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INTRODUCTION

The life cycles of stars and the evolution and recycling of
heavy elements (metals) in galaxies is referred to as

galactic chemical evolution.

Galaxy Assembly with Merger Trees for Modeling
Abundances (GAMMA) is an existing computational
model of this process. It orchestrates the generation and
combination of chemical evolution models of stellar
populations to reproduce galactic chemical abundances
based on merger trees provided by cosmological dark

matter simulations (C6té et al. 2018).

Newly available chemical abundance observations for
the Milky Way and its satellites have the potential to give

insight to the murky chemical evolution history of the
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We have identified the likely
conditions under which the chemical
composition of the Milky Way and
its satellite galaxies evolved.

Probability Densities of GAMMA Parameters

Observational Results vs GAMMA Results

Explore the Galactic Origins of the Elements

DISCUSSION

The model emulators cut computation time by 3000x
(50 hours to 60 seconds for 10000 GAMMA samples)

The peaks in the probability density function of certain
model parameters (see Fig. (2) and caption) indicate

values of that parameter that have a high probability of
being the best value to shape the stellar mass-metallicity

distribution to reflect the observations.

The varying number of Type 1a supernovae per stellar
mass was not included in the GAMMA calculations,
which is why a flat probability density function is
produced. This works as a consistency check to verify
whether the MCMC simulations were correctly run,
because it suggests the parameter values have a negligible

impact on shaping the modelled distribution.
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Figure (1): A representation of how GAMMA models galactic chemical evolution over
time. Galaxy image credit: NASA - The Hubble Heritage Team (AURA/STScI/NASA)

METHODS

- GAMMA’s computation time is too large to efficiently

Galactic Outflow Rate
(GOR)

% Yo % o

GOR Dark Matter Dependency SFT Redshift Depedency
7

2

L %

GOR Coefficient
Oc?

Q
‘o .

Spectroscopic Survey and from the second phase of the Apache Point Observatory Galactic Evolution Experiment. arXiv:170709322
[astro-ph]. doi:10.3847/1538-4365/aa9¢8a. [accessed 2019 Jul 17]. http://arxiv.org/abs/1707.09322.

Coté B, O’Shea BW, Ritter C, Herwig F, Venn KA. 2017. The Impact of Modeling Assumptions in Galactic Chemical Evolution Models. Ap].
835(2):128. doi:10.3847/1538-4357/835/2/128.

Coté B, Ritter C, O’Shea BW, Herwig F, Pignatari M, Jones S, Fryer CL. 2016. UNCERTAINTIES IN GALACTIC CHEMICAL
EVOLUTION MODELS. ApJ. 824(2):82. d0i:10.3847/0004-637X/824/2/82.

Coté B, Silvia DW, O’Shea BW, Smith B, Wise JH. 2018. Validating Semi-analytic Models of High-redshift Galaxy Formation Using Radiation
Hydrodynamical Simulations. Ap]J. 859(1):67. doi:10.3847/1538-4357/aabe8f.

—
) % Foreman-Mackey D, Hogg DW, Lang D, Goodman J. 2013. emcee: The MCMC Hammer. Publications of the Astronomical Society of the
J 8 O Pacific. 125(925):306-312. doi:10.1086/670067.
search the model’s parameter space for a set of best-fit By o)
8 E § Goémez FA, Coleman-Smith CE, O’Shea BW, Tumlinson J, Wolpert RL. 2014. DISSECTING GALAXY FORMATION MODELS WITH
p arameters. g > 5 SENSITIVITY ANALYSIS—A NEW APPROACH TO CONSTRAIN THE MILKY WAY FORMATION HISTORY. ApJ. 787(1):20.
c0 doi:10.1088/0004-637X/787/1/20.
O+
° ° >
- G au SSlan Process re greSSIOn Was used tO Cre ate mO del @) Go6mez FA, Coleman-Smith CE, O’Shea BW, Tumlinson J, Wolpert RobertL. 2012. CHARACTERIZING THE FORMATION HISTORY

emulators for GAMMA, trained on two sparsely

sampled sets of input parameters across two model

emulator generations.

- An affine-invariant ensemble sampler for Markov chain

Monte Carlo was used to explore the parameter space to
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Figure (2): Diagonal plots represent the probability density functions of each parameter of GAMMA that is labelled along the x-axis, with
all other parameters marginalized. All other plots represent two-dimensional projections of parameter space between two independent

variables, and they display confidence intervals of where the best fit value is located in that section of parameter space.
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observational data (Foreman-Mackey et al. 2013).
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