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Speaker No.    Name Institution Title

1 Peter Oppeneer Uppsala University A first-principles approach to orbital 

accumulation and orbital transport 

2 Sayantani Ghosh University of California, Merced The role of nanostructured metal halide perovskite 

materials in solar energy harvesting 

3 Sanghamitra Neogi University of Colorado Boulder Machine Learning Models to Assist Designing 

Atomic Environments in Semiconductor 

Heterostructures and Complex Alloys 

4 Trevor Rhone Rensselaer Polytechnic Institute Artificial intelligence guided materials discovery of 

two-dimensional magnets 

5 Emmanuel Fromager Université de Strasbourg Ensemble density func0onal theory of electrons 

and nuclei 

6 Henrik Larsson University of California, Merced Tensor network states for computing vibrational 

and electronic states 

7 Yuan Ping UW Madison and UC Santa Cruz Spin relaxation, dephasing and diffusion in solids 

from ab-initio density-matrix dynamics 

8 Carsten Ullrich University of Missouri (TD)DFT for noncollinear spins: orbital functionals, 

semilocal approximations, and xc torques 

9 Jennifer Cano Stony Brook University Engineering topological phases with a superlattice 

potential 

10 Marco Govoni Argonne National Laboratory TBD
11 John Bonini Flatiron Institute Lattice dynamics with broken time reversal 

symmetry 

12 Marco Bernardi California Institute of Technology Frontiers of First-Principles Electron-Phonon 

Interactions: Spinful, Data-Driven, and 

Parsimonious 

13 Siyuan Chen College of William & Mary Forces, stress, and geometry optimization with 

auxiliary-field quantum Monte Carlo 

14 Lenz Fiedler CASUS Demonstrating temperature transferability of 

neural network models replacing density 

functional theory

15 Isaac Tamblyn University of Ottawa A powerful yet inadequate tool - ML for electronic 

structure 

16 Boris Kozinsky Harvard University Machine learning models of many-body atomic 

and electronic interac�ons 

17 Mit Naik University of Calfornia, Berkeley Bethe Salpeter equation calculations in moiré 
superlattices with thousands of atoms in the unit-
cell

18 Emmanuel Gull University of Michigan Electronic Structure – a view from finite-

temperature field theory 

19 Marcus Eisenbach Oak Ridge National Laboratory Scalable First Principles Calculations for Alloys

20 Xavier Andrade Lawrence Livermore National 

Laboratory 

The INQ code: reinventing the electronic-structure 

code 



A first-principles approach to orbital accumulation and orbital 
transport 

 
Peter M. Oppeneer 

Department of Physics and Astronomy, Uppsala University, S-75120 Uppsala, Sweden  
 
 
Recent first-principles calculations have predicted that, apart from the electrically induced spin 
currents and spin polarization, there are in fact much larger orbital angular momentum currents 
and induced orbital polarizations. A huge orbital Hall effect (OHE) was predicted to exist in 3d 
metals [1] and a huge orbital Rashba-Edelstein effect (OREE) was predicted for the symmetry-
broken antiferromagnets CuMnAs and Mn2Au [2]. Both effects do not require spin-orbit 
interaction (SOI) and large effects can be obtained for materials containing light atoms. This 
provides a new perspective for future utilization of orbital angular momentum, instead of spin, 
as information carrier in the emerging field orbitronics.   
 
I will discuss our recent first-principles linear-response theory calculations for the electrically 
induced out-of-equilibrium spin and orbital currents in bulk 3d ferromagnets as well as in Pt/3d-
metal bilayer films [3,4]. For bulk 3d ferromagnets as Fe, Co and Ni, we show that there exists 
a conventional spin Hall effect (SHE), and an OHE, as well as a magnetic spin Hall effect 
(MSHE) and a magnetic orbital Hall effect (MOHE) [3]. The former two effects are time-reversal 
even, whereas the MSHE and MOHE are time-reversal odd and exist in ferromagnetic 
materials. These induce an unusual transverse spin or orbital current with spin/orbital 
polarization along the applied electric field. The MSHE is strongly electron lifetime dependent, 
but in general, it is of the same size of the SHE and cannot be neglected. The OHE is the 
largest quantity as it doesn’t require SOI, but the SHE, MSHE, and MOHE all require SOI to 
be non-zero. We also predict values for the thermal counterparts, namely, the spin Nernst 
effect, and for the as-yet unobserved orbital Nernst effect (ONE) and the magnetic spin Nernst 
effect and magnetic orbital Nernst effect.  
  
For the Pt/3d-metal (Co, Ni, Cu) bilayer systems we compute both the spin and orbital currents 
as well as the spin/orbital accumulation on the sides of the bilayer. The electrically induced 
transverse orbital current is larger than the spin current and present even without SOI. This 
underlines that also in the Pt/3d-metal bilayers the electrically induced orbital effects (OREE 
and OHE) are the primary responses, whereas the SREE and SHE are generated from these 
through SOI. We further compute atom-resolved response quantities that allow us to identify 
the induced spin-polarizations that lead to fieldlike (FL) SOTs and dampinglike (DL) SOTs and 
compare their relative magnitude, dependence on the magnetization direction, as well as their 
Pt-layer thickness dependence.  
 
References 
[1] D. Go, D. Jo, Ch. Kim, and H.-W. Lee, Phys. Rev. Lett. 121, 086602 (2018). 
[2] L. Salemi, M. Berritta, A.K. Nandy, and P.M. Oppeneer, Nat. Commun. 10, 5381 (2019).  
[3] L. Salemi and P.M. Oppeneer, Phys. Rev. B 106, 024410 (2022). 
[4] L. Salemi, M. Berritta, and P.M. Oppeneer, Phys. Rev. Mater. 5, 074407 (2021). 
 



The role of nanostructured metal halide perovskite materials in solar energy harvesting 

Sayantani Ghosh,  
Department of Physics,  

University of California, Merced, CA, USA 
http://ghoshlab.ucmerced.edu/  

 
Research in nanostructured devices for solar energy harvesting and storage are driven primarily by the 

design and development of new materials. In my group, we focus on investigating the ramifications of 

different active materials and architectures on photovoltaic (PV) performance, especially device efficiency 

and stability. In the past decade, organic–inorganic metal halide perovskites (MHPs) have emerged as the 

most prominent new PV material, combining a very competitive power conversion efficiency that rivals 

crystalline silicon with the added benefits of solution processability, high specific power, and excellent 

defect tolerance. However, without significant and complicated structural and chemical modifications, 

MHPs degrade under ambient humidity and long-term photo exposure. Here, I will discuss two specific 

applications of nanostructured MHPs which allow circumventing of these problematic issues. The 

leverages MHPs’ stable performance in vacuum under AM0 solar radiation and as part of a collaboration 

with the National Aeronautics and Space Administration (NASA), demonstrates the long-term viability of 

using MHP PVs in space, following a 10-month flight on the International Space Station. The second, 

leading from some findings in the first study, focuses on the interaction between MHP thin films and metal 

halide perovskite quantum dots (PQDs). Mapping static and dynamic MHP emission as functions of 

temperature, excitation energy, and excitation power revealed that a low density of PQDs improved thin 

film properties, while increasing PQD density further had detrimental effects. This complex modulation of 

MHP properties by PQDs indicate an intricate interplay between different factors that need to be 

considered in optimizing such heterostructures for optoelectronic applications.   

