert3, Stewart Clark4, Keith Refson1, and Cedric
Weber2 — 1Royal Holloway University of London, UK — 2Kings
College London, UK — 3University of York, UK — 4University of
Durham, UK

CASTEP is a pseudopotential based plane wave code which scales
to the largest supercomputers and offers a wide feature set. Within
CASTEP we have implemented calculation of the charge and spin sus-
ceptibility tensor, which describes the response to a perturbing charge
or spin. We present corrections to the Kohn-Sham energies obtained
by using the susceptibility tensor to screen Hartree-Fock exchange. In

the static limit this is the SEX part of the COHSEX approximation,
and if instead the dynamic susceptibility is used one obtains the GW
approximation.

Our memory and CPU consumption scales linearly with the plane
wave basis size, allowing thorough exploration of convergence with ba-
sis size, not only of the susceptibility itself, but of the SEX and GW
quasiparticle shifts. We emphasize that our calculations are heavily
parallelized, in exactly the same way as a standard DFT ground state
calculation.

This work will allow first principles calculations of magnon spectra,
exchange couplings, ionization potentials, and KKR and DMI coeffi-
cients.

O 102: Focus Session: Frontiers of Electronic-Structure Theory: Correlated Electron Materials
VII (joint session O/TT/MM/DS/CPP)

Organizers: Silke Biermann, Ecole Polytechnique, Palaiseau cedex, France Paul R. Kent, Oak Ridge
National Laboratory, USA Matthias Scheffler, Fritz-Haber-Institut der Max-Planck-Gesellschaft, Berlin

(Synopsis provided with part I of this session)

Thursday 15:00–17:45 HL 001

Invited Talk O 102.1 Thu 15:00 HL 001
Recent developments in FCIQMC: real-time propagation and
improved convergence with walker number — •Ali Alavi —
Max Planck Institute for Solid State Research, Stuttgart, Germany

The Full Configuration Interaction QMC method samples Slater deter-
minants using an imaginary-time propagation of walkers, and can yield
essentially exact ground- and excited states energies and wavefunctions
for Fermionic systems. Recently we have extended this methodology
to real-time propagation, enabling the calculation of spectral functions
along the real-frequency axis. This method will be described in the
talk, together with representative examples from molecular and lattice
models. We will also describe a second development in the FCIQMC
methodology which substantially improves the rate of convergence of
the ground-state technique with respect to the number of walkers.
With the new method, we can compute essentially the exact ground
state energy of the benzene molecule, correlating 30 electrons (the en-
tire valence) in the full set of 108 orbitals of a VDZ basis. Perspectives
of the new methods will be discussed.

Talk O 102.3 Thu 15:45 HL 001
High temperature superconducting oxychlorides: a light
element model for cuprates — •Matteo d’Astuto1,2, Blair
Lebert2,3, Ikuya Yamada4, and Masaki Azuma5 — 1Institut NEEL
CNRS/UGA UPR2940 25 rue des Martyrs BP 166 38042 Grenoble
cedex 9 FRANCE — 2IMPMC, UMR7590 UPMC-Sorbonne Univer-
sités - CNRS, Paris, France — 3Synchrotron SOLEIL, Gif-sur-Yvette,
France — 4Nanoscience and Nanotechnology Research Center (N2RC),
Osaka, Japan — 5Materials and Structures Laboratory, TITech, Yoko-
hama, Japan

The copper oxychloride cuprate Ca2CuO2Cl2 (CCOC) system, with
vacancy or Na doping on the Ca site, is unique among the high tem-
perature superconducting cuprates (HTSCs) since it: lacks high Z
atoms; has a simple I4/mmm 1-layer structure, typical of 214 (LSCO)
cuprates, but which is stable at all doping and temperatures; and
has a strong 2D character due to the replacement of apical oxygen
with chlorine. It also shows a remarkable phase digram, with a super-
conducting TC growing to the optimal doping without any minimum
around 1/8 doping, despite the observation of charge modulations by
near-field spectro-microscopy. Due to the reduced number of elec-
trons, advanced calculations that incorporate correlation effects, such
as quantum Monte Carlo are easier, but relatively little is known about
CCOC (for a cuprate) from an experimental point of view. We are now
filling this gap by a comprehensive experimental study covering the
whole phase diagram, in particular of the (para)magnon and phonon
dispersion..

