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ABSTRACT

In this project we focused on the development of theoretical techniques (primarily numerical) that could be used to study correlated
topological phases where density functional theory (DFT) could not. The main tool we sought to develop is dynamical mean field theory
(DMEFT). In DMFT, the main object is the single-particle Green's function. Theoretical work independent of this project established
formulas that express the topological properties in terms of the single-particle Greens functions. Thus, there is a direction connection
between the quantities that DMFT can compute, and the topological properties of a material. The major technical challenge in DMFT is the
so-called "impurity solver”". Our main result in this roughly 12-month project was to benchmark various methods of solving the DMFT
problem: NCA, OCA, CT-QMC, and IPT. Certain methods are computationally cheaper, but less accurate. We identified some of the
tradeoffs in the choices and brought the PI's group capability to the point where it can be applied to the study of strongly interacting
topological phases.
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Scientific Progress

The goal of this project was to study interacting systems with topological properties using techniques beyond density
functional theory, which is only appropriate for weakly interacting electrons. The project was expected to last 2 years (DARPA
was providing the money), but the sequester reduced the length to only 1 year. In the period the grant was active, the Pl made
good progress towards to the overall goals. Most importantly, this project allowed the Pl to establish the necessary techniques
in his group--namely dynamical mean field theory (DMFT). Dynamical mean field theory is a powerful non-perturbative
treatment of electron-electron interactions that is capable of capturing physics behond the one-electron approximiation, such as
the Mott transition. In DMFT, one maps a lattice problem (Hubbard model, for example) to a single-site problem that is solved
self-consistently. In this mapping, some information on spatial correlations are lost, but the temporal correlations are treated
accurately. The main technical challenge is to solve the effective single-impurity problem. The bulk of this project was focused
on this aspect.

To solve the single-impurity problem, a variety of methods were used: Exact diagonalization (ED), the non-crossing
approximation (NCA), the one-crossing approximation (OCA), and continuous-time quantum monte carlo (CT-QMC). The latter
is thought to be the most powerful and numerically accurate, but it can be computationally expensive. In this project, we
compared the various solvers with each other for insulating and metallic systems, as well as for weak and strong coupling limits.
We learned ED works best for metallic systems, and NCA/OCA works best for strongly coupled insulating systems. Therefore,
NCA/OCA are natural solvers for strongly interacting topological insulator studies. Moreover, these techniques can require as
little as 10% of the computing time as CT-QMC. So, a central result of this project is the expertise associate with this tool. This
was the goal of the first year of this project; the second year was to be focused on the study of materials themselves.
Nevertheless, we did make some progress in applying these methods to the physics of the Mott transition in a 2-orbital model
relevant to nicklate films, and also the orbital polarization. Both of these are strongly influenced by electron interactions.

Other projects that received partial support from this grant were the discovery of a new interacting topological phase in three
dimensions, TI*, the study of topological phases in thin-film transition metal oxides, and the first predictions of topological
crystalline insulators in transition metal oxides. In addition, some quantum Monte carlo studies were carried out to investigate
interaction effects on topological insulators in an ““unbaised" manner. We found that the symmetry of the non-interacting terms
in a Hamiltonian are decisive in whether interactions will stabilize or destabilize a topological phase, with higher symmetry
(equal to lattice symmetry) favoring the topological phase.

All the major results cited above are contained in the various papers uploaded with this report.
Technology Transfer



The goal of this project was to study interacting systems with topological properties
using techniques beyond density functional theory, which is only appropriate for
weakly interacting electrons. The project was expected to last 2 years (DARPA was
providing the money), but the sequester reduced the length to only 1 year. In the
period the grant was active, the Pl made good progress towards to the overall goals.
Most importantly, this project allowed the PI to establish the necessary techniques
in his group--namely dynamical mean field theory (DMFT). Dynamical mean field
theory is a powerful non-perturbative treatment of electron-electron interactions
that is capable of capturing physics behond the one-electron approximiation, such
as the Mott transition. In DMFT, one maps a lattice problem (Hubbard model, for
example) to a single-site problem that is solved self-consistently. In this mapping,
some information on spatial correlations are lost, but the temporal correlations are
treated accurately. The main technical challenge is to solve the effective single-
impurity problem. The bulk of this project was focused on this aspect.

To solve the single-impurity problem, a variety of methods were used: Exact
diagonalization (ED), the non-crossing approximation (NCA), the one-crossing
approximation (OCA), and continuous-time quantum monte carlo (CT-QMC). The
latter is thought to be the most powerful and numerically accurate, but it can be
computationally expensive. In this project, we compared the various solvers with
each other for insulating and metallic systems, as well as for weak and strong
coupling limits. We learned ED works best for metallic systems, and NCA/OCA
works best for strongly coupled insulating systems. Therefore, NCA/OCA are
natural solvers for strongly interacting topological insulator studies. Moreover,
these techniques can require as little as 10% of the computing time as CT-QMC. So,
a central result of this project is the expertise associate with this tool. This was the
goal of the first year of this project; the second year was to be focused on the study
of materials themselves. Nevertheless, we did make some progress in applying
these methods to the physics of the Mott transition in a 2-orbital model relevant to
nicklate films, and also the orbital polarization. Both of these are strongly
influenced by electron interactions.

Other projects that received partial support from this grant were the discovery of a
new interacting topological phase in three dimensions, TI*, the study of topological
phases in thin-film transition metal oxides, and the first predictions of topological
crystalline insulators in transition metal oxides. In addition, some quantum Monte
carlo studies were carried out to investigate interaction effects on topological
insulators in an “unbaised" manner. We found that the symmetry of the non-
interacting terms in a Hamiltonian are decisive in whether interactions will stabilize
or destabilize a topological phase, with higher symmetry (equal to lattice symmetry)
favoring the topological phase.

All the major results cited above are contained in the various papers uploaded with
this report.



