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Program

Posters
Shuming Bai : ”Effects of Different Quantum Coherence on the Pump-Probe Polarization
Anisotropy of Photosynthetic Light-Harvesting Complexes: A Computational Study”.

Benjamin Grenier : ”Azacalixarenes, structure/activity relationship: a theoretical study”.

William Lafargue-dit-Hauret : ”Magnetic anisotropy and magnetoelectric coupling in LiNbO3-
type InFeO3”.

Grégoire David : ”Decomposition of the magnetic exchange coupling J”.

Claudio Attacalitte : ”Dielectrics in a time dependent electric field : density polarization
theory approach”.



Monday 12/9 14:00 - 14:30

Non-collinear magnetic ordering and effective exchange
interactions of J = 1/2 states in spinel Ir2O4

Jaejun Yu
Department of Physics and Astronomy, Center for Theoretical Physics

Seoul National University, Seoul 08826, Korea

Recently there has been a lot of interest in iridium oxides because of the possibility of
realizing topological insulators, quantum magnets and spin liquid. Further pyrochlore iridates
have been widely studied due to their geometrical frustration, and novel topological phases
have been theoretically proposed. We predict an interesting magnetic ground state for the
A-site deficient spinel Ir2O4 based on first-principles calculations with LDA+U+SOC method
as implemented in the OpenMX code. The A-site deficient spinel Ir2O4 is a Mott-Hubbard
insulator driven by the formation of the J=1/2 state, which is the same spin-orbit entangled
state demonstrated in Sr2IrO4. We show that the magnetic ground state of the Ir pyrochlore
lattice in spinel Ir2O4 has a non-collinear antiferromagnetic ordering with easy-plane anisotropy
relative to the local (111) axis at the vortex corners of each tetrahedron, which corresponds to an
effective 3-dimensional XY-model embedded in a spinel lattice. Using spin-constraint density-
functional-theory calculations for non-collinear spin configurations together with various models
for the effective spin interactions, we investigate an origin of such unusual magnetic ordering in
the spinel Ir2O4. Both anisotropy Heisenberg exchange and Dzyloshinskii-Moriya interactions
are found to be effective in connection with the J=1/2 spin-orbit coupled state. By fine-tuning
the structural parameters, one can explore more interesting characteristics of transition metal
oxides with competing strong SOC and Coulomb correlation such as topological insulators and
exotic magnetic phases.



Monday 12/9 14:30 - 15:00

Pump and Probe experiments described by first
principles non-equilibrium Green’s functions

Davide Sangalli
ISM, CNR, Montelibretti (Italie)

The development of ultra–short laser pulses has opened the opportunity to investigate the
dynamics of electrons on the fs time–scale (1 fs = 10−15 seconds). After the photo–excitation
with such lasers pulses, electrons are in a regime which is highly out–of–equilibrium. Here we
present a novel numerical approach, based on the merging of the out–of–equilibrium Green’s
function method with the ab-initio, Density–Functional–Theory, to describe this regime in
semi–conductors. Silicon is used as reference material to show the physical process involved.
The simulations are also compared with recent two photon photo–emission and transient–
reflectivity measurements.

In the 2PPE experiment we show that different processes take place: (i) scattering between
degenerate states, activated by the pump–pulse induced symmetry breaking, (ii) L → X inter–
valley scattering, and, finally, (iii) the relaxation towards the thermal equilibrium.

In the TR experiment we underline the key role of optical–gap renormalization induced by
the pump pulse, combined with bleaching, needed to explain the experimental signal.



Monday 12/9 15:00 - 15:30

Theoretical spectroscopy for molecules and solids from
the current density

Arjan Berger
Laboratoire de Chimie et Physique Quantiques

IRSAMC, CNRS, Universit Toulouse III - Paul Sabatier,

In this talk I will discuss two advances we recently made within time-dependent current-
density functional theory.

1) A solution to the problem of the gauge dependence of molecular magnetic properties
(magnetizabilities, circular dichroism) [1,2].

2) A parameter-free exchange-correlation functional that accurately describes the optical
absorption spectra of insulators, semiconductors and metals [3].

[1] N. Raimbault, P.L. de Boeij, P. Romaniello, and J.A. Berger, Phys. Rev. Lett. 114 , 066404
(2015)
[2] N. Raimbault, P.L. de Boeij, P. Romaniello, and J.A. Berger, J. Chem. Theory Comp. 12 ,
3278 (2016)
[3] J.A. Berger, Phys. Rev. Lett. 115 , 137402 (2015)



