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O 50.1 Wed 15:00 S054
Automating the Generation of Linearized Augmented
Planewave Basis Functions — ∙Hannah Kleine1, Sven Lubeck1,
Andris Gulans2, and Claudia Draxl1 — 1Humboldt-Universität
zu Berlin — 2University of Latvia
The linearized augmented planewave (LAPW) and local orbitals (LO)
method is known to be a highly precise scheme for solving the Kohn-
Sham equations of density-functional theory (DFT) for solids. One
drawback, however, is that the LAPW and LO basis functions depend
on linearization energies which are material dependent. We propose an
approach that allows us to compute the linearization energies from the
number of nodes of the respective atomic function. It is implemented
in the all-electron full-potential computer package exciting [1]. Fol-
lowing this prescription, we are able to automatize the generation of
linearly independent basis functions for any material. This approach
not only improves the usability of the method, it also leads to better
reproducibility of results, and prepares the code for high-throughput
calculations.
[1] A. Gulans et al., J. Phys. Condens. Matter 26, 363202 (2014).

O 50.2 Wed 15:15 S054
Hybrid Density-Functional Theory at the Limit: All-electron
Exact Exchange beyond 10,000 Atoms — Florian Merz1,
∙Sebastian Kokott2, Christian Carbogno2, Yi Yao3, Markus
Rampp4, Matthias Scheffler2, and Volker Blum3 — 1Lenovo
HPC Innovation Center, Stuttgart — 2The NOMAD Laboratory at
the FHI-MPG and HU, Berlin — 3Duke University, North Carolina,
USA — 4Max Planck Computing and Data Facility, Garching
The computational bottleneck of hybrid density functionals, such as
HSE [1], is the evaluation of the exact exchange (EXX) contribution.
In this work, we present algorithmic advances in the resolution-of-
identity [2] based, real-space implementation of EXX in FHI-aims [3,4].
By exploiting MPI-3 intra-node shared memory and enhancing the
parallelization scheme, scalability and workload distribution has been
drastically improved, which results in memory efficiency and perfor-
mance increases of up to two orders of magnitude compared to the orig-
inal implementation, for both total energies and forces/stresses. [3,4]
We discuss the details of our implementations and demonstrate the per-
formance as well as scalability for a balanced test set covering inorganic
solids, large molecules, and organic crystals with up to 10,000 atoms.
Eventually, we show how these advancements enable insights for the
design and optimization of hybrid organic/inorganic perovskites.
[1] Heyd, Scuseria, and Ernzerhof, J. Chem. Phys. 118.18, (2003).
[2] Ihrig et al., New J. Phys. 17.9, (2015).
[3] Levchenko et al., Comp. Phys. Commun. 192, (2015).
[4] Knuth et al., Comp. Phys. Commun. 190, (2015).

O 50.3 Wed 15:30 S054
Studying nuclear quantum effects on water splitting at a
charged interface — ∙Karen Fidanyan and Mariana Rossi —
Max Planck Institut for the Structure and Dynamics of Matter
Interfaces of water with charged metallic surfaces are relevant for mul-
tiple technological processes.1 In particular, in electrolyzers, the water
splitting reaction happens at charged metallic electrodes. The atom-
istic mechanisms of this fundamental reaction is determined not only
by the surface charge induced by the potential bias, but also by nuclear
quantum effects (NQE), which are known to impact such reactions
strongly.2 In this work, we present steps towards a framework for an
ab initio evaluation of the interplay between these two effects. By mak-
ing use of a new implementation of the nudged-elastic-band method
in the i-PI software,3 we are able to calculate forces for this reaction
from a variety of electronic-structure codes. At first, we approximate
the electrode by a slab using density-functional theory with an applied
homogeneous electric field and study how NQEs are changed through
the water dissociation paths under different field strengths. Taking
advantage of the capabilities of i-PI to connect to other codes, our
framework can be extended to more accurate models of the potential
bias, as for example grand-canonical electronic structure methods.
[1] G. Gonella et al., Nat Rev Chem 5, 466–485 (2021).
[2] Y. Litman, D. Donadio, M. Ceriotti and M. Rossi, J. Chem. Phys.

148 102320 (2018).
[3] V. Kapil et al., Comp. Phys. Comm. 236 214–223 (2019).

