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Nitride perovskites represent an emerging class of functional materials with diverse predicted 

properties but remain underexplored due to the synthesis challenges associated with oxygen-

free nitrides. Among them, LaMoN3 has recently been reported as a polar, oxygen-free nitride 

perovskite exhibiting excellent dynamic stability and ferroelectricity under moderate pressure. 

However, its phase stability, optical response, and carrier dynamics under high pressure remain 

largely unexplored. In this work, we systematically investigate the pressure-dependent 

properties of LaMoN3 up to 40 GPa using first-principles methods-density functional theory 

(DFT), density functional perturbation theory (DFPT), many-body perturbation theory (GၵWၵ 
and Bethe-Salpeter equation), and the tight-binding approximation (TBA). Our results reveal 

that LaMoN3 remains dynamically stable and retains a single-phase structure throughout the 

investigated pressure range. The indirect bandgap decreases from 2.17 eV (0 GPa) to 1.45 eV 

(40 GPa) at the G0W0@PBE level, while the exciton binding energy reduces with pressure, 

enhancing the spectroscopic limited maximum efficiency (SLME). Carrier-phonon coupling, 

analyzed via the Fröhlich model, strengthens with pressure, leading to lower carrier mobility. 

Furthermore, bulk photovoltaic (BPV) and nonlinear optical responses exhibit a nonmonotonic 

pressure dependence, with the shift current density peaking around 15 GPa before declining at 

higher pressures. These findings suggest pressure as a tunable parameter for optimizing optical 

and photovoltaic efficiency. A multi-junction device design is proposed, integrating the 40 GPa 

phase for enhanced linear response and the 15 GPa phase for maximized nonlinear current, 

offering a synergistic route toward high-efficiency photovoltaic devices. 
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2R1 Québec, Canada
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The newly discovered family of non-magnetic Kagome metals AV3Sb5 (A=K,Rb,Cs) provides

a unique platform for exploring the interplay between charge density wave (CDW) order, super-

conductivity, non-trivial topology, and spontaneous time-reversal symmetry breaking [1]. Al-

though characterizing the CDW phase is essential for understanding and modeling these exotic

phenomena, its nature remains unresolved. In this work, we employ first-principles free-energy

calculations, accounting for both ionic kinetic energy and anharmonic effects, to resolve the

atomistic phase diagram of CsV3Sb5 and its charge ordering structure [2]. Our results uncover

that the CDW ground state is formed by reconstructed vanadium Kagome layers in a triangular-

hexagonal pattern, featuring energetically degenerate different stacking orders. This accounts

for the various out-of-plane modulations observed experimentally and supports the coexistence

of multiple domains. The discovered symmetry-broken ground state is consistent with the ab-

sence of any electronic anisotropy in transport experiments. By combining anharmonic phonons

with the calculation of electron-phonon matrix elements, we predict a superconducting critical

temperature for the CDW phase in agreement with experiments, showing that superconductivity

is phonon mediated. These findings not only resolve a long-standing structural puzzle, but also

clarify the impact of the CDW in superconductivity, highlighting its fundamental importance in

shaping the low-temperature quantum phase diagram of Kagome metals.

[1] B. R. Ortiz, L. C. Gomes, J. R. Morey, M. Winiarski, M. Bordelon, J. S. Mangum, I. W. H. Oswald,

J. A. Rodriguez-Rivera, J. R. Neilson, S. D. Wilson, E. Ertekin, T. M. McQueen, and E. S. Toberer,

Physical Review Materials 3, 094407 (2019).

[2] L. Monacelli, R. Bianco, M. Cherubini, M. Calandra, I. Errea, and F. Mauri, Journal of Physics:

Condensed Matter 33, 363001 (2021).
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This work explores the engineering of electronic, magnetic, and elastic properties in
chromium-doped strontium chalcogenides SrX (X = S, Se, Te) using ab initio calcula-
tions, accounting for the Hubbard correction (U) and strain effects. We demonstrate
that Cr doping effectively engineers a robust half-metallic character and stabilizes a fer-
romagnetic ground state, with spin polarization reaching 100% in most configurations.
The engineered ferromagnetic phase is thermodynamically and magnetically stable, as
confirmed by negative formation energies and Curie temperatures well above room tem-
perature, reaching 464 K, 475 K, and 570 K for SrS, SrSe, and SrTe, respectively, at a Cr
concentration of 24%. Strain engineering (2% and 4%) provides an additional degree of
control over the electronic structure, leading to noticeable shifts in the density of states
and band-gap reduction, while simultaneously strengthening magnetic interactions and
preserving half-metallicity. From a mechanical engineering perspective, Cr-doped SrS ex-
hibits high elastic moduli, making it suitable for mechanically robust spintronic devices
and spin filters. Cr-doped SrSe offers a balanced combination of strength and ductility,
making it promising for magnetic tunnel junctions in MRAM technologies. Meanwhile,
Cr-doped SrTe shows enhanced ductility and deformability, enabling flexible spintronic
devices such as SpinFETs. Overall, this study highlights how chemical doping and strain
engineering can be employed to tailor ferromagnetism and mechanical properties, posi-
tioning Cr-doped SrX compounds as versatile candidates for next-generation spintronic
applications.

[1] A. Amahouch, R. A. Laamara, L. B. Drissi, Phys. Scr. 100, 065924 (2025).
[2] N. Hamidane, H. Baaziz, H. Y. Ocak, K. Baddari, Ş. Uğur, G. Uğur, Z. Charifi, J. Supercond.

Nov. Magn. 33, 3263–3272 (2020).
[3] S. Haireche, S. Douakh, M. Elbaa, M. Bouchenafa, K. Meliani, Physica B 696, 416610

(2025).
[4] K. Kaur, A. Rani, Appl. Phys. A 123, 791 (2017).
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Thermoelectric materials could help turn waste heat into electricity, but their efficiency is often 

limited  by low ZT values. Here, we present a comprehensive computational investigation of KCdP, a 

quasi-two-dimensional 

layered compound, 

leveraging first-principles 

calculations and Boltzmann 

transport theory to unravel 

its thermoelectric potential. 

Structural and mechanical 

analyses reveal KCdP’s 
ductile nature, underpinned 

by mixed ionic-covalent 

bonding, while electronic 

structure studies highlight 

anisotropic conduction with 

multi-valley valence band 

maxima-features conducive 

to high Seebeck coefficients 

and electrical conductivity. Phonon transport calculations, incorporating three-phonon scattering and 

wave-like tunneling effects, demonstrate exceptionally low lattice thermal conductivity (0.89׽ W m−1 

K−1 at 900 K), driven by strong anharmonicity evidenced by large Gr¨uneisen parameters. Carrier 

relaxation time analysis further confirms favorable charge transport properties under p-type doping. 

Remarkably, KCdP achieves a ZT exceeding 1.0 in the intermediate-temperature regime, positioning it 

as a compelling candidate for efficient thermoelectric energy conversion. This work underscores the 

potential of engineered quasi-2D materials to bridge the gap between theoretical promise and practical 

applications in waste-heat recovery technologies. KCdP exhibits pronounced anisotropy in 

thermoelectric performance, achieving maximum efficiencies of 20.24% and 2.38% for p-type doping 

and 6.34% and 2.27% for n-type doping along the x and z directions, respectively, highlighting the 

crucial role of crystallographic orientation in device optimization. 
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When a superconductor is placed in contact with a normal material, Cooper pairs penetrate

the latter and induce superconductivity via the proximity effect [1, 2]. Despite its central role

in quantum materials, superconducting devices and topological platforms, a predictive first-

principles description of the proximity effect at realistic interfaces has remained computation-

ally prohibitive so far. Here, we fill this gap by developing a Green’s-function framework based

on real-space dynamical embedding that enables first-principles simulations of superconducting

proximity in mesoscopic systems [3]. We show that the proximity effect admits a transparent

diagrammatic formulation in terms of normal and anomalous embedding self-energies, which

disentangle and quantify the distinct renormalization mechanisms generated by coupling to a

superconducting bath. By combining this formalism with recursive schemes [4, 5], we com-

pute local spectral functions and proximity lengths extending over hundreds of nanometers into

the bulk without resorting to thick interface slabs. We deploy the approach on tight-binding

models (Qi-Hughes-Zhang [6] and Fu-Kane-Mele [7]), where we analyze mixed-parity super-

conductivity in topological insulators proximitized by s-wave superconductors, and on first-

principles simulations of NbSe2/CrBr3 heterostructures [8] based on density-functional the-

ory and maximally-localized Wannier functions. Our work provides a scalable and conceptu-

ally unified framework that bridges microscopic electronic structure and mesoscale proximity

physics, enabling predictive atomistic simulations of superconducting interfaces.

[1] R. Holm and W. Meissner, Zeitschrift für Physik 74, 715 (1932)

[2] A. F. Andreev, Zh. Eksperim. i Teor. Fiz. Vol: 46 (1964)

[3] N. Baù, M. Dowlatabadi, T. Chiarotti, M. Capone, and A. Marrazzo, (in preparation)

[4] M. P. L. Sancho, J. M. L. Sancho, and J. Rubio, Journal of Physics F: Metal Physics 14, 1205 (1984)

[5] M. P. L. Sancho, J. M. L. Sancho, J. M. L. Sancho, and J. Rubio, Journal of Physics F: Metal Physics

15, 851 (1985)

[6] X. L. Qi, T. L. Hughes, and S. C. Zhang, Phys. Rev. B 82, 184516 (2010)

[7] L. Fu, C. L. Kane, and E. J. Mele, Phys. Rev. Lett. 98, 106803 (2007)

[8] S. Kezilebieke, M. N. Huda, V. Vaňo, M. Aapro, S. C. Ganguli, O. J. Silveira, S. Glodzik, A. S.

Foster, T. Ojanen, and P. Liljeroth, Nature 588, 424 (2020)
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Density functional theory (DFT) is one of the most widely used methods for first-principles (ab initio) 
calculations in condensed matter and molecular systems, and has proven highly successful in 
predicting material properties in close agreement with experimental observations [1]. Among these, 
the degree of electronic localization is particularly important in disordered systems, such as defected 
crystals and amorphous materials, and it plays a central role in the study of insulators, metals, and 
semiconductors [2]. 

In the materials science and chemistry communities, several tools are commonly used to analyze 
electronic localization based on the electron density, including the electron localization function (ELF) 
and the inverse participation ratio (IPR) [3]. These approaches are typically implemented as 
post-processing techniques within the DFT framework to quantify localization on a given scale. 
However, methods such as the IPR often require additional data processing steps, such as the 
generation of real-space electronic density files, which increases both computational cost and 
analysis complexity. 

