
 

Artificially intelligent software provides a
detailed look at jets of plasma used to treat
cancer
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This cold atmospheric plasma made with helium gas was used to gather real-
world data for developing artificially intelligent software that provides the
chemical composition of the jet's output. The purple glow is caused by collisions
that excite the gas atoms in the plasma, causing them to release light as energy.
Credit: Li Lin, The George Washington University

Artificially intelligent software has been developed to enhance medical
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treatments that use jets of electrified gas known as plasma. The
computer code predicts the chemicals emitted by plasma devices, which
can be used to treat cancer, promote healthy tissue growth and sterilize
surfaces.

The software learned to predict the cocktail of chemicals coming out of
the jet based on data gathered during real-world experiments and using
the laws of physics for guidance. This type of artificial intelligence (AI)
is known as machine learning because the system learns based on the
information provided. The researchers involved in the project published 
a paper about their code in the Journal of Physics D: Applied Physics.

The plasma studied in the experiments is known as cold atmospheric
plasma (CAP). When the CAP jet is turned on, numerous chemical
species in the plasma take part in thousands of reactions. These
chemicals modify the cells undergoing treatment in different ways,
depending on the chemical composition of the jet. While scientists know
that CAPs can be used to kill cancer cells, treat wounds and kill bacteria
on food, it's not fully understood why.

"This research is a step toward gaining a deeper understanding of how
and why CAP jets work and could also one day be used to refine their
use," said Yevgeny Raitses, a managing principal research physicist at
the U.S. Department of Energy's Princeton Plasma Physics Laboratory
(PPPL).

The project was completed by the Princeton Collaborative Low
Temperature Plasma Research Facility (PCRF), a collaboration between
researchers at PPPL and the George Washington University (GWU).

PPPL has a growing body of work that combines its 70 years of
pioneering plasma research with its expertise in AI to solve societal
problems. The Lab's mission extends beyond using plasma to generate
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fusion power to its use in fields such as medicine and manufacturing,
among others.

The software uses an approach known as a physics-informed neural
network (PINN). In a PINN, data is organized into parts called nodes
and neurons. The flow of the data mimics the way information is
processed in the human brain. Laws of physics are also added to the
code.

"Knowing what comes out of the jet is very important. Knowing what
comes out accurately is very difficult," said Sophia Gershman, a lead
PPPL research engineer from the PCRF who worked on this
collaborative project. The process would require several different
devices to collect different kinds of information about the jet.

"In practical studies, it is difficult to go and utilize all of the various
technologically advanced diagnostics all at once for each device and for
various types of surfaces that we treat," Gershman explained.

Calculating the chemical composition one nanosecond
at a time

Li Lin, a research scientist from GWU and the paper's primary author,
said it's also difficult to calculate the chemicals in a CAP jet because the
interactions need to be considered a nanosecond at a time.

"When you consider that the device is in operation for several minutes,
the number of calculations makes the problem more than simply
computationally intensive. It's practically impossible," Lin said.
"Machine learning allows you to bypass the complicated part."

The project began with a small set of real-world data that was gathered
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using a technique known as Fourier-transform infrared absorption
spectroscopy. The researchers used that small dataset to create a broader
set of data. That data was then used to train the neural network using an
evolutionary algorithm, which is a type of computer code inspired by
nature that searches for the best answers using a survival-of-the-fittest
approach.

Several successive batches of data are generated using slightly different
approaches, and only the best datasets from each round are carried
through to the next round of training until the desired results are
achieved.

Ultimately, the team was able to accurately calculate the chemical
concentrations, gas temperature, electron temperature and electron
concentration of the cold atmospheric plasma jet based on data gathered
during real-world experiments.

In a cold atmospheric plasma, the electrons—small, negatively charged
particles—can be very hot, though the other particles are close to room
temperature. The electrons can be at a low enough concentration that the
plasma doesn't feel hot or burn the skin while still being able to have a
significant effect on the targeted cells.

On the path to personalized plasma treatment

Michael Keidar, the A. James Clark Professor of Engineering at GWU
and a frequent collaborator with PPPL who also worked on this project,
said the long-term goal is to be able to perform these calculations fast
enough that the software can automatically adjust the plasma during a
procedure to optimize treatment. Keidar is currently working on a
prototype of such a "plasma adaptive" device in his lab.

"Ideally, it can be personalized. The way we envision it, you treat the
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patient, and the response of every patient will be different," Keidar
explained. "So, you can measure the response in real-time and then try to
inform, using feedback and machine learning, the right settings in the
plasma-producing device."

More research needs to be done to perfect such a device. For example,
this study looked at the CAP jet over time but at only one point in space.
Further research would need to broaden the work so it considers multiple
points along the jet's output stream.

The study also looked at the plasma plume in isolation. Future
experiments would need to integrate the surfaces treated by the plasma
to see how that impacts the chemical composition at the treatment site.

  More information: Li Lin et al, Data-driven prediction of the output
composition of an atmospheric pressure plasma jet, Journal of Physics
D: Applied Physics (2023). DOI: 10.1088/1361-6463/acfcc7
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