Monday 12/9 16:00 - 16:30

Topological surface and interface states from first
principles

Friedhelm Bechstedt
Friedrich-Schiller-Universitt Jena, Germany

Topological insulators (TIs) have opened a new fascinating field for solid state physicist.
They are based on small-gap semiconductors with large spin-orbit interaction (SOI). At their
surfaces and interfaces metallic edge states with linear bands (Dirac cones) and spin polarization
are formed. In the talk two classes of TIs are investigated, (i) the three-dimensional (3D)
zero-gap semiconductors -Sn and HgTe with inverted bands, and (ii) two-dimensional (2D)
graphene-like honeycomb crystals such as germanene, its chemically functionalized derivatives,
and its one-dimensional (1D) nanoribbons. The ab-initio calculation of topological invariants is
demonstrated for systems with and without inversion symmetry. The edge states of -Sn surfaces
[1] and -Sn or HgTe quantum wells formed with CdTe [2, 3, 4] are investigated with respect to
the appearance of topological states, their localization and spin polarization. We demonstrate
that the graphene-like, buckled group-IV-derived crystals with small gap and strong SOI are
also topological insulators [5]. Their ribbons show topological edge states which however are
sensitive to any kind of edge magnetization [6]. The 2D systems represent the quantum spin
Hall (QSH) phase [4, 5]. That is shown by the quantization of the spin Hall conductivity [7].

Fig. 1 (a) Wave-function localization, (b) band dispersion, and (c) spin polarization of
topological states at HgTe/CdTe interface

[1] S. Kfner et al., Phys. Rev. B 90, 125312 (2014).
[2] S. Kfner, F. B., Phys. Rev. B 89, 195312 (2014).
[3] S. Kfner, F. B., Phys. Rev. B 91, 035311 (2015).
[4] S. Kfner et al., Phys. Rev. B 93, 045304 (2016).
[5] L. Matthes et al., Phys. Rev. B 93, 121106(R) (2016).
[6] L. Matthes, F.B., Phys. Rev. B 90, 165431 (2014).
[7] L. Matthes et al., Phys. Rev. B 94, 085410 (2016).



Monday 12/9 16:30 - 17:00

Highly spin-polarized electron transport in atomic-scale
nanojunctions: ab initio study

Alexander Smogunov
Univ Paris Saclay, CEA Saclay, SPEC, CEA, CNRS, F-91191 Gif Sur Yvette, France.

Email:alexander.smogunov@cea.fr

Achieving highly spin-polarized electric currents across atomic-scale junctions connecting
two ferromagnetic electrodes is of great importance in the field of nanoelectronics and spin-
tronics. Moreover, high ”spin-filtering” of such junctions is inevitably accompanied by another
very important effect - a large magnetoresistance characterized by a drastic change in electrical
conductance when magnetizations of two electrodes are rotated from parallel to antiparallel
orientation. I will discuss our recent idea [1,2], based on robust symmetry considerations, to
block completely one of spin channels (”majority” one, more precisely) by a clever choice of
a connecting junction, providing thus a 100 % spin-polarized currents and very high (ideally,
infinite) magnetoresistance ratios. These junctions must have no s-symmetry states around the
Fermi level which results in complete reflection of ”majority” spin electrode electrons, which
are all of s-orbital origin, at the electrode-junction connection. We demonstrate the mechanism
for several possible types of junctions - short Carbon chains and ?-conjugated molecules - by
carrying out ab initio electron transport calculations with the Quantum-ESPRESSO package
[3]. We then further elaborate on possible ways to control the ”spin-filtering” ratio by some ex-
ternal influence such as mechanical strain or gating. In particular, we show that for Si (zigzag)
chains connecting two Ni electrodes the degree of spin-polarization of the current can be tuned
by their stretching due to appearance of additional Si chain s-like band at the Fermi level
switching on the ”majority” spin conductance.

1. A. Smogunov, Y. J. Dappe, Nano Lett. 15, 3552 (2015).
2. D. Li, Y. J. Dappe, A. Smogunov, PRB 93, 201403 (2016).
3. P. Giannozzi et al., J. Phys.: Condens. Matter 21, 395502 (2009).



Monday 12/9 17:00 - 17:30

How a single atom changes the optical properties of a
nanosystem

Pablo Garćıa-González
Departamento de F́ısica Teórica de la Materia Condensada and Condensed

Matter Physics Center (IFIMAC), Universidad Autónoma de Madrid,
E-28049 Cantoblanco, Madrid, Spain

Plasmonic nanostructures are able to confine and enhance light in sub-wavelength regions
in a unique tuneable manner. This is the basis of a number of applications including surface-
enhanced spectroscopies, designing of light-harvesting devices, molecular sensors, and hybrid
optoelectronic devices. A prototypical system is made up by two metallic nanoparticles sepa-
rated by a narrow spatial gap, that is, a nanoparticle dimer. These systems have been exten-
sively studied using classical-optics prescriptions as well as under a quantum description of the
electron light-induced dynamics [1]. However, only recently fully ab-initio simulations of the
optical response of nanoparticle dimers have been carried out [2, 3].