O 50.4 Wed 15:45 S054
All-Electron BSE@GW Method for K-Edge Core Electron
Excitation Energies — ∙Yi Yao1,2, Dorothea Golze3,4, Patrick
Rinke4, Volker Blum2,5, and Yosuke Kanai1 — 1Department
of Chemistry, University of North Carolina at Chapel Hill, Chapel
Hill, North Carolina 27599, United States — 2Thomas Lord Depart-
ment of Mechanical Engineering and Materials Science, Duke Uni-
versity, Durham, North Carolina 27708, United States — 3Faculty
of Chemistry and Food Chemistry, Technische Universität Dresden,
01062 Dresden, Germany — 4Department of Applied Physics, Aalto
University, P.O. Box 11100, FI-00076 Aalto, Finland — 5Department
of Chemistry, Duke University, Durham, North Carolina 27708, United
States
We present an accurate computational approach to calculate K-edge
core electron excitation energies, achieved by combining all-electron
GW and Bethe-Salpeter equation (BSE) methods. We assess the
BSE@GW approach for calculating K-edge X-ray absorption spec-
tra using a set of small organic molecules and also a medium-sized
sulfur-containing molecule, which was used in a past benchmark of an
equation-of-motion coupled-cluster (EOM-CC) method by Peng and
coworkers [Peng et al., J. Chem. Theory Comput., 11, 4146 (2015)].
We present the influence of different numerical approximations. We
assess the basis set dependence and convergence. We identify the im-
portance of core-correlation basis functions as well as the augmenting
basis functions. Compared to the experimental values, the predicted
mean absolute error by BSE@GW is as low as 0.6-0.7 eV.

O 50.5 Wed 16:00 S054
Hybrid excitations at the interface between MoS2 mono-
layer and organic molecules from first-principle calcula-
tion — ∙Ignacio Gonzalez Oliva1, Fabio Caruso1,2, Pasquale
Pavone1, and Claudia Draxl1 — 1Institut für Physik and IRIS
Adlershof, Humboldt-Universität zu Berlin, 12489 Berlin, Germany
— 2Institut für Theoretische Physik und Astrophysik, Christian-
Albrechts-Universität zu Kiel, 24118 Kiel, Germany
Hybrid materials composed of organic and two dimensional (2D) in-
organic semiconductors are receiving increasing attention due to the
interesting physical processes happening at the interface. We present a
first-principles investigation of the electronic and optical properties of
hybrid organic-inorganic interfaces consisting of a MoS2 monolayer and
the 𝜋-conjugate molecules pyrene and pyridine. Employing the 𝐺0𝑊0

approximation to obtain the quasi-particle band structures, and solv-
ing the Bethe-Salpeter equation, we compute the absorption spectra.
The latter reveal intralayer excitons on the MoS2 side, and also hy-
brid as well as charge-transfer excitons at the interface. Our findings
indicate that hybrid systems consisting of semiconducting transition-
metal dichalcogenides and organic 𝜋-conjugate molecules can host a
rich variety of optical excitations and thus provide a promising venue
to explore exciton physics in low dimensionality.

O 50.6 Wed 16:15 S054
Mott Metal-Insulator Transition from Steady-State Density
Functional Theory — ∙David Jacob1,2, Gianluca Stefanucci3,
and Stefan Kurth1,2,4 — 1Universidad del País Vasco UPV/EHU,
San Sebastian, Spain — 2Ikerbasque Foundation, Bilbao, Spain —
3Università di Roma Tor Vergata, Rome, Italy — 4Donostia Interna-
tional Physics Center, San Sebastian, Spain
We present a computationally efficient method to obtain many-body
spectral functions of bulk systems in a density functional theory frame-
work [1]. To this end we generalize a recently developed method
for computing many-body spectral functions of nanoscale systems [2],
based on steady-state density functional theory (i-DFT) and using an
idealized scanning tunneling microscope (STM) setup, to the case of
bulk systems. In this setup the spectral function can be obtained
from the finite-bias differential conductance of the current through the
STM tip. The fictitious noninteracting system of i-DFT features an
exchange-correlation (XC) contribution to the bias which guarantees
the same current as in the true interacting system. Exact properties of
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the XC bias are established using Fermi-liquid theory and subsequently
implemented to construct approximations for the Hubbard model. We
show for two different lattice structures that our method captures the
Mott metal-insulator transition.

References: [1] D. Jacob, S. Kurth, G. Stefanucci, Phys. Rev.
Lett. 125, 216401 (2020); [2] D. Jacob and S. Kurth, Nano Lett. 18,
2086 (2018).

