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PROJECT TITLE / JOB POSITION TITLE:
	Linear response of INsulators with broken SPace-Inversion or time-REversal symmetries from first principles (INSPIRE)


RESEARCH PROJECT / RESEARCH GROUP DESCRIPTION:
	New materials properties that emerge from magnetic order, chirality, or the combination thereof, are currently a hot topic within the condensed-matter community. They can be grouped in three main categories, depending on whether they originate from the breakdown of time-reversal symmetry (Faraday and Hall effects), from the breakdown of space-inversion symmetry (e.g., optical and acoustical activity) or both (e.g., nonreciprocal phenomena such as the "optical diode"). These effects, in turn, can manifest themselves in several contexts, ranging from lattice dynamics ("phonon angular momentum"), optics, acoustics and thermal transport. The current popularity of these effects is justified both by their fundamental interest and their potential for applications, e.g., in photonics and information/communication technologies. While experimental breakthroughs on many of most of these fronts are occurring at an increasingly fast pace, there is currently a lack of quantitatively predictive theoretical and computational tools to support these discoveries.
This project is aimed at addressing this need by providing, for the first time, a fundamental first-principles theory of the aforementioned phenomena, and by developing efficient and accurate computational tools to perform the numerical simulations. In particular, we shall focus our efforts on the following crystal properties: (1) coupled phonon-magnon frequencies; (2) acoustic Faraday effect; (3) thermal Hall effect; (4) natural optical activity; (5) acoustical activity; (6) gyrotropic birefringence and optical diode effect. While covering a broad spectrum of phenomena, (1-6) are intimately connected, and require similar theoretical and computational tools to be dealt with. The prerequisites for such methodological developments have appeared only very recently, thanks to the breakthrough achievements of the PI on two fronts: (ii) the advances in the first-principles treatment of spatial dispersion [1,2], obtained within the framework of a very successful ERC Consolidator Grant over the past five years [3]. (i) the adiabatic methods to describe the coupled magnon/phonon dynamics, established by M. Stengel in collaboration with D. Vanderbilt and others in 2022-2023 [4,5]. Together with M. Royo, co-PI of this project, MS has authored the state-of-the-art public code implementation of the methodologies to treat spatial dispersion effects [6], and applied it to several types of materials, ranging from perovskite oxides, two-dimensional crystals and polar metals. This situation makes this project a unique and timely opportunity to build on such a potential, with a huge expected impact on a lively and fast-moving research area.
[1] Royo, Miguel; Stengel, Massimiliano, 'First-Principles Theory of Spatial Dispersion: Dynamical Quadrupoles and Flexoelectricity', Physical Review X, 9, 021050 (2019).
[2] Asier Zabalo and Massimiliano Stengel, Natural Optical Activity from Density-Functional Perturbation Theory, Phys. Rev. Lett. 131, 086902 (2023).
[3] Hierarchical multiscale modeling of flexoelectricity and related materials properties from first principles (MULTIFLEXO). ERC Consolidator Grant 2017-2023. PI: M. Stengel. Budget: 1,470,000 EUR.
[4] John Bonini, Shang Ren, David Vanderbilt, Massimiliano Stengel, Cyrus E. Dreyer, and Sinisa Coh. Frequency splitting of chiral phonons from broken time-reversal symmetry in CrI3. Phys. Rev. Lett. 130, 086701 (2023).

[5] Shang Ren, John Bonini, Massimiliano Stengel, Cyrus E. Dreyer, and David Vanderbilt, Adiabatic Dynamics of Coupled Spins and Phonons in Magnetic Insulators, Phys. Rev. X 14, 011041 (2024).

[6] https://www.abinit.org



JOB POSITION DESCRIPTION:
	We expect the candidate to carry out first-principles calculations within the framework of density-functional theory, with an emphasis on linear-response perturbative techniques. The candidate will be encouraged to acquire a deep knowledge of the underlying theory and algorithms, and to develop novel computational tools on top of the existing ones. Given the challenging nature of this project, we welcome applications from especially skilled individuals, with a genuine interest in building a solid knowledge of fundamental condensed-matter physics.  The Theory and Simulation group at ICMAB is an excellent environment to carry out frontier research in first-principles methods and applications. MS and MR have a strong record of successfully training young researchers on the fundamentals, of guiding them in innovative directions, and of maximizing the public recognition of their early-career work.
The PhD student will enroll in the Doctoral Program in Physics (https://www.uab.cat/en/phds/physics) at the Universidad Autònoma de Barcelona (UAB). The Physics Department of UAB is a frequent partner of our research group and provides ideal support for the training needs and career planning of the student. As part of the program, students are encouraged to take a three-months secondment stay at a foreign research institution; most of our students have chosen to visit our long-term US collaborators (David Vanderbilt at Rutgers University, and Cyrus Dreyer at Stony Brook and Simons Foundation), which are ideal destinations both in terms of scientific environment and international prestige. Our students are also strongly encouraged to travel to international conferences and workshops as often as possible, to maximize visibility for their activity and start building a professional network early on.


PhD CO-DIRECTORS:
	Prof./Dr: Massimiliano Stengel
Email: mstengel@icmab.es
Research group website: https://icmab.es/ts/leem


	Prof./Dr: Miquel Royo Valls
Email: mroyo@icmab.es
Research group website: https://icmab.es/ts/leem
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