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Scientists create a super-fast robot
microscope to search for dark matter
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Microscope. Credit: © NUST MISIS

Researchers from the National University of science and technology
MISIS (NUST MISIS, Moscow, Russia) and the National Institute for
Nuclear Physics (INFN, Naples, Italy) have developed a simple and cost-
effective technology that allows increasing the speed of automated
microscopes (AM) by 10 to 100 times. The microscopes' speed increase
will help scientists in many fields: medicine, nuclear physics,
astrophysics, neutrino physics, archaeology, geology, volcanology, etc.
The development report was published in Scientific Reports.

"In our study, we tested the technology of fully automated optical
scanning of thin samples, on which the new generation of automated
microscopes will be based. We analyzed the performance and estimated
the achievable scanning speed in comparison with traditional methods,"
said one of the authors, a researcher from NUST MISIS and INFN,
Andrey Alexandrov.

Modern science requires the use of high-speed scanning systems,
capable of conducting a high-precision analysis of the sample's internal
structure, of obtaining and analyzing large amounts of information. Next
generation AM are such systems: robots, equipped with high-precision
mechanics, high-quality optics and high-speed video cameras. AM works
millions of times faster than a human microscope operator and can work
24 hours a day without getting tired.

Modern AMs are used for optical scanning of emulsion track detectors.
Multi-tone detectors contain millions of emulsion films. Since the speed
of AM limits the applicability of detectors, scientists are actively looking
for ways to make the existing robots faster, as well as to create new,
much faster generations. Such robotic microscopes will be indispensable
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in an experiment to search for dark matter, where it will be necessary to
analyze tens of tons of nano-emulsion trackers with unprecedented
accuracy in the shortest possible time.

"Machine vision technology allows AM to recognize objects in real time
and independently decide whether to process their images or move to
another point. Currently, the parallel computing technology CUDA and
the GPU video cards are actively used to process a large (~2 GB/s from
each video camera) image stream and accelerate intensive computing.

We have also implemented the technology of lens focal plane rotation,"
Alexandrov added.

According to the scientist, "the efficiency and accuracy of this approach
turned out to be comparable with the traditional ones, while the scanning
speed is proportional to the number of cameras installed, which suggests
significant progress."

Next, the scientists intend to create and test a new generation working
prototype using the technology of focal plane rotation implemented by
them. The 10 to 100 times increased speed of such microscopes can
significantly increase the volume of data processed, reduce the time of
their analysis without large financial expenditures, and expand the limits
of applicability of the emulsion track detector method". Future scientific
experiments operating with such detectors will search for dark matter
particles, study neutrino physics, study ion fragmentation for the needs
of hadron cancer therapy and protect interplanetary missions crews from
cosmic rays," Alexandrov said.

More information: Andrey Alexandrov et al, A Novel Optical

Scanning Technique with an Inclined Focusing Plane, Scientific Reports
(2019). DOI: 10.1038/s41598-019-39415-8
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