In this context, we propose a method to characterize localized states in crystalline materials and 
amorphous semiconductors based on the self-interaction (SI) contribution to the Hartree energy within 
DFT. Self-interaction remains in the Hartree term due to the use of the total electronic density in 
self-consistent field calculations, and it refers to the unphysical interaction of an electron with itself in a 
periodic system. This contribution increases for localized states, while remaining minimal for extended 
(bulk-like) states. By normalizing the SI of a given state with respect to that of a bulk reference state, 
we define a dimensionless parameter that quantifies localization: values close to 1 correspond to fully 
delocalized states, whereas values greater than 1 indicate increasing localization [4]. A key advantage 
of this approach is its orbital-level description, which enables a detailed analysis of localization across 
different material phases, particularly near the band edges. 

In this work, we present an efficient and scalable implementation of the normalized SI method within 
the Quantum ESPRESSO framework. We demonstrate its performance through simulations of 
isolated vacancies, divacancies, and amorphous systems using supercells containing up to 998 
atoms, and we evaluate convergence with respect to supercell size in large-scale DFT calculations. 
Additionally, we examine vacancy–vacancy interactions to gain insight into defect clustering 
mechanisms. This implementation provides a practical and accessible tool for identifying localized 
states, significantly reducing the effort required for subsequent electronic structure analyses. 

 
[1] Benjamin J. Morgan and Graeme W. Watson. Phys. Rev. B 80, 233102 (2009). 
[2] Fan, Applied Sciences 15, 10.3390/app15169110 (2025).  
[3] D. Thouless, Physics Reports 13, 93 (1974). 
[4] L. Martin-Samos, G. Bussi, A. Ruini, E. Molinari, and M. Caldas,Phys. Rev. B 81, 081202 (2010). 
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Recent studies proposed a new approach to study the topological phase transitions, based on the

assessment of the vibrational resonances in the infrared spectrum [1]. Specifically, within the

Haldane model —a prototypical 2D topological insulator— the Born effective charges, quan-

tifying the intensity of vibrational resonances, exhibit a discontinuous jump at the topological

phase transition. This result is obtained by exploiting the connection between the electronic and

vibrational responses at the band edges [2].

The effects of the metallic edge states on the infrared response in topologically non trivial states

of the Haldane model are addressed using two different 2D systems: a finite size model with

open boundary conditions [3][4], and a ribbon with a single periodic direction. In both cases the

value of the Born effective charges differs from the one obtained in the infinite crystal only near

the surface, remaining always finite; this surface effect decays exponentially inside the system,

where the Born effective charges match the behaviour seen in periodic system. In the ribbon, the

longitudinal electronic conductivity along the period direction displays the signature of a Drude

peak, due the presence of the metallic surface states in the topological phase. Nevertheless,

the metallic states does not compromise the visibility of the vibrational fingerprints on the full

infrared absorption spectrum, confirming their role as a probe for the topological phase also for

real finite system.

For instance, the result of this work could provide alternative method based on the optical

response for studying the properties of topologically nontrivial Germanane nanoribbons [5].
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Abstract 

Systematic theoretical research of the half-Heusler compound FeCeBi was carried out using 

first-principles calculations on density functional theory (DFT) here. Three candidate crystal 

structures were studied; of which it was found that the ground-state most stable configuration 

was the Į-phase in the ferromagnetic (FM) state. Electronic band structure computations 

verified that FeCeBi is an ideal half-metal with a semiconducting gap in the spin-up channel 

and metallic behavior in the spin-down channel and hence it is highly potential for spintronic 

devices. Elastic properties such as elastic constants (C11, C12, C44) confirmed mechanical 

stability based on Born-Huang criteria. Other mechanical indicators such as the ratio B/G and 

Poisson's ratio indicated a good balance of ductility and stiffness. Additionally, the electronic 

structure was determined to be structurally deformed sensitive; when compressed, the band gap 

expands, while it reduces with dilatation. This tunability makes it easy to adapt FeCeBi to 

specific applications. Optical study revealed spin-dependent effects, further confirming the 

compound's asymmetric half-metallic character. Generally, the results demonstrate that FeCeBi 

is a very suitable material candidate for future spintronic and multifunctional device 

technologies. 

Keywords: Half-Heusler FeCeBi; Mechanical properties; Dilatation and compression; 

Optical properties; Thermodynamic properties. 
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Strong Electron-Phonon Coupling via Rigid Shifts and
Reservoir Pinning

J. Cabezas-Escares1, Francisco Muñoz1, Manuel Fuenzalida1, Andrea León1,

Paula Mellado2
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2Faculty of Engineering and Sciences, University Adolfo Ibañez, Chile.

We study the MgB2-derived two-dimensional superconductor H–MgB2 [1] as a gedanken-

experiment designed to isolate pairing mechanisms that differ from those of bulk MgB2.
This system provides a controlled computational testbed to identify transferable physical
principles that may emerge in chemically stable 2D materials.

Using first-principles calculations, we show that strong electron–phonon coupling is
dominated by zone-center (Γ-point) phonons that conserve crystal momentum. Rather
than driving a nesting-induced instability, these modes enhance coupling through two
key effects: (i) they break the equivalence between M and M

′, splitting the Van Hove
singularity via anisotropic hopping renormalization; and (ii) they produce rigid-like shifts
of bands near the Fermi level without generating new hybridized states. As a result, the
overall Fermi-surface connectivity is preserved, with no Brillouin-zone folding or Fermi-
surface reconstruction.

To rationalize these trends, we develop a minimal tight-binding model capturing the
interplay between charge transfer and electronic reordering, and benchmark it against
DFT. The combined action of phonon-driven vHS splitting and phonon-assisted band
filling provides a coherent microscopic picture for robust coupling in this simplified 2D
platform.

[1] Phys. Rev. Lett. 123, 077001, 2019.

P12



 Impurity Effects and Polaronic Behavior in Ni-Doped SnOၷ: Bridging Experiment and 
First-Principles Theory 

Younes Chrafih 1 , Mohamed Ait Oufakir 1 , and Khalid Rahmani2 
 

  Ǥ݋ܿܿܿ݋ݎ݋ܯ ǡݐܾܴܽܽ ݊݅ ݕݐ݅ݏݎ݁ݒܷ݅݊ ܸ ݄݀݁݉݉ܽ݋ܯ ǡ݁ܿ݊݁݅ܿܵ ݂݋ ݕݐ݈ݑܿܽܨ ݊݋݅ݐ݈ܽݑ݉݅ݏ ݀݊ܽ ݈݃݊݅݁݀݋݄݉݁݌ܮ11
2 ENS,  Mohammed V University in Rabat, Morroco.  

  
We investigated the effect of nickel (Ni) doping on the structural, morphological, and 

optoelectronic properties of SnOၷ, combining experimental characterization and first-

principles simulations. Ni was incorporated at concentrations of 1%, 2%, 3%, 4%, and 

5% to systematically probe its role as an impurity in the SnOၷ lattice. Experimentally, 

X-ray diffraction and electron microscopy revealed modifications in crystallite size and 

surface morphology with increasing Ni content. Optical measurements indicated 

changes in the band gap and absorption properties, suggesting tuning of electronic states 

by Ni incorporation. These experimental results were validated and interpreted through 

density functional theory (DFT) calculations, which provided insights into the 

formation energies, electronic density of states, and potential polaronic effects induced 

by Ni impurities. Our combined approach elucidates how controlled Ni doping 

modulates the electronic structure and optoelectronic performance of SnOၷ, offering 

guidance for designing oxide-based functional materials for applications such as 

electron transport layers in photovoltaic devices.  

  
[1] Younes Chrafih, Mohamed Al-Hattab, Lhoucine Moudou, Jamal Guerroum, Khalid Rahmani, 

and Omar Bajjou. Numerical analysis of bragg reflection spectra of gaas/algaas super-layers 

depending on hydrostatic pressure. Journal of Optics, pages 1–7, Mar 2024.  

  

[2] M. Al-Hattab, E. Oublal, M. Sahal, L. Moudou, O. Bajjou, and K. Rahmani. Simulation study 

of the novel ag2mgsn(s/se)4 chalcogenide tandem solar device employing monolithically integrated 

(2t) configurations. Solar Energy, 248:221–229, 2022.  
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Tight-Binding Modelling for the Phonon-Guided Generation of Hot
Carriers
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In the field of photocatalysis, metallic nanoparticles (NPs) stand as ideal candidates to induce

chemical reactions in molecular adsorbates [1]. A direct illumination at specific frequencies

generates plasmons on the NP surface. Their decay can then lead to the formation of hot elec-

trons and/or hot holes under the Landau damping process, which, when transferred to the ad-

sorbates, modifies the activation profiles [2, 3].

Another non-radiative decay pathway involves the vibrational excitation of the NP phonon

modes. While this process is usually perceived as a cause of energy loss, it can also lead to

a vibrational transfer to the adsorbate, thus potentially opening different reaction routes. To

model these phonon-guided processes, we need to describe electron-phonon interactions within

the metallic NPs.

In this work, we seek to perform a tight-binding parametrization of the electronic band structure

for systems featuring small atomic displacements away from equilibrium, in order to obtain a

description of electron-phonon coupling [4]. We will present the fitting of the Slater-Koster pa-

rameters to density functional theory calculations for non-ideal bulk structures such as strained

crystals, and the validation of whether such Hamiltonians can accurately describe electron-

phonon coupling.

[1] S. Linic, P. Christopher, D. B. Ingram, Nat. Mat. 10, 911–921 (2011).

[2] J. B. Khurgin, Faraday Discuss. 214, 35-58 (2019).

[3] T. Olsen, J. Schiøtz, Phys. Rev. Lett. 103, 238301 (2009).

[4] Y. W. Choi, H. J. Choi, Phys. Rev. B 98, 241412(R) (2018).
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Abstract 

Using density functional theory (DFT), this study investigates the structural, electronic, 

optical, and thermoelectric properties of halide double perovskites Cs2RbAuX6 (X = Cl, F). 

The aim is to assess the viability of these materials for next-generation optoelectronic and 

energy applications and to elucidate the influence of halogen substitution on their 

multifunctional behavior. Structural stability was verified using the Birch-Murnaghan 

equation of state combined with total energy minimization. Electronic band structure 

calculations reveal spin-polarized semiconducting behavior, with halogen choice significantly 

affecting band gaps. Optical studies demonstrate strong ultraviolet absorption, particularly in 

Cs2RbAuCl6, suggesting potential use in UV detectors. Thermoelectric analysis indicates that 

Cs2RbAuF6 exhibits a higher Seebeck coefficient and figure of merit (ZT), highlighting its 

promise for thermal energy harvesting. These results underscore the tunability of these 

materials for tailored applications. 