First, we present ab-initio time-dependent density functional theory (TDDFT) studies of
the anisotropy and atomic relaxation effects on the optical properties of nanoparticle dimers.
Special emphasis is placed on the hybridization process of localized surface plasmons, plasmon-
mediated photoinduced currents, and electric-field enhancement in the dimer junction. We show
that there is a critical range of separations between the clusters in which the detailed atomic
structure in the junction and the relative orientation of the nanoparticles have to be considered
to obtain quantitative predictions for realistic nanoplasmonic devices. The orientation of the
particles not only modifies the attainable electric field enhancement but can lead to qualitative
changes in the optical absorption spectrum of the system [4].

Second, we discuss the effects of different atomic junctions on the optical properties of these
nanoparticle dimers, as well as the corresponding plasmon-induced electric currents through
the junctions. We show that, besides the appearance of well-defined signatures in the infrared
absorption spectrum associated to a quantized electric current, the plasmonic response itself
is affected by such a current. A deeper understanding of the physical process behind is given
with the aid of a simple model system.

Work done in collaboration with: Alejandro Varas, Mónica Sánchez-Barquilla, Pu Zhang,
Johannes Feist, Angel Rubio, and F.J. Garca-Vidal.

[1] See, for instance, L. Stella, P. Zhang, F.J. Garca-Vidal, A. Rubio, and P. Garca-Gonzlez, J.
Phys. Chem C 117, 8941 (2013).
[2] Pu Zhang, Johannes Feist, Angel Rubio, Pablo Garca-Gonzlez, and F. J. Garca-Vidal. Phys.
Rev. B 90, 161407(R) (2014).
[3] M. Barbry, P. Koval, F. Marchesin, R. Esteban, A. G. Borisov, J. Aizpurua, and D. Snchez-
Portal, Nano Letters, 15, 3410 (2015).
[4] Alejandro Varas, Pablo Garca-Gonzlez, F. J. Garca-Vidal, and Angel Rubio, J. Phys. Chem
Lett. 6, 1891 (2015).



Tuesday 13/9 9:00 - 9:30

Optical properties of diluted magnetic semiconductors

Roland Hayn
IM2NP

Aix-Marseille Univ, Avenue Escadrille Normandie Niemen Case 142
13397 Marseille Cedex 20, France

A review is given on the electronic structure of diluted magnetic semiconductors (DMS)
with a special emphasis on Co doped ZnO and Mn doped GaN. By combining first principle
LSDA+U (local spin density approximation with Hubbard U correction) calculations with a
ligand field analysis important insights into the d-impurity multiplet structure are obtained.
The calculated multiplet structure corresponds well to experimental data obtained by optical
measurements and electron paramagnetic resonance.



Tuesday 13/9 9:30 - 10:00

Transformation optics approach to plasmon-exciton
strong coupling in nanocavities

Antonio Fernandez-Dominguez
Departamento de F́ısica Teórica de la Materia Condensada and Condensed

Matter Physics Center (IFIMAC), Universidad Autónoma de Madrid,
E-28049 Cantoblanco, Madrid, Spain

In this talk, I will present a transformation optics description of the electromagnetic inter-
action between a single quantum emitter and the localized plasmonic modes supported by a
dimer of metal particles separated by a nanometric gap. I will employ this methodology, which
incorporates naturally the full richness of the plasmonic spectrum supported by this system, to
explore the conditions yielding plasmon-exciton strong coupling at the single emitter level in
this archetypal nano-optical cavity.



Tuesday 13/9 10:00 - 10:30

Intriguing electronic and magnetic properties of
two-dimensional molecular networks.

Cyrille Barreteau
SPEC, CEA, CNRS, Universit Paris-Saclay, CEA Saclay 91191 Gif sur Yvette, France

cyrille.barreteau@cea.fr

Since the discovery of graphene there has been an increasing interest for 2D materials, and
new classes of materials are regularly proposed with the hope that their specific properties
could lead to new applications. Very recently, a new class of 2D materials has appeared, based
on the bottom-up synthesis of metal-organic coordination networks. These systems elaborated
at the interface of two media (liquid-liquid or liquid-air) present the advantage that they do
not need to be grown on a substrate which could be beneficial for the growth of large-scale
defect-free 2D networks.

We have investigated, by means of electronic structure calculations, the electronic and
magnetic properties of metal-organic 2D networks for which small ”flakes” of organic ligands
with delocalized -electrons are connected by individual metal atoms M=Fe,Co,Ni (see Fig1). We
have shown that the electronic properties are very much dependent on the nature of the metallic
atom as well as on the atom X(=NH,S, O) connecting the metal to the ligand. Basically these
networks can be (half)-metallic or semi-conducting, magnetic or not, which offers a tremendous
playground to tailor their properties. In addition these systems fall into a class of very specific
Honeycomb-Kagome lattices with many very specific features that we have started to elucidate
by means of simplified tight-binding (Huckel) models.

Figure 1: Schematic representation of a 2D metal-organic coordination network. The metallic
atoms M are in red, the ligand (here a simple benzene ring) in black and the connecting

atoms X in blue.