Talk O 102.4 Thu 16:00 HL 001
Antiferromagnetic correlations in the metallic strongly cor-
related transition metal oxide LaNiO3 — •Hanjie Guo1, Zhi-
wei Li1, Li Zhao1, Zhiwei Hu1, Chunfu Chang1, Changyang
Kuo1, Wolfgang Schmidt2, Andrea Piovano2, Tunwen Pi3, Oleg
Sobolev4, Daniel Khomskii1, Liu Hao Tjeng1, and Alexander
Komarek1 — 1MPI CPfS, Dresden, Germany — 2ILL, Grenoble,

France — 3NSRRC, Taiwan — 4FRMII, Munich, Germany

The material class of rare earth nickelates with high Ni3+ oxidation
state is generating continued interest due to the occurrence of a metal-
insulator transition with charge order and the appearance of non-
collinear magnetic phases within this insulating regime. The recent
theoretical prediction for superconductivity in LaNiO3 thin films has
also triggered intensive research efforts. LaNiO3 seems to be the only
rare earth nickelate that stays metallic and paramagnetic down to low-
est temperatures. So far, centimetre-sized impurity-free single crystal
growth has not been reported for the rare earth nickelates material
class since elevated oxygen pressures are required for their synthesis.
Here, we report on the successful growth of centimetre-sized LaNiO3

single crystals by the floating zone technique at oxygen pressures of
up to 150 bar. Our crystals are essentially free from Ni2+ impurities
and exhibit metallic properties together with an unexpected but clear
antiferromagnetic transition.

Talk O 102.5 Thu 16:15 HL 001
Hubbard interactions from density-functional perturbation
theory — •Iurii Timrov, Nicola Marzari, and Matteo Cococ-
cioni — Theory and Simulation of Materials (THEOS), and NCCR-
MARVEL, École Polytechnique Fédérale de Lausanne, CH-1015 Lau-
sanne, Switzerland

DFT+U+V is a simple and powerful tool to model systems containing
partially-filled manifolds of localized states. However, the Hubbard
parameters are often - and in our view incorrectly - treated semi-
empirically. Conceptual and practical methods to determine e.g. the
Hubbard U parameter have nevertheless been introduced long ago,
based either on the constrained random-phase approximation (cRPA)
or on linear-response theory. However, these approaches are often over-
looked due to their cost or complexity. Here, we introduce a computa-
tionally inexpensive and straightforward approach to determine on-site
U and inter-site V, hitherto obtained from the difference between bare
and self-consistent inverse electronic susceptibilities evaluated from su-
percell calculations. By recasting these calculations in the language of
density-functional perturbation theory we remove the need of super-
cells, and allow for a fully automated determination of susceptibilities
and Hubbard parameters. Such developments open the way for de-
ployment in high-throughput studies, while providing the community
with a simple tool to calculate consistent values of U and V for any
system at hand.

Talk O 102.6 Thu 16:30 HL 001
Reduced Density Matrix Theory for Coupled Fermion-Boson
Systems — •Florian Buchholz1, Iris Theophilou1, Michael
Ruggenthaler1, Heiko Appel1, and Angel Rubio1,2,3 — 1MPSD,
Hamburg, Germany — 2CCQ, The Flatiron Institute, New York,
United Sates — 3Nano-bio Spectroscopy Group, San Sebastián, Spain

Reduced density matrix (RDM) theory proved to be successful in de-
scribing a wide range of many-body problems that are not easily acces-
sible by the more common many-body perturbation theories or density
functional theory. Especially as RDM theories are non-perturbative,
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they are advantageous in strong coupling scenarios.
However, RDM theory was to our knowledge never applied to sys-

tems with more than one active particle type. The focus of this talk
is to analyze the possibilities and problems of an extension to coupled
fermion-boson theories. Comparing a typical bilinear interaction term
of the form c+i cj(a+k +ak), where c+/c and a+/a indicate fermion and
boson creation/annihilation operators, respectively and the fermionic
2-body interaction term c+i c

+
j ckcl, the former should have a consider-

ably reduced definition space, which we hope to be exploitable. On the
other hand, the bilinear interaction has a very different structure than
the 2-body interaction and it is not clear at all, how to define a RDM
that carries all information to compute experimental observables of a
coupled fermion-boson system.

Specifically, I will illustrate some of the peculiarities of the fermion-
boson interaction for simple model systems and present some ideas to
deal with those.