Keywords: DFT; Spin-polarized semiconductor; Electronic properties; Optical properties; 

Thermoelectric properties. 

. 
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Optical properties, Electron-phonon coupling and Spin fluctuations in 2D Quantum 
Materials  

Suvadip Das  
Assistant Professor, Birla Institute of Technology & Science Pilani Hyderabad 

                                  
  
Abstract  

  

Two-dimensional quantum materials such as MoSe2, and other transition metal dichalcogenides (TMDs) are reputed for 
atomically thin spintronic, valleytronic and quantum spin Hall devices. With the advent of quantum computing and 
superconducting devices, an exploration into the topological manifestation in 2D materials have been deemed 
indispensable. Functional two-dimensional materials are promising for advanced atomically thin electronic and 
optoelectronic devices, such as light emitting diodes (LEDs), ultrathin solar cells, and valleytronic devices. Recently, atomic 
layers of ơ-PbO and hexagonal Si/Ge  have been successfully grown using micromechanical and sonochemical exfoliation. 
We performed first-principles calculations based on density functional theory and many-body perturbation theory to 
investigate the electronic and optical properties (utilizing the GW and BSE methodology) of monolayer, bilayer, and bulk 
litharge ơ-PbO. Further, we have investigated the phonon lifetimes and linewidths, Gruneisen parameters and Raman 
modes in layered hexagonal phases of Si/Ge . A latest addition to the landscape of exotic 2D materials pertains to the 
discovery of not yet foretold superconducting state in monolayers of NbSe2 dubbed ‘Ising superconductivity’. In our study, 
we have investigated the energetics, magnetic moment and fully q-dependent spin susceptibility in order to pin point the 
location of the ferromagnetic instability in the Brillouin Zone of this material. This involves our methodology of inverting 
the random-phase approximation, and utilization of first principles calculations artificially stabilized by Hubbard 
interactions and spin-spiral calculations for evaluation of the fluctuation renormalized spin susceptibility. Finally the role 
of spin fluctuations and electron phonon coupling  in determining the superconducting order parameter for the newly 
popular 2D Ising superconductor NbSe2 will be discussed. 
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Antiferromagnetic bilayers are said to be A-type when spins align ferromagnetically within
each layer but point in opposite directions in the two layers, resulting in a zero net
magnetization. The opposite orientation of majority spins in the two layers strongly
suppresses interlayer hopping and the electronic structure is not afected signiicantly
by a change in interlayer distance. Nonetheless, an external magnetic ield can drive
a metamagnetic transition into a fully ferromagnetic state, where spins in both layers
are parallel, so that interlayer hopping is possible and energy bands are sensitive to the
separation between the layers. This diference can be exploited to manipulate the energy
bands of an A-type antiferromagnetic bilayer by means of the combined efect of pressure
and magnetic ield. Here we consider bilayer CrSBr as a prototypical example and show
using irst-principles simulations that pressure afects the interlayer distance, enhancing
the interlayer hopping in the ferromagnetic state, and eventually closes the energy gap,
inducing a topological phase transition. Remarkably, depending on the magnetization
direction it is possible to tune the system either in a quantum anomalous Hall insulating
state when spins are out-of-plane or into a half Chern-Weyl semimetallic phase when
spins are in-plane, with the emergence in both cases of topological edge states. We expect
this phenomenon to be general to A-type antiferromagnetic bilayers, opening interesting
perspectives on the manipulation of their topological character towards applications in
spintronics and quantum computation.

We acknowledge support from the project PNRR-M4C2INV1.5, NextGenerationEU-
Avviso 3277/2021-ECS_00000033-ECOSISTER-spk6.
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Our theoretical project aims at opening new ways to improve the thermoelectric efficiency of 

materials, by exploring the phonon drag effect, which arises from the momentum transfer (or 

drag)  between  the  out-of-equilibrium  phonon  and  electron  populations,  and  which  is 

responsible  for  the  strong  increase  in  Seebeck  and  Peltier  coefficients  of  thermoelectric 

materials at low temperature.

In this poster, we present our recent theoretical work on the phonon-drag effect in silicon 

nanostructures [1]. We then discuss how the presence of a substrate can shift the temperature 

range in which the phonon-drag contribution becomes significant. To support this idea, we 

present experimental findings that corroborate this behavior [2].

Motivated by these observations,  our ultimate goal  is  to develop a numerical  framework 

capable  of  describing  the  coupled  transport  of  charge  and  heat  carriers  at  the  interface 

between  a  conducting  system  and  a  substrate  acting  as  a  phonon  bath,  with  particular 

emphasis on the phonon-drag effect. In this poster session, we present our main preliminary 

theoretical results.

[1] A. Author, B. Coauthor, J. Sci. Res. 13, 1357 (2012).

[2] A. Author, B. Coauthor, J. Sci. Res. 17, 7531 (2013).
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Belgrade, Pregrevica 118, Belgrade, 11080, Belgrade, Serbia 

Naturally occurring phyllosilicates such as talc and kaolinite-type minerals constitute an 

important class of intrinsic layered materials and can be regarded as natural analogues of two-

dimensional (2D) systems. Owing to their sheet-like crystal architecture, these materials exhibit 

strong in-plane bonding and direction-dependent physical properties, making them attractive 

platforms for studying low-dimensional behavior in naturally occurring compounds. 

The crystal structures of phyllosilicates are built from tetrahedral (T) sheets composed of SiOၹ 
units and octahedral (O) sheets containing metal-centered octahedra. In kaolinite-type 

minerals, individual layers consist of a single tetrahedral sheet bonded to an octahedral sheet 

(T–O), whereas talc adopts a 2:1 layered structure in which an octahedral sheet is sandwiched 

between two tetrahedral sheets (T–O–T) [1]. These distinct stacking motifs lead to different 

interlayer bonding mechanisms and govern the degree of coupling between adjacent layers. 

In this work, we investigate the electronic properties of layered phyllosilicates, focusing 

primarily on talc and kaolinite-type minerals. The calculated electronic band structures reveal 

wide band gaps at the PBE level and a strong dependence of band dispersion on the layered 

crystal architecture. Differences between talc and kaolinite-type minerals arise from their 

distinct stacking arrangements and interlayer interactions, which directly influence electronic 

anisotropy and interlayer coupling. 

First-principles calculations were carried out using the Quantum ESPRESSO package [2], 

based on density functional theory with plane-wave basis sets and ultrasoft pseudopotentials. 

Exchange–correlation interactions were treated using the PBE generalized gradient 

approximation, and Grimme-D2 van der Waals corrections were included to properly account 

for interlayer interactions. 

These results provide fundamental insight into how naturally occurring layered silicates behave 

at the electronic-structure level. Their intrinsic two-dimensional building blocks, combined 

with structural diversity and tunable electronic characteristics through defects, doping, or layer 

engineering, make talc and kaolinite-type minerals promising candidates for use in van der 

Waals heterostructures, dielectric layers, and as substrates for two-dimensional electronic and 

optoelectronic systems. More broadly, this study establishes naturally layered phyllosilicates 

as a versatile platform for exploring structure–property relationships in low-dimensional 

materials. 

[1] L. Filipovic, A. Solajic, J.Pesic, First Principle Investigation of the Optical Properties of Layered 

Phyllosilicates, Submitted 

[2] Giannozzi P et al. J Phys Condens Matter. 30;21(39):395502 (2009) 
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DFT+GW approach for calculating Charge Transition Levels Accurately
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Using a combined density functional theory (DFT) and GW formalism, we study the electronic

structure and charge transition levels (CTLs) of oxygen vacancy defects in m-ZrO2. The CTLs

are calculated using two paths and employing electrostatic corrections due to localized charge

at the defect site. We find +1/0 CTL is at 3.48 eV (2.50 eV) and +2/+1 CTL is at 1.92 eV (0.98

eV) for 3-fold (4-fold) oxygen vacancy in m-ZrO2. We also describe a relaxation mechanism

of atoms near an oxygen vacancy site. Finally, we compare the calculated CTLs using only

density functional theory and the combined approach of both density functional theory and GW

method with appropriate electrostatic corrections. Our results agree well with the experimental

findings of electronic trap level in m-ZrO2
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Observation of Momentum Forbidden Γ-K Exciton in a MoS2 -

CrCl3 Heterostructure

Susmita Jana and B.R.K. Nanda

Center for Atomistic Modelling and Materials Design,

Indian Institute of Technology Madras, Chennai-600036, India

Hybrid excitons in a type-II magnetic-nonmagnetic van der Waals heterostructure are

the foundation to examine magnetic proximity interactions leading to significant interlayer

coupling and emergent quasiparticles in these materials. Such excitons are being observed

at a lower energy spectrum than their constituent parent materials due to electronic band

offset and magnetism induced high coulomb interaction. Here we are presenting nontrivial

approach to observe momentum forbidden Γ-K hybrid exciton with comparable PL intensity

in a planar magnetic substrate and MoS2 monolayer. We have thoroughly investigated the

role of band hybridization involved in this process. The optical hybridization opens a new

way by modifying the spin textures and breaking the symmetry at the interface which will

offer a gateway for this material to use in various spin and optoelectronic devices. We found

zero polarization of this Γ-K hybrid exciton contributing to the involvement of Γ and K valley

and extended lifetime of this exciton provide validation towards its momentum dark nature.

Further through the lifetime calculations, we have demonstrated that this newly formed

state is the energetically most favourable state than the conventional K-K exciton. This

interfacial engineering approach facilitates a new degree of control for studying correlated

excitonic phenomenon in two dimensional heterostructures.

1
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Thermoelectric materials have great potential to mitigate environmental damage by con-
verting the wasted heat generated from fossil fuel combustion into electrical energy [1].
Their efficiency depends on achieving high electrical conductivity while minimizing phononic
transport. The occurrence of low phonon transport and high electrical transport is a rare
phenomenon in crystalline semiconductors [2]. In this work, using first-principles density
functional theory calculations, Boltzmann transport theory and explicit consideration of
phonon-phonon and electron-phonon interactions, we study BaCuGdTe3, a layered qua-
ternary chalcogenide semiconductor, which exhibits high electrical transport properties
and exceptionally low lattice thermal conductivity [3].

