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Laser loop couples quantum systems over a distance
May 7, 2020

University of Basel

For the first time, researchers have succeeded in creating strong coupling between
quantum systems over a greater distance. They accomplished this with a novel method
in which a laser loop connects the systems, enabling nearly lossless exchange of infor‐
mation and strong interaction between them. The physicists reported that the new
method opens up new possibilities in quantum networks and quantum sensor technol‐
ogy.
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FULL STORY

For the first time, researchers have succeeded in cre‐
ating strong coupling between quantum systems
over a greater distance. They accomplished this with
a novel method in which a laser loop connects the
systems, enabling nearly lossless exchange of infor‐
mation and strong interaction between them. The
physicists reported that the new method opens up
new possibilities in quantum networks and quantum
sensor technology.

Quantum technology is currently one of the most active fields of
research worldwide. It takes advantage of the special properties
of quantum mechanical states of atoms, light, or nanostructures
to develop, for example, novel sensors for medicine and naviga‐
tion, networks for information processing and powerful simulators
for materials sciences. Generating these quantum states normally
requires a strong interaction between the systems involved, such
as between several atoms or nanostructures.

Until now, however, sufficiently strong interactions were limited to
short distances. Typically, two systems had to be placed close to
each other on the same chip at low temperatures or in the same
vacuum chamber, where they interact via electrostatic or magne‐
tostatic forces. Coupling them across larger distances, however,
is required for many applications such as quantum networks or
certain types of sensors.

A team of physicists, led by Professor Philipp Treutlein from the
Department of Physics at the University of Basel and the Swiss
Nanoscience Institute (SNI), has now succeeded for the first time
in creating strong coupling between two systems over a greater
distance across a room temperature environment. In their experi‐
ment, the researchers used laser light to couple the vibrations of a
100 nanometer thin membrane to the motion of the spin of atoms
over a distance of one meter. As a result, each vibration of the
membrane sets the spin of the atoms in motion and vice versa.

A loop of light acts as a mechanical spring

The experiment is based on a concept that the researchers devel‐
oped together with the theoretical physicist Professor Klemens
Hammerer from the University of Hanover. It involves sending a
beam of laser light back and forth between the systems. "The
light then behaves like a mechanical spring stretched between the
atoms and the membrane, and transmits forces between the
two," explains Dr. Thomas Karg, who carried out the experiments
as part of his doctoral thesis at the University of Basel. In this
laser loop, the properties of the light can be controlled such that
no information about the motion of the two systems is lost to the
environment, thus ensuring that the quantum mechanical interac‐
tion is not disturbed.

The researchers have now succeeded in implementing this con‐
cept experimentally for the first time and used it in a series of ex‐
periments. "The coupling of quantum systems with light is very
flexible and versatile," explains Treutlein. "We can control the laser
beam between the systems, which allows us to generate different
types of interactions that are useful for quantum sensors, for ex‐
ample."

A new tool for quantum technologies

In addition to coupling atoms with nanomechanical membranes,
the new method might also be used in several other systems; for
example, when coupling superconducting quantum bits or solid-
state spin systems used in quantum computing research. The
new technique for light-mediated coupling could be used to inter‐
connect such systems, creating quantum networks for information
processing and simulations. Treutlein is convinced: "This is a new,
highly useful tool for our quantum technology toolbox."

The experiments conducted by the researchers in Basel were
funded by the European Research Council as part of the project
MODULAR, and by the SNI PhD School.
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New Method for Detecting Quantum States of
Electrons
Sep. 17, 2019 — Researchers have devised a
new method -- called image charge detection --
to detect electrons' transitions to quantum
states. Electrons can serve as quantum bits, the
smallest unit of quantum ... read more ∠

Coincidence Helps With Quantum
Measurements
Apr. 18, 2019 — Through randomly selected
measurements, physicists can determine the
quantum entanglement of many-particle sys‐
tems. With the newly developed method, quan‐
tum simulations can be extended to a larger ...
read more ∠

One Step Closer to Complex Quantum
Teleportation
Nov. 2, 2018 — For future technologies such as
quantum computers and quantum encryption,
the experimental mastery of complex quantum
systems is inevitable. Scientists have now suc‐
ceeded in making another leap. ... read more ∠

New Method Points to Compact, Cheap and
Efficient Sources of Quantum Information Bits
May 4, 2016 — Quantum information science
and technology has emerged as a new par‐
adigm for dramatically faster computation and
secure communication in the 21st century. At
the heart of any quantum system is the ...
read more ∠
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tein Modifications in Cell Signaling, Drug Re‐
sponse
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iReceptor Plus Consortium Wants to Improve
Immunological Data Sharing
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French Team Develops Synthetic Biology Dia‐
betes Diagnostic
360Dx, 2018

Treatment characteristics for nonmetastatic
castration-resistant prostate cancer in the
United States, Europe, and Japan
Ruchitbhai Shah et. al, Future Oncology, 2019

Moffitt, University of Colorado Teams Identify
ALK Inhibitor Sensitizers in Lung Cancer
Precision Oncology News, 2016

Researchers Develop Low-Cost Pan-HPV MDx
Using Enzyme-DNA Nanostructures
Madeleine Johnson, 360Dx, 2018

Burden of AEs in non-metastatic prostate can‐
cer patients treated with secondary hormonal
therapies following androgen deprivation ther‐
apy
Anuj Shah et. al, Journal of Medical Economics,
2020

Adverse events and survival in non-metastatic
castration-resistant prostate cancer: patients'
and caregivers' preferences
Sandy Srinivas et. al, Journal of Clinical Oncolo‐
gy, 2019
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