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Galactic Archaeology :  
The Story of our Cosmic Home 
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What is the story of our Cosmic 
Home? 

Note: Artists impression of our cosmic home… be thinking is this artist impression real?
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Milky Way (cosmic home) 

= 100–200 Billion Stars
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Im curious… about so many aspects of our  
cosmic home  

How did our Galaxy and its stars form ?

How did our Galaxy assemble and evolve? 

How do galaxies in the universe form? 

How is our Galaxy structured?

These are the questions that drive me! 

How does our Galaxy make planets (outside our solar 
system) and what are they made of ? 
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Like any (good?) scientist …

These questions can be answered through the scientific 
method

• Question —> 
• Hypothesis —> 
• 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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So lets start with one of these questions 
How is our Galaxy structured?

Not trivial b/c we live inside the Galaxy
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So lets start with one of these questions 
How is our Galaxy structured?

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

Make a hypothesis
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Hypothesis 1: The Milky Way is a ball of stars



Hypothesis 1: The Milky Way is a ball of stars
Prediction 1: If we sit inside the “ball of stars” and look 
up from the Earth we will see roughly equal numbers 

of stars in all directions 



Hypothesis 2: The Milky Way is a  disk of stars (spiral galaxy)

Earth
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Hypothesis 2: The Milky Way is a disk of stars
Prediction 2: If we sit inside the “disk of stars” and look 

up from the Earth, we will see stars concentrated 
along the “disk” of the galaxy



Let’s make an observation from West 
Texas… what do we learn? 

Credit: Mahan Mirza Khanlari (UT Astronomy) 
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Credit: Mahan Mirza Khanlari (UT Astronomy) 



Hypothesis 2 ✅  (the milky 
way has a disk of stars)

Credit: Mahan Mirza Khanlari (UT Astronomy) 



Let’s make an observation from the 
Southern Hemisphere… what do we 

learn? 







Hypothesis 2 ✅  
(the milky way has 

a disk of stars)



Hypothesis 2 ✅  
(the milky way has 

a disk of stars)

Hypothesis 1 ✅ 
(the old ‘bulge’ of 

the MW is a ball of 
stars) 
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Anatomy of our Cosmic Home:  Barred Spiral Galaxy 

sun

Artist impression but how do we know this is real?



Barred Spiral Galaxy with  
5 components  

/bar
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The (stellar) halo

…Bullock & Johnson 2005, Belurkov+2006, Carollo+2010, Beers+2010, Schonrich+2011, Deason+2011, Nissen+2010, 2011, 2014 (chemistry+kinematics), Hawkins+2014 (ages), Helmi+2019, 
Mackerth+2019, Belukrov+2019, Das, Hawkins, Jofre 2019, Belurkov+2022, Helmi+2022, Hayes+2022, Niadu+2022, …. 
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…Bullock & Johnson 2005, Belurkov+2006, Carollo+2010, Beers+2010, Schonrich+2011, Deason+2011, Nissen+2010, 2011, 2014 (chemistry+kinematics), Hawkins+2014 (ages), Helmi+2019, 
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Modern View of the Milky Way 

Bulge: Metal-rich

Thin disk: Metal-rich Thick Disk: moderate 
metallicity 

Halo : Metal-poor

Note: Debates about these components still exist!
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Keith Hawkins

Divide and Conquer 

Maddie Lucey 
(Bulge) —> NSF 

AAPF 

Zoe Hackshaw

Dionysis Gakis

Catherine Manea - 
—> NSF AAPF Tyler Nelson —> 

uni lecturer.

Zack Maas —> 
visitingAsst. Prof 

Malia Kao Kaleo Toguchi-
Tani

Carlos Juardo
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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

Carlos Juardo Zoe Hackshaw
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Implies well mixed gas that forms 
stars throughout the Galaxy! 
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[Fe/H] = 60% solar

[Fe/H] = 25% solar 

R 

Toy  “Model”

Assumption : All stars at a 
given R has same metallicity 
across all azimuthal angles 

(other galaxies imply this is not 
a good assumption!)
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Ingredient 1: Positing Stars with Gaia
Tag: The Billion Star Surveyor 

★ Produce the most precise 3-D 

map of the Galaxy ever 

attempted 🌌 

★ Its why I went to Cambridge 

for PhD🎓 

★ Gaia has mapped 2 BILLION 

stars (~1-2% of the MW😱)…  
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Positions, 

,  
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Position of millions of stars reveal the Milky Way 
is a Spiral Galaxy

Hawkins 2023

More starsLess stars

Poggio+21, few MILLION stars

To Galactic 
cente

sun

Here:  
“kpc” = kiloparsec = 

1,000 parsecs = 
3,260 light years

26,000 light years!



Ingredient 2: Spectroscopy as an chemical tool 
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Spectroscopy: Learning Stellar DNA

UT Austin is world leader in traditional stellar chemistry 
And these Archaeological tools have taught us about Galactic 

structure

See also Danielle’s “Demo” of spectra 



The chemical map of millions of stars in 
the Galaxy 

Hawkins 2023 (Each cell has 1000s of stars), also see Hackshaw +2024, Juardo +2026
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The chemical map of millions of stars in 
the Galaxy 

Hawkins 2023 (Each cell has 1000s of stars), also see Hackshaw +2024, Juardo +2026
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Chemically mapping the Galaxy has 
revealed … 



Chemically mapping the Galaxy has 
revealed … 

Our Cosmic home (the Milky Way’s Galactic disk) 
formed “inside out” and it has spiral arms.  Our Sun/

Solar System lives at the edge of one spiral arm. 
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A New Mission for me: A first explorer of 
far side of the Milky Way

The “After Sloan-V” project — Director 
Nidever+2025 (BSP)

“Boldly, go where 
no one else has 

gone” — Star Trek

Galactic 
center
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Chemical mapping can inform us  
our history! 

But it can also inform the history of ‘life’ elsewhere 
in the Galaxy !

…
Maybe we share our cosmic home with others….

…
But where would they be?



A Post-Tenure Pivot : Connecting Galactic Archaeology  and 
Galactic structure to “Search for Life” on Exoplanets 





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?)
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But this is 1 of more than 6000+ planets found 

As of March 6, 2026
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The Habitable Zone alone isn’t enough.. how do you know the planet 
has the material for life? 



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

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 



Second… we want to know what the planet is actually made of 



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



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 



My group has developed AI 
methods to find these 

systems (Kao+2024) in Gaia 
and follow up w/ HET 

McDonald!



My group has developed AI 
methods to find these 

systems (Kao+2024) in Gaia 
and follow up w/ HET 

McDonald!

It is not clear though 
that these are real or 

if AI deceived us! Thus 
we must check 
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Just Hydrogen!



Polluted White Dwarfs now confirmed with 
HET/McDonald (wouldn’t be possible w/o MDO) 

Currently have ~95% detection rate for newly polluted WDs  (Kao+2025, Hawkins+in prep)
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Status in Mar. ‘26

(115/120 or ~95%) detection rate for Polluted WDs!! 

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!
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What are other planets outside of our solar system made 
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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 life in our 

Cosmic home could reside (outside the Earth) 
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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 I 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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