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Researchers have succeeded in forming a control loop consisting of two quantum sys‐
tems separated by a distance of one meter. Within this loop, one quantum system -- a
vibrating membrane -- is cooled by the other -- a cloud of atoms, and the two systems
are coupled to one another by laser light. Interfaces such as this allow diﬀerent kinds of
quantum systems to interact with one another even over relatively large distances and
will play a key role in quantum technologies of the future.
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Researchers from the University of Basel have suc‐
ceeded in forming a control loop consisting of two
quantum systems separated by a distance of one
meter. Within this loop, one quantum system -- a vi‐
brating membrane -- is cooled by the other -- a cloud
of atoms, and the two systems are coupled to one
another by laser light. Interfaces such as this allow
different kinds of quantum systems to interact with
one another even over relatively large distances and
will play a key role in quantum technologies of the
future.
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We've all experienced the principle of feedback -- for example,
when we use a thermostat in conjunction with a heating system to
regulate indoor temperature. The thermostat measures the current
temperature, compares it with the target value and regulates the
flow of heat accordingly. Control loops of this kind appear in many
areas of everyday life and technology.
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They are also useful in the quantum world when it comes to bring‐
ing a system into a desired state. For example, it's often neces‐
sary to work at very low temperatures -- close to absolute zero -in order to observe the sensitive eﬀects of the quantum world and
to apply these eﬀects to new technological applications. Classical
feedback requires a measurement to be taken within a control
loop and only works to a limited extent in the world of quanta,
which diﬀers from the macroscopic world we're familiar with in
many respects.
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The reason for these limitations is that in quantum systems, the
very act of taking a measurement causes a change in the system
and therefore leads to uncontrolled backaction. With this in mind,
researchers led by Professor Philipp Treutlein from the Depart‐
ment of Physics and the Swiss Nanoscience Institute of the Uni‐
versity of Basel have used the principle of coherent feedback to
cool a quantum system for the first time -- and they have pub‐
lished their results in the journal Physical Review X.
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Coherent feedback describes a situation in which two quantum
systems interact with one another. As one of the systems acts as
a control unit for the other, no measurement is needed. Instead,
the control system is configured to bring the target system into a
desired state by means of coherent quantum mechanical interac‐
tion.
Specifically, the researchers used atoms as a quantum mechani‐
cal control system to control the temperature of a macroscopic
but very thin vibrating membrane. This process first involves
aligning the intrinsic angular momentum (spin) of the atoms in a
well-defined direction, which corresponds to a very cold state
close to absolute zero. In contrast, the high temperature of the
membrane causes it to vibrate strongly. Quantum mechanical in‐
teraction allows the atoms and membrane to swap states, caus‐
ing the membrane to become cold as its energy is transferred to
the atoms. Subsequently, however, the atoms can quickly be re‐
turned to their initial state using laser light in preparation for an‐
other energy transfer from the membrane.
The researchers successfully used this coherent feedback mecha‐
nism to reduce the temperature of the oscillating membrane from
room temperature to 200 millikelvins (-272.95°C) -- that is, a tem‐
perature close to absolute zero -- within a fraction of a millisec‐
ond.
"We use the interaction between the two systems to transfer the
membrane into the cold state," explains doctoral student GianLuca Schmid, who is first author of the study alongside Chun Tat
Ngai, another of Treutlein's doctoral students. "The fascinating
thing about these analyses is that we're able to couple a macro‐
scopic system to an atomic quantum system -- and control it -over quite a large distance," says Philipp Treutlein.
Delays despite light speed
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The relatively large distance between the two quantum systems is
an important prerequisite for potential applications in quantum
technology, but it also results in tiny delays. Although light travels
at light speed, these delays have a clear eﬀect on feedback and
make the system more unstable. This results in slightly less cool‐
ing of the oscillating membrane than would theoretically be possi‐
ble in the absence of a delay.
The researchers in Basel are studying phenomena like these at
quantum interfaces between atoms and solid-state systems, be‐
cause hybrid systems of this kind will play an important role in the
quantum technology of the future. Potential applications include
new types of sensors and quantum networks.
"We're confident that our study will give rise to further practical
investigations of coherent feedback in quantum systems," says
Treutlein.
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Strongest evidence yet that MS is caused by Epstein-Barr virus
Jan. 13, 2022 — A huge study of US military personnel suggests almost all cases of multiple sclerosis
are triggered by the common Epstein-Barr virus, meaning a vaccine could largely eradicate the
condition.
Largest ever fish colony hosts 100 billion eggs under Antarctic ice
Jan. 13, 2022 — In the Weddell Sea near Antarctica, scientists have found the largest colony of fish
nests in the world, covering 240 square kilometres.
Electric knee implants could help treat pain of osteoarthritis
Jan. 12, 2022 — A device that delivers electric current to the knees could help combat osteoarthritis,
a painful condition caused by worn cartilage, after successful tests in rabbits.
Visit New Scientist for more global science stories >>>

RELATED STORIES

Scientists Harness Molecules Into Single Quantum State
Apr. 28, 2021 — Being able to build and control systems of quantum particles, which are among the
smallest objects in the universe, is the key to developing quantum technology. That goal is now a
step closer thanks ...
Laser Loop Couples Quantum Systems Over a Distance
May 7, 2020 — 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 ...
One Step Closer to Complex Quantum Teleportation
Nov. 2, 2018 — For future technologies such as quantum computers and quantum encryption, the ex‐
perimental mastery of complex quantum systems is inevitable. Scientists have now succeeded in
making another leap. ...
Quantum Physicists Achieve Entanglement Record
Apr. 13, 2018 — Entanglement is of central importance for the new quantum technologies of the 21st
century. A research team is now presenting the largest entangled quantum register of individually
controllable ...

Free Subscriptions

Follow Us

Have Feedback?

Get the latest science news with ScienceDaily's
free email newsletters, updated daily and
weekly. Or view hourly updated newsfeeds in
your RSS reader:

Keep up to date with the latest news from
ScienceDaily via social networks:

Tell us what you think of ScienceDaily -- we
welcome both positive and negative comments.
Have any problems using the site? Questions?

( Email Newsletters
$ RSS Feeds

! Facebook
" Twitter
# LinkedIn

+ Leave Feedback
, Contact Us

About This Site | Staﬀ | Reviews | Contribute | Advertise | Privacy Policy | Editorial Policy | Terms of Use
Copyright 2021 ScienceDaily or by other parties, where indicated. All rights controlled by their respective owners.
Content on this website is for information only. It is not intended to provide medical or other professional advice.
Views expressed here do not necessarily reflect those of ScienceDaily, its staﬀ, its contributors, or its partners.
Financial support for ScienceDaily comes from advertisements and referral programs, where indicated.
— GDPR: Privacy Settings —