Tuesday 13/9 11:00 - 11:30

On the analysis of photo-electron spectra from finite
electronic systems irradiated in extreme light

Phuong Mai Dinh1, Cong-Zhang Gao1, Paul-Gerhard Reinhard2, Eric
Suraud1

1Laboratory for Theoretical Physics of Toulouse, University Paul Sabatier, Toulouse, France
2Institute for Theoretical Physics, University of Erlangen, Erlangen, Germany

The progress in laser technology over the last decades has opened up new avenues for
the exploration of properties of clusters and molecules. A laser pulse is characterized by its
frequency but also by the laser intensity as well as the laser time profile. While for years the
variations of these parameters were heavily constrained by technology, the last two decades,
and even more so the last years, have seen tremendous increases in the range of attainable
parameters. This is true for intensity : since the 1990’s, it can reach huge values which can
lead to very large energy deposits and possibly violent disintegration of the irradiated species.
But this is also true for the tuning of the time profile which can now be tailored up to time
scales of the order of magnitude of electronic motion and even below. This allows the follow
up of the detail of electronic dynamics at its own ”natural” time. The latest breakthroughs
were attained in terms of laser frequency with the ongoing possibility of reaching very large
frequencies up the X domain. This opens up new possibilities of imaging which are progressively
being explored.

Benefiting from the development of various coherent light sources and experimental setups,
photo-electron spectra (PES) are widely used as a valuable tool to analyze the structure and
dynamics of electronic emission in atoms, molecules or solids. One usually identifies the peaks
observed in a PES with the mere density of states. However, this labelling can be cumbersome,
or can simply fail, when several laser frequencies are used, as in a complex combination of an
IR femtosecond pulse and a UV attopulse train. In this talk, we will first explain how time-
dependent density functional theory in real time and real space can be used to compute PES.
Then we will present a new interpretation of PES patterns in terms of spectral distributions
of electronic dipole, monopole, and quadrupole moments, giving a relevant picture for the
analysis of PES, especially in involved experimental setups, in the He atom and in a small
sodium cluster.



Tuesday 13/9 11:30 - 12:00

Excess electrons and holes in irradiated systems: from
dna to nuclear waste forms

Jorge Kohanoff1, Conrad Johnston1, Maeve McAllister1, Ryan Kavanagh1,
Gareth Tribello1, and Andrés Saul2

1Atomistic Simulation Centre, Queen’s University Belfast, United Kingdom,
E-mail: j.kohanoff@qub.ac.uk

2Aix-Marseille University, CINaM-CNRS UMR 7325 Campus de Luminy, Marseille, France

The initial stage of the irradiation process, both via energetic particles or electromagnetic
radiation, consists of ionizing the material generating secondary electrons and holes. These
species diffuse through the sample experiencing inelastic collisions with the medium until they
find an opportunity to react, producing chemical modifications that can lead to various types
of damage. In the case of biological matter, damage to the genetic component (DNA) may
cause the arrest of the cell cycle. It is linked to diseases like cancer and constitutes the basis
for radiotherapies. But materials are subject to ionizing radiation in many other areas, such
as radiation detectors, electronic devices in spacecrafts and satellites, structural components
in nuclear power plants, and nuclear waste forms encapsulating disposed radioactive fuel and
contaminated components. While the type of damage and its consequences depend on the
specific material and application, the underlying physics is quite similar, and it is related to
the fate of secondary electrons and holes.

We have studied the problem of electron and hole localization and chemical reactivity in a
variety of systems of interest using electronic structure calculations and first-principles molec-
ular dynamics simulations (FPMD). Here we will present results for strand breaks in DNA due
to low-energy electrons in the condensed phase, which is representative of the physiological en-
vironment. We will show that there are a variety of protection mechanisms that are not present
in gas phase models, which are important to assess the feasibility of strand breaks [1-5]. We
will also discuss recent results for the localization of electrons and holes in Mg(OH)2 (brucite),
which is one of the main phases in the UK nuclear waste inventory, and cement that is the most
common material used for the immobilization of nuclear waste. In both cases we will show that
electrons tend to localize in interstitial regions while holes are generally located in OH groups,
and discuss the implications. FPMD simulations are used to examine the initial stages of the
radiolytic road to hydrogen gas production.

[1] M. Smyth and J. Kohanoff, Phys. Rev. Lett. 106, 238108 (2011).
[2] M. Smyth and J. Kohanoff, J. Am. Chem. Soc. 134, 9122 (2012).
[3] M. Smyth, J. Kohanoff and I. Fabrikant, J. Chem. Phys. 140, 184313 (2014).
[4] Bin Gu, M. Smyth and J. Kohanoff, Phys. Chem. Chem. Phys. 16, 24350 (2014).
[5] M. McAllister, M. Smyth, Bin Gu, G. Tribello, and J. Kohanoff, J. Phys. Chem. Lett. 6,
3091 (2015).