While studying the electron-phonon interactions, the fully iterative solution becomes
computationally expensive due to the requirement of very dense momentum grids, es-
pecially for such large systems with 12 atoms in the unit cell. Even with the use of
maximally localized Wannier functions, such large systems have not yet been widely re-
ported [4, 5]. Therefore, to gain physical insight into the electron–phonon interaction, we
used models for the relevant scattering mechanisms, in which the electron–phonon ma-
trix elements depend only on intrinsic material properties [6]. We separately considered
acoustic deformation potential scattering, piezoelectric scattering, polar optical phonon
scattering, and ionized impurity scattering. The total scattering rates were then obtained
using Matthiessen’s rule and used to calculate the electronic transport properties. We
showed that this compound has excellent electrical transport properties due to strong
covalent bonding within its layers. Along with that BaCuGdTe3 show ultralow lattice
thermal conductivity due to the layered structure and local distortions present in the
compound that strongly suppress acoustic phonon modes, reducing phonon group veloc-
ities and enhancing phonon scattering rates. These characteristics make BaCuGdTe3 a
highly promising candidate for thermoelectric applications with a high figure of merit at
modest carrier concentrations and temperatures.

[1] L. E. Bell, Science 321, 1457 (2008).
[2] G. A. Slack, Mater. Res. Soc. Symp. Proc. 478, 47 (1997).
[3] J. Duhan, C. Wolverton, and K. Pal, Phys. Rev. Applied 24, L041003 (2025).
[4] H. Lee, et al., npj Computational Materials 9, 156 (2023).
[5] S. Poncé, F. Macheda, E. R. Margine, N. Marzari, N. Bonini, and F. Giustino, Phys. Rev.

Research 3 043022 (2021).
[6] A. M. Ganose, J. Park, A. Faghaninia, R. Woods-Robinson, K. A. Persson, and A. Jain,

Nature communications 12, 2222 (2021).
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First-principles phonon self-energy including one-electron-two-phonon
coupling
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We derive the phonon self-energy including both one-electron–one-phonon and one-electron–two-

phonon interaction vertices, with all couplings obtained from first-principles calculations. The

full self-energy matrix, including off-diagonal terms, is computed and evaluated on-shell. We

find that the two-phonon contribution grows with temperature and significantly affects the

phonon renormalization at high temperatures. Results for LiF and CsPbBr3 demonstrate the

quantitative impact of the two-phonon processes on phonon energies and linewidths.
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Transition from Population to Coherence-dominated Non-diffusive
Thermal Transport

Laurenz Kremeyer1, Bradley J. Siwick1,2, and Samuel Huberman1,3
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Deviations from diffusive heat transport in high thermal conductivity crystalline insulators are

generally understood within the framework of the phonon Boltzmann Transport Equation. How-

ever, for low thermal conductivity materials with large primitive cells or strong anharmonicity,

the recently developed Wigner Transport Equation is more appropriate as it includes tunnelling

between overlapping phonon bands. In this work, via solutions to the Wigner Transport Equa-

tion, we develop a scheme to obtain the dynamics of the phonon populations and coherences

as a function of an arbitrary heat source. The approach is applied to predict size effects and

dynamical thermal conductivities in CsPbBr3 and La2Zr2O7 using first-principles data as input.

We predict significant deviations from the bulk thermal conductivity in these materials at length

scales on the order of hundreds of nanometers to a few microns at room temperature, well within

the reach of direct observation using current experimental techniques.
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The thermoelectric transport properties of materials are governed by electron–phonon 

scattering, including both polar and nonpolar interactions, as well as electron scattering from 

ionized impurities. Using the EPW formalism, we computed the electron–phonon coupling 

matrix elements for several half-Heusler compounds and extracted the deformation potentials 

associated with acoustic and nonpolar scattering mechanisms. Furthermore, employing an 

advanced Boltzmann transport solver as implemented in ElecTra  [1], which explicitly 

accounts for electronic scattering arising from all relevant phonon modes and ionized 

impurities, we calculated their Seebeck coefficient, electrical conductivity, and power factor 

 [2]. In addition, we are developing an approach to extract deformation potentials for doped 

and alloyed systems using EPW. This methodology, when integrated within ElecTra, enables 

the prediction of thermoelectric transport properties in experimentally realizable doped 

materials while significantly reducing the computational cost compared to fully first-

principles transport calculations. We believe the school will provide substantial help to the 

aims of our project. 

 

References: 

[1] P. Graziosi, Z. Li, and N. Neophytou, ElecTra Code: Full-Band Electronic Transport 

Properties of Materials, Computer Physics Communications 287, 108670 (2023). 

[2] R. Dutt, B. Sahni, Y. Zhao, Y. Go, S. E. A. Akhtar, A. Kumar, S. Kukreti, P. Graziosi, 

Z. Li, and N. Neophytou, Carrier Scattering Considerations and Thermoelectric 

Power Factor of Half-Heuslers, J. Mater. Chem. A (2026). 
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GeೋSnၶႀೋOၷ alloys have recently attracted attention as candidate ultra-wide bandgap (UWBG) 

materials for power electronics due to their predicted ambipolar dopability, high carrier 

mobilities, and high thermal conductivity. Experiments show that these alloys can be grown 

as thin films over a wide composition range, have carrier mobilities that are insensitive to 

alloy disorder at low Ge content, and exhibit breakdown fields as high as 7.0 ± 1.4ௗMV/cm 

[1]. In this study, we perform a comprehensive investigation of the thermodynamic stability, 

structural parameters, and electronic properties of GeೋSnၶႀೋOၷ alloys using first-principles 

atomistic calculations. Our thermodynamic calculations show that these alloys can be 

approximated as random solid solutions across all compositions; we also demonstrate that 

coherency strain during epitaxial growth substantially alters phase stability, suppressing the 

miscibility gap and critical temperature, consistent with the high solubilities observed 

experimentally. Calculated lattice parameters exhibit a nearly linear dependence on 

composition, consistent with Vegard’s law and experimental measurements. We find a direct 

band gap at the ī-point ranging from ~3.6 eV in SnOၷ to ~4.7 eV in GeOၷ, with strong 

compositional bowing and light carrier effective masses. The calculated bandgaps in the Sn-

rich region show a ~200 meV difference between thin films and bulk alloys, and we explore 

possible causes such as compressive strain and interfacial effects from the substrates. The 

band dispersions and anisotropic carrier effective masses provide key inputs for future first-

principles electron–phonon coupling and carrier transport calculations using Wannier 

interpolation methods. Optical absorption results for the 50% alloy reveal that local alloy 

disorder relaxes the dipole-forbidden character of the fundamental gaps in the binaries with 

polarization-dependent transition strength. Our results reveal the thermodynamic origin of the 

metastability of GeೋSnၶႀೋOၷ thin films and highlight their potential for ultra-wide-bandgap 

optoelectronics and power electronics applications [2]. 

 

 

[1] U. Mansur et al., Phys. Status Solidi A, 202501029 (2026). 

[2] Müller et al., arXiv:2601.12184, https://doi.org/10.48550/arXiv.2601.12184. 

+Author for correspondence: akurbay@umich.edu. 
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Ab initio modeling of defects and polarons in Barium Titanate
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Ferroelectric oxides, such as lithium niobate (LNO) or barium titanate (BTO), are
excellent candidates as building blocks of electro-optic modulators based on the Pockels
effect due to their large electro-optic (EO) response. For a given material, the latter
describes the change in refractive index with respect to the magnitude of the electric
field applied to it. Hence, in the case of a strong EO response, the distance required
for the phase of an optical signal to be modulated becomes shorter. While LNO is the
current industrial standard, BTO exhibits a much larger Pockels effect, ∼ 1000 pm/V [1]
vs. ∼ 30 pm/V for LNO. However, the EO response of BTO can be significantly altered
by crystal imperfections, e.g., defects or impurities. To the best of our knowledge, no
comprehensive study has been carried out to elucidate the impact of different defects on
the EO performance of BTO and similar materials.

In this work, we fill this gap by comparing photoluminescence measurements of BTO
samples with ab initio calculations of atomic structures containing various types of de-
fects. Information about the band gap and in-gap optical transitions of the materials
examined can be derived from the photoluminescence measurements. These optical tran-
sitions can then be correlated with the presence of different defects and possibly polaron
states. Existing studies have mainly focused on cathodoluminescence measurements of
BTO ceramic powders, which differ from our experiments in both the material composi-
tion and the measured energy range. As epitaxial BTO thin films, not ceramic powders,
are of practical interest to design electro-optic modulators, we have developed a reference
model to explain the optical transitions of this specific material. Our approach relies
on density functional theory (DFT), as implemented in the Quantum Espresso package,
to first create atomic systems with defects, e.g., oxygen or barium vacancies, and then
compute their electronic bandstructure and optical transition energies as functions of the
defect formation energies and charge state. The analysis has been expanded by also con-
sidering the presence of polarons through electron-phonon interactions using the EPW

software. One of our major objectives consists of shedding light on the polaron proper-
ties in BTO, in particular, on their formation energy, relative position with respect to
the band edges, and displacements. Next, we will determine the Pockels response of the
optimized structures including both defects and polarons. This will pave the way for a
better understanding of these effects on the EO response of BTO.