 
This research was supported by funds from the National Aeronautics and Space Administration (NASA) 
grant no. NNX15AQ01A.  
 
 



Machine Learning Models to Assist Designing Atomic Environments in 
Semiconductor Heterostructures and Complex Alloys 

 
Sanghamitra Neogi 

 Ann and H.J. Smead Aerospace Engineering Sciences,  
University of Colorado Boulder, Boulder, Colorado 80303, USA 

E-mail: sanghamitra.neogi@colorado.edu 

ABSTRACT 

Following empirical, theoretical, and computational eras of material development, machine learning (ML)-
based materials design and discovery research has emerged as the fourth paradigm of materials science. In 
my research group at the University of Colorado at Boulder, we leverage ML models to design and discover 
new materials to realize future technologies. Additionally, we discover materials design strategies that will 
optimize properties of nanoscale materials. In this talk, I will present an overview of activities of my 
research group, with particular focus on our use of ML models to predict electronic properties of two classes 
of materials: (1) semiconductor heterostructures and (2) complex multicomponent alloys.  

Over the past few decades, semiconductor heterostructures have emerged as key enabling materials for 
essential technologies, including telecommunication systems, light-emitting diodes, or high-electron-
mobility transistors used in high-frequency devices. The heterostructures are strongly affected by the 
growth processes. It remains a challenge to explore the vast structural parameter space of ‘real’ 
heterostructures using first-principles modeling techniques, due to high computational costs. In particular, 
the calculations of electronic transport coefficients (such as, thermopower or conductivity) require large 
number of individual energy calculations and computational costs can accrue quickly. In this talk, I will 
discuss how the use of ML models can assist us in extending the applicability of these ab initio techniques 
to ‘real’ heterostructures. I will discuss a forward ML-model that can predict the Seebeck coefficients of 
fabricated semiconductor heterostructures of thickness upto ~12 nm [1]. Additionally, I will present an 
inverse approach that predicts the atomic-scale features of a given heterostructure that will result in target 
electronic band structures [2].  

In recent years, a new alloying strategy that aimed to stabilize (near) equimolar mixtures of multiple 
elements by maximizing the configurational entropy has revealed unprecedented opportunities for materials 
discovery. The alloy mixtures became known as high-entropy materials. The alloys exhibit unprecedented 
combinations of mechanical and functional properties, even at extreme environments, making 
them attractive for energy and aerospace applications. The vast compositional space offers enormous 
possibilities to engineer lattice and electronics structures and tune the properties. However, the `needle in a 
haystack' scenario puts targeted alloy design to its hardest test: new materials with exceptional properties 
can hide in practically infinite and vastly unexplored composition space. I will discuss a ML-based approach 
that can guide the design and discovery process of novel alloys and compounds. 

1. A. K. Pimachev and S. Neogi, “First-principles prediction of electronic transport in fabricated 
semiconductor heterostructures via physics-aware machine learning.” npj Computational Materials, 
7(1), 93 (2021). 

2. A. K. Pimachev and S. Neogi. “Deep Learning Model for Inverse Design of Semiconductor 
Heterostructures with Desired Electronic Band Structures.” arXiv preprint arXiv:2302.00261 (2023).  



Artificial intelligence guided materials discovery of two-dimensional 
magnets  

Trevor David Rhone 

Department of Physics, Applied Physics and Astronomy, Rensselaer Polytechnic Institute 
 

The discovery of van der Waals (vdW) materials with intrinsic magnetic order in 2017 has given 
rise to new avenues for the study of emergent phenomena in two dimensions. In particular, 
monolayer CrI3 was found to be ferromagnet. Other vdW transition metal halides were later 
found to have different magnetic properties. How many vdW magnetic materials exist in nature? 
What are their properties? How do these properties change with the number of layers? A 
conservative estimate for the number of candidate vdW materials (including monolayers, 
bilayers and trilayers) exceeds ~106. A recent study showed that artificial intelligence (AI) can be 
harnessed to discover new vdW Heisenberg ferromagnets based on Cr2Ge2Te6 [1,2]. In this talk, 
we will harness AI to efficiently explore the large chemical space of vdW transition metal 
halides and to guide the discovery of magnetic vdW materials with desirable spin properties. 
That is, we investigate crystal structures based on monolayer Cr2I6 of the form A2X6, which are 
studied using density functional theory (DFT) calculations and AI. Magnetic properties, such as 
the magnetic moment are determined. The formation energy is also calculated and used as a 
proxy for the chemical stability. We show that AI, combined with DFT, can provide a 
computationally efficient means to predict the thermodynamic and magnetic properties of vdW 
materials [3]. This study paves the way for the rapid discovery of chemically stable magnetic 
vdW materials with applications in spintronics and data storage.  

[1] T. D. Rhone, et al., Scientific Reports 10, 15795 (2020).  

[2] Y. Xie, et al., J. Phys. Chem. Lett., 12, 50, 12048–12054 (2021). 

[3] T. D. Rhone et al., “Artificial Intelligence Guided Studies of van der Waals Magnets,” Adv. 

Theory Simulations, p. 2300019. 

This research was primarily supported by the NSF CAREER, under award number DMR- 
2044842.  
 



Ensemble density func0onal theory of electrons and nuclei 
 

Emmanuel Fromager 
 

Laboratoire de Chimie Quan1que de Strasbourg, Ins1tut de Chimie, Université de Strasbourg, 
4 rue Blaise Pascal, 67000 Strasbourg, France 

 

 

 

I will briefly review in this presenta2on a recent unified and in-principle-exact extension of 

density func2onal theory (DFT) to both charged and neutral electronic excita2ons [1]. The 

approach is based on the so-called N-centered ensemble formalism [2-4]. I will par2cularly 

focus on exchange-correla2on deriva2ve discon2nui2es associated to neutral excita2on 

processes [1,5-8]. In a second part, I will discuss the deriva2on of an exact ensemble DFT of 

electrons and nuclei, star2ng from the Born-Huang expansion of the molecular wave 

func2on, with a par2cular focus on the descrip2on of non-adiaba2c couplings [9]. This work 

is a first step towards the ra2onaliza2on of computa2onal non-adiaba2c nuclear dynamics 

studies using electronic density-func2onal ensembles. 

