
2022 CAP Congress / Congrès de l’ACP 2022

Contribution ID: 3222 Type: Oral not-in-competition (Graduate Student) / Orale non-compétitive
(Étudiant(e) du 2e ou 3e cycle)

(G) Broken Sublattice Symmetry Effects and Phase
Transitions in Triangular Artificial Graphene

Quantum Dots
Monday, 6 June 2022 14:15 (15 minutes)

We describe here the effects of broken sublattice symmetry, and the emergence of a phase transition in tri-
angular artificial graphene quantum dots with zigzag edges. The system consists of a structured lateral gate
confining two dimensional electrons in a quantum well into artificial minima arranged in a hexagonal lattice.
The sublattice symmetry breaking is generated by forming an artificial triangular graphene quantum dot with
zigzag edges. The resulting Hamiltonian of this system generates a tunable ratio of tunneling to strength of
electron-electron interactions and a degree of sublattice symmetry with control over shape. Using a combina-
tion of tight binding, Hartree-Fock and configurations interaction we show that the ground state transitions
from ametallic to an antiferromagnetic phase by changing the distance between sites or depth of the confining
potential. At the single particle level these triangular dots contain a macroscopically degenerate shell at the
Fermi level. The shell persists at the mean-field level (Hartree Fock) for weak interactions (metallic phase) but
disappears for strong interactions (antiferromagnetic phase). We determine the effects of electron-electron in-
teractions on the ground state, the total spin, and the excitation spectrum as a function of filling of the system
away from half-filling. We find that the half-filled charge neutral system leads to a fully spin polarized state in
both metallic and antiferromagnetic regimes in accordance with Lieb’s theorem. In both regimes a relatively
large gap separates the spin polarized ground state to the first excited many-body state at half-filling of the
degenerate shell, but by adding or removing an electron, this gap drops dramatically, and alternate total spin
states emerges with energies nearly degenerate to a spin polarized ground state.

Primary authors: DUSKO, Amintor (University of Ottawa); SALEEM, Yasser (University of Ottawa); KO-
RKUSINSKI, Marek (National Research Council of Canada); Dr CYGOREK,Moritz (University of Ottawa); HAWRY-
LAK, Paweł (Department of Physics, University of Ottawa, Ottawa, Ontario, Canada K1N 6N5)

Presenter: SALEEM, Yasser (University of Ottawa)

Session Classification: M2-8 Quantum and Strongly Interacting Electron Systems (DCMMP) | Sys-
tèmes quantiques d’électrons interagissant fortement (DPMCM)

Track Classification: Technical Sessions / Sessions techniques: Condensed Matter and Materials
Physics / Physique de la matière condensée et matériaux (DCMMP-DPMCM)


