
 

Manipulation of nanolight provides new
insight for quantum computing and thermal
management
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University of Minnesota researchers are providing a new paradigm in how light
interacts with materials. Credit: Low Research Lab.

A recent study led by University of Minnesota Twin Cities researchers
provides fundamental insight into how light, electrons, and crystal
vibrations interact in materials. The research has implications for
developing on-chip architectures for quantum information processing,
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significantly reducing fabrication constraints, and thermal management.

The field of research studying what are called "planar hyperbolic
polaritons" is new, dating back only a few years. The research paper, 
published in Nature Communications, provides an overview of the field's
current state, explores potential avenues for further exploration, and
highlights future opportunities.

Polaritons refer to a hybrid particle that is created from the interaction
between light (photons) and matter (excitons, phonons, plasmons).
Hyperbolic refers to the specific dispersion that describes how the
polariton wavelength changes with the incident frequency (energy)
within such materials, which can allow for the manipulation of light in
specific directions. In combining both of these factors, researchers are
looking at how to manipulate light in a well-defined direction.

A light bulb can be used as a simple example of this theory. When you
turn a switch on, the light from the bulb emits a broad range of
wavelengths that disperse in all directions, because space has the same
property in all directions. But there are certain materials that can
manipulate light in a 2D space, where in this example, the light bulb
would shine like a laser along a well-defined direction once you turn on
the switch.

"By manipulating the properties of hyperbolic polaritons, we can look to
unlock new applications and advancements in various industries, such as 
polariton qubits (basic units of quantum information) for a compact
quantum computer," said Tony Low, the senior author of the study and
the Paul Palmberg Professor in the Department of Electrical and
Computer Engineering at the University of Minnesota.

"Other potential applications of this research could be improving
thermal management in specific devices, like a transistor," said Joshua
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Caldwell, a senior author of the study and professor at Vanderbilt
University.

The research team offered insights into the physical phenomena,
including techniques to manipulate the hyperbolic polaritons.

In addition to Low and Caldwell, the research team included Hongwei
Wang (University of Minnesota Twin Cities), Anshuman Kumar (IIT
Bombay), Siyuan Dai (Auburn University), Xiao Lin (Zhejiang
University), Zubin Jacob (Purdue University), Sang-Hyun Oh
(University of Minnesota Twin Cities), Vinod Menon (University of
New York), Evgenii Narimanov (Purdue University), and Young Duck
Kim (Kyung Hee University), Jian-Ping Wang (University of Minnesota
Twin Cities), Phaedon Avouris (University of Minnesota Twin Cities),
and Luis Martin Moreno (Universidad de Zaragoza).

  More information: Hongwei Wang et al, Planar hyperbolic polaritons
in 2D van der Waals materials, Nature Communications (2024). DOI:
10.1038/s41467-023-43992-8
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