 

 

References 
  
[1] C. Marut, F. Cerna0c, B. Senjean, P.-F. Loos, and E. Fromager, to be submi@ed (2023). 
[2] B. Senjean and E. Fromager, Phys. Rev. A 98, 022513 (2018). 
[3] B. Senjean and E. Fromager, Int. J. Quantum Chem. 2020; 120:e26190 
[4] F. Cerna0c, B. Senjean, V. Robert, and E. Fromager, Top Curr Chem (Z) 380, 4 (2022). 
[5] E. K. U. Gross, L. N. Oliveira, and W. Kohn, Phys. Rev. A 37, 2809 (1988). 
[6] M. Levy, Phys. Rev. A 52, R4313 (1995). 
[7] K. Deur and E. Fromager, J. Chem. Phys. 150, 094106 (2019). 
[8] E. Fromager, Phys. Rev. Le@. 124, 243001 (2020). 
[9] F. Cerna0c, B. Lasorne, and E. Fromager, “Perspec0ve” paper in J. Chem. Phys, in prepara0on (2023). 



Tensor network states for computing vibrational and electronic states
Henrik R. Larsson
University of California, Merced, USA
Department of Chemistry and Biochemistry, University of California, Merced, CA 95343, USA
Mostly independently from each other, the fields of electronic structure and vibrational quantum dynamics developed
powerful methods in order to accurately solve the Schrödinger equation. In particular, methods that decompose
the high-dimensional wavefunction as a complicated contraction over smaller dimensional functions have attracted
much attention. They have led to impressive applications for challenging quantum systems in both fields. While
the underlying wavefunction representations, tensor network states, are very similar, the algorithms used to solve
the Schrödinger equation for electronic and vibrational motions are very different. A systematic comparison of the
strengths and weaknesses of the different approaches is missing but would allow for a better understanding and
useful cross-fertilization of ideas. Here, first attempts in this direction are made.
In the first part of my talk, I will show how to use a method from electronic structure theory, the density matrix
renormalization group (DMRG), for vibrational simulations.¹ I will compare the DMRG to an algorithm used for
vibrational dynamics, the multi-layer multi-configuration time-dependent Hartree (ML-MCTDH) method. I will
apply these algorithms to the vibrational spectra simulation the Zundel ion, H5O+2 , where a proton is sandwiched
between two water units, a challenging system exhibiting large amplitude motion and Fermi resonances. For this
system, I will show how the DMRG method can compute eigenstates at least an order of magnitude faster than the
ML-MCTDH method. By computing 1000 eigenstates to high accuracy, I will show how subtle energetic effects will
lead to a vastly different infrared spectrum of the Zundel ion.²
In the second part of my talk, I will show how a technique widely used for MCTDH can allow for faster electronic
structure DMRG calculations whenever many virtual orbitals with few electronic excitations are involved.³ With
a combination of this and existing methods, I will then show how to compute a very accurate potential energy
curve (PEC) of the chromium dimer, a grand challenge problem of small molecule spectroscopy, where theory and
experiment have been at odds for decades. The computed PEC allows for a new analysis of the existing experimental
data and hints at a new assignment of the vibrational levels of the chromium dimer.4
¹: H.R. Larsson, Computing vibrational eigenstates with tree tensor network states. J. Chem. Phys. 151, 204102
(2019).
²: H.R. Larsson et al., State-resolved infrared spectrum of the protonated water dimer. Chem. Sci. 13, 11119-11125
(2022)
³: H.R. Larsson, H. Zhai, K. Gunst, G.K. Chan, Matrix Product States with Large Sites. J. Chem. Theory Comput.
2022, 18, 2, 749-7624: H.R. Larsson, H. Zhai, C.J. Umrigar, G.K. Chan, The chromium dimer: closing a chapter of quantum chemistry.
J. Am. Chem. Soc., 144, 15932-15937 (2022)
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     Spin relaxation, dephasing and diffusion in solids from ab-initio density-matrix dynamics  
                
                                                               Yuan Ping1,2 
                                             
                                              1. University of Wisconsin, Madison 
                                             2. University of California, Santa Cruz 
 
Spin relaxation, dephasing and diffusion are at the heart of spin-based information technology. 
Accurate theoretical approaches to simulate spin lifetimes (�ì�æ), i.e. how fast the spin polarization 
and phase information will be lost,  are important to the understandings of underlying mechanism, 
and invaluable to search for promising spintronic material candidate. Recently, we develop the 
first-principles real-time density-matrix (FPDM) approach to simulate spin dynamics for general 
solid-state systems [1,2]. Through the complete first-principles' descriptions of light-matter 
interaction and scattering processes including electron-phonon, electron-impurity and electron-
electron scatterings with self-consistent spin-orbit coupling, as well as ab-initio Land'e g-factor[3], 
our method can predict �ì�æ�á����regardless of crystal symmetry, as a function of carrier density and 
temperature, under electric and magnetic fields[2,3].  
 
By employing this method, we successfully reproduce experimental results of spin lifetime and 
ultrafast Kerr rotation of disparate materials, and identify the key factors affecting spin relaxation, 
dephasing, and diffusion[4] in different materials. Specifically, we predict that germanene has long 
�ì�æ  (~100 ns at 50 K), a giant spin lifetime anisotropy and spin-valley locking effect under electric 
fields[4], making it advantageous for spin-valleytronic applications. Based on our theoretical 
derivations and ab-initio simulations, we propose a new useful electronic quantity, named spin-
flip angle �à�[�], for the understanding of spin relaxation through intervalley spin-flip scattering 
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Title: Engineering topological phases with a superlattice potential
Speaker: Jennifer Cano
 
Abstract: We propose an externally imposed superlattice potential as a 
platform for manipulating topological phases, which has both advantages 
and disadvantages compared to a moirŽ superlattice. In the Þrst example, 
we apply the superlattice potential to the 2D surface of a 3D topological 
insulator. The superlattice potential creates tunable van Hove singularities, 
which, when combined with strong spin-orbit coupling and Coulomb 
repulsion give rise to a topological meron lattice spin texture. Thus, the 
superlattice potential provides a new route to the long sought-after goal of 
realizing spontaneous magnetic order on the surface of a 3D TI. In the 
second example, we show that a superlattice potential applied to Bernal-
stacked bilayer graphene can generate ßat Chern bands, similar to in 
twisted bilayer graphene, whose bandwidth can be as small as a few meV. 
The superlattice potential offers ßexibility in both lattice size and geometry, 
making it a promising alternative to achieve designer ßat bands without a 
moirŽ heterostructure.



 

 

 

 

 

 

 

Marco Govoni  

Argonne National Laboratory

 

TBD

 



Lattice dynamics with broken time reversal symmetry

John Bonini

The dynamics of atoms in molecules and solids are conventionally formulated in terms of forces
which are a function of nuclear positions; this results in equations of motion which are symmet-
ric under time reversal symmetry. In magnetically ordered systems such a formulation will not
correctly reßect the physical vibration mode degeneracies which are determined by the magnetic
symmetry group. The absence of time reversal symmetry can lead to chiral phonon modes where
excitations involving ÒclockwiseÓ and ÒcounterclockwiseÓ atomic trajectories occur at distinct ener-
gies. In this talk I will present and compare Þrst principles methods for computing phonon spectra
which go beyond the conventional interatomic force matrix approach to incorporate time reversal
symmetry breaking e! ects. The Þrst method, based on an adiabatic separation between electronic
and nuclear degrees of freedom, includes the Þrst order changes in forces with atomic velocities[1].
The second method goes beyond this adiabatic assumption and treats phonons and spin excita-
tions on the same footing [2]. While both approaches yield vibration modes which correctly reßect
the degeneracies of the magnetic symmetry group, we demonstrate that in systems such as the
ferromagnetic insulator CrI3 the adiabatic approach yields qualitatively incorrect spectra as the
relevant spin degrees of freedom are not ÒfastÓ with respect to phonon excitations.

