How do astronomers get
trained in Astro-Al research?

Universities and research institutes (like the SkAl
Institute) offer specialized training programs and
workshops to equip students with the skills
needed to use Al/ML tools. Many astronomy
programs also now include courses and/or
majors in data science and machine learning to
help the new generation of astronomers become
well versed in these techniques.
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Engagement

The public can also participate in astronomy
research through citizen science projects, where
they help classify astronomical images and
provide valuable training data for Al algorithms.
This engagement helps:

1. Raise awareness and educate the
public about the role of Al in astronomy.

2. Allows non-experts to contribute to
scientific discoveries by actively
participating in research.

3. Broadens the public’s perspective on
current issues regarding use of Al (e.g.,
ethical concerns) and how people are
trying to mitigate these.

What’s going on at
Northwestern?

Many CIERA faculty are members of the new
SKAI Institute.

Research teams are working on three cross-
disciplinary pillars that address key Astro-Al
challenges, bridging data, models, and
experiments. This research is focused on:

« Stars, Compact Objects, and their Transients.

+ Galaxy Formation and Evolution; and
Cosmology.

+ The Early Universe.

Researchers are working on integrating Artificial
Intelligence (Al) and Machine Learning (ML) with
astrophysics to tackle key challenges in the field.

In addition to Astronomy research, the SKAI
Institute will be making strides in Al and how it
can help answer Astronomy questions. In
particular, innovations in foundational Al areas,
such as generative models, are being pursued to
address astrophysical challenges. This
interdisciplinary approach not only enhances the
capabilities of astronomers but also brings new
perspectives and methods to the field, driving
innovation and discovery.

| earn more...

You can learn more about the U.S. National
Science Foundation and Simons Foundation-
funded SKkAI Institute, as well as their ongoing
research projects, by visiting their website (skai-
institute.org) or following SkAIl on:

* LinkedIn: skai-institute
® Bluesky: @skai-institute.bsky.social
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Al techniques can help
improve astronomy imaging
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Astronomers use Data Science,

Al & Machine Learning in their
research

Astronomy research is collaborative across fields,
including computer science and data science (DS),
fostering an interdisciplinary environment.

Analyze large volumes of data: Modern day
observatories focus on large-scale, multi-wavelength
surveys—such as the Vera C. Rubin Observatory's
Legacy Survey of Space and Time (LSST). These
surveys need advanced techniques to effectively use
the incredible amount of data collected.

Al and ML are needed in
Modern Astronomy

There are several challenges faced in modern-
day astronomy that Al and ML can address.

Data volume and complexity: The volume of data
from telescopes and surveys is growing
exponentially. Traditional data analysis methods —
usually a human looking at each piece of data—are
insufficient in handling this scale, and advanced Al
and ML techniques help to effectively analyze the
sheer volume and variety of data produced.

Multi-scale models: Astrophysical models span a
wide range of spatial scales, from stars to galaxies
to the entire universe. Al and ML help to both
interpret and optimize these complex models that
are necessary to understand cosmic observations.

Experimental design: Al algorithms can be used to
design efficient instruments with minimal signal loss,
resulting in huge gains in performance—
astronomers could extract much more information
from their data.

Enhance simulations: DS/AI/ML models can improve
the speed and accuracy of astrophysical simulations.
This allows for better predictions and understanding of
simulation results.

Automate tasks: Routine tasks such as image
classification, object detection, and data cleaning can
be automated using Al/ML, so researchers can focus
on more complex analyses.

Optimize experiments: Al and ML tools can be used to

improve instrument design and optimize astronomical
surveys, ensuring that they are more productive and
less expensive when answering scientific questions.

Al Ethics Concerns

As Al becomes more prevalent throughout
research, ethical issues should be considered.

Researchers and educators need to ensure that any
data used in Al research is being used in a responsible
way that’s aligned with their institution and personal
values. They also have a responsibility to limit any
potential biases in Al algorithms and ensure fair and
accurate results. The SKAI Institute promotes an
inclusive culture that nurtures a diverse generation of
interdisciplinary leaders and prioritizes ethical Al use.