Tuesday 13/9 14:00 - 14:30

Quantum dynamics of singlet fission: coherent versus
thermally activated mechanisms

H. Tamura1, M. Huix-Rotllant2, I. Burghardt3, Y. Olivier4, D. Beljonne4

1 WPI-Advanced Institute for Material Research, Tohoku University, Sendai (Japan)
2 Institu de Chimie Radicalaire UMR7273, CNRS-Aix-Marseille Universit, Marseille (France)

3 I. of Phys. and Theor. Chem., Goethe University Frankfurt, Frankfurt (Germany)
4 Laboratory of Chemistry of Novel Materials, University of Mons, Mons (Belgium)

In certain -stacked molecular crystals, carrier multiplication can occur by splitting singlet
excitons into two triplets in a process called singlet fission. The mechanism of singlet fission is
still under debate. In this talk, we resolve some controversies by developing a first principles
nonadiabatic quantum dynamical model that reveals the critical role of molecular stacking
symmetry in determining the mechanism. Additionally, it provides a unified picture of coherent
versus thermally activated singlet fission mechanisms in different types of acenes. The slip-
stacked packing of pentacene derivatives is found to enhance ultrafast singlet fission mediated
by a coherent superexchange mechanism. By contrast, the electronic couplings for singlet fission
strictly vanish at the C2h symmetric equilibrium -stacking of rubrene. In this case, singlet
fission is driven by excitations of symmetry-breaking intermolecular vibrations, rationalizing
the experimentally observed temperature dependence.

[1] Tamura, Huix-Rotllant, Burghardt, Olivier, Beljonne, Phys. Rev. Lett. 115, 107401 (2015)



Tuesday 13/9 14:30 - 15:00

Ab initio calculation of the Magneto-Electric coupling
tensor

Marie-Bernadette Lepetit
Institut Néel, UPR CNRS 2940, 25 av. des Martyrs BP 166 - Grenoble - FRANCE

Institut Laue Langevin, Departement MCBT, 71 av. des Martyrs - Grenoble - FRANCE
e-mail: Marie-Bernadette.Lepetit@Neel.CNRS.fr

Magneto-electric multiferroics materials are characterized by the simultaneous presence,
and the coupling between magnetic and electric orders. They respond to the application of
both electric and magnetic fields and the coupling allow the control of the magnetic properties
by an electric field and the control of the electric properties by the application of a magnetic
field. One can for instance reverse the sign of the system polarisation by the application of a
magnetic field. Direct application of multiferroics is data storage. For example, a four-state logic
(2 magnetisation states + 2 polarisation states) in an ultimate memory device is now worth
considering. Beyond that, the electrical control of magnetization using the magnetoelectric
coupling in a single device [2], offers the unrivalled opportunity to write a magnetic information
by application of a small voltage instead of a large current.

The coupling between the magnetic and electric properties is characterised by the magneto-
electric tensor which is the second derivative with respect to both the electric and magnetic
fields of the free energy potential.

The present paper will present a methodology for the direct calculation of the magneto-
electric coupling tensor. For this purpose a multi-step method [3] as been developed, using
ab initio methods (combining density functional theory calculations and embedded fragment,
explicitly correlated, quantum chemical calculations [4].) to evaluate the microscopic contri-
butions such as the spin-orbit or the magneto-strictive contributions. This method allows the
calculatating of the evolution of the magnetic couplings as a function of an applied electric
field. Further this ab initio information is integrated into a spin-wave derivation in order to
obtain the macroscopic magneto-electric tensor. The method allows in addition to evaluate
individually the contribution of the different microscopic effects to the ME tensor.

It was successfully applied on the YMnO3 compound [5] on wich we were able to show that
the DzyaloshinskiiMoriya contribution (originating in the spin-orbit coupling) is three orders
of magnitude weaker than the electrostrictive contribution to the magneto-electric tensor.

1. W. Eerenstein, N. D. Mathur, and J. F. Scott, Nature 2006, 442, 759.
2. T. Lottermoser, T. Lonkai, U. Amann, D. Hohlwein, J. Ihringer, Manfred Fiebig, Nature
2004, 430, 541.
3. M.-B. Lepetit, Theor. Chem. Acc. 2016, 135, 91.
4. A. Gellé and M.-B. Lepetit, J. Chem. Phys. 2008, 128, 244716; A. Gell, J. Varignon and
M.-B. Lepetit, EPL 2009, 88, 37003.
5. J. Varignon, S. Petit, A. Gellé and M.-B. Lepetit, J. Phys.: Condens. Matter 2013, 25,
496004



Tuesday 13/9 15:00 - 15:30

Applications of TDDFT to non-linear response of
materials

Alfredo Correa
Quantum Simulations Group,

Lawrence Livermore National Laboratory, USA

Real-time Time dependent density functional theory gives us access to detailed evolution
of quantum electronic system, both in the linear and the non-linear regime. As the power and
scale of TDDFT computer simulations grows, new phenomena can be capture and studied.
In this talk I am going to present simulation results regarding materials undergoing particle
radiation and their non-linear optical response and conductivity.