References

[1] Daniyar Saparov, Bangguo Xiong, Yafei Ren, and Qian Niu. Lattice dynamics with molecular
berry curvature: Chiral optical phonons. Phys. Rev. B, 105:064303, Feb 2022.

[2] John Bonini, Shang Ren, David Vanderbilt, Massimiliano Stengel, Cyrus E. Dreyer, and Sinisa
Coh. Frequency splitting of chiral phonons from broken time-reversal symmetry in CrI3. Phys.
Rev. Lett., 130:086701, Feb 2023.
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Forces, stress, and geometry optimization with auxiliary-Þeld 
quantum Monte Carlo !

Determining the accurate structure of a material is a critical step in understanding its 
physics. Predictive computations in correlated materials remain a major challenge. We 
have successfully formulated and implemented a direct, ab initio computation of forces 
and stresses [1] with auxiliary-Þeld quantum Monte Carlo (AFQMC) using plane wave 
basis and multiple projector pseudopotentials. Our method potentially allows 
determination of the potential energy surface at a much higher e " ciency than an 
approach based on total energies alone. In addition, we propose a fast and robust 
structural optimization algorithm [2] for optimizations when the forces or gradients are 
statistically noisy. Applying this algorithm in combination with forces and stresses 
computed by AFQMC, we demonstrate e " cient, accurate, and full degrees-of-freedom 
optimizations in solids. Direct computations of charge densities [3], phonon spectra, 
and Berry phases in solids with AFQMC will also be discussed. !

[1] S. Chen and S. Zhang, arXiv:2302.07460, to appear on Phys. Rev. B!
[2] S. Chen and S. Zhang, Nat. Comput. Sci. 2, 736 (2022)!

�>3�@ S. Chen, M. Motta, F. Ma, and S. Zhang, Phys. Rev. B 103, 075138 (2021)

Siyuan Chen
College of William & Mary
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Title:  Bethe Salpeter equation calculations in moirŽ superlattices with thousands of atoms in the 
unit-cell 
 
Abstract:  
Recent experimental measurements have demonstrated signatures of novel exciton states in the 
moirŽ superlattices of transition metal dichalcogenide bilayer heterostructures. However, the 
microscopic nature of these moirŽ excitons was not well understood, and previous studies relied 
often on empirically fit  models. Brute force first-principles GW-Bethe Salpeter equation (GW-
BSE) calculations are computationally intractable due to thousands of atoms in the reconstructed 
moirŽ unit-cell. We present a novel computational approach, the pristine unit-cell matrix 
projection (PUMP) method [1] which makes it possible to accurately study excitons in large-area 
transition metal dichalcogenide moirŽ superlattices. Through these calculations, we discovered a 
rich diversity of excitonic states. In rotationally aligned WSe2/WS2 moirŽ superlattice, we find 
some excitons of a modulated Wannier character and others of a previously unidentified intralayer 
charge-transfer character [1]. In 57.7¡ twisted bilayer WS2, we discover layer-hybridized excitons 
with in-plane charge transfer character. These characteristics originate from the strong modulation 
of electron wavefunctions due to atomic reconstructions of the superlattice. Experimental 
reflection contrast [1], electron energy loss spectroscopy [2] and scanning tunneling spectroscopy 
measurements confirm these predictions. The PUMP approach can also be extended to study 
optical spectrum of shallow defects in materials, which also require large supercell calculations. 
 
Acknowledgment:  The theoretical methods are developed in collaboration with Y. Chan, Z. Li, C. 
S. Ong, W. Kim, F. H. da Jornada and S. G. Louie. This work is supported by the U.S. Department 
of Energy and the National Science Foundation. 
 
References: 
[1] M. H. Naik* , E. C. Regan*, Z. Zhang* �����«�����)�����+����da Jornada, F. Wang and S. G. Louie, 
Nature 609, 52�±57 (2022) 
[2] S. Susarla* , M. H. Naik* �����«�����6�����*�����/�R�X�L�H�� P. Ercius and A. Raja, Science, 378, 6625, 1235-
1239 (2022) 
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Electronic Structure Ð a view from Þnite-temperature Þeld theory

Electronic structure problems are commonly solved in a density functional or in a mean 
Þeld approach. Lattice model systems, in contrast, are often investigated from the 
complementary ÔdiagrammaticÕ perspective of Þnite-temperature Þeld theory. While Þeld 
theory provides straightforward access to statistical properties at Þnite temperature and 
to correlation physics, there are substantial technical challenges in adapting the 
approach to electronic structure. This talk will give an overview of recent progress in this 
Þeld, emphasizing in particular work on thermodynamic and spectral quantities.

Emanuel Gull
University of Michigan
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Xavier Andrade-Valencia, Lawrence Livermore National Laboratory  

The INQ code: reinventing the electronic-structure code

Electronic structure codes are a fundamental tool for the computational study of matter in the ground and the

excited states. They are complex pieces of software that need to be accurate, reliable, and implement a wide

array of functionalities and features. On top of that, given the costly nature of first principles simulations, they

need to be computationally efficient and take advantage of modern high-performance computing (HPC)

platform. Many existing codes have been in development for decades and are very large, some of them have

several hundred thousand lines of code. This makes them very difficult to maintain, optimize and adapt to new

platforms. This last point is particularly critical as in the last few years we have seen a radical change in the

design of HPC systems. Graphical processing units (GPUs) have become the standard computational element in

supercomputers and clusters. However, many electronic structure codes cannot use GPUs efficiently, especially

when running in parallel. At the same time, new ideas have appeared in software engineering that have

revolutionized code development. These new approaches not only involve how to write the code, but also how

to design it, develop it collaboratively, debug it, test it, and maintain it. We apply these principles to the

electronic structure problem in a new software package called INQ, that is currently in development at

Lawrence Livermore National Laboratory.

INQ is a compact code that implements density functional theory (DFT) and time-dependent functional theory

(TDDFT). It uses modern code design features and techniques that make the development fast and simple, and

ensure the quality of the program. By designing the code around algorithms, rather than against specific

implementations and numerical libraries, we provide a concise and modular code that is simple to understand,

flexible, and extensible. The core code is accompanied by a large set of tests that check the individual

components and the program as a whole. This is ensures that the program always works correctly as it is

developed and that it gives reliable results.