O 50.7 Wed 16:30 S054
Network of 1d edge channels and localized states emerging in
moiré system — ∙Jeyong Park, Jinhong Park, and Achim Rosch
— Institute of theoretical physics, University of Cologne, Germany
For the general moiré system, we theoretically study the effective
Hamiltonian for single layer considering the smooth periodic moiré
potential induced by other layer, which appears because of distance
difference between each pair of atoms located on different layer. For
moiré potential larger than tunable moiré energy scale, we find the
coexistence of 1D channels and localized state in real space. The 1D
channels emerge along the three 1D lines where the mass gap of sin-
gle layer coming from moiré potential becomes zero, which is showing
that these channels are the edge states. Localized states emerge at the
crossing point of three 1d lines. We construct the toy model which
describes the coexistence of these states by symmetry analysis and
consider the RKKY interaction between localized states which is me-
diated by 1D channels by including whole spin and valley degrees of
freedom. Expanding the effective action for the toy model and con-
trolling chemical potential to suppress oscillation coming from fermi
momentum gives three spin interaction 𝑆 · (𝑆 × 𝑆), which can give
chiral spin liquid phase. We show how the analytical result can be
seen in our model numerically and propose the graphene on top of AB
stacking bilayer with twist as the candidate material for realization.

O 50.8 Wed 16:45 S054
Incorporating First-Principles Electronic Friction in Instan-
ton Rate Theory — ∙Yair Litman1, Eszter S. Pos1, Connor
L. Box2, Rocco Martinazzo3, Reinhard J. Maurer2, and Mari-
ana Rossi1 — 1MPI for the Structure and Dynamics of Matter, Ham-
burg, Germany. — 2Department of Chemistry, University of Warwick,
Coventry, United Kingdom — 3Department of Chemistry, Università
degli Studi di Milano, Milano, Italy
Reactions involving impurities in bulk metals are ubiquitous in a wide
range of technological applications. The theoretical modelling of such
reactions present a challenge for theory because nuclear quantum ef-
fects (NQEs) can play a prominent role and the coupling of the atomic
motion with the electrons in the metal gives rise to important non-
adiabatic effects (NAEs). In this work, we present a theoretical frame-
work for the calculation of reaction rates capable of capturing both
NQEs and NAEs for high-dimension realistic systems [1,2]. This is
achieved by combining the ring polymer instanton (RPI) formalism
with ab initio electronic friction from Ref. [3]. We derive equations
that incorporate the spatial and frequency dependence of electronic
friction, and name the new method RPI with explicit friction (RPI-
EF). We validate RPI-EF against numerically exact results and find,
quantitatively, how the friction modifies reaction rates and tunnelling
pathways. Finally, we present ab initio results for H-hopping in se-
lected bulk metals. [1] Y. Litman, E. S. Pós, C. L. Box, R. Martinazzo,
R. J. Maurer, and M. Rossi, JCP 156, 194106 (2022) [2] id. JCP 156,
194107 (2022) [3] M. Head-Gordon, J. C. Tully, JCP 96, 3939 (1992).

O 50.9 Wed 17:00 S054
Real-Time Time-Dependent Density Functional Theory
within the FHI-aims code — Joscha Hekele1, Yi Yao2, Volker
Blum2, Yosuke Kanai3, and ∙Peter Kratzer1 — 1Faculty of
Physics, University Duisburg-Essen, 47057 Duisburg, Germany —
2Thomas Lord Department of Mechanical Engineering and Materi-
als Science, Duke University, Durham, North Carolina 27708, USA —
3Department of Chemistry, University of North Carolina, Chapel Hill,
North Carolina 27599, USA
We present a high-precision all-electron RT-TDDFT implementation
using numerical atom-centered orbital (NAO) basis functions into FHI-
aims. First, RT-TDDFT results are validated against linear-response
TDDFT results for the molecules of Thiel’s test set and the importance
of basis augmentation for adequate convergence is confirmed. Adopting
a velocity-gauge formalism, dielectric properties of crystalline materi-
als are calculated. Taking advantage of the all-electron full-potential
implementation, we present applications to soft X-ray spectra of H2O
using hybrid functionals. Moreover, numerical performance tests are
presented showing almost linear scaling on parallel computers.

