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MM 41: Development of Calculation Methods I

Time: Friday 10:15-12:45

MM 41.1 Fri 10:15 SCH/A251

Atomistic Framework for Glassy Polymer Viscoelasticity

Across 20 Frequency Decades — eANkiT SiNncu!, ViNay
VaiBaavh 2 CaTERINA CziBuLa®, TimoTHy W. SiRk?, and ALEssIo
ZacconNe! — !Department of Physics “A. Pontremoli", University of

Milan, Via Celoria 16, 20133 Milan, Italy — 2Institut fiir Theoretische
Physik, University of Gottingen, Friedrich-Hund-Platz 1, 37077 Got-
tingen, Germany — 3Institute of Bioproducts and Paper Technology,
Graz University of Technology, Inffeldgasse 23, 8010 Graz, Austria —
4US Army DEVCOM Army Research Laboratory, Aberdeen Proving
Ground, Maryland 21005, United States

Glassy polymers are central to engineering applications, yet their vis-
coelastic response over broad frequency and temperature ranges re-
mains difficult to characterize. We extend non-affine deformation
theory by incorporating a time-dependent memory kernel within the
Generalized Langevin Equation for atomistic non-affine motions, yield-
ing frequency-dependent mechanical response. Applied to poly(methyl
methacrylate) (PMMA), the method captures the shear modulus and
relaxation spectrum across more than twenty decades in frequency,
from hundreds of terahertz down to the millihertz regime, thus bridg-
ing polymer mechanics from ordinary to extreme scales. Our predic-
tions show quantitative consistency with independent estimates from
oscillatory-shear molecular dynamics, Brillouin scattering, ultrasonic
spectroscopy, Split-Hopkinson testing, and dynamic mechanical anal-
ysis (DMA), demonstrating a unified theoretical computational route
for multiscale characterization of polymer glasses.

MM 41.2 Fri 10:30 SCH/A251
Clarifying the existence of a miscibility gap in platinum-
palladium alloys via compositional fluctuations — eFLORIAN
GRroLL, SEBASTIAN EicH, and Guipo ScHiTTZ — Institute of Materi-
als Science, Stuttgart, Germany

In materials science, the Gibbs free energy is of central importance for
calculating phase diagrams. CALPHAD assessments require extensive
experimental measurements and data obtained from well-equilibrated
samples. For alloy systems with extremely low diffusion coefficients,
achieving such equilibrium can be very time-consuming or practically
impossible. Because this approach relies only on nanometer-scale equi-
libration, it provides a significantly more efficient route to the deter-
mination of CALPHAD parameters for systems with extremely slow
diffusion. The palladium-platinum system is a well-known example for
those kind of systems with unknown miscibility gap. In this study, we
determine the Pd*Pt phase diagram by extracting the curvature of the
Gibbs free energy from local composition fluctuations in the solid state
using fluctuation theory. The experimental data needed for applying
the local fluctuation theory are obtained from atom probe tomography,
and the phase diagram is subsequently calculated.

MM 41.3 Fri 10:45 SCH/A251
Exploring the magnetic phase behaviour of MnAl with a
novel sampling method, beginning from first principles —
eGrOrRGIA A MarcHANT!2, M Nur Hasan!, RAFAEL VIEIRA!,
JuLie B StaunTon?, and Heike HeErpErR! — 1Uppsala University,
Uppsala, Sweden — 2University of Warwick, Coventry, United King-
dom

The demand for powerful magnetic materials is ever-increasing, as they
dominate our modern technological landscape. Addressing rare earth
(RE) criticality is crucial, so the search for viable permanent mag-
nets that are RE-free and RE-lean continues. MnAl, with around 55%
Mn content, has been a popular candidate for research in this regard.
It transforms from the paramagnetic epsilon phase to the ferromag-
netic tau phase when annealed appropriately, but the transition rate
enhances under a surprisingly modest magnetic field. To shed light
on this, we have computationally predicted the magnetic properties of
MnALl across the transition.

