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Diagram detailing how the monitoring system works. Credit: University of
Sussex

Operating quantum technology in challenging environments, such as
space, has moved a significant step forward after physicists working at
the University of Sussex have developed a monitoring and control
system blueprint for quantum devices and experiments.
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The system is presented in a peer reviewed paper published in Quantum
Science and Technology. The paper details how the University's Quantum
Systems and Devices group has established remote access to monitor and
control the environmental factors in their ultracold quantum laboratories.

The research has wider implications for operating quantum devices and
carrying out experiments in inaccessible and unpredictable environments
such as space, underground or those with unstable weather conditions, as
well as for artificial intelligence (AI) and human collaboration and for
online learning.

This could involve using quantum sensors in space to further our
understanding of the fundamental laws of physics, in boats for GPS-free
navigation, in electric vehicles to check the state of health of batteries or
in hospitals for brain imaging.

Due to the high sensitivity of quantum apparatus, a stable environment is
essential. The team has developed ways of keeping an eye on their
experiments from afar by using remote monitoring technology to access
information on factors such as temperature, pressure, laser beams and
magnetic fields.  Everyone in the team can see this information on
dashboards so issues can be dealt with before they destabilize or disrupt
experiments.

As the complexity of quantum technologies grows, the likelihood of
breakdowns and severe delays increases. Environmental disturbances are
usually only noticed when something goes wrong and then dealt with
retrospectively.  However, as the monitoring system allows the
uninterrupted collection of environmental data, issues can be resolved in
real-time. 
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Author of the paper, Dr Thomas Barrett, in the Quantum Systems and Devices
laboratory at the University of Sussex. Credit: University of Sussex

The system builds upon previous work by the Quantum Systems and
Devices group that allowed them to create a Bose-Einstein condensate in
their university labs while working remotely from home.

Professor Peter Krüger, Principal Investigator in the group explains this
latest development: "What our group have achieved here is a technical
step towards automation, with less time spent debugging devices and the
need to be onsite. Furthermore, this advancement has far-reaching
implications that could pave the way to new smart technologies utilizing
AI/human collaboration.
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"An algorithm can be written to source information from a mixture of
human input, sensors and AI. As quantum technology become more
complex, for example with more sophisticated sensors and quantum
computers, these types of monitoring systems will become crucial. There
are countless application possibilities. In the future you could find these
systems monitoring quantum devices in places such as spacecraft, inside
glaciers or closer to home in electric vehicles or hospitals."

Dr. Thomas Barrett, Research Fellow in the group and lead author of the
paper says that "the system makes use of some technology that is already
being used in many other sectors such as finance, farming and
manufacturing and uniquely applies it to quantum devices.

"With this system, I could be cooking dinner at home and receive an
emergency text message directly from my laboratory experiment saying
there is a problem with the pressure in the vacuum chamber. In certain
scenarios a quick remote fix could sort the problem giving me the
freedom to continue with my evening. This could significantly speed up
the pace at which we are able to achieve results by avoiding unnecessary
maintenance visits to the labs and time spent working out what has gone
wrong."

"Whilst we have been able to exploit this system for controlling our
experiments for homeworking, even more significantly, this technology
provides a blueprint for monitoring the environment and carrying out
research and operating technology in inaccessible, non-constant and
unpredictable environments such as space, underground or below sea
level. That's where it gets really exciting and could provide far reaching
impact."

Dr. Fedja Oručević, Lecturer in the group sees additional benefits to the
development: "Having spent a lot of time in the last two years teaching
students remotely, this development is hugely exciting.  During
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lockdowns, lab-based courses were severely impacted with students
unable to gain hands on experience in experimental physics.  The
consequences for teaching with a remote access system could
reinvigorate the curriculum and open doors for lab-based teaching on
online distance learning courses."

  More information: T J Barrett et al, An environmental monitoring
network for quantum gas experiments and devices, Quantum Science and
Technology (2021). DOI: 10.1088/2058-9565/ac3385
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