INQ is based on the plane wave approach and can simulate both finite and (partially) periodic systems.  It

implements the standard DFT semi-local functionals as well as hybrid functionals. Hybrids are applied using the

adaptively compressed exchange (ACE) approach to make the calculations computationally affordable. Its

current focus is the simulations of the excited state of large systems using real-time TDDFT. However, it is a

general code that can calculate ground state properties as well. INQ was designed from the scratch to run in

parallel on multiple GPUs. In TDDFT simulations on GPU-based supercomputers INQ achieves excellent

performance. It can handle hundreds and thousands of atoms, with simulation times of a second or less per

time-step, and scale to thousands of GPUs. The code is open source and it is freely accessible at http://gitlab.co

m/npneq/inq
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Poster Title: First Principles and accurate TB model investigation of Fermi Arcs in Na3Bi. 

Authors: Vasilios Passias and Lucas Wagner 

Affiliations: Department of Physics, Grainger College of Engineering, University of Illinois at 
Urbana-Champaign. 

 

Abstract: Na3Bi is a topological Dirac semimetal [1] initially thought to have double surface 
Fermi arcs on facets with momentum separated surface projected Dirac points [1,2,3]. However, 
it was shown that bulk symmetry preserving terms that leave the Dirac points unchanged can 
deform the double surface Fermi arcs into a closed Fermi contour that does not connect to the 
Dirac points [4]. Angle resolved photoemission spectroscopy (ARPES) measurements on Na3Bi's 
(100) facet [5] are not clear enough to definitively show whether the two surface states connect 
to the Dirac points with a characteristic cusp at the connection point [2]. To check the existence 
of Na3Bi's double Fermi arcs, we construct a first-principles based tight binding model using 
pseudo-atomic orbitals [6]. This tight binding model allows us to construct very thick Na3Bi 
(100) slabs and explicitly evaluate whether the arcs form in more realistic models of these slabs. 

 

[1] Z. Wang et al., Phys. Rev. B 85, 195320 (2012). 

[2] Potter, A. C. et al. Quantum oscillations from surface Fermi arcs in Weyl and Dirac 
semimetals. Nat. Commun. 5:5161 doi: 10.1038/ncomms6161 (2014). 

[3] E. V. Gorbar et al., Dirac semimetals A3Bi (A= Na, K, Rb) as �:2 Weyl semimetals. Physical 
Review B, 91(12):121101, March 2015. Publisher: American Physical Society. 

[4] Kargarian, M., Randeria, M. & Lu, Y.-M. Are the surface Fermi arcs in Dirac semimetals 
topologically protected? Proc. Natl. Acad. Sci. 113, 8648 (2016). 

[5] S.-Y. Xu et al.,Science 347, 294�±298 (2015). 

[6] M. Buongiorno Nardelli et al., PAOFLOW: A utility to construct and operate on ab initio 
Hamiltonians from the Projections of electronic wavefunctions on Atomic Orbital bases, 
including characterization of topological materials, Comp. Mat. Sci. paper (2017) 
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Structure and molecular interactions in 1-ethyl-3-methylimidazolium 
bis(trifluoromethanesulfonyl) imide ionic liquid, ethylene carbonate and dimethyl 
carbonate blends for applications in next-generation Li-ion battery electrolytes -�± 
combined DFT and  molecular dynamics study. 
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Abstract 

Both density functional theory (DFT) and molecular dynamics (MD) based on classical force 
field were used to provide both structural and electronic insight into the multifold interactions 
occurring in 1-ethyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide ionic liquid in 
the presence of ethylene carbonate and dimethyl carbonate co-solvent mixtures which are 
currently being targeted for applications in next-generation Li -ion battery electrolytes. In 
order to give a visual understanding of the molecular interactions, the structures of cations, 
anions, and cation - anion ion pairs were systematically studied using DFT calculations. The 
nature of hydrogen bond interactions in a series of ion pair conformers have been thoroughly 
discussed by analyzing the interaction energies, stabilization energies and natural orbital 
analysis of the ion pair conformers. Multiple but weak �&���s��H---O/N hydrogen bonds and anion 
�G�R�Q�R�U�� �Œ�
C�±N interactions have been observed. Charge transfer occurs mainly from the lone 
�S�D�L�U�V���R�I���R�[�\�J�H�Q���D�Q�G���Q�L�W�U�R�J�H�Q���D�W�R�P���W�R���W�K�H���1-type anti-bonding orbital of the C�±H bonds �D�Q�G���Œ-
type anti-bonding orbitals of N���s��C bonds. According to the MD study, the addition of 
carbonate co-solvents into the pure ionic liquid creates a more structured system than the pure 
ionic liquid. The coordination of the O/N atoms of the bis(trifluoromethylsulfonyl)imide 
anion to the most acidic H atom of 1-ethyl-3-methylimidazolium cation showed a marked 
decrease with increase in carbonate concentration���L�Q�G�L�F�D�W�L�Q�J�� �W�K�D�W�� �W�K�H�� �&���s��H---O/N hydrogen 
bond interaction is reduced by the presence of high carbonate content. Furthermore, in the 
pure ionic liquid, adjacent cations are almost exclusively located on top and below the ring 
cation, whereas the anions mainly coordinate to the cation within the ring plane. The addition 
of large amount of carbonate co-solvents disturb the original near ordering which is found in 
the pure ionic liquid. 
 
Key words: electrolyte, Li-ion, 1-ethyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide, 
ethylene carbonate, dimethyl carbonate. 
 

Virtual



Helicity -tunable spin Hall and spin Nernst effects in multifold  chiral fermion semimetals 
XY (X=Co, Rh; Y=Si, Ge) 
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1Department of Physics, National Taiwan University, Taipei 10617, Taiwan 
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Transition metal monosilicides CoSi, CoGe, RhSi and RhGe in the chiral cubic B20 structure with 
space group P213 have recently been found to host multifold chiral fermions beyond spin-1/2 Weyl 
fermions, and also exhibit exotic physical phenomena such as long Fermi arc surface states, 
gyrotropic magnetic effect and quantized CPGE. Thus, exploring novel spin-related transports in 
these unconventional chiral fermion semimetals may open a new door for spintronics and spin 
caloritronics. In this work, we study the spin Hall effect (SHE) and spin Nernst effect (SNE) in the 
CoSi family based on ab initio relativistic band structure calculations. First, we find that unlike 
nonchiral cubic metals, the CoSi family have two independent nonzero SHC (SNC) tensor 
elements, namely, �P�v�w

�x  and �P�v�x
�w  (�=�v�w

�x  and �=�v�x
�w ). Further, SHCs and helicity of the chiral structure are 

found to be correlated, thus enabling SHE detection of structural helicity and hence chiral fermion 
chirality. Second, the intrinsic SHE and SNE in some of these considered compounds are large. In 
particular, the calculated SHC of RhGe is as large as -�������� ���š���H�����6���F�P������ �7�K�H�� �F�D�O�F�X�O�D�W�H�G�� �6�1�&�� �R�I��
CoGe is also large, being -�����������š���H�����$���P���.�����D�W���U�R�R�P���W�H�P�S�H�U�D�W�X�U�H�����'�X�H���W�R���W�K�H�L�U���V�H�P�L�P�H�W�D�O�O�L�F���Q�D�W�X�U�H��
with low electrical conductivity, these topological semimetals may have large spin Hall and spin 
Nernst angles, being comparable to that of Pt metal. Third, the SHC and SNC of these compounds 
�F�D�Q���D�O�V�R���E�H���L�Q�F�U�H�D�V�H�G���E�\���U�D�L�V�L�Q�J���R�U���O�R�Z�H�U�L�Q�J�������W�R�����H���J�������W�K�H���W�R�S�R�O�R�J�L�F�D�O���Q�R�G�H�V�����Y�L�D���H�L�W�K�H�U���F�K�H�P�L�F�D�O��
doping or electrical gating. Our findings thus suggest that the CoSi family could be interesting 
materials for creating better spintronic and spin caloritronic devices, as well as a platform for 
investigating novel spin-transports and exotic phenomena in unconventional chiral fermion 
semimetals. 