Talk O 102.7 Thu 16:45 HL 001
Critical temperatures as function of magnetic anisotropy in
two-dimensional systems from first-principles calculations —
•Daniele Torelli — Center for Atomic-Scale Materials Design, De-
partment of Physics, Technical University of Denmark, DK-2800 Kgs.
Lyngby, Denmark

Recent observation of ferromagnetic out-of-plane order in monolayer
CrI3 highlights the importance of a microscopic understanding of
anisotropy in ground state magnetic systems. Single-ion anisotropy
accounts mainly for spin-orbit coupling interaction and, in particular
for two-dimensional (2D) materials, it’s crucial to escape the Mermin-
Wagner theorem. Here we investigate the variation of critical temper-
atures as functions of anisotropy in Heisenberg model systems using
Metropolis Monte Carlo simulations. Results for square, hexagonal
and honeycomb lattices are compared with equivalent simulations in
the Ising model, which is confirmed to represent the limit with infinite
anisotropy. Based on a new developed computational 2D materials
database, we predict a vast number of 2D structures with high crit-
ical temperatures. As testing system, relevant Heisenberg exchange
couplings and magnetic anisotropy energy in CrI3 monolayer are ex-
tracted from first principle calculations and energy mapping analysis,
yielding to an estimation of Curie temperature in good agreement with
experimental results.

Talk O 102.8 Thu 17:00 HL 001
Oxygen vacancy-induced absorption of visible light in
SrNbO3 — •Marcello Turtulici, Steffen Backes, and Silke
Biermann — Centre de Physique Théorique, Ecole Polytechnique,
91128 Palaiseau, France

SrNbO3 has recently attracted attention as a bright red photocata-
lyst. Several, mutually contradicting, models have been proposed in
the literature in order to explain the strong absorption in the visible
spectrum, and no consensus even on the basic nature of the mechanism
has been reached. In this work we investigate the optical properties
of this material by means of state-of-the-art Density Functional The-
ory and many-body perturbation theory techniques. We evidence a
high sensitivity of the optical properties on deviations from the ideal

crystal structure. In particular, the optical properties should strongly
depend on the presence of oxygen vacancies, which give rise to addi-
tional absorption channels in the visible frequency range. Most no-
tably, the experimentally observed red color is likely due to transitions
between orbitals of dominant Nb-eg character, which are enhanced by
the strong hybridization of the quite extended 4d-states of Nb with
oxygen p-states.

Talk O 102.9 Thu 17:15 HL 001
Transient charge and energy flow in the wide-band limit —
Fabio Covito, •Florian Eich, Riku Tuovinen, Michael Sentef,
and Angel Rubio — Max Planck Institute for the Structure and Dy-
namics of Matter, Hamburg, Germany

Thanks to recent advances in ultra-fast pump-probe spectroscopies
and nano-thermometry it is possible to study charge and energy flow
at atomic time and length scales. In order to analyze the transient
dynamics of nanoscale devices theoretically, the wide-band limit is a
commonly used approximation. Here we investigate the applicabil-
ity of the wide-band limit to the study of charge and heat transport
through nanojunctions exposed to voltage biases and temperature gra-
dients. We find that while this approximation faithfully describes the
long-time steady-state charge and heat transport, it fails to character-
ize the short-time transient behavior of the junction. In particular, we
find that the charge current flowing through the device shows a dis-
continuity when a temperature gradient is applied, while the energy
flow is discontinuous when a voltage bias drives the dynamics and even
diverges when the junction is exposed to both a temperature gradient
and a voltage bias. We discuss this pathological behavior and propose
two possible solutions.

Talk O 102.10 Thu 17:30 HL 001
From DFT to Coupled Cluster Theory - Understanding
Oxygen Activation on Coin Metal Nanoparticles — •Wilke
Dononelli and Thorsten Klüner — Institut für Chemie, Carl von
Ossietzky Universität Oldenburg, 26111 Oldenburg, Germany

