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The cosmos is within us. We are made of 

star-stuff. We are a way for the Universe to 
know itself.
-Carl Sagan



- Galactic 
Archaeology is 
the study of the 

history and 
formation of 

galaxies using 
data collected 

from their stars.
- Stars function as 

a “time machine”

15 Minute Talk Galactic Archaeology
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Credits: NASA, ESA and the Hubble Heritage Team 
(STScI/AURA) 



15 Minute Talk Galactic Archaeology

Galactic 
Archaeology 
surveys data 
revealing the 

chemo dynamical 
structure (the 

galaxy’s “fossil 
record”) of the 

Milky Way and the 
Local Group.
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15 Minute Talk Galactic Archaeology
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- x-axis is time, y-axis is element abundance per 
our model

- Cross section is measured abundance in our sun 
when it was born

15 Minute Talk Galactic Archaeology

- Colors correspond to various production 
sites

- Some elements better fitted than others 

- Different production sites producing 
elements on different time scales

AGB Stars
1a SN
CC SN
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Nucleosynthesis 
15 Minute Talk Nucleosynthesis

Proton

Neutron

Hydrogen 
Isotope

Helium

Neutron-Capture 
Process

Proton-Capture 
Process

The mechanisms through which new elements are created with 
events like Neutron/Proton capture process, Radioactive decay, 
and Electron capture process. 
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Neutron Capture Process
15 Minute Talk Nucleosynthesis

Slow and Rapid neutron capture process (s-process, r-process)  is 
the primary event for creating elements heavier than iron in stars. 

Neutron Capture
ve

e-

Beta Decay



S-Process 
Production
Asymptotic Giant Branch Stars
Low-Intermediate Mass Stars: .9 - 8 Solar Masses                                        
Super AGB Stars: 8 - 10 Solar Masses

15 Minute Talk Slow Neutron Capture Process
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- Alpha particles smash 
into stable 13C and 
22Ne molecules, 
resulting in heavier 
metals and a lone 
neutron. 

- Occurs between the H 
and He shell during 
thermal pulsing. 

Talwar, R. (2015). Stellar Neutron Sources and s-Process in 
Massive Stars 



R-Process Production
Type II Supernovae: Core-collapse 
Supernovae
10-25M☉

- A star runs out of fuel and collapses 
due to the imbalance of degeneracy 
pressure and gravity. This will 
either result in a neutron star or a 
black hole, depending on the mass. 

15 Minute Talk Rapid Neutron Capture Process

Star Collapse animation

When the core of a massive star collapses, a supernova explosion occurs and the 
collapsed core forms an extremely compact, rapidly spinning neutron star. Some 
theories propose that the neutrons could dissolve into free quarks, causing the 
neutron star to shrink further and become a strange quark star. NASA has announced
the detection of a possible strange quark star. 
(Animation: CXC/D.Berry)

Animation of Supernova Producing a Black Hole

This animation shows how a black hole may have formed in SN 1979C. The
collapse of a massive star is shown, after it has exhausted its fuel. A
flash of light from a shock breaking through the surface of the star is
then shown, followed by a powerful supernova explosion. The view then
zooms into the center of the explosion.

Credits: NASA/CXC/A.Hobart
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http://www.youtube.com/watch?v=D3ES8uqpS8c
http://www.youtube.com/watch?v=wymMn-SmALY


How do all of 
these work 
together?
Galactic Chemical Evolution Model
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15 Minute Talk

Initialize Gas 
Reservoir

Gas Cooling

Star 
Formation

Stellar 
Evolution 
and Yields

Galaxy 
Evolution 
Processes

Load Yields, 
Physics Rules

Check Timestep: 
Are We at Age of 

Universe?

No

Yes

Stop

A Galactic chemical evolution model traces 
how elements evolve with time in a Galaxy

The model contains warm and cold gas 
(cold gas forms stars), stars, and tracks the 
abundance of elements for each of these 
components

The model has physical rules for star 
formation, stellar yields, gas cooling and 
heating, and galaxy evolution properties like 
gas accretion and the movement of gas 
and stars around the galaxy



15 Minute Talk Results
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Understanding 
Barium

Lookback Time (Gyr)

15 Minute Talk

[B
a

/F
e

]

Galactic 
Chemical 
Evolution 

models 
simulated 

changes in the 
chemical 

composition of 
galaxies over 

time.
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- Z is the mass 
ratio of 
elements 
heavier than 
Helium to the 
total mass of 
the star. 

- Stars under Z = 
0.008 don’t 
exist in the 
Milky Way. 

15 Minute Talk Results: Barium Yields

Stellar Lifespan Based On Mass
10 Gyr      1.2 Gyr      .35 Gyr      .16 Gyr      .09 Gyr      .06 Gyr      

Mass/M⊙



Mass/M⊙ Lookback Time (Gyr)
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15 Minute Talk Results

Default Yields
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15 Minute Talk Results

Adjusted Yields

- Adjusted 3 different metallicities 
- Masses between .9 - 5.5 M⊙

Stellar Lifespan Based On Mass 
1.2 Gyr        .16 Gyr         .06 Gyr

Mass/M⊙ Lookback Time (Gyr)
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15 Minute Talk Results
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Conclusion:

- Higher Barium yields for low mass 
stars across all tested metallicities lead 

to a better agreement between our 
model and the data 

Future: 

- Write up our findings and look into s-
process production in low mass stars

15 Minute Talk Conclusion
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