Tuesday 13/9 16:00 - 16:30

Semiclassical optical response by means of the
Generalised Langevin Equation

Lorenzo Stella, R. McMillan, and M. Grüning
Atomistic Simulation Centre, School of Mathematics and Physics, Queen’s University Belfast,

University Road, Belfast BT7 1NN, United Kingdom

The coupling of a small, controllable, system (e.g., a molecule or atomic cluster) to a larger,
possibly structured, environment can be modelled using the projection techniques introduced
by Mori and Zwanzig [1]. In a similar way, the optical response of a semiconductor nanocrystal
coupled to a larger metallic nanoparticle can be modelled using a set of projected equations
of motion (PEOM) [2]. The PEOM approach makes possible to achieve high accuracy in the
electronic structure of the system along with a scalable description of the collective response of
the system and its environment. The PEOM in the case of an isotropic dielectric environment
are presented in the first part of this talk, while in the second part we consider an extension
through the generalised Langevin equation (GLE) formalism [3]. The advantages of the PEOM
over the standard rotating wave approximation (RWA) are highlighted, along with the possi-
bility to model quantum delocalisation and electronic dephasing by means of a semiclassical
GLE. The domain of applicability of the semiclassical GLE formalism is finally discussed.

[1] H. Mori, Transport, Collective Motion, and Brownian Motion, Prog. Theor. Phys. 33, 423
(1965). R. Zwanzig, Memory Effects in Irreversible Thermodynamics, Phys. Rev. 124, 983
(1961).
[2] R. McMillan, L. Stella, and M. Grning, Projected equations of motion approach to hybrid
quantum/classical dynamics in dielectric-metal composites, arXiv:1607.06386
[3] L. Stella, C.D. Lorenz, and L. Kantorovich, Generalized Langevin equation: An efficient
approach to nonequilibrium molecular dynamics of open systems, Phys. Rev. B 89 134303
(2014)



Tuesday 13/9 16:30 - 17:00

Theoretical investigation of the optical, magnetic and
multiferroic properties of CuO

Xavier Rocquefelte
Institut des Sciences Chimiques de Rennes - UMR6226 - 35042 Rennes - France

xavier.rocquefelte@univ-rennes1.fr

Multiferroic materials [1], in which ferroelectric and magnetic ordering coexist, are of fun-
damental interest for the development of multi-state memory devices that allow for electrical
writing and non-destructive magnetic readout operation. The great challenge is to create mul-
tiferroic materials that operate at room temperature and have a large ferroelectric polarization
P. Cupric oxide, CuO, is promising because it exhibits a significant polarization, that is, P 0.1
µC cm−2, for a spin-spiral multiferroic [2]. Unfortunately, CuO is only ferroelectric in a temper-
ature range of 20 K, from 210 to 230 K. Here we propose an original theoretical investigation of
the magnetic and ferroelectric properties of CuO under high-pressure based on first-principles
and Monte-Carlo calculations.

Fig. 1. (left) Temperature dependence of the ferroelectric polarization and temperature-pressure

magnetic phase diagram of CuO. Fig. 2. (right) Isotropic imaginary part ?2 of the dielectric function

of CuO.

We have established that pressure-driven phase competition renders CuO multiferroic at
room-temperature [3-7], while preserving its large polarization and strong magneto-electric
coupling. Moreover, under pressure values of 20-40 GPa the multiferroic phase becomes stable
in a very broad temperature domain extending above 300K (from 0 to T ¿ 300K). We will
also show that our theoretical approach allows to simulate the temperature dependence of the
optical and NQR (nuclear quadrupole resonance) properties of CuO [8].

[1] Cheong, S. W. Mostovoy, M. Multiferroics: a magnetic twist for ferroelectricity, Nature Mater. 6, 13-20
(2007).
[2] Kimura, T., et. al. Cupric oxide as an induced-multiferroic with high-TC, Nature Mater. 7, 291-294 (2008).
[3] Giovannetti, G. et al. High-TC Ferroelectricity Emerging from Magnetic Degeneracy in Cupric Oxide, Phys.
Rev. Lett. 106, 026401 (2011).
[4] Rocquefelte, X., Schwarz, K. and Blaha, P. Comment on ”High-TC Ferroelectricity Emerging from Magnetic
Degeneracy in Cupric Oxide”, Phys. Rev. Lett. 107, 239701 (2011).
[5] Rocquefelte, X. et al. Short-range magnetic order and temperature-dependent properties of cupric oxide, J.
Phys. Condens. Matter 21, 045502 (2010).
[6] Rocquefelte, X., Schwarz, K., and Blaha, P. Theoretical Investigation of the Magnetic Exchange Interactions
in Copper(II) Oxides under Chemical and Physical Pressures, Scientific Reports 2, 759 (2012).
[7] Rocquefelte, X. et al. Room-temperature spin-spiral multiferroicity in high-pressure cupric oxide, Nature
Communications 4, 2511 (2013).