The method uses data from first-principles calculations to build ef-
ficient atomic models of the phases’ magnetic interactions. Thermo-
dynamic properties are then determined with nested sampling (NS).
Recently, NS has proven to be a powerful alternative to Markhov chain
Monte Carlo sampling (MCMC). While NS has been used extensively
in non-magnetic physical chemistry, this work represents its first ap-
plication to magnetic materials. We present these results to demon-
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strate the power of NS; compare its effectiveness to MCMC; and unveil
previously-unknown magnetic phases of MnAl.

MM 41.4 Fri 11:00 SCH/A251
A Demonstration of the Finite-Temperature Upside-Down
Adiabatic Connection with the Asymmetric Hubbard Dimer
— oVINCENT MarTINETTON2:3, JURT GRossi', and AURORA
PriBrRAM-JoNES! — 1University of California, Merced, CA 95343,
United States — Z2Helmholtz-Zentrum Dresden-Rossendorf, 01328
Dresden, Germany — 3Center for Advanced Systems Understanding,
02826 Gorlitz, Germany

The finite-temperature upside-down adiabatic connection is an inte-
gral expression for the decorrelation free energy, a quantity of interest
when considering finite-temperature strictly correlated electrons. This
approach smoothly connects a thermal ensemble of strictly correlated
electrons to an ensemble with realistic interaction strength while re-
quiring the density of the system to remain fixed across all interaction
strengths. As the strictly correlated limit is the natural opposite of the
Kohn-Sham limit, it can provide new insights into the difficult regime
of strong correlation in finite-temperature systems. An exact demon-
stration of the upside-down finite-temperature adiabatic connection
will be performed with the asymmetric Hubbard dimer, along with a
discussion of strong correlation in finite-temperature systems.

MM 41.5 Fri 11:15 SCH/A251
Towards self-consistent electrostatic corrections for charged
defects in periodic boundary conditions — eERMANNO
Bortih23, Davipe Cawmpi®, NicEpHORE BonNET?, and NicoLa
Marzari!2 — 1PSI, Switzerland — 2EPFL, Switzerland — 3UniMiB,

Italy

Charged point defects in semiconductors and insulators play a pivotal
role in determining a wide range of physical properties, significantly
impacting materials behavior and device performance. First princi-
ples calculations have become an essential tool to better characterize
defects properties and to speed up technological advancements. How-
ever, some key defect properties, such as formation energies in the
dilute limit, are highly sensitive to finite size effects in periodic bound-
ary conditions DFT simulations. These issues arise from long range
Coulomb interactions between periodic replicas and the neutralizing
background needed to prevent the divergence of the electrostatic po-
tential. To reduce these effects, corrections are required to remove
these spurious electrostatic interactions. In this work we extend an
a-posteriori correction scheme to achieve self-consistency in the open
access package Quantum Espresso and test it on simple systems.

15 min. break

MM 41.6 Fri 11:45 SCH/A251
Tessellation-free full charge density method for atom-
centered basis sets — eFranco Moitzi', ANDREI V. RuBan?3,
VsevorLop I. Razumovskry!, and OLec E. Pri.? — !Christian
Doppler Laboratory for Digital material design guidelines for mit-
igation of alloy embrittlement, Materials Center Leoben Forschung
GmbH, Vordernberger Strafe 12, A-8700 Leoben, Austria —
2Materials Center Leoben Forschung GmbH, Vordernberger Strafie 12,
A-8700 Leoben, Austria — 3Department of Materials Science and En-
gineering, Royal Institute of Technology, 10044 Stockholm, Sweden

Accurate Poisson solvers are essential for reliable total energies and
forces in Density Functional Theory (DFT) calculations. Atom-
centered basis methods, such as Korringa-Kohn-Rostoker methods, of-
ten rely on Voronoi tessellations to decompose space, which complicate
Poisson solutions in the interstitial region due to the high I-cutoffs re-
quired for the nearly flat charge there and the boundary discontinu-
ities, leading to numerical instabilities as atoms move. We introduce
a tessellation-free method that avoids these issues by decomposing the
charge into non-overlapping atomic spheres and an interstitial region.