In this study we focus on one of the most fundamental catalytic model
reactions, the oxidation of CO on a metal catalyst. We studied the
activation of molecular oxygen via dissociation or direct reaction of
CO and O2 within density functional theory (DFT) and high level
CCSD(T) calculations. Therefore we use Au13 and Au55 nanopar-
ticles (NPs) and a periodic Au(321) surface as model systems and
compare the catalytic activity of the gold substrates to Ag and Cu
based, as well as bimetallic NP catalysts. Part of the DFT calcu-
lations were performed, using the well-established PBE functional as
implemented in the Vienna ab initio simulation package (VASP). Hy-
brid and double hybrid DFT calculations on the NPs were performed
in Gaussian09. CCSD(T) calculation were performed in Gaussian09
using conventional CCSD(T) for the M13 (M=Au,Ag,Cu) NPs and
CCSD(T)/PBE in a QM/QM embedding scheme using the ONIOM
approach for M55 NPs. For systems of 55 metal atoms PBE gives the
same results as double hybrids or even CCSD(T). For smaller M13

NPs interaction energies differ between PBE and higher levels of the-
ory, which might be explained by the molecule like character of these
NPs.

O 117: Focus Session: Frontiers of Electronic-Structure Theory: Correlated Electron Materials
VIII (joint session O/TT/MM/DS/CPP)

Organizers: Silke Biermann, Ecole Polytechnique, Palaiseau cedex, France; Paul R. Kent, Oak Ridge
National Laboratory, USA; Matthias Scheffler, Fritz-Haber-Institut der Max-Planck-Gesellschaft, Berlin

(Synopsis provided with part I of this session)

Friday 10:30–12:45 HL 001

Talk O 117.1 Fri 10:30 HL 001
Ab initio photoluminescence in 2D materials — •Pedro
Melo1,4, Andrea Marini2,4, Matthieu Verstraete1,4, and Zeila
Zanolli3,4 — 1NanoMat / CESAM, ULiege Belgium — 2ISM CNR,
Italy — 3RWTH Aachen Germany — 4ETSF

The theoretical study of photoluminescence (PL) has been hindered in
the past due to lack of predictive ab initio numerical techniques [1,2,4].
We present a complete theoretical framework for the computation of
PL where electrons, nuclei, and photons are quantised. The intrinsic
non-equilibrium nature of the process is fully taken into account [3].
Starting from the Keldysh contour, we arrive at a set of equations for

the Green’s functions of electrons, phonons, and photons where the
different kinds of interactions are treated on the same footing. These
equations are then simplified by using the generalised Baym-Kadanoff
ansatz and the completed collision approximation [3]. This reduces the
problem to a set of decoupled equations for the density matrix that
describe all kinds of static and dynamical correlations. We show how
the micro-macro connection relates the observable spectrum with the
time-dependent microscopic dynamics, via the Bethe-Salpeter equa-
tion. Finally, we present the results of our numerical studies on 2D
materials, such as WS2, where we relate the evolution of the carrier
populations in the Brillouin zone with the changes in the PL spectrum
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of the material, for a range of experimental setups. [1] M. F. Pereira
and K. Henneberger, PRB 58, 2064 (1998). [2] K. Hannewald, et al,
PRB 67, 233202 (2003). [3] P. M. M. C. de Melo and A. Marini, PRB
93, 155102 (2016). [4] S. W. Koch, et al, Nat Mat 5, 523 (2006).

Talk O 117.2 Fri 10:45 HL 001
Strain on molybdenum disulfide sheets with defects from first
principles — •Mohammad Bahmani1, Mahdi Faghihnasiri2, and
Thomas Frauenheim1 — 1BCCMS, Physics Department, Bremen
University, Bremen, Germany — 2Physics Department, Shahrood Uni-
versity of Technology, Shahrood, Iran

Single layer of transition metal dichalcogenides(TMDCs) are under in-
tense investigations since the discovery of unique characteristics of 2D
and Vann der Waals layered materials. They are predicted to be the
most promising structure for various future nanoscale devices. They
have also novel applications in spintronic and optoelectronic. As a
result of thermal equilibrium and the kinetics of processing, all real
materials contain structural defects which show significant effects on
their electrical, optical, vibrational, magnetic, and chemical properties.
Besides, mechanical strain has very much influence on the electronic
properties of 2D materials, particularly TMDCs. For example, 0.5%
biaxial strain force direct band gap in molybdenum disulfide(MoS2)
to become indirect since it breaks the crystalline symmetry. There-
fore, I study different types of point defects such as single and double
sulfur(S), single molybdenum(Mo) vacancies, and removing a Mo with
its three upper S neighbors. I also substitute a Mo vacancy with one
and two S atoms. Furthermore, as the second aim of this study, I
showed the modification of defect states under uniaxial and biaxial
compression and tensile strain. For the case of one S vacancy, this
moves shallow states into the valance band and importantly breaks
the degeneracy of degenerate states.