[1] S. Abel, F. Eltes, J.E. Ortmann, et al., Nat. Mater. 18, 42 (2019).
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We investigate the atomic and electronic structures of AZnBi2 (A = Ca, Sr, Ba) family of 

material using first-principles density functional theory. The material class shows interesting 

band structures around the Fermi energy, mainly derived from the Bi-square net. Moreover, 

as the A-site cation radius increases, the space group of the ground-state atomic structure 

changes from P4/nmm to I4/mmm space group, with associated changes in the A-site 

coordination around the Bi square net. Focusing on the evolution of the band structures due to 

the change in A-site coordination, we find that in the absence of spin-orbit coupling, either 

Dirac point or nodal line structures emerge along the ī-M high symmetry line, which in turn 

are gapped by spin-orbit coupling. In contrast, the degeneracy at the X-point is protected by 

the non-symmorphic symmetry of the P4/nmm structure, even in the presence of the spin-

orbit coupling, enforcing the semimetal phase. Our work shows the role of the symmetry that 

dictates the band crossings around the Fermi energy and protects the metallic phase for the 

P4/nmm structure with non-symmorphic symmetry, which is determined by the A-site 

coordination around the Bi square net 
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The ongoing search for two-dimensional (2D) materials often aims to combine the exceptional
charge carrier mobility of graphene with a finite bandgap, a crucial requirement for novel elec-
tronic and optoelectronic applications. This work presents a comprehensive first-principles study
of g-C6N6 (graphitic heptazine-based carbon nitride), a 2D organic direct-gap semiconductor
characterized by a porous Kagome-like lattice geometry. Through a rigorous computational ap-
proach combining Density Functional Theory (DFT), Density Functional Perturbation Theory
(DFPT), and the Boltzmann Transport Equation (BTE), we investigate the structural, elec-
tronic, optical, vibrational, and transport properties of this material.
Our electronic structure calculations reveal that g-C6N6 exhibits a direct bandgap at the K point
of the Brillouin zone. Remarkably, the band structure hosts both highly dispersive Dirac cones in
the conduction band (ensuring high carrier mobility) and nearly flat bands in the valence region,
which promote electronic localization and strong many-body correlations. Optical property
analysis using a scissor operator on the energy spectra based on the work of Liang et al. within an
independent particle approach, supplemented by the Ritova-Keldysh potential model, uncovers
an exceptionally large exciton binding energy of 2.96 eV.
Furthermore, phonon dispersion calculations confirm the dynamical stability of the 2D lattice,
with electron-phonon coupling found to be most intense for high-energy optical phonons. We
investigate the intrinsic charge transport and ultrafast dynamics by evaluating band-projected
scattering rates. Transport calculations indicate that carrier mobility at the Dirac cones reaches
high values and is heavily dominated by acoustic phonon scattering. In stark contrast, mobility
at the band edges (Conduction Band Minimum and Valence Band Maximum) is significantly
suppressed. Consequently, at room temperature (300 K), carrier relaxation times at the band
edges are drastically reduced to the order of a few femtoseconds. These findings establish g-
C6N6 as a highly promising platform for exploring the interplay between high charge mobility
and correlated quantum phases in 2D polymers.

References
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The accurate prediction of charge carrier mobility is crucial for the design and discov-
ery of next-generation electronic and optoelectronic materials. First-principles calcu-
lations based on the Boltzmann transport equation (BTE) and dense electron-phonon
(e-ph) matrix elements provide predictive accuracy but are notoriously complex to ex-
ecute. They require meticulous orchestration of ground-state calculations, phonon dis-
persions, robust Wannierization, and handling of long-range interactions, making them
highly resistant to high-throughput (HT) screening. In this work, we present a fully
automated, robust framework for computing e-ph transport properties using the EPW
code, implemented within the AiiDA materials informatics infrastructure. Our framework
breaks down the complexity into modular AiiDA workchains: an EpwPrepWorkChain
that automates coarse-grid electron and phonon calculations along with automatic Wan-
nier function generation using Wannier90; a QuadrupoleWorkChain that seamlessly han-
dles dynamical quadrupoles for accurate long-range corrections in polar materials; and
a MobilityWorkChain that executes convergence-controlled calculations of carrier mobil-
ity using both the self-energy relaxation time approximation (SERTA) and the iterative
BTE (iBTE). We demonstrate the robustness and efficiency of this automated approach
on a test set of materials, showcasing its capability to manage complex execution graphs
and ensure data provenance. This framework paves the way for routine high-throughput
screening of transport properties across large materials databases.
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J. López1, F. Muñoz1, J. F. Landaeta2, and A. M. León1

1 Department of Physics, Faculty of Sciences, University of Chile, Box 653, Santiago, Chile.
2 Max Planck Institute for Chemical Physics of Solids, 01187 Dresden, Germany.

Niobium is a well known conventional type-I superconductor and a useful reference system

for studying electron-phonon physics. One particularly relevant feature is the Kohn anomaly in

its phonon spectrum [1], which reflects strong coupling between specific phonon modes and the

electronic states near the Fermi level. While the effects of pressure and doping in Nb have been

explored in detail [2], the impact of anisotropic strain is still not as systematically established,

even though strain is an experimentally accessible way to tune lattice geometry and symmetry.

Our study is based on first-principles calculations within Density Functional Theory, com-

bined with phonon calculations and Density Functional Perturbation Theory. Starting from

the equilibrium BCC structure, controlled tensile and compressive strain are applied to the lat-

tice, and the resulting changes in band structure, density of states at the Fermi level, phonon

spectra, and Fermi-surface topology are analyzed, with particular attention to the evolution of

the phonon softening associated with the Kohn anomaly. We then connect these strain trends

to electron-phonon quantities relevant for Eliashberg theory, in particular the spectral function

α
2
F (ω), the coupling constant λ, and characteristic phonon frequencies. By combining these

ingredients, we compute the superconducting critical temperature Tc as a function of applied

strain.

Overall, this work provides a microscopic perspective on strain engineering in conventional

superconductors and is intended to offer concrete theoretical guidance for future experimental

studies exploring strained Nb systems.

[1] Tidholm, Johan and Hellman, Olle and Shulumba, Nina and Simak, Sergei I. and Tasnádi, Ferenc

and Abrikosov, Igor A. Temperature dependence of the Kohn anomaly in bcc Nb from first-principles

self-consistent phonon calculations. Phys. Rev. B 101, 115119

[2] González-Pedreros, G.I., Camargo-Martı́nez, J.A. & Mesa, F. Cooper Pairs Distribution function for

bcc Niobium under pressure from first-principles. Sci Rep 11, 7646 (2021).
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Abstract 

Nitride perovskites are emerging as a class of polar semiconductors characterized by strong 

lattice polarization, stable vibrational spectra, and moderate electronic band gaps. Using 

density-functional theory and density-functional perturbation theory, we investigate their 

structural, electronic, vibrational, optical, and thermoelectric properties. We find that these 

materials exhibit stable polar optical phonons, large lattice contributions to the dielectric 

response, elastic anisotropy, and strong optical absorption, together with unusually large 

Seebeck coefficients.These ground-state and linear-response properties provide direct evidence 

that charge carriers and optical excitations in nitride perovskites are strongly influenced by 

lattice vibrations. The coexistence of polar phonons, dielectric screening, and dispersive 

electronic bands places these materials in a regime where electron–phonon coupling, polaron 

formation, and phonon-assisted optical processes are expected to play a dominant role in 

transport and optical response. The present results therefore establish a robust first-principles 

foundation for advanced many-body treatments of nitride perovskites. They motivate future 

calculations based on EPW, GW, and Bethe–Salpeter approaches to quantify electron–phonon 

coupling strengths, quasiparticle renormalization, and exciton–phonon effects from first 

principles. 

 

Keywords - Electron–phonon coupling; Polaronic transport; Exciton–phonon interactions; 

Nitride perovskites; Density-functional perturbation theory (DFPT); First-principles 

calculations; 
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Transition metal dichalcogenides (TMDs) are atomically thin semiconductors that host extraor-

dinarily strong Coulomb and light-matter interaction. The optical response of TMD heterostruc-

tures is dominated by interlayer excitons (IXs), exhibiting large binding energies on the order

of hundreds of meV and long photoluminescence lifetimes.

In addition to the optically accessible bright excitons, there also exists a multitude of opti-

cally forbidden dark excitons. Bright and dark states are coupled via exciton-phonon scattering,

which leads to phonon-induced sidebands and an asymmetric excitonic line shape [1].

Recent experiments using spatially ring-shaped optical excitations of IX ensembles reveal the

accumulation of excitons in the rings’ center. Accompanied by asymmetric spectral lineshapes,

this suggests a spatial propagation of high-energy IXs [2]. Within this contribution, we present

a microscopic theory for the spatially resolved photoluminescence of inhomogeneous IX en-

sembles. By explicitly incorporating both the relative and center-of-mass momentum in the

Wigner function, we investigate the impact of spatial exciton propagation and exciton-phonon

scattering on the asymmetric emission lineshape.

[1] D. Christiansen, M. Selig, Phys. Rev. Let. 119, 187402 (2017).

[2] M. Troue, J. Figueiredo, arXiv, 2601.05900 (2026).
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Sodium niobate (NaNbO3) is known among the perovskite oxides for its complex and poorly-

resolved progression of structural phases with temperature [1]. While related oxide perovskite

chemistries such as potassium niobate and calcium titanate exhibit structural phase behavior

which is amenable to crystal-chemical heuristics based on ionic coordination, NaNbO3 is ill-

suited to interpretation with these simple models. Here, we present a study of the energetics and

thermodynamics of the known low- and room-temperature structrual phases of NaNbO3 using

first-principles calculations and a quasi-harmonic construction of the vibrational free energy

of these phases between 0-500 K, in an attempt to resolve open questions on the stability and

phase selection of the experimentally observed room-temperature antiferroelectric (AFE) P -

phase with space group Pbcm. Our findings suggest that such vibrational contributions to the

free energy may be important in favoring the AFE P phase over its ferroelectric counterpart

Q. Furthermore, the slight instability of a Γ-point phonon mode at around 30i cm−1, which

is known to appear in first-principles studies of the P phase [2], is potentially suppressed by

zero-point energy contributions, bringing into question the feasibility of the proposed Pca21
structure for NaNbO3.

[1] Y. Yang, B. Xu, C. Xu, W. Ren, and L. Bellaiche, Phys. Rev. B 97, 174106 (2018).

[2] S. Amisi, P. Lambin, and P. Ghosez, Phys. Rev. Materials 7, 024408 (2023).
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The contribution of nuclear dynamics and electron-phonon interactions to material prop-
erties is commonly evaluated using the harmonic approximation for ionic fluctuations
and a linear coupling framework between phonons and electrons. However, this approach
may not hold when quantum and anharmonic effects play a dominant role—such as in
hydrogen-based systems, high-Tc superconductors, or materials near charge-density wave
or ferroelectric phase transitions. In these cases, the validity of traditional methods be-
comes questionable. In this contribution, we present a non-perturbative method that
includes nonlinear effects and accounts for the quantum nature of nuclei. The approach
is based on the GW

(en) approximation for the electron self-energy, incorporating the
effective nuclei-mediated electron-electron interaction (W (en)) and the electron Green’s
function (G). Nuclear dynamics are described using a Gaussian distribution function,
which captures anharmonicity at the mean-field level. The Debye-Waller-renormalized
average vertices, computed stochastically in supercells, are central to this method. A
first-principles implementation of the approach is presented, compatible with the stochas-
tic self-consistent harmonic approximation. Validation of the method in aluminum—a
highly harmonic system— yields results that are consistent with standard linear electron-
phonon calculations. In contrast, calculations for palladium hydride, which is strongly
anharmonic, reveal substantial nonlinear corrections to the electron-phonon interaction.
This method holds significant potential for improving ab initio calculations of properties
related to electron-phonon interactions, such as superconductivity and electrical conduc-
tivity, in anharmonic systems.
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Understanding the mechanism of structural phase transitions in rare-earth elements is a 

fundamental challenge in condensed matter physics, with significant implications for materials 

science applications. In this study, we present a systematic investigation on the phase 

transitions of yttrium under pressure conditions (<30 GPa) focusing on the hcp, Sm-type, and 

dhcp phases. A comparative study between the GGA and meta-GGA functionals reveals that 

the PBE functional significantly underestimates the phase transition pressures, whereas the 

r2SCAN functional provides accurate predictions of phase transition pressures which are in 

excellent agreement with experimental data [1]. The solid-state nudge elastic band calculations 

reveal a low activation barrier for the hcp to Sm-type phase transformation, transformation hcp 

to host-guest phase transition, in contrast to the behaviour observed in scandium [2]. Phonon 

dispersion calculations uncover pronounced softening of acoustic modes in both the hcp and 

Sm-type phases as pressure increases. These soft modes, accompanied by pressure-induced s 

to d charge transfer, signalling a strong coupling between electronic redistribution and lattice 

vibrations. A detailed analysis of the soft-mode further reveals a new intermediate phase of 

P͸ത2c symmetry occurring during the transition between the hcp and Sm-type phase. A 

transition from the centrosymmetric space group P63/mmc (hcp) to the t-type subgroup P͸ത2c  

involves loss of inversion symmetry and a reduction in point group symmetry from D6h to D3h. 