[8] Rocquefelte, X. et al. Short-range magnetic order and temperature-dependent properties of cupric oxide,
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Tuesday 13/9 17:00 - 17:30

Projected equations of motion (peom) approach to
hybrid quantum/classical dynamics in composite

materials

Myrta Gruening Ryan McMillan, Lorenzo Stella
Atomistic Simulation Centre, Queen’s University Belfast, United Kingdom,

TDDFT and Greens function approaches have become standard in the numerical simulation
of spectroscopic properties in a wide variety of materials. The computational requirements of
such calculations grow with the size of the simulated system. For composite systems one often
uses hybrid methods, treating the constituent subsystems using different levels of theory where
treating the entire system using the same theory would be computationally impractical. In
this presentation, we introduce a hybrid method (PEOM) which describes the dynamics of
the larger system classically whilst retaining a fully quantum mechanical description of the
smaller system. As a testbed, we look at two composites: a quantum dot-metal nanoparticle
hybrid and a system of MoS2/Graphene monolayers. In the first case, we compare the results
of the PEOM method with analytical results based on the rotating wave approximation. In the
second case we compare the method with the standard super-cell approach which uses linear
response TDDFT. We then go on to examine MoS2 on a gold substrate where excitonic effects
are important [1] using a real time Bethe-Salpeter equation (BSE) [2] coupled with the PEOM.
In this case, a super-cell approach cannot be used due to the computational demand of the
BSE.

[1] Mertens, Jan, et al. ”Excitons in a mirror: Formation of ”optical bilayers” using MoS2
monolayers on gold substrates.” Applied Physics Letters 104.19 (2014): 191105.
[2] Attaccalite, Claudio, M. Grüning, and A. Marini. ”Real-time approach to the optical
properties of solids and nanostructures: Time-dependent Bethe-Salpeter equation.” Physical
Review B 84.24 (2011): 245110.



Wednesday 14/9 9:00 - 9:30

Spin fluctuations and itinerancy: Combining GW and
DMFT in ferromagnetic Nickel

Lorenzo Sponza
Department of Physics
King’s College London

In this talk I present a recent investigation on ferromagnetic Nickel. Very high quality mea-
surements are available for the magnetic moment and the exchange-splitting (distance between
two band of different spin character) in this material [1]. In order to account quantitatively for
these data, a theory able to account at the same time for the itinerancy of the electrons and
their local spin-fluctuations is demanded.

The width of the d-band and its alignment with respect to the sp-states are accurately
predicted by means of the Quasiparticle Self-consistent GW theory, a single-particle theory
based on the non-local GW self-energy [2]. However this approximation alone lacks spin-
fluctuation diagrams thus leading to overestimated predictions.

I will illustrate how spin fluctuations have been included in our calculations [3]. Results
from a static ad-hoc model will be compared to the experimental data and to the bare QSGW
calculation. Then I will discuss some results obtained by merging the QSGW theory with the
Dynamical Mean Field Theory. This strategy, still under development, is intended to lead to a
more general and rubust theory.

[1] F. J. Himpsel, J. A. Knapp, and D. E. Eastman, Phys. Rev. B 19, 2919 (1979)
[2] T. Kotani, M. van Schilfgaarde, and S. V. Faleev, Phys. Rev. B 76, 165106 (2007)
[3] L. Sponza, P. Pisanti, A. Vishina, J. Vidal, D. Pashov, C. Weber, M. van Schilfgaarde

and G. Kotliar, arXiv:1603.05521v1



Wednesday 14/9 9:30 - 10:00

Approximate time-dependent density functional theory

Thomas Niehaus
Institut Lumire Matière, Université Claude Bernard Lyon 1

In this contribution, we summarize recent advances in the development of the time-dependent
density functional based tight-bind method (TD-DFTB) [1,2]. The scheme is characterized by
(i) the use of a limited, usually minimal basis, (ii) a two-center approximation for the Kohn-
Sham Hamiltonian, (iii) a second-order functional expansion of the total energy and (iv) the
simplification of two-electron integrals in the Mulliken approximation. The range of validity
of these approximations is assessed by comparison to first principles time-dependent density
functional theory (TDDFT) calculations in converged basis sets. The approach is free of em-
pirical parameters and can be used to evaluate optical spectra for systems with several hundred
atoms.

If time allows, we will also present a generalization of the ground state DFTB method to
cover range separated exchange correlation functionals (LC-DFTB) [3,4]. In contrast to the
traditional DFTB scheme, the density matrix is used as basic variable in an expansion of the
energy functional in generalized Kohn-Sham theory. The theory provides access to hybrid
functionals in DFTB as a special case. Implementation issues and numerical aspects of the new
scheme are also covered. We present results for quasiparticle gaps in organic molecules and
discuss polaron formation in polymers.