Following Andersen et al., the interstitial charge is expanded in
screened spherical waves—Helmholtz-equation solutions with spe-
cial boundary conditions—and smoothly extended from the atomic
spheres, allowing the Poisson equation to be solved analytically. Their
analytical properties allow accurate evaluation of the Hartree poten-
tial, electrostatic, and exchange-correlation energies, enabling precise
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and efficient DFT calculations with atom-centered basis sets.

MM 41.7 Fri 12:00 SCH/A251
Machine-Learning Augmented Electronic Structure Calcu-
lations via Adaptive DFTB Parameters — eYIHUA SONG,
CHRISTOPH SCHEURER, KARSTEN REUTER, and CHIARA PANOSETTI
— Fritz Haber Institut der MPG

As a semi-empirical DFT approximation, Density Functional Tight
Binding (DFTB) combines reduced computational cost with accessible
electronic structure, providing a compromise between the full physi-
cality of ab initio methods and the speed of machine-learning inter-
atomic potentials. Yet, its accuracy in realistic systems remains lim-
ited due to intrinsic approximations and dependence on parametriza-
tion quality. To this end, we propose that the precalculated Slater-
Koster (SK) electronic interaction tables in DFTB should be adapted
to local atomic environments and demonstrate proof-of-principle stud-
ies showing the improved electronic structure description. Building
on the observed smoothness of SK integrals across chemical and spa-
tial environments, we use machine learning based on atomic descrip-
tors to continuously adapt the parametrization beyond discrete atomic
types. As a prototype, we introduce the DFTB Orbital Verity En-
gine (DOVE), a machine-learning framework that learns subtle dis-
crepancies in electronic parameters across diverse local environments
from reference electronic structures. We successfully validate it against
complicated systems with multiple coordination states. This machine-
learning framework for environment-adaptive tight-binding parameter-
ization enables scalable electronic structure simulations with enhanced
fidelity, efficient speed, and physical interpretability.

MM 41.8 Fri 12:15 SCH/A251
Detecting topologically-protected surface states in doped sys-
tems using the coherent potential approximation — eARTEM
CHMERUK, DyLAN JoONES, and Liviu CHIONCEL — University of Augs-
burg, Augsburg, Germany

The signature of the non-trivial electronic band structure is the exis-

tence of gapless conducting states at interfaces where the topological
invariant changes. This change signals a topological phase transition,
which in real systems can be accomplished through doping. Model-
ing doping effects can be done by combining density functional theory
and coherent potential approximation, which gives the possibility to
model a continuous range of concentrations, and provides a sensitive
probe to detect the emergent electronic states. Here, we analyse the
topologically-protected surface states in Biz_;Sb;Ses.

MM 41.9 Fri 12:30 SCH/A251
Defect-induced vibrational modes in graphene — eISKANDER
MUKATAYEV, GUILLAUME RADTKE, and MICHELE LAZZERI — Sor-
bonne Université, CNRS UMR 7590, MNHN, IMPMC, 4 place Jussieu,
75252 Paris, France

We present a general framework for investigation of the vibrational
properties of point defects in graphene, motivated by recent advances
in vibrational EELS that enable phonon spectroscopy with atomic res-
olution. Our approach combines DFT and density-functional pertur-
bation theory with a force-matching procedure [1-2], in which inter-
atomic force constants (IFCs) are computed independently for pristine
graphene and defect-containing supercells and then merged to dynam-
ical matrices of very large systems(up to 20000 atoms). This strategy
enables the modeling of isolated defects without defect-defect interac-
tions while retaining full ab initio accuracy.

We investigate a wide range of point defects including substitutional
dopants (B, N, Si, P), single, double vacancies and Stone-Wales recon-
struction. Depending on the details of defect-induced bond reconstruc-
tion, different behaviours are observed ranging from quasi-localized (or
resonant) states falling in the continuum of the bulk to high-frequency
fully localised modes. From these examples we draw conclusions of the
conditions of occurrence of both types vibrations.
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