Additionally, calculations of elastic properties confirm mechanical softening at the phase 

boundaries, particularly in the hcp phase, suggesting a strong correlation between elastic 

softening and structural transitions. These findings indicate that the emergence of soft modes 

in the phonon dispersion curves along is a key factor driving structural phase transition in the 

rare-earth materials. 

 

 

References: 

[1] E. J. Pace, S. E. Finnegan, C. V. Storm, M. Stevenson, M. I. McMahon, S. G. MacLeod, 

E. Plekhanov, N. Bonini, and C. Weber, Phys. Rev. B 102, 094104 (2020). 
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In this poster, I discuss the curious phenomenon of negative differential conductivity and hy-

drodynamic transport of charge carriers in doped graphene, connected to some recent measure-

ments [1]. To probe this physics, we extend the ab initio elphbolt [2] transport code to

include the Coulomb collision integral. We find that the strong Coulomb interactions can not

only drive the individual hydrodynamics in the electron and hole subsystems, but also the far

more exotic joint electron-hole bifluidity [3]. Furthermore, we observe a strong violation of the

Wiedemann-Franz law closer to the charge neutrality condition. These findings establish the

roles of microscopic scattering mechanisms for achieving the hydrodynamic transport state in

electron-hole systems. I also discuss the computational challenges and our ongoing efforts in

extending this work.

[1] Ponomarenko, Leonid A., et al. ”Extreme electron–hole drag and negative mobility in the Dirac

plasma of graphene.” Nature Communications 15.1, 9869 (2024) .

[2] Protik, Nakib H., et al. ”The elphbolt ab initio solver for the coupled electron-phonon Boltzmann

transport equations.” npj Computational Materials 8.1, 28 (2022).

[3] Paul, Dwaipayan & Protik, Nakib H. ”Coulomb drag driven electron-hole bifluidity in doped

graphene.” arXiv preprint arXiv:2512.04602 (2025).
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Cubic boron nitride (cBN) is a wide-bandgap semiconduc-

tor whose optical properties remain poorly understood. Ex-

periments report optical features in the 6–7 eV range, whereas

first-principles many-body calculations predict a much larger

direct optical gap, close to 11 eV. This long-standing discrep-

ancy suggests that indirect, phonon-assisted processes play a

central role in the optical response of cBN.1–4

In this work, we investigate the absorption and lumines-

cence of cBN from first principles. Our approach combines

GW quasiparticle corrections, the Bethe–Salpeter equation,

and exciton–phonon coupling within a unified many-body

framework. This allows us to describe excitonic effects and

phonon-assisted optical transitions on the same footing, and

to assess whether indirect excitonic processes can explain the

low-energy optical features observed experimentally.4,5

FIG. 1. Top: electronic band structure calculated at the Kohn–Sham

(red dashed line) and G0W0 (blue solid line) levels. The lowest

phonon-assisted transitions are indicated by the green and orange

arrows. Bottom: phonon band structure. The phonons at q = X re-

sponsible for the lowest phonon-assisted valence-to-conduction tran-

sitions are highlighted.

We find that phonon-assisted transitions make a strong,

and in practice dominant, contribution to both absorption and

emission. When exciton–phonon coupling is included, the

calculated spectra shift substantial spectral weight to lower

energies and move significantly closer to experiment. These

results show that the optical response of cBN cannot be in-

terpreted from the direct gap alone. Atomic vibrations must

be treated explicitly, since they open indirect optical channels

and strongly reshape the excitonic spectrum.

More broadly, our results place cBN within the wider

boron nitride family, where strong exciton–phonon coupling

is already known to produce efficient light emission even in

indirect-gap systems. cBN therefore provides another im-

FIG. 2. Excitonic dispersion of cBN. The label A marks the bright

exciton peak close to the lowest bundle of states at Γ.

portant example in which phonons are not a small correc-

tion, but a key part of the luminescence mechanism. Our

work helps reconcile theory with experiment and provides a

clearer picture of light emission in wide-bandgap boron ni-

tride materials.6,7

FIG. 3. Total phonon-assisted luminescence of cBN (solid line) and

the contributions from the different phonon modes at q = X : LO

branch (red dashed line), LA branch (green dotted line), TO branch

(orange dash-dotted line), and TA branch (blue dashed line).

1N. Miyata, K. Moriki, O. Mishima, M. Fujisawa, and T. Hattori, Physical

Review B 40, 12028 (1989).
2M. Eremets, M. Gauthier, A. Polian, J. Chervin, J. Besson, G. Dubitskii, and

Y. Y. Semenova, Physical Review B 52, 8854 (1995).
3G. Cappellini, G. Satta, M. Palummo, and G. Onida, Physical Review B 64,

035104 (2001).
4G. Satta, G. Cappellini, V. Olevano, and L. Reining, Physical Review

B—Condensed Matter and Materials Physics 70, 195212 (2004).
5S. Iqbal, T. Cheng, X. Duan, L. Liu, and J.-Y. Yang, Journal of Applied

Physics 135 (2024).
6G. Cassabois, P. Valvin, and B. Gil, Nature Photonics 10, 262 (2016).
7L. Schué, L. Sponza, A. Plaud, H. Bensalah, K. Watanabe, T. Taniguchi,
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The emergence of charge density wave (CDW) order and superconductivity in low-dimensional

materials remains an important topic in condensed matter physics [1, 2, 3]. Using first-principles

calculations, we have investigated lattice instability and superconductivity in a janus transition

metal dichalcogenide (TMDC) monolayer derived from a known CDW system. The calcu-

lated phonon dispersion displays a clear softening of an acoustic branch at the M point of the

irreducible Brillouin zone, indicating the emergence of a CDW instability. A comprehensive

investigation regarding the electron-phonon coupling strength and the real part of static Lind-

hard charge susceptibility has been carried out. Our findings indicate that this anomaly is linked

to the enhanced electron-phonon interaction and electronic instability arising from both inter-

band and intraband scattering. The corresponding structural distortion reconstructs the band

structure, lowers the crystal symmetry by breaking both rotational and mirror symmetries, and

opens a small indirect band gap, driving the system from a semimetallic to a semiconducting

state. The effect of electronic correlation is further investigated, demonstrating that it offers

an effective route to tune the robustness of the CDW distortion. Within the Migdal-Eliashberg

formalism implemented in Electron Phonon Wannier (EPW) code [4, 5, 6], we have further

investigated superconductivity in the undistorted high temperature phase. In the undistorted

phase, the system exhibits phonon mediated anisotropic two-gap superconductivity originating

primarily from robust coupling between electronic bands crossing the Fermi level and the soft

phonon mode at the M point. Our results highlight the key role of electron-phonon interac-

tion in governing the emergence of both CDW order and superconductivity in low-dimensional

materials.

[1] F. Zheng, J. Feng, Phys. Rev. B 99, 161119 (2019)

[2] CS. Lian, C. Heil, X. Liu, C. Si, F. Giustino, W. Duan, Phys. Rev. B 105, L180505 (2022)

[3] Z. Wang, C. Chen, J. Mo, J. Zhou, K.P. Loh, Y.P. Feng, Phys. Rev. Res. 5, 013218 (2023)

[4] E.R. Margine, F. Giustino, Phys. Rev. B 87, 024505 (2013)

[5] S. Poncé, E.R. Margine, C. Verdi, F. Giustino, Comput. Mater. Sci. 209, 116 (2016)

[6] F. Giustino, M.L. Cohen, and S.G. Louie, Phys. Rev. B 76, 165108 (2007)
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Non-diffusive, fluid-like transport of charge and heat has been observed in several materials,

raising the question of whether they can emerge simultaneously and how they are related to

electron-phonon two-component fluids. We introduce a first-principles theory and compu-

tational framework to quantitatively describe these phenomena from atomistic to continuum

scales in complex device geometries. Starting from the microscopic coupled electron-phonon

Boltzmann transport equation, we formalize the emergence of composite “relaxon” electron-

phonon excitations, show that they determine the viscosity tensors of the two fluids, and quan-

tify the impact of electron-phonon drag on thermoelectric transport coefficients. We then

demonstrate that the coupled Boltzmann equation can be coarse-grained into a set of meso-

scopic Viscous Thermoelectric Equations, formally unifying Gurzhi’s hydrodynamic equation

for electrons [1] and the recently developed Viscous Heat Equations for phonons [2], while ex-

tending them to cover the intermediate regime of mixed electron and phonon fluids. We lever-

age this framework to elucidate how electron and phonon fluids can coexist or mix, rationalizing

pioneering experiments on electron-phonon drag in graphite, and predicting smoking-gun sig-

natures of nondiffusive behavior such as nonharmonic temperature and electric potential fields,

and compressible thermoelectric backflow.

* These authors contributed equally.