O 50.10 Wed 17:15 S054
Ab initio study of many-body interacting nonlinear optical
photoconductivity tensors — ∙Peio Garcia-Goiricelaya1, Jy-
oti Krishna1, and Julen Ibañez-Azpiroz1,2 — 1Centro de Física
de Materiales, University of the Basque Country UPV/EHU, Spain —
2IKERBASQUE Basque Foundation for Science, Spain
We present a general scheme for calculating the many-body interact-
ing second-order optical photoconductivity tensor from first-principles.
Our practical implementation starts from the length-gauge formulation
of the single-particle non-interacting second-order response tensor [1]
that is efficiently calculated using Wannier interpolation [2]. In a sec-
ond step, we make use of the TD-CDFT in order to extract the many-
body interacting response tensor, taking into account collective exci-
tations, i.e. excitonic effects for semiconductors and plasmonic effects
for metals. We employ this scheme to assess the impact of many-body
excitations on second harmonic generation and benchmark our results
with experiments on the semiconducting GaAs [3] and the semimetal
TaAs [4], as well as with early calculations [5].

Funding provided by the European Union’s Horizon 2020 research
and innovation programme under the European Research Council
(ERC) grant agreement No 946629.

[1] J. E. Sipe and A. I. Shkrebtii, Phys. Rev. B 61, 5337 (2000).
[2] G. Pizzi et al., J. Phys. Cond.Matt. 32, 165902 (2020)
[3] S. Bergfeld and W. Daum, Phys. Rev. Lett. 90, 036801 (2003).
[4] Shreyas Patankar et al., Phys. Rev. B 98, 165113 (2018).
[5] E. Luppi et al., Phys. Rev. B 82, 235201 (2010).

O 50.11 Wed 17:30 S054
Electron-phonon drag in MgB2 — ∙Nakib Protik and Clau-
dia Draxl — Institut für Physik and IRIS Adlershof, Humboldt-
Universität zu Berlin, Berlin, Germany
MgB2 is a well known phonon-mediated superconductor with a tran-
sition temperature around 40 K. The strong electron-phonon interac-
tions present in the material also give rise to strong drag phenom-
ena, as has been demonstrated experimentally in Refs. [1, 2]. While
the measured thermopower in the normal phase shows hole-like trans-
port, there is, however, no consensus regarding the sign and tempera-
ture dependence of the drag contribution. In this work, we carry out
anisotropic and band-resolved ab initio transport calculations to in-
vestigate this puzzle. Our findings will shed light on the roles of the
microscopic interactions on the strong drag behavior in metals.

[1] Schneider, Matthias, Dieter Lipp, Alexander Gladun, Peter Zahn,
Axel Handstein, Günter Fuchs, Stefan-Ludwig Drechsler, Manuel
Richter, Karl-Hartmut Müller, and Helge Rosner. "Heat and charge
transport properties of MgB2." Physica C: Superconductivity 363, no.
1 (2001): 6-12.

[2] Putti, M., E. Galleani d’Agliano, D. Marre, F. Napoli, M. Tas-
sisto, P. Manfrinetti, A. Palenzona, C. Rizzuto, and S. Massidda.
"Electron transport properties of MgB2 in the normal state." The Eu-
ropean Physical Journal B-Condensed Matter and Complex Systems
25, no. 4 (2002): 439-443.

O 50.12 Wed 17:45 S054
Ab initio simulations of vibrational sum frequency generation
without molecular decomposition — ∙Paolo Lazzaroni, Alan
Lewis, and Mariana Rossi — Max Planck Institute for the Structure
and Dynamics of Matter, Hamburg, Germany
Hydrogen evolution through heterogeneous catalysis is an increas-
ingly popular solution for storage of energy generated from renew-
able sources, and as such is becoming a central part of green energy
grids. Understanding the structure of water at solid interfaces is vi-
tal to find more efficient and cost-effective catalysts of this reaction,
and sum-frequency generation spectroscopy provides a surface-specific
method of investigating these structures [1]. In this work we present
a new framework for ab initio calculations of the sum-frequency re-
sponse which avoids the need for an arbitrary molecular decomposi-
tion of the polarizability and dipole moment. Within this approach,
based on Density Functional Theory, the observables are evaluated us-
ing real space integrals directly on the whole system [2]. This allows
us, for example, to unravel the effect of this decomposition on the
sum-frequency response of the much-studied water/vacuum interface.
This scheme also enables us, in the context of water-solid interfaces, to
account explicitly for the contribution of the solid to the polarizability
and dipole moment of the interface, which are commonly neglected.
[1] A. Morita, J. Hynes, J. Phys. Chem. B 106, 673 (2002)
[2] H. Shang et al, New J. Phys. 20, 073040 (2018)
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