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Note: Artists impression of our cosmic home... be thinking is this artist impression real? : :
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~Im curious... about so many aspects of our

S s s A COSMIC O |
- How do galaxies in the universe form?

Credit: Aspen Stargazing LL.C
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~ Like any (good?) scientist ...

These questions can be answered through the scientific
method
+ Question —>
- Hypothesis —>
J- Experiment/Observation —>
- Analysis —>

- Communicating results (both to other scientists and to
the public)

This sounds so “middle school”... but training our students
at the graduate+ level to do this is KEY!
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A Terrestrial Example of this Question
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A Terrestrial Example of this Question

Can you draw a map of (downtown) Austin?
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So lets start w1th one of these questlons :

i How is our Galaxg structured?

B The next thing to do in the Scientific method is too ....
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i How is our Galaxg structured?

B The next thing to do in the Scientific method is too ....

BERE Make a hypothesis [l

Credit: Aspen Stargazing LL.C



Hypothesis 1: The Milky Way is a “ball” of stars (elliptical
galaxy)
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Hypothesis 2: The Milky Way is a disk of stars (spiral galaxy)

oooooooooo












Let's make an observation from West
Texas... what do we learn?
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Let's make an observation from the
Southern Hemisphere... what do we
learn?
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Hypothesis1¥ %
(the old ‘bulge’ of . e

the MW is a ball of
stars)
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Barred Spiral Galaxy with
5 components

Halo

Galactic center/bar
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Galactic center
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Modern View of the Milky Way
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Modern View of the Milky Way

Halo : Metal-poor

Bulge: Metal-rich
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Modern View of the Milky Way

Halo : Metal-poor
Bulge: Metal-rich

metallicity

Note: Debates about these components still exist!
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To fully understand our galaxy
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To fully understand our galaxy

We must map it

In particular, chemical maps of our galaxy inform
how it formed! Let’s work together to build a “toy
model” of the map of ‘metals’ across our Galaxy
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[Fe/H] = “Metallicity” (Danielle’s
Talk / Periodic Table) = How

much Iron (relative to Hydrogen)
is there in our stars?
Almost always done relative to
the Sun!
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2.50 x Solar
1.60 x Solar

1.00 x Solar

0.60x Solar

0.40 x Solar

0.25 x Solar

Toy “Model” —>
Start with our artist
impression from earlier

Implies well mixed gas that forms
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stars throughout the Galaxy!
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Toy “Model”
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Implies “Inside out” formation —

inner part of the disk chemically

evolves ‘more quickly’ than the
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Toy “Model”
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Implies “Inside out” formation —

inner part of the disk chemically

evolves ‘more quickly’ than the
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Assumption : All stars at a
given R has same metallicity
across all azimuthal angles
(other galaxies imply this is not

a good assumption!) _/ - ,fh
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So how do we (chemically) map our
Galaxy inthe modern era?
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Two ingredients:
-The position of stars in the Galaxy
-The chemical composition of stars
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How will Gaia Measure distances?

Parallax

O
Earth in Earth in
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Position of millions of stars reveal the Milky Way
is a Spiral Galaxy
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Ingredient 2: Spectroscopy as an chemical tool
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Stellar DNA

Learn

‘See also Danielle’s “Demo” of spectra

Spectroscopy




Spectroscopy: Learning Stellar DNA

See also Danielle’s “Demo” of spectra
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And these Archaeological tools have taught us about Galactic
structure
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The University of Texas at Austin

College of Natural Sciences

About  Academics Research  Student Experience  Alumni & Friends News & Events e

@& / News

RESEARCH

Chemical Cartography Reveals the
Milky Way’s Spiral Arms

The method overcomes the challenges of dust that block the view of some of the Milky Way's
stars.

Hawkins' model superimposed over a NASA Jet Propulsion Laboratory illustration of the Milky Way. Red and blue spots indicate objects with a high or low metallicity,
respectively. High metallicity (red) corresponds to the presence of young stars, which are more abundant in spiral arms. Credit: K. Hawkins (UT Austin), NASA/JPL-
Caltech/R. Hurt (SSC/Caltech).