[1] R. Gurzhi, Sov. Phys. Usp. 11, 255 (1968)

[2] M. Simoncelli, N. Marzari, A. Cepellotti, PRX 10, 011019 (2020)
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Two-dimensional materials hosting nontrivial Berry curvature have emerged as a promising

platform for realizing unconventional Hall responses beyond the linear regime [1–3]. In this

work, we investigate the strain-tunable topological and optoelectronic properties of monolayer

AsTeBr using first-principles density functional theory calculations including spin–orbit cou-

pling. The broken inversion symmetry in AsTeBr gives rise to a pronounced Berry curvature

near the band extrema, leading to a sizable nonlinear anomalous Hall conductivity even in the

absence of an external magnetic field. Biaxial strain is applied over a wide range from 0% to

+6% to explore the interplay between lattice deformation, electronic structure, and topological

response. We find that tensile strain induces an indirect-to-direct band gap transition at +6%,

which persists under further tensile strain. This transition significantly enhances optical tran-

sition probabilities. Simultaneously, strain strongly modulates the Berry curvature distribution

in momentum space, resulting in a tunable nonlinear anomalous Hall response. In particu-

lar, tensile strain enhances the Berry curvature dipole, leading to an increased magnitude of

the nonlinear anomalous Hall conductivity [4]. In addition, we analyze the strain-dependent

optical properties by calculating the frequency-dependent dielectric function and optical ab-

sorption spectrum. The emergence of a direct band gap under tensile strain leads to a redshift

of the absorption edge and enhanced absorption in the visible range, highlighting the potential

of strained AsTeBr for optoelectronic applications. Our results establish monolayer AsTeBr as

a versatile strain-engineered quantum material in which topology, nonlinear transport, and op-

tical response can be simultaneously controlled, offering a viable platform for next-generation

Hall-based and optoelectronic devices.
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Electron-phonon interactions play a crucial role in renormalizing quasiparticle energies and governing 
transport properties in solids [1,2]. Yet, their momentum-resolved impact on electronic band structures 
and lifetime broadening remains largely unexplored. Here, we present a combined high-resolution 
angle-resolved photoemission spectroscopy (ARPES)  and first-principles density functional theory 
(DFT) calculations to investigate phonon-induced renormalization of electronic band structure in 
semiconducting scandium nitride (ScN). Both ARPES and DFT calculations reveal clear deviations 
from a single-particle band picture, including a pronounced photoemission kink ~2.3 eV below the 
valence-band maximum and substantial broadening of states across the Brillouin zone. To interpret 
these features, we employ Wannier function perturbation theory [3] within the non-adiabatic Allen-
Heine-Cardona formalism [4] to compute the electron-phonon self-energies and quasiparticle spectral 
functions. The calculations reproduce the observed dispersion anomalies and lifetime broadening, 
identifying electron-phonon coupling as the dominant mechanism. Additionally, the experimentally 
observed unusual temperature-dependent increase in the direct band gap is accurately captured by 
incorporating both thermal expansion and electron-phonon renormalization. These findings identify 
ScN as a model semiconductor, providing a well-defined platform for understanding the role of 
electron-phonon coupling in the renormalization of the electronic-structure of nitride materials. 
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Double perovskite oxides based on transition metals provide a fertile platform for investigating

the interplay between lattice, charge, spin, and orbital degrees of freedom. In this work, we

present a first-principles study of the double perovskite La2MnNiO6 using Density Functional

Theory (DFT) within the full-potential linearized augmented plane-wave (FP-LAPW) method

as implemented in the ELK code [1].

We establish a reliable electronic ground state by analyzing crystal-field effects, spin po-

larization, and orbital-resolved electronic structure, with particular emphasis on Mn–Ni–O hy-

bridization and its impact on low-energy electronic excitations. Based on the symmetry and

character of the electronic states near the Fermi level, we discuss the coupling between lat-

tice vibrations and electronic degrees of freedom, identifying phonon modes expected to play a

dominant role in electron–phonon interactions [2, 3].

Although the present results are obtained at the DFT level, they are explicitly designed to

serve as a benchmark and starting point for many-body perturbation theory approaches. In

particular, we outline how the FP-LAPW electronic structure can be interfaced with density

functional perturbation theory for phonons, Migdal–Eliashberg theory for electron–phonon cou-

pling, and GW-based quasiparticle corrections. Expected many-body effects such as phonon-

induced band renormalization and correlation-enhanced coupling strengths are briefly discussed.

Our results position La2MnNiO6 as a promising material platform for systematically bridg-

ing accurate all-electron DFT calculations with many-body descriptions of electron–phonon

physics in correlated oxide systems.

[1] E. Sjöstedt, L. Nordström, and D. J. Singh, Solid State Commun. 114, 15 (2000).

[2] S. Baroni, S. de Gironcoli, A. Dal Corso, and P. Giannozzi, Rev. Mod. Phys. 73, 515 (2001).

[3] F. Giustino, Rev. Mod. Phys. 89, 015003 (2017).

P48



Concerted rattling-induced strong anharmonicity and phonon coherence 

lead to ultralow glasslike thermal conductivity in TlAgTe 

Shantanu Semwal 1, Yi Xia 2, Chris Wolverton 3, and Koushik Pal 1 

1 Department of Physics, Indian Institute of Technology Kanpur, Kanpur, UP 208016, India 

  
2 Department of Mechanical and Materials Engineering, Portland State University, Portland, 

Oregon 97201, USA  
3 Department of Materials Science and Engineering, Northwestern University, Evanston, 

Illinois 60208, USA 

 

Ordered crystalline materials exhibiting ultralow and glasslike thermal conductivity are of 

significant fundamental and technological interest, particularly for thermal management and 

thermoelectric applications. In such systems, heat transport is dominated by phonon 

quasiparticles, yet the microscopic mechanism underlying glasslike transport in ordered 

crystals remain elusive. 

In this poster, I will show state-of-art first-principles calculations based on density functional 

theory to investigate the experimentally observed ultralow thermal conductivity in TlAgTe. 

This compound features disconnected Tl atomic chains embedded with a three-dimensional 

framework of distorted AgTe4 tetrahedra. Using a unified anharmonic lattice dynamics 

framework that incorporates phonon self-energy frequency renormalization [1], three- and 

four-phonon [2,3] scattering process and both particlelike (ߢ௟௉) and wavelike coherent (ߢ௟஼) 

transport contributions, we calculate the lattice thermal conductivity that agrees very well with 

the experiments in both magnitude and temperature dependence. Our analysis reveals multiple 

localized phonon modes arising from concerted rattlinglike vibrations of Tl and Ag atoms. 

These modes exhibit strong temperature dependence and enhanced four-phonon Umklapp 

scattering, drastically supressing the particlelike contribution (ߢ௟). Additionally, strong 

anharmonicity driven by local structural distortions and lone-pair electrons induces a crossover 

from particlelike to wavelike (coherent tunnelling) phonon transport above ~40 cm-1, leading 

to a significant ߢ௟஼ contribution. 

Therefore, we show direct structure-property relationship linking local rattling, strong 

anharmonicity, and phonon coherence. These principles can be used for materials design with 

tuneable ultralow thermal conductivity. 

 

[1] T. Terumasa, T. Shinji, Phys. Rev. B, 92, 054301 (2015). 

[2] W. Li, J. Carrete, N. A. Katcho, N. Mingo, Computer Physics Communications, 185, 1747-1758 

(2014). 

[3] Z. Han and X. Yang, W. Li, T. Feng and X. Ruan, Computer Physics Communications, 270, 

108179 (2022) 

[4] M. Simoncelli, N. Marzari, F. Mauri, Nature Physics, 15, 809 (2019)  

[5] S. Semwal, Y. Xia, C. Wolverton, K. Pal, Phys. Rev. B, 112, 214109 (2025) 
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In modern times, our reliance on electronic devices is steadily increasing. These devices are 

built from materials whose performance is often determined by their atomic structure. And 

sometimes even the smallest structural variation can alter the performance. Thus, we need to 

measure such structural details accurately. X-ray photoelectron diffraction (XPD) is a powerful 

experimental  technique for  this  purpose.  It  offers  several  key advantages,  including high 

surface  sensitivity,  chemical  specificity,  and  the  ability  to  resolve  the  local  geometric 

environment of atoms with remarkable precision. With recent technological advancement, 

experiments  can  now  achieve  time  resolutions  of  the  order  of  femtoseconds,  enabling 

researchers to observe the ultrafast dynamics of chemical reactions at the material surfaces. 

This level of insight provides invaluable tools for uncovering material properties not only at the 

atomic levels but also at the reaction time scale. However, such time resolved XPD experiments 

are  extremely  complex  and  rarely  available,  often  making  it  difficult  to  directly  extract 

complete structural information from raw measurements alone.

To overcome this challenge, it becomes essential to model the experimental system. Our work 

addresses this problem by integrating material modelling approach to investigate the real-time 

structural  evolution  of  materials.  This  focuses  on  developing  a  computational  modeling 

framework that quantitatively connects atomic motion obtained from molecular dynamics 

(MD) simulations with measurable spectroscopic observables through multiple scattering (MS) 

theory.  This allows us to gain a deeper,  more comprehensive understanding of the time-

resolved X-ray photoelectron diffraction(TR-XPD) for materials surface analysis.
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Abstract:

We present a real-space formulation of density functional perturbation theory for the calculation of

phonons. Specifically, employing a local exchange-correlation functional, norm-conserving pseudopo-

tential in the Kleinman-Bylander representation, and local form for the electrostatics, we derive expres-

sions for the dynamical matrix and associated Sternheimer equation that are particularly amenable to

the real-space finite-difference method. In particular, the formulation is applicable to insulating as well

as metallic systems of any dimensionality, enabling the efficient and accurate treatment of semi-infinite

and bulk systems alike, for affine as well as non-affine geometries. Through representative examples,

we demonstrate the accuracy and efficiency of the developed formulation and implementation.
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The  study  investigates  phonon-mediated  charge  carrier  mobility  in  ferromagnetic  2D

vanadium-based transition metal dichalcogenides (TMDCs), specifically VX  monolayers (X�

= S,  Se)  as  intrinsic  bipolar  magnetic  semiconductors  (BMS).  These  materials  feature  a

distinctive electronic structure with the semiconducting gap between spin-up and spin-down

bands, valence band maximum dominated by spin up channel and conduction band minimum

by the opposite spin down yielding pronounced spin-split band edges from intrinsic magnetic

moments.  This  enables  intrinsic  spin  filtering  and  gate-tunable  spin  polarization  without

external fields, making them highly promising for advanced spintronics such as bipolar spin-

filtering transistors, low-power magnetic random-access memory (MRAM), and non-volatile

spin logic devices. Carrier transport in these magnetic 2D materials is crucial for fundamental

understanding and applications in storage and spintronics, as phonon-limited mobility defines

the upper limits of charge transport efficiency and switching speeds under electron-phonon

coupling. Using the Electron-Phonon Wannier (EPW) code within the Quantum ESPRESSO

framework, we performed first-principles calculations of phonon-limited electron and hole

mobilities,  with  the  local  spin  density  approximation  (LSDA)  to  capture  ferromagnetic

ordering  and  spin-dependent  effects.  Hole  mobility  is  primarily  dominated  by  acoustic

phonons, while electron mobility is mostly limited by optical phonons. A pivotal result is the

significant mobility enhancement upon applying GW quasiparticle corrections, which correct

self-interaction errors in DFT, reduce effective masses, and improve band curvature. In this,

the hole mobility suppressed intervalley scattering due to dominant effective mass reduction

in case of VS  and the absence of intervalley scattering further promotes high hole mobility in�

VSe .  This  work  elucidates  intrinsic  transport  limits  in  2D  VX ,  highlights  the  role  of� �

electron-phonon  interactions  in  spin-split  systems,  and  supports  the  design  of  ultra-low-

power, robust spintronic devices based on vanadium dichalcogenides, advancing the field of

2D magnetic semiconductors for next-generation nanoelectronics.
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In this study[1], we highlight the potential of strain engineering in graphene/hexagonal boron

nitride (hBN) 2D heterostructures, enabling their use as wide-range light absorbers with sig-

nificant implications for optoelectronic applications. We systematically investigate the elec-

tronic and optical properties of graphene/hBN under the application of strain, considering var-

ious stacking geometries within the framework of density-functional theory. The semimetallic

graphene layer upon aligning on the insulating hBN sheet opens a few tens of meV band gap

at the Dirac point caused by the breaking of sublattice symmetry through induced on-site en-

ergy variations. Here, we demonstrate that by simultaneously tuning the interlayer distance and

lattice constant, this band gap can be significantly increased to 1 eV. Interestingly, in both sce-

narios (small and large band gaps), the material undergoes a transition from a semiconductor

to a narrow gap state. Importantly, the tunability of this band gap is strongly influenced by the

specific stacking configuration. We further explored the optical properties across a broad spec-

trum, revealing that the presence of a strain-induced band gap fundamentally alters how light

interacts with the system.

[1] P. Sinha, P. K Panigrahi, B. L. Chittari, Electron. Struct. 7 (2025) 035004 .
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Following the discovery of superconductivity in twisted moiré graphene heterostructures, 
superconductivity has been observed, too, in untwisted rhombohedrally stacked multilayer 

graphene [1,2], triggering significant interest in the mechanisms driving superconductivity in 

these systems. Although the microscopic origin remains under active debate, earlier studies 

based on phonon-mediated pairing have shown that electron–phonon coupling can account 

for both the observed superconducting transition temperatures and the emergence of chiral 

superconducting states in multilayer graphene [3,4]. However, some of the approximations 

employed in these works may break down in this unconventional superconducting 

environment. In this work, we apply multiband Migdal–Eliashberg theory [5], combined with 

ab initio inputs, to compute the superconducting properties of rhombohedrally stacked 

multilayer graphene. From first-principles calculations, we find that phonon modes associated 

with interlayer coupling are the most likely candidates for superconducting pairing. We find 

that, despite open questions that call for further experimental and theoretical investigation, 

the principal experimental observations can be consistently explained within an electron–
phonon–mediated framework. 

 

[1] H. Zhou et al., Nature 598, 434–438 (2021) 

[2] T. Han et al., Nature 643, 654–661 (2025) 

[3] E. V. Boström et al., npj Computational Materials 10, 163 (2024) 
[4] Y. Z. Chou et al., Phys. Rev. B 106, 024507 (2022) 

[5] F. Schrodi, A. Aperis, P. M. Oppeneer, Phys. Rev. Res. 2, 012066(R) (2020) 
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First-principles calculations provide key insights into the structural and electronic properties of 

hybrid lead halide perovskites, particularly in systems with compositional complexity and 

intrinsic defects. In mixed-cation FA MA PbI  pe� ��� � rovskites[1] our calculations reveal that 

cation substitution at the A site induces significant tilting of the PbI  o� ctahedra, which plays a 

dominant role over the unit-cell volume in determining the band gap. The calculations further 

show that hydrogen bonding between organic cations and iodine anions is preserved across the 

entire compositional range, with MA–I interactions remaining consistently stronger than FA–I 

ones. These interactions stabilize the non-bonding I-5p orbitals, lowering their energy and 

contributing to the structural stability of the material. On the other hand, performing ab initio 

two-component DFT calculations one can obtain positron lifetimes that allow to identify the 

chemical nature of intrinsic defects. Our calculations for CH NH PbBr [2], one of the most� � �  

promising materials for tandem solar cells, demonstrate that the positron lifetime associated 

with  lead vacancies  is  highly  sensitive  to  the  local  environment  of  the  vacancy and not 

necessarily on the disorder of the structure used to describe the perovskite crystal. Our results 

agree with the value measured in single crystals and importantly suggest that the growth 

conditions strongly influence the chemical nature and the concentration of the defects present in 

the bulk of this material.

[1] M. Senno, S. Tinte, Phys. Chem. Chem. Phys. 23, 7376 (2021).

[2] J. A. Schmidt, S. Tinte, S. Dalosto, D. Chrastina, D. R. Ceratti, R. Ferragut, J. Phys. Chem. C 129, 

7207 (2025).
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The incorporation of magnetic field effects into charge and heat transport is essential for mod-

eling a wide range of solid-state phenomena, from magnetoresistive sensors to thermomagnetic

energy conversion. When a magnetic field is present, transport coefficients depend on the field

strength and orientation, giving rise to galvanomagnetic and thermomagnetic effects such as

the Hall, Nernst, Ettinghausen, and Righi–Leduc effects [1]. At present, however, there is no

computational tool that can compute magnetotransport while taking into account the electron-

phonon drag effect in a fully self-consistent manner. This work fills this gap by introducing a

complete theory and corresponding implementation in the elphbolt [2] computational pack-

age for the coupled electron–phonon Boltzmann transport equations in the presence of a mag-

netic field, with strictly enforced Onsager reciprocal relations [1].

[1] R. T. Delves, Rep. Prog. Phys. 28, 249 (1965).

[2] Protik, N.H., Li, C., Pruneda, M. et al., npj Comput Mater 8, 28 (2022).
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Resonant inelastic X-ray scattering (RIXS) is a photon-in/photon-out spectroscopic tech-
nique that accesses elementary excitations involving various degrees of freedom (spin,
charge, lattice, etc.)[1, 2]. Recent progress in synchrotron facilities has made it possible
to access phonon excitations with remarkably high resolution, providing momentum de-
pendence, element selectivity, and bulk sensitivity. However, interpreting RIXS spectra
remains challenging due to the coupling between different excitations. Indeed, although
RIXS is used to measure electron–phonon coupling [3], it primarily reveals exciton-phonon
coupling, due to the interaction with a core hole [4]. So far, theoretical approaches mainly
rely on oversimplified models that use adjustable parameters to fit experimental results,
limiting their applicability [5].

The Bethe–Salpeter equation (BSE) represents the state-of-the-art method for describ-
ing excitonic effects, as it explicitly accounts for electron–hole correlation, and has been
successfully applied to reproduce X-ray absorption and RIXS spectra [6, 7]. Building on
this approach, we propose an ab initio method to compute phonon excitations in RIXS
by combining the BSE with Density Functional Perturbation Theory (DFPT). In this
work, we will discuss the role of exciton–phonon interactions in RIXS spectra and present
preliminary results for hexagonal boron nitride (hBN).

[1] Winfried Schülke, Electron dynamics by inelastic X-ray scattering, OUP Oxford, 7 (2007)
[2] L. J. P. Ament, M van Veenendaal, T. P. Devereaux, J. P. Hill and J van den Brink , Rev.

Mod. Phys. 83 2, 705 (2011)
[3] L. J. P. Ament, M van Veenendaal and J van den Brink. EPL 95, 27008 (2011)
[4] K. Gilmore, Phys. Chem. Chem. Phys., 25 217 (2023)
[5] C. D. Dashwood et.al., Phys. Rev. X, 11 041052 (2021)
[6] M. L. Urquiza, M. Gatti, and F. Sottile, Phys. Rev. B, 109 115157 (2024)
[7] C. Vorwerk et. al., Phys. Rev Research 2, 042003(R) (2020)
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The microscopic origin of high temperature superconductivity in cuprates remains one of most

debated questions in condensed matter physics. The presence of strong electron correlations

makes these systems challenging. Recent advances in experimental techniques reveal a com-

plex interplay of quasiparticles such as electrons, phonons, and magnons [1].

With the aim of understanding the interplay between these quasiparticles, we plan to undertake

a theoretical study of the cuprate Ca2CuO2Cl2 (CCOC) [2] by following a multi-tier approach.

Starting from a density functional theory description of the electronic structure, we include

phonon effects as computed by the density functional perturbation theory. Finally strong elec-

tronic correlation is modelled by a local Hubbard repulsion, resulting in a model that can be

tackled with extended dynamical mean field theory [3]. We present the overall plan by dis-

cussing possible ways of deriving model Hamiltonians within this framework.

[1] T.P. Devereaux, A.M. Shvaika , Phys. Rev. X 6, 041019 (2016)

[2] L.Chaix, B.Lebert , Phys. Rev. Res. 4, 033004 (2022)

[3] G. Kotilar, S. Savrasov , Phys. Rev. Letters 87, 186401 (2001)
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Transition metal dichalcogenides (TMDs) are leading candidates to succeed silicon in next-

generation transistors. Their atomic thickness and lack of dangling bonds enable extreme device

scaling. However, realizing this potential requires a deep understanding of their electronic

properties, which are fundamentally governed by complex scattering mechanisms and many-

body effects.

The band structure of monolayer TMDs features distinct valleys in the conduction and va-

lence bands. While the direct band gap occurs at the K point, an additional conduction band

valley at the Q point (located between Γ and K) becomes accessible at high electron densities.

The occupation of these multiple valleys significantly enhances electron-phonon scattering [1],

making the relative energy offset between the K and Q valleys a critical parameter for device

performance.

In this work, we investigate these valley differences in monolayer MoS2 using the GW ap-

proximation. By comparing our in-house quantum transport code with G0W0 calculations, we

demonstrate that GW corrections reduce the conduction band valley offset compared to standard

Density Functional Theory (DFT) predictions. Finally, we incorporate these GW renormalized

energies and electron-electron scattering effects into quantum transport simulations to evaluate

their impact on the electrical current.

[1] T. Sohier, E. Ponomarev, M. Gibertini, H. Berger, N. Marzari, N. Ubrig, A. F. Morpurgo, Phys. Rev.

X 9, 031019 (2019).
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