Talk O 117.3 Fri 11:00 HL 001
Competion of magnetic interactions and in-field behavior of
cycloidal Uranium compound UPtGe. — •Leonid Sandratskii
— Max Planck Institute of Microstructure Physics, Halle, Germany

Stimulated by recent high-field experiment [1] performed on unique ac-
tinide system with cycloidal magnetic structure, UPtGe, I performed a
series of calculations aiming to understand the nature of the sequence
of magnetic phase transitions caused by the applied magnetic field.
The physics of the system is determined by the fine balance of the
exchange interaction, magnetic anisotropy, and Dzyaloshinskii-Moriya
interaction. This balance of interactions governs, in particular, the
in-field behavior of the system. The physical consequences of the vari-
ation of the localization of the U 5f electrons is investigated.

[1] A. Miyake, A. Nakamura, Y. Shimura, Y. Honma, D. Li, F.
Honda, M. Tokunaga, D. Aoki, doi.org/10.11316/jpsgaiyo.71.1.0 2062.

Talk O 117.4 Fri 11:15 HL 001
Electron correlation effects in the electronic structure of
4f-atoms adsorbed on metal and Graphene substrates —
•Alexander B. Shick1, Dmitry S. Shapiro2, and Alexander I.
Lichtenstein3 — 1Institute of Physics, Czech Academy of Sciences,
Prague, Czech Republic — 2nstitute of Radio Engineering and Elec-
tronics, Russian Academy of Sciences, Moscow — 3Institute of Theo-
retical Physics, University of Hamburg, Germany

Surface supported single magnetic atoms, the so-called ”single-atom
magnets”, open new opportunities in a quest for the ultimate size
limit of magnetic information storage. Initially, the research mainly
focused on 3d-atoms on surfaces. Recently, the attention was turned
to the 4f-atoms, culminating in the experimental discovery of mag-
netically stable Ho atom on MgO(001) substrate [1], and Dy atom on
graphene/Ir(111)[2]. We address the electronic and magnetic character
of 4f-atoms on metal and Graphene substrate making use of a combi-
nation of the DFT with the exact diagonalization of Anderson impu-
rity model (DFT+ED) [3]. The spin and orbital magnetic moments
of Dy@Ir(111) and Dy/Graphene/Ir(111) are evaluated and compared
with experimental XMCD data. The magnetic anisotropy energy is
estimated, and the magnetic stability is discussed. The role of 5d-4f
interorbital exchange polarization in modification of the 4f-shell energy
spectrum is emphasized. [1] F. Donati et al., Science 352, 318 (2016).
[2] R. Baltic et al., Nano Lett. 16, 7610 (2016). [3] A. B. Shick, D. S.
Shapiro, J. Kolorenc, A. I. Lichtenstein, Sci. Rep. 7, 2751 (2017).

Talk O 117.5 Fri 11:30 HL 001
Interlayer trions in the MoS2/WS2 van der Waals het-
erostructure — •Thorsten Deilmann and Kristian Sommer
Thygesen — CAMD, Department of Physics, Technical University

of Denmark, DK-2800 Kongens Lyngby, Denmark

Electronic excitations in van der Waals heterostructures can have in-
terlayer or intralayer character depending on the spatial localisation
of the involved charges (electrons and holes). In the case of neutral
electron-hole pairs (excitons), both types of excitations have been ex-
plored theoretically and experimentally. In contrast, studies of charged
trions have so far been limited to the intralayer type.

Here we investigate the complete set of interlayer excitations in a
MoS2/WS2 heterostructure using a novel ab-initio method, which al-
lows for a consistent treatment of both excitons and trions at the same
theoretical footing. Our calculations predict the existence of bound in-
terlayer trions below the neutral interlayer excitons. We obtain binding
energies of 18/28 meV for the positive/negative interlayer trions with
both electrons/holes located on the same layer. In contrast, a neg-
ligible binding energy is found for trions which have the two equally
charged particles on different layers.

