
 

New milestone in laser cooling: Research
team cools silica glass by a record 67 Kelvin

March 21 2024, by Sina Seidenstücker

 
  
 

  

Ytterbium-doped glass rod excited by laser. Credit: Fraunhofer IOF

For the first time, a team of researchers from the Fraunhofer Institute
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for Applied Optics and Precision Engineering IOF and the University of
New Mexico have succeeded in cooling silica glass by 67 Kelvin through
optical laser cooling. The researchers from Jena and Albuquerque have 
published the results in the journal Optics Express.

Cutting, drilling, welding—we usually associate laser light with the
heating of materials, to, e.g., work with precision on objects made of
metal or stone. But under specific circumstances, it is also possible to
cool materials through radiation with laser light—an effect that is known
for the Doppler cooling of gases. However, laser radiation can also cause
cooling in solids.

This paradoxical effect becomes possible through so-called anti-Stokes
fluorescence cooling. In this process, a special, high-purity material is
excited via laser light radiation. Due to the difference in energy between
the excitation laser and the radiation emitted by the material, i.e., the
fluorescence, energy is extracted from the material in the form of
heat—it is cooled.

A research team consisting of Fraunhofer IOF and University of New
Mexico researchers have studied the laser cooling of doped silica glass
and accomplished a significant development in their paper.

Researchers overcome previous cooling threshold of
silica glass again

For many years, the cooling of silica glass was considered impossible.
But in 2019, researchers from Jena and Albuquerque were able to prove
the laser cooling of ytterbium-doped silica glass for the first time.
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Back then, the cooling only reached 0.7 Kelvin from room temperature.
To overcome the previous cooling threshold, the specific process for
manufacturing the doped material as well as its exact composition were
optimized. Moreover, the excitation lasers used for the measurements
conducted by the University of New Mexico were improved in close
collaboration with Fraunhofer IOF researchers.

As a result, the researchers have now achieved a new record-breaking
cooling: Through the radiation of an ytterbium-doped silica rod by an
excitation laser with a power of 97 watts and a wavelength of 1,032
nanometers, the researchers were able to prove a temperature reduction
from room temperature by 67 Kelvin within two minutes.

Fiber-like material opens up new potentials for
application

Because of this new development, novel, extremely stable lasers and low-
noise amplifiers for precision metrology or quantum experiments can be
developed in the future. Moreover, the optimized process can advance
vibration-free cooling and thereby open up new potentials for
application in materials analysis and medical diagnostics through
cryomicroscopy and gamma spectroscopy.

The potential use of the material in fibers is particularly interesting. In
the future, the new process could be used to develop high-performance
fiber lasers that do not have to deal with the limiting effects of thermal
instability.

The new process represents a significant advance in laser cooling and,
according to the experts' theoretical considerations, does not mark the
greatest possible temperature reduction using laser light yet.
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  More information: Brian Topper et al, Laser cooling ytterbium doped
silica by 67 K from ambient temperature, Optics Express (2023). DOI:
10.1364/OE.507657

Provided by Fraunhofer-Institut für Angewandte Optik und
Feinmechanik IOF

Citation: New milestone in laser cooling: Research team cools silica glass by a record 67 Kelvin
(2024, March 21) retrieved 27 April 2024 from https://phys.org/news/2024-03-milestone-laser-
cooling-team-cools.html

This document is subject to copyright. Apart from any fair dealing for the purpose of private
study or research, no part may be reproduced without the written permission. The content is
provided for information purposes only.

Powered by TCPDF (www.tcpdf.org)

4/4

https://dx.doi.org/10.1364/OE.507657
https://dx.doi.org/10.1364/OE.507657
https://phys.org/news/2024-03-milestone-laser-cooling-team-cools.html
https://phys.org/news/2024-03-milestone-laser-cooling-team-cools.html
http://www.tcpdf.org

