K 4 M A | ERK 26 4R
Dark Halo Structures in Milky Way and Andromeda
FALERH LD Dwarf Spheroidal Galaxies
il H ERFR LT > R A 2GR O/ Mg FRERNIZ 381 5
H—7 ~m— D)

Moo H O

. Introduction

1.1 Near-field cosmology

1.2 Dwarf spheroidal galaxies around the Milky Way and Andromeda
1.3 A-dominated Cold Dark Matter Universe

1.4 The purpose of This Thesis

. Non-spherical mass models for dwarf spheroidal galaxies

2.1 Solving the axisymmetric Jeans equations
2.2 Stellar density models

2.3 Dark halo density models

2.4 Model properties

. Data and analysis

3.1 Fundamental data

3.2 Line-of-sight velocity dispersion map

. Non-spherical dark halo structures in the dwarf spheroidal galaxies

4.1 Best-fit models of dark halos in dSphs
4.2 Central density profiles of subhalos

4.3 The impact of sample selection and observational errors on best-fit parameters

. The structural properties and the evolution of subhalos associated with

star-formation activity
5.1 Comparison with A CDM subhalos

5.2 Implications for dynamical evolution of subhalos

5.3 The relation between dark-halo structure and star-formation history

5.4 How cold is dark matter? : a constraint from the universality of a redefined

dark matter surface density at the lowest halo-mass scales

6. Conclusion

Appendix A. Markov-Chain Monte Carlo analysis




Dwarf spheroidal (dSph) galaxies in the Milky Way (MW) and Andromeda (M31) are
excellent laboratories to understand the nature of dark matter, because such galaxies are
the most dark-matter dominated systems with total dynamical mass to light ratios of 10
to 1000. These dSph galaxies also have the advantage that their individual member
stars can be resolved, thus it is possible to measure very accurate line-of-sight velocities
for the member stars. Therefore, using these accurate kinematic data of stars, we are
able to constrain their internal structure of dark-matter halos in light of the currently
standard A-dominated Cold Dark Matter (A CDM) models. In particular, the studies of
the dSphs are important to understand several controversial issues that A CDM models
hold on galactic and sub-galactic scales.

In this thesis, we present a new dynamical study of the dSph galaxies to gain useful
insight into dark halo structures on small mass scales and their dynamical evolution.
For this purpose, we construct and develop axisymmetric mass models to obtain
plausible limits on the non-spherical structure of their dark halos.

This is motivated by the fact that most of previous studies have treated the dSphs and
their dark halos as spherical systems, even though the observed luminous parts of the
dSphs are actually non-spherical and CDM models predict non-spherical virialized dark
halos. The models we adopt here also take into account a velocity anisotropy, p=1- ?/E ,
between velocity dispersions of stars toward the major and minor axes of the system,
which can degenerate in part with the effect of a flattened dark halo. Applying these
models to the currently available kinematic data of member stars in the seven MW and
five M31 bright dSphs, we investigate the structural properties of their dark halos.

It is first found that the best-fit cases for most of the dSphs yield not spherical but
elongated dark halos despite of considering the effect of the velocity anisotropy.

This result is attributable to the fact that the above degeneracy can actually be broken
by comparing line-of-sight velocity dispersion profiles between the major and minor axes.
We thus obtain the useful limits on the shapes of dark halo in the dSphs, for which the
sufficient number of velocity data sets are available along both the major and minor axes.
We also find that the best-fit parameters, especially for the shapes of dark halos and
velocity anisotropy, are susceptible to both the availability of velocity data in the outer
regions and the effect of the lack of sample stars in each spatial bin. Thus, to obtain

more robust limits on dark halo structures, we need photometric and kinematic data

over much larger areas in the dSphs than previously explored.

The results obtained from our models and the currently available data sample suggest
that the shapes of dark halos in the dSphs are systematically more elongated than those
of A CDM subhalos. This discrepancy needs to be solved by theory considering the
combination of baryon components and the associated feedback to dark halos with the

stronger tidal effect from a host galaxy as well as by further observational limits in



larger areas of dSphs. Moreover, it is found that more diffuse dark halos may have
undergone consecutive star-formation history, suggesting that we obtain a glimpse of the
effect of baryonic feedback on dark matter distribution. Therefore, we conclude that the
formation process of dSphs is intimately affected by the dynamical evolution of their
dark halos and thus imprinted in their structure at the present time.

Finally, we estimate a dark matter surface density within a radius of maximum
circular velocity, which is derivable for any dark matter density profiles. We find that
this surface density is nearly constant across a wide range of galaxies, irrespective of
dark matter distribution in each of the galaxies. Furthermore, this universality at the
dwarf galaxy mass scales enables us to obtain the limits on particle masses of WDM
scenarios. In order to be in agreement with this universality, WDM particles need to be
heavier than 3 keV.
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