 

[1] Ting-Yun Hsieh, Babu Baijnath Prasad and Guang-Yu Guo, Helicity-tunable spin Hall and 
spin Nernst effects in unconventional chiral fermion semimetals XY (X=Co, Rh; Y=Si, Ge), Phys. 
Rev. B 106, 165102 (2022).  
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Theory of surface orbital magnetization

Daniel Seleznev and David Vanderbilt
Department of Physics and Astronomy, Center for Materials Theory,

Rutgers University, Piscataway, New Jersey 08854, USA

The theory of bulk orbital magnetization has been formulated both in reciprocal space based

on Berry curvature and related quantities, and in real space in terms of the spatial average of a

quantum mechanical local marker. Here we consider a three-dimensional antiferromagnetic material

having a vanishing bulk but a nonzero surface orbital magnetization. We ask whether the surface-

normal component of the surface magnetization is well deÞned, and if so, how to compute it. As

the physical observable corresponding to this quantity, we identify the macroscopic current running

along a hinge shared by two facets. However, the hinge current only constrains the di! erence of

the surface magnetizations on the adjoined facets, leaving a potential ambiguity. By performing

a symmetry analysis, we Þnd that only crystals exhibiting a pseudoscalar symmetry admit well-

deÞned magnetizations at their surfaces at the classical level. We then explore the possibility

of computing surface magnetization via a coarse-graining procedure applied to a quantum local

marker. We show that multiple expressions for the local marker exist, and apply constraints to

Þlter out potentially meaningful candidates. Using several tight-binding models as our theoretical

test bed and several potential markers, we compute surface magnetizations for slab geometries

and compare their predictions with explicit calculations of the macroscopic hinge currents of rod

geometries. We Þnd that only a particular form of the marker consistently predicts the correct

hinge currents.

This work was supported by NSF Grants No. DMR-1954856 and No. DGE-1842213.

[1] D. Seleznev and D. Vanderbilt, Towards a theory of surface orbital magnetization, Phys. Rev. B107,

115102 (2023).
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Velocity inverted Dirac points and Weyl nodal lines in noncentrosymmetric hexagonal
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Hyeong-Seok D. Kim,1, 2 Heng Gao,3 J¬orn W. F. Venderbos,4, 5

Youngkuk Kim ,6, ! C. L. Kane,2 E. J. Mele,2 and Andrew M. Rappe1

1Department of Chemistry, University of Pennsylvania, Philadelphia, Pennsylvania 19104Ð6323, USA
2Department of Physics and Astronomy, University of Pennsylvania, Philadelphia, Pennsylvania 19104Ð6396, USA

3Department of Physics, Shanghai University, 99 Shangda Road, Shanghai 200444, China
4Department of Physics, Drexel University, Philadelphia, PA 19104, USA

5Department of Materials Science and Engineering,
Drexel University, Philadelphia, Pennsylvania 19104, USA

6Department of Physics, Sungkyunkwan University, Suwon 16419, Korea

Here we employ Þrst-principles calculations to examine the nodal structure and related topological
properties featured in the electronic energy bands of NaZnBi, a polar hexagonal ABC compound with
a noncentrosymmetric stu! ed wurtzite crystal structure. We show that band inversion at " drives
four-fold-degenerate Dirac points and three pairs of intersecting nodal circles. The Dirac points
with four-fold degeneracy and linear dispersion exhibit unconventional three-dimensional dispersion,
in which the radial group velocities are inverted between the conduction and valence bands as
the angular coordinate varies. In addition, the band structure exhibits glide mirror-symmetry-
protected Weyl nodal lines, which intersect at the Dirac points. We topologically characterize the
Weyl line nodes by calculating the Berry phase polarization. The Berry phase polarization is Z2

quantized due to the two-fold rotation and time-reversal symmetries, and its physical manifestation
is demonstrated by calculating the surface energy spectrum. Our results suggest the potential for
experimental exploration of topological states in these materials.
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���u�h �˜ �¹ �±�ó�±�G�u�j �ó�_���u�£�±�ó�£�£�u���G�ó�±�� �� �Ò�G�±�A �£�¹���A ���ó�_���¹ �_�ó�±�G�u�j �£�›�� �£�±�›�G���±�£�±�A�� �G�›
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! "#$%&'%()#* "#+,,-(.%/0 )#1"2"#3-4%.)#!"#5,.6%&0)#7"#89:(%/%;<)#="#=%.%., :, )#>"#79.!)#1"#?"#
@<0<&-,/#

A/9B<&-9:C#,D#!<E%-#%:#>4#@%-,)#F<G:"#,D#@(C-9H-+

!(9-#G&,I<H:#9.G&,B<-#.<:(,0-#D,&#H,.G':%:9,/%4#0<-9;/#,D#</<&;C#-C-:<.-#H,/-:&'H:<0#D&,.#4,JK0</-9:C##
H&9:9H%4K<4<.</:#-C-:<.-" ##8<# 0<-9;/#(<E%;,/%4#-'&D%H<# :<.G4%:<-#G%9&<0# J9:(# .%;/<:9H# %0-,&6%:<-)##
9.G&,B<#L'%/:'.#0<-H&9G:9,/-#,D#%:,.-#J(</#&<4%:9B9:C#9-#9.G,&:%/:)#%/0#J,&M#I,9/:4C#J9:(#<EG<&9.</:%49-:-#
:, #B%490%:<#:(<,&C"#

