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In the low-metallicity environment, rare events are expected to impact the chemical
abundances. Also, nucleosynthesis products of stars can vary with the properties, and
thus the relative contribution of astrophysical sources of elements may not always
compared to that in the solar neighbourhood.

Dwarf galaxies have small masses in stars and low average metallicities. Also, low-
mass galaxies tend to have in average low star formation rate. Since the number of stars
formed from the gas tends to be small and that astrophysical events can sporadically
appear, these rare events are expected to impact the chemical abundance of the
interstellar medium, especially in environments where the abundance of heavy elements
is low.

In this thesis, we investigate the chemical evolution of dwarf galaxies by comparing
observed quantities about stars and gas to those predicted by theoretical models and
mainly discuss (1) astrophysical sources of the chemical enrichment and (i1) the impact
of rare events on the chemical abundance in the low-metallicity environment.

We define rare events and introduce the stochasticity into the occurrence of the
astrophysical events in the chemical evolution model to take into account the ejection
of nucleosynthesis products released by astrophysical events that appear with low
occurrences. In the model, the chemical evolution proceeds through the gas accretion,
the star formation and the gas outflow. Under the assumption that physical quantities
related to the nucleosynthesis (e.g. stellar yields) among different systems, including
the Milky Way (Chapter 2) and dwarf galaxies, we include massive stars of different
initial rotating velocities, low- and intermediate-mass stars, type-Ila supernova and the
r-process candidates (neutron star merger and collapsar) in the source of the chemical
enrichment. The number of these events is estimated from the star formation history
derived for individual dwarf galaxies, and the rates of the gas accretion and the outflow
are roughly determined based on metallicity distributions of long-lived stars.

Among satellite galaxies around the Milky Way, we focus on Scupltor and Sextans dwarf
spheroidal galaxies (dSphs). The star formation history of the dSphs is similar in that the star
formation rate peaks at the early time of the evolution and then decreases. The mass in stars
of Sculptor dSph is about six times larger than that of Sextans dSph. We estimate the
occurrence of the astrophysical sources in each time-step with the star formation history of
Sculptor and Sextans dSphs derived from the colour-magnitude diagram. Due to the low star

formation rate, the astrophysical sources, especially the r-process candidates, can be rare.



By comparing abundance ratios of stars in the dSphs to those predicted by the model, we
discuss the research questions (i) and (ii) above. With regard to the contribution of rotating
massive stars to the nitrogen abundance, the surface of the red giant stars can be changed due
to mixing (e.g. first dredge-up and thermohaline mixing) in the earlier phase of the evolution.
Also, massive asymptotic giant branch stars can produce a large amount of nitrogen.
Although the contribution of nitrogen has to be assessed with caution, the model with
rotating massive stars predicts higher [N/Fe] ratios ([A/B] = 10gio(Na/Ns) - 10g10(Na/Ns)sun,
where Na and NB denote the abundance of A and B) than the model without rotating massive
stars, which suggests that rotating massive stars can contribute to the chemical evolution of
the dwarf galaxies.

As for trans-iron elements, [Eu/Fe], [Sr/Fe] and [Ba/Fe] predicted by the model show that
the impact of rare r-process events on the abundance ratios appears as the oscillation and the
amplitude seems larger at lower chemical abundances. Also, the amplitude of the oscillation
seen in the abundance ratios predicted for Sextans dSph seems larger than that for Sculptor
dSph, which suggests that rare events can influence more the chemical abundance of lower-
mass galaxies.

With regard to the astrophysical sources of trans-iron elements, comparisons of
abundance ratios predicted by the model show that in average r-process sites can contribute
more at the low metallicity, and the contribution of rotating massive stars to the abundance
ratio through the weak s-process is seen at [Fe/H] > -2, partly due to the low abundance of
seed nuclei of the s-process at the low metallicity.

However, it does not mean that rotating massive stars do not contribute to the enrichment
of trans-iron elements at the low metallicities. In a context of hierarchical galaxy evolution,
individual events enrich the interstellar medium of less massive building-block dwarf
galaxies in heavy elements. By investigating a simple case, we observe that the different
chemical histories of the building-block dwarf galaxies can be reflected in the abundance
ratio of a merged dwarf galaxy. Since the r-process events sharply increase the ratios, the
upper part of the dispersion in [Eu/Fe], [Sr/Fe] and [Ba/Fe] is created by the r-process. Also,
rotating massive stars of different initial rotating velocities enrich each building-block
galaxy in Sr and Ba, which can increase the averages of the [Sr/Fe] and the [Ba/Fe] ratios
and create part of the dispersion. We also show that [Sr/Fe] and [Ba/Fe] of part of the stars in
ultra-faint dwarf galaxies can be explained by the contribution of rotating massive stars
through the weak s-process.

Through comparisons between observational data about stars and gas (metallicity
distribution of long-lived stars, chemical abundances of supergiants and HII regions and gas
fraction) and the model predictions, we explore the chemical evolution of star-forming dwarf
galaxies of different star formation histories. Despite the uncertainty associated with the
observational data and the simplicity of the model, we discuss that the variation in the star
formation rate can be reflected in the occurrence of astrophysical sources that release the

nucleosynthesis products on different time-scales and also in the evolution of abundance



ratios.

The results and the discussions in this thesis support the idea that (i) the relative
contribution among astrophysical sources depends on the star formation history, the time-
scale on which the source releases the nucleosynthesis products, the occurrence and the
appearance of individual events, and the properties of individual stars. Also, (ii) since
astrophysical events can appear sporadically, the impact of individual events on abundance
ratios can be large when the mass of the system is small and/or the star formation rate is low
and when the chemical abundance is low.

In the thesis, we show that massive stars of different initial rotating velocities enrich
each building block dwarf galaxies in trans-iron elements through the weak s-process and
create part the dispersion in the abundance ratios with simple models where the stochasticity
is introduced as rarity in a unique way. Finally, the discussions with stellar and gas-phase
data expand scopes of future studies on the astrophysical sources of various elements,
including trans-iron elements, and the chemical enrichment in dwarf galaxies of different star

formation histories and types.
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