Pis’ma v ZhETF, vol. 110, iss. 3, pp. 170 – 170 © 2019 August 10

Casimir effects in 2D Dirac Materials

N. Khusnutdinov^{+∗1)}, L. M. Woods^×

+Centro de Matemática, Computação e Cognição, Universidade Federal do ABC, 09210-170 Santo André, SP, Brazil

∗Institute of Physics, Kazan Federal University, 420008 Kazan, Russia

×Department of Physics, University of South Florida, 33620 Tampa, Florida USA

Submitted 18 June 2019 Resubmitted 18 June 2019

Accepted 20 June 2019

DOI: 10.1134/S0370274X19150062

Dispersive interactions originating from exchanged electromagnetic fluctuations play a prominent role in many materials and devices. This interaction is universal as it exists between any types of bodies, microparticles and atoms. Depending on the importance of the speed of light in the exchange process, one distinguishes between van der Waals (c → ∞) and Casimir (c finite) regimes. Recent discoveries of novel nanostructured materials with nontrivial topology have brought new functionalities in the Casimir force, which further builds fundamental knowledge of light-matter interactions. In this review we give a detailed summary on recent developments of the zero point electromagnetic energy summation technique applied to Casimir and Casimir–Polder interactions involving 2D Dirac materials with emphasis on graphene. In addition to introducing the basic framework of this theory, theoretical advances in calculating the optical response in graphene using different models are also given. Key analytical and numerical findings for the Casimir and Casimir–Polder force are summarized including for composites with stacks of parallel layers. To broaden the perspective of this field we also present some recent results for Casimir interactions involving materials from the expanded graphene family,

1)e-mail: nail.khusnutdinov@gmail.com

including silicene, germanene, and stanene, as well as Casimir friction in 2D Dirac systems. The theoretical approach based on calculating and summing the zero point electromagnetic modes is a powerful technique, which enables successful calculations of the Casimir and Casimir–Polder interactions involving a stack of finite number of graphene or other 2D layers. By summarizing and comparing different models for the optical response for graphene, a comprehensive understanding of important factors affecting the Casimir and Casimir–Polder forces are found. Specifically, the number of layers in the stack, chemical potential, temperature, and mass gap are shown how they affect the overall behavior of these forces in the context of the different models for optical response. Considering the different quantum phases in the expanded graphene family, Casimir force phase transitions driven by external fields are also found. Friction effects mediated by the exchange of electromagnetic fluctuations are also part of Casimir physics and again the Dirac energy structure is found to affect significantly the Casimir friction in graphene materials.

Full text of the paper is published in JETP Letters journal. DOI: 10.1134/S0021364019150013

170 Письма в ЖЭТФ том 110 вып. 3 – 4 2019