!(<#/N K($OP?(QRRRS)#-C/:(<-9T<0#%:#4%&;<#-H%4<#6C#7'-:<&#!"#$%)#%44,J-#D,&#-'G<&4%::9H<-#J9:(#H(<.9H%4#
G,:</:9%4-#:(%:#%&<##H,/:&,44<0#6C#;&%G(</<K/%/,D4%M<#H,/H</:&%:9,/"#!(9-#G&,B90<-#G,--96949:9<-#D,&#:&%GG9/;#
&%&<K<%&:(#.<:%4-#,/#,&#9/#:(<#H,&&';%:<0#&<;9,/-#,D#:(<#-'G<&4%::9H<#J(<&<#B%&9%:9,/-#9/#H(<.9H%4#G,:</:9%4##
:&%G)#-<G%&%:<)#%/0P,&# 9..,6949T<# &%&<K<%&:(K<4<.</:%4# -C-:<.-"##U'H(#-'G<&4%::9H<-#H%/#.%C#-<4<H:9B<4C#
%0-,&6#&%&<K<%&:(#H,/:%9/9/;#.,4<H'4%&#.%;/<:-#%/0#-<&B<#%-#9/9:9%:,&-#,D#(<E%;,/%4#%&&%C-#,D#-'H(#-C-:<.-#
:(%:# </-'&<# :(<# 0<-9&<0# .%;/<:9H# %::&96':<-# %/0# %44,J# :(<# .,4<H'4%&# .%;/<:-# :,# G%&:9H9G%:<# 9/# :<.G4%:<#
D,&.%:9,/"#2,&#<E%.G4<)#.,:9B%:<0#6C#<EG<&9.</:%4#0<B<4,G.</:-#,/#%#.,4<H'4%&#.%;/<:9H#6'9409/;#64,HM)#
J<#0<.,/-:&%:<#:(%:#-'H(#-:&,/;#.%;/<:9H#.,4<H'4<)#J9:(#4<--#:(%/#,/<#G<&H</:#H&9:9H%4#<4<.</:-#H%/#6<#
%0-,&6<0#,/#%#(<E%;,/%4#4%::9H<#%/0#H,/D,&.#:,#:(<#0<-9&<0#-:&'H:'&<#%/0#-C..<:&C"##

>$1)-';+?@1.'-61"/+A($6#;+B>?AC+76#+D1)-5(')+61+3$4"561"/+"12+0616./-1-.+,$EF ! 8#!(<#G&9.%&C#
H,.G,'/0#D,'/0#9/#.,/%T9:<#9-#V<@W")#D&,.#J(9H(#H<&9'.#9-#<E:&%H:<0#D,&#9/0'-:&9%4#'-<"##$<H%'-<#,D#
V<@W"X-# 09.,&G(9H# /%:'&<# Q1,,/<C# <:# %4"# RYZ[S)# <EG<&9.</:%4# -:'09<-# ,6-<&B<0# 6,:(# (<E%;,/%4# %/0#
.,/,H49/9H#G(%-<-#,D#V<@W""#1 ,&<#H,.G':%:9,/%4#J,&M#9-#/<<0<0#:,#6<::<&#'/0<&-:%/0#D,&.%:9,/#,D#:(<#
(<E%;,/%4#G(%-<#,D#V<@W"!-9/H<#.,/%T9:<#.%C#6<#</<&;<:9H%44C#D%B,&%64<"#8<##G<&D,&.<0#F2!#H%4H'4%:9,/-#
,/# D,'&# 09DD<&</:# -:&'H:'&<-# 9/H4'09/;# .,/,H49/9H# %/0# (<E%;,/%4# G(%-<-# %/0# H,.G%&<0# :(<9&# &<4%:9B<#
</<&;<:9H-"#\?F#G%::<&/-#J<&<#-9.'4%:<0)#D&,.#F2!)#'-9/;#:(<#6<-:#-:&'H:'&<-#D,&#(<E%;,/%4#%/0#.,/,H49/9H#
G(%-<-"#]#H4,-<#H,.G%&9-,/#6<:J<</#-9.'4%:9,/#%/0#<EG<&9.</:#H,/D9&.-#:(<#D,&.%:9,/#,D#:(<#(<E%;,/%4#
G(%-<"##]4:(,';(#:(<#.,/,H49/9H#G(%-<#H%/#6<#0<&9B<0#6C#(<%:9/;#'G#:(<#(<E%;,/%4#G(%-<#-';;<-:9/; #:(%:#
%44# .,/,H49/9H# G(%-<-# .%C# (%B<# ,/H<# 6<</# (<E%;,/%4)#%/# DK<4<H:&,/# +'66%&0# V,&&<H:9,/# -(,J-# :(<#
.,/,H49/9H#G(%-<#9-#.,&<#D%B,&%64<"#89:(,':#-'H(#H,&&<H:9,/-)#:(<#:J,#(%B<#%#-9.94%&#</<&;C#G<&#.,4<H'4<"##
U9/H<#.,/,H49/9H#9-#%HH<G:<0#%-#:(<#.,&<#</<&;<:9H%44C#D%B,&%64<#D,&.)#9:#H%/#6<#H,/H4'0<0#:(%:#%#+'66%&0#
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!$/"'-G-)'-.+D=:#6G$=$1')+-1+>?A^#?<4%:9B9-:9H#<DD<H:-#%&<#H&'H9%4#D,&#(<%BC#<4<.</:-#-'H(#%-#%H:9/90<-#
%/0#4%/:(%/90<-"#8<#9.G4<.</:#&<4%:9B9-:9H#F2! #.<:(,0-# 9/:,#:(<#25WU3V#<4<H:&,/9H#-:&'H:'&<#-,D:J%&<"#
!(<#25WU3V#H,0<#9-#%#-,D:J%&<#G%HM%;<#D,&#F2!#H%4H'4%:9,/-#J9:(#%/0#J9:(,':#:(<#2<&.9K5,J09/#-<4DK
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%4-,#9.G4<.</:<0#D,&#H,.G%&9-,/-"#]#H,.G%&9-,/#,/#:(<#*W?]#H%4H'4%:9,/-#J9:(#F2]#G,:</:9%4#%-#J<44#%-#
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Kohn-Sham density functional theory is one of the most successful electronic
structure methods for molecules and materials, and density-to-potential inver-
sions can provide insights into the exact formalism underlying this approach.
This work looks to circumvent normal inversion schemes by employing Physics
Informed Neural Nets (PINNs) in their place. PINNs help to improve predictive
transferability and reduce the requisite amount of data to properly train a neu-
ral network. The structure of a simple convolutional network and its application
to three small datasets in 1D will be presented. Next steps for improving the
network will be discussed.
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For Free Electron Scattering in Slab Geometries
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Cornell University
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Plane wave density functional theory (DFT) has proven to be a powerful tool in modern com-
putational physics for calculations involving crystalline systems. A substantial drawback for sys-
tems with Þnite spatial extent in at least one direction is the interaction of long-range functions
with periodic images. While Coulomb truncation methods limit simple image e ! ects, electronic
interactions between images become a major source of error when calculating scattering, vacuum-
propagating, states. As highlighted in this poster, we will use a truncated GreenÕs Function approach
to break periodicity in the Z direction in such a way that is still compatible within plane wave DFT
pseudopotential (Vps ) codes. Using this approach, we will show both transmission/reßection and
photoemission predictions for a variety of 2D materials including transition metal dichalcogenides
(TMDs).
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Learning emergent models from ab initio many-body calculations

Yueqing Chang1, 2, ! and Lucas K. Wagner3,  

1Department of Physics and Astronomy, Rutgers University, Piscataway, New Jersey 08854, USA
2Center for Materials Theory, Rutgers University, Piscataway, New Jersey 08854, USA

3Department of Physics, University of Illinois at Urbana-Champaign, Urbana, Illinois 61801, USA

A crucial step for understanding emergent physics of correlated systems is determining whether a
particular model is emergent from ultraviolet physics. So far, a systematic way of detecting emergent
behavior from ab initio calculations has yet to be available in the state-of-the-art model derivation
procedures. In this study, we propose that low-energy emergent physics forms disjoint clusters in
an extended descriptor space beyond just energy cuto! s. Working from highly-accurate many-body
quantum Monte Carlo calculations of the ab initio hydrogen chains, we show that a cluster-based
classiÞcation algorithm can detect a Heisenberg-like emergent subspace using a set of descriptors
of the energy eigenstates. We established explicitly the one-to-one mapping between theab initio
low-energy Hilbert space and the model Hilbert space by matching the local correlations, and thus
the renormalization of the model is directly read o ! . As a result, the ab initio dynamics is nearly
exactly reproduced by the renormalized model.

