
 

Deep learning speeds up galactic calculations
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The upper images show a wide area of a galaxy being simulated. The time
resolution is very low, in which each "step" of the simulation is around 100,000
years. The lower images show the specific area affected by a supernova
explosion and have a finer time resolution where each step is under 10,000 years.
These regions are combined with the more general simulation to improve the
overall accuracy and efficiency of the simulation. Credit: 2023 Hirashima et al,
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Supernovae, or exploding stars, play a critical role in the formation and
evolution of galaxies. However, key aspects of these phenomena are
notoriously difficult to simulate accurately in reasonably short amounts
of time.

For the first time, a team of researchers, including those from The
University of Tokyo, have applied deep learning to the problem of
supernova simulation. The work is published in the journal Monthly
Notices of the Royal Astronomical Society.

Their approach can speed up the simulation of supernovae, and therefore
of galaxy formation and evolution as well. These simulations include the
evolution of the chemistry which led to life.

Deep learning is used extensively in research. Recently, a team at a tech
event called a "hackathon" applied deep learning to weather forecasting.
It proved quite effective, and this got doctoral student Keiya Hirashima
from the University of Tokyo's Department of Astronomy thinking.

"Weather is a very complex phenomenon but ultimately it boils down to
fluid dynamics calculations," said Hirashima. "So, I wondered if we
could modify deep learning models used for weather forecasting and
apply them to another fluid system, but one that exists on a vastly larger
scale and which we lack direct access to: my field of research, supernova
explosions."

Supernovae occur when suitably massive stars burn through most of their
fuel and collapse in enormous explosions. They are so huge that they
can, and do, influence large areas inside their host galaxies. If a
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supernova had happened a few hundred years ago within a few hundred
light-years from Earth, you might not be reading this article right now.
So, the better we understand supernovae, the better we can understand
why galaxies are the way they are.

"The problem is the time it takes to calculate the way supernovae
explode. Currently, many models of galaxies over long time spans
simplify things by pretending supernovae explode in a perfectly
spherical fashion, as this is relatively easy to calculate," said Hirashima.

"However, in reality, they are quite asymmetric. Some regions of the
shell of material that forms the boundary of the explosion are more
complex than others. We applied deep learning to help ascertain which
parts of the explosion require more, or less, attention during a simulation
to ensure the best accuracy, while also taking the least amount of time
overall.

"This way of dividing a problem is called Hamiltonian splitting. Our new
model, 3D-MIM, can reduce the number of computational steps in the
calculation of 100,000 years of supernova evolution by 99%. So, I think
we'll really help reduce a bottleneck too."

Of course, deep learning requires deep training. Hirashima and his team
had to run hundreds of simulations taking millions of hours of computer
time (supercomputers are highly parallel, so this length of time would be
divided among the thousands of computing elements required). But their
results proved it was worth it.

They now hope to apply their methodology to other areas of
astrophysics; for example, galactic evolution is also influenced by large
star-forming regions. 3D-MIM models the deaths of stars, and perhaps
soon it will be used to model their births as well. It could even find use
beyond astrophysics altogether in other fields requiring high spatial and
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temporal resolutions, such as climate and earthquake simulations.

  More information: Keiya Hirashima et al, 3D-Spatiotemporal
forecasting the expansion of supernova shells using deep learning
towards high-resolution galaxy simulations, Monthly Notices of the Royal
Astronomical Society (2023). DOI: 10.1093/mnras/stad2864
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