Keith Hawkins, assistant professor of astronomy at The University of Texas at Share

Metal Deple Austin, has used chemical cartography — also known as chemical mapping -
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“Boldly, go where
no one else has
gone” — Star Trek
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A Post-Tenure Pivot : Connecting Galactic Archaeology and
Galactic structure to “Search for Life” on Exoplanets
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But this is 1 of more than 6000+ planets found

s000t As of March 6, 2026

1995 2000 2005 2010 2015 2020 2025
Discovery Year







We now know there are Planets but are they habitable?
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First, we check its host star for the key elements for life (CHNOPS)
//1 5 30.97m

P

Phosphorus
[Ne] 3523p3
\\ Nonmetal //

New research into the composition of supernova remnants suggests phosphorus might be isolated in parts of the

ts p

Gartner




First, we check its host star for the key elements for life (CHNOPS)

THE ASTRONOMICAL JOURNAL, 164:61 (15pp), 2022 August

© 2022. The Author(s). Published by the American Astronomical Society.

OPEN ACCESS

https://doi.org/10.3847/1538-3881 /ac778
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Recently (2025) awarded a large NSF GLOW grant to work with a
petrologist (Chen Sun/ UT Austin ) to understand how the elements
for life are distributed cosmically and within a planetary interior
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Second... we want to know what the pl
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How do we know the interior

composition of an exoplanet?




How do we know the interior

composition of an exoplanet?

Ripping them apart and dumping them into the stars we see
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But first we have to actually find the

planets being ripped apart




We start with stars that look featureless in their
spectra (white dwarfs) and try to find some that
have “extra lines” using Gaia data for 100,000 white
dwarfs indicating the metals falling onto the star




Polluted White Dwarfs offer rare glimpse into

a planetary interior outside the solar system
—> High Impact to finding them
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My group has developed Al
methods to find these
systems (Kao+2024) in Gaia
and follow up w/ HET
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Astronomers use artificial intelligence to find
stars swallowing planets

Stars that are rare to observe were found using artificial intelligence by
astronomers

An illustration shows a dead white dwarf star surrounded by th{ LA L L AL LT
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Typical White Dwarf Spectrum

Just Hydrogen!
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Polluted White Dwarfs now confirmed with
HET/McDonald (wouldn’t be possible w/o MDO)
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- Status in Mar. ‘26

3{115/120 or ~95%) detection rate for Polluted WD$!!
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Currently have ~95% detection rate for newly polluted WDs (Kao+2025, Hawkins+in prep)

McDonald/HET enables us to measure detail abundance ratios w/ these spectra to learn about

the content of planets outside the solar system. Y'all are of the first to see new data from HET!






What are other planets outside of our solar system made
out of and do they harbor the key elements for life (as we
know it?)

With new data from McDonald Observatories we are
beginning to put new constraints on where lite in our

Cosmic home could reside (outside the Earth)
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Summary
The Story of our Cosmic Home
1. We live in the Milky Way Galaxy —
A. Chemical Cartography has a revealed our cosmic home is a
beautiful spiral galaxy formed from the inside to the outside
B. Our Earth resides at the edge of a spiral arm 28,000 light years
from the center
C. This is far enough out to be in a habitable region of the Milky
Way and far enough from the Sun for water to exist to form us! -
2. Tenure afforded me the opportunity/capcity to explore the

questions of habitability further by :
A. Constraining how the elements (CHNOPS) key for life are

distributed around the Galaxy (and other galaxies) with

McDonald Observatory
B. Learn about what the interior of other planets are made of
using polluted white dwarfs observed with McDonald
3. McDonald Observatory is a *TRULY INVALUABLE* resource that
enables real world discovery and training and it is why | stay in

Austin at UT!




Thank you for listening, for supporting
our work and for being our champions
in science to help us uncover the
cosmic story that makes us human
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