! yueqing.chang@rutgers.edu   lkwagner@illinois.edu
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Abstract 
 
Recent advances in materials synthesis techniques have enabled the production of oxide materials 
in freestanding two-dimensional membrane form. These freestanding membranes can display 
properties distinct from their thin-film counterparts constrained by substrates. For example, recent 
experiments have shown that ferroelectric oxide membranes, compared to bulk materials, display 
faster switching times and lower switching energies. However, the underlying mechanisms and 
strategies for further optimizing these properties remain largely unexplored. Furthermore, the 
application of mechanical strain has long been employed to modify the properties of ferroelectrics, 
but the introduction of membranes presents unexplored opportunities to design novel strain states 
with different symmetries. In this work, we use density functional theory calculations to explore 
prototypical ferroelectric BaTiO3 in freestanding membrane form. In particular, we systematically 
explore uniaxial, biaxial, and multidirectional strain states and explore how tuning the strain can 
optimize their ferroelectric behavior. These results advance understanding of strain-mediated 
tuning of ferroelectric properties in oxide membranes, providing valuable insights for the design 
and development of next-generation low-power electronic devices. 
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Abstract: 
There is a growing demand for advanced battery electrolytes which possess higher ionic 

conductivity, higher mechanical stability, and biodegradability. In this work, we study the effect of 

pectin loading on the ion transport and grass transition temperature of 1-n-butyl-3-

methylimidazolium hexafluorophosphate [BMIM ][PF6] ionic liquid using molecular dynamics 

simulations. We observed a decrease in the mean squared displacements and diffusion coefficients 

of both cations and anions with pectin loading. Interestingly, the coordination number and ion 

association probability (of finding anions around the cations, and vice-versa) decreases with pectin 

loading implying a higher tendency for the formation of smaller ionic clusters over the large clusters. 

These characteristics favor improved ionic conducting behavior of pectin-loaded [BMIM ][PF6] 

electrolytes. The glass transition temperature also increases with pectin loadings indicating higher 

mechanical stability of battery electrolytes. 

 

   

  

   

 

!"##$%"&'()&*##"+"*',( -'.( /0-%%(,1-'%","&'(,*23*1-,$1* (

 

Keywords: Molecular dynamics simulations, Ionic liquid [BMIM ][PF6], Ion diffusivity, 
Coordination number, Ion association probability, Glass transition temperature. 
 
*Correspondence author: santosh@iitj.ac.in 
 
References: 
[1] Mogurampelly, Santosh, and Venkat Ganesan. "Ion transport in polymerized ionic liquid�±ionic 
liquid blends." Macromolecules 51, no. 23 (2018): 9471-9483. 
[2] Lodge, Timothy P., and Thomas CB McLeish. "Self-concentrations and effective glass transition 
temperatures in polymer blends." Macromolecules 33, no. 14 (2000): 5278-5284. 

32



The ab initio prediction of ARPES signatures for extended systems without
translational symmetry

Drake Niedzielski,1 Brendan Faeth,2 Berit Goodge,3 Mekhola Sinha,4 Tyrel McQueen,4 Lena Kourkoutis,3 and
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The misÞt rare earth rock-salt/transition metal dichalcogenide (TMD) layered heterostructures are an inter-
esting family of quantum materials, but their incommensurate structure resistsab initio study in conventional
supercells. Recent Angle Resolved Photo Emission Spectroscopy (ARPES) experiments on these materials
present their data via a mapping to the Brillouin Zone (BZ) of the TMD layer. However, without periodicity
the BZ is not well deÞned. To understand the experiments we note that ARPES measures, essentially, a
momentum resolved density of states. To compute this quantity, we build on our previously introduced Mis-
matched INterface Theory (MINT) by introducing the concept of an inÞnite sequence of prototype periodic
supercells that converges to the misÞt structure. We show how to extract the ARPES signature from this
sequence and how to accelerate its convergence. We Þnd excellent agreement between our ARPES predictions
and measurements. Interestingly, we Þnd that the apparent charge transfer corresponding to the observed
shift in fermi-level crossing Niobium-d bands is an order of magnitude greater than our computed interlayer
charge transfer. We present a careful analysis of the movement of charge during bonding, Þnding that changes
in valence band hybridization corresponding to re-arranged covalent bonds cause this large apparent doping.
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  Controlling molecular electronic properties with topological phases 
of matter  

Autors: Luis Martinez-Gomez, Raphael F. Ribeiro 

Affiliation: Emory University 

Due to their novel and unique electronic properties, topological phases of matter hold 
great promise for future applications in quantum information, spintronics, and 
thermoelectrics. However, surface interactions of topological insulators and molecules 
have yet to be harnessed for chemical catalysis, and the underlying question of whether 
these new phases of matter can be employed to achieve efficient and selective synthesis 
remains open. In the present work, we study the electron occupancy and electronic 
friction of the LUMO of a molecule adsorbed on a polyacetylene chain in the trivial, 
metallic, and topological phases. We find characteristic signatures of the topological 
phase transition and show that the topological material has a significant advantage and 
robustness over the metallic phase for electron donation into the molecular system. In 
addition, the topological phase provides significant advantages and robustness over the 
metallic for electron donation into the molecular system. This work supports the 
perspective that topological matter offers a promising direction for future applications on 
surface reactions and chemisorption. 
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The first step in data-science-driven materials discovery is to generate databases of the 
electronic structure of materials. Many existing materials databases rely almost exclusively 
upon density functional theory (DFT) engines and often make incorrect predictions for 
quantum materials, especially in those that harbor electron correlation. Because qualitative 
predictions of excited-state properties usually require beyond-DFT methods, various 
advanced methods such as meta-GGAs, hybrid functionals, GW, and dynamical mean-field 
theory (DMFT) have been developed to describe the electronic structure of correlated 
materials. However, the expected accuracy of these methods when applied to a given class of 
materials remains unclear. It is thus of pressing interest to compare their accuracy for 
different types of materials, and at the same time, to build a broad publicly available database 
of the results of beyond-DFT calculations [1-3]. In this talk, I will discuss some of the 
challenges involved in generating such a beyond-DFT database using high-throughput 
computations and show how we have overcome these challenges in our systematic study of 
these methods on various training sets of moderately and strongly correlated materials. 
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