[1] Niehaus, T.A., Suhai, S., Della Sala, F., Lugli, P., Elstner, M., Seifert, G. and Frauenheim,
T. - PRB 63, 085108 (2001)
[2] Niehaus, T.A. - Theochem 914, 38 (2009)
[3] Niehaus, T and Della Sala, F. - phys. stat. sol. b 249, 237 (2012)
[4] Lutsker, V., Aradi, B. and Niehaus, T. - JCP 143, 184107 (2015)



Wednesday 14/9 10:00 - 10:30

Decomposition of the magnetic exchange interaction
using broken-symmetry DFT calculations

Nicolas Ferré
Institut de Chimie Radicalaire

Universit d’Aix-Marseille, France

Large magnetic systems are challenging for quantum chemistry, due to the intrinsic multiref-
erence character of their low-energy states. While detailed wavefunction-based analysis have
evidenced the relative importance of several mechanisms (direct exchange, kinetic exchange,
spin and core polarization), the systematic decomposition of the magnetic exchange coupling
into its various physical contributions is still in its infancy. In that talk, I will introduce such
a decomposition scheme using one of the simplest approach for large molecular systems: the
broken-symmetry DFT Kohn-Sham method with selective freezing of orbitals. After a quick
review of the different steps entering in our calculation protocol, particular emphasis will be
placed on the kinetic exchange contribution for which we will show an improved evaluation,
based on the energy of the broken-symmetry solution built on orbitals describing the true
low-spin state.



Wednesday 14/9 11:00 - 11:30

Nonlinear optical spectroscopy in finite and infinite
systems

Eleonora Luppi
Laboratoire de Chimie Theorique, Université Pierre et Marie Curie, Paris, France

Nonlinear optics is an exciting field which has many applications in different areas like mate-
rials science and chemistry. Its beginning date back to 1961 when second-harmonic generation
(SHG) was observed for the first time by P. Franken et al. [1]. The nonlinear phenomena were
treated in the perturbation regime which made possible to develop techniques for efficiently
converting laser light from one wavelength to another. However, the situation completely
changed when high-harmonic generation (HHG) were discovered by Mcpherson et al. in 1987
[2]. In fact, new non-perturbative understanding of nonlinear optics was necessary to explain
the nature of HHG. Moreover, recently, the unique physics of HHG was used to produce the
first attosecond pulse source [3] which makes possible the real-time observation of atomic-scale
electron dynamics.

In this seminar I will present my work on theoretical nonlinear optical spectroscopy on SHG
in solids and HHG in atoms and molecules. I will present a new theoretical approach based
on Time-Dependent Density-Functional Theory (TDDFT) for the calculation of second-order
susceptibility. In this formalism it is possible to include straightforwardly many-body effects
such as crystal local fields and excitons. I will show SHG spectra for different materials such
as semiconductors and interfaces. Beyond the perturbative regime, I will show HHG spectra
calculated with the Time-Dependent Configuration- Interaction (TDCI) putting in evidence the
role of Rydberg bound-states and continuum levels in the field-induced electronic dynamics.

[1] P. A. Franken, A. E. Hill, C. W. Peters and G. Weinreich, Phys. Rev. Lett. 7, 118 (1961).
[2] A. McPherson, G. Gibson, H. Jara, U. Johann, T. S. Luk, I. A. McIntyre, K. Boyer, and C.
K. Rhodes, JOSA B 4, 595 (1987).
[3] P. M. Paul, E. S. Toma, P. Breger, G. Mullot, F. Aug, Ph. Balcou, H. G. Muller and P.
Agostini, Nature 414, 509 (2001).



Wednesday 14/9 11:30 - 12:00

Exciton band structure in two-dimensional materials

Pierluigi Cudazzo
Laboratoire des Solides Irradiés, Ecole Polytechnique, CNRS, CEA, Université Paris-Saclay,

F-91128 Palaiseau, France
European Theoretical Spectroscopy Facility (ETSF)

strongly reduced[1,2]. As a consequence, the binding energy of both Wannier and Frenkel
excitons in the optical spectra is large and comparable in size. Therefore, contrarily to bulk
materials, it cannot serve as a criterion to distinguish different kinds of excitons. Here we
demonstrate that the exciton band structure, which can be accessed experimentally, instead
provides a powerful way to identify the exciton character. By comparing the ab initio solution
of the many-body Bethe-Salpeter equation for graphane and singlelayer hexagonal BN, we
draw a general picture of the exciton dispersion in twodimensional materials[3], highlighting
the different role played by the exchange electron-hole interaction and by the hopping terms
related to the electronic band structure.

[1] Pierluigi Cudazzo et al. Phys. Rev. Letter 104, 226804 (2010)
[2] Pierluigi Cudazzo et al. Phys Rev. B 84, 085406 (2011)
[3] Pierluigi Cudazzo et al. Phys Rev. Letter 116, 066803 (2016)