Talk O 117.6 Fri 11:45 HL 001
The optimal one dimensional periodic table: a modified Pet-
tifor chemical scale from data mining — •Miguel Marques1 and
Antonio Sanna2 — 1Institut für Physik, Martin-Luther-Universität
Halle-Wittenberg, D-06099 Halle, Germany — 2Max-Planck Institut
für Microstrukture Physics, Weinberg 2, 06120 Halle, Germany

Starting from the experimental data contained in the inorganic crys-
tal structure database, we use a statistical analysis to determine the
likelihood that a chemical element A can be replaced by another B
in a given structure. This information can be used to construct a
matrix where each entry (A,B) is a measure of this likelihood. By
ordering the rows and columns of this matrix in order to reduce its
bandwidth, we construct a one-dimension ordering of the chemical el-
ements, analogous to the famous Pettifor scale. The new scale shows
large similarities with the one of Pettifor, but also striking differences,
especially in what comes to the ordering of the non-metals.

Talk O 117.7 Fri 12:00 HL 001
Novel two-dimensional topological insulators from first prin-
ciples materials screening — •Thomas Olsen and Kristian
Thygesen — Technical University of Denmark

We have applied first principles calculations to find new stable two-
dimensional materials with non-trivial band topology. The novel ma-
terials include more than 10 quantum spin Hall insulators, quantum
anomalous Hall insulators and topological crystalline insulators pro-
tected by mirror symmetry. We also discuss the dual topological na-
ture of the band structure in the presence of both time-reversal and
mirror symmetry and show that odd mirror Chern numbers always
imply a quantum spin Hall effect.

Talk O 117.8 Fri 12:15 HL 001
Nanoparticles Classification with Self-Organisation Map
(SOM) on 3D Electrostatic Potential Surface (EPS) —
•Baichuan Sun and Amanda Barnard — Molecular & Materials
Modelling, Data61 CSIRO, Door 34 Goods Shed, Village St, Dock-
lands, VIC 3008, Australia

State-of-the-art deep learning (DL) algorithms are having tremendous
impact across all scientific fields, and Material Science (MS) is no ex-
ception. A combination of computational chemistry simulations and
DL techniques requires a hybrid computation/data research workflow,
which represents a revolutionary approach to MS studies. There is
a gap between the ab initio characterisation of nanomaterials with
electronic structure simulations and its analytics with DL frameworks
which stems from difficulties in representing quantum mechanical prop-
erties in such a way that is suitable for artificial neural networks.
To overcome this issue we are evaluating the efficiency of visualis-
ing the 3-D Electrostatic Potential Surface (EPS) with Self-organising
Maps (SOM), and integrating them directly into reliable DL frame-
works. A Self-organisation Map classifies high-dimensional data into
low-dimensional (normally 2D) space without supervision, while re-
taining the intrinsic topological relationship of the data set. As we
will show, it is possible to represent a 3D molecular EPS with a single
2D snapshot, or ”fingerprint” of the particle, provided they are orienta-
tionally invariant. In this study we demonstrate how Ag nanoparticles
3-D EPS self-organising texture maps can be used to classify nanopar-
ticles based on the energy of the Fermi level.

Talk O 117.9 Fri 12:30 HL 001
Regulation of structure and high thermoelectric perfor-
mance of 1D SnTe via encapsulation within single-walled
carbon nanotube — Andrij Vasylenko1, •Jamie Wynn2, Sam

12



Berlin 2018 Friday

Marks1, Paulo V. C. Medeiros3, Quentin M. Ramasse4, Andrew
J. Morris4, Jeremy Sloan1, and David Quigley1 — 1University of
Warwick, Coventry, UK — 2University of Cambridge, Cambridge, UK
— 3Daresbury Campus, Darsbury, UK — 4University of Birmingham,
Birmingham, UK

We present the extreme case of nanostructuring, exploiting capillar-
ity of single-walled carbon nanotubes (SWCNTs) for synthesis of the
smallest possible thermoelectric SnTe nanowires with cross sections as
small as a single atom. By adapting high-throughput ab initio ran-

dom structure searching, we discover several structures of SnTe that
can be formed within SWCNT and compare results with experimen-
tally obtained encapsulated SnTe nanowires. From first principles, we
demonstrate that by choosing the appropriate diameter of a template
SWCNT, we can manipulate the structure of 1D SnTe and its thermo-
electric performance. The demonstrated technique opens a practical
route towards nanostructural manipulation of electrical and thermo-
electric properties of the 1D materials. The best candidate 1D SnTe
structures demonstrate strongly enhanced ZT over a unprecedentedly
broad temperature range with a maximum value of 3.25.
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