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B Near-field Cosmology / Galactic Archaeology

Deciphering the formation histories of

galaxies and the nature of dark matter from
the local universe
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. Introduction (This chapter)

. Kinematics and dynamics of Galactic stars

. Stellar populations and chemical evolution

. The nature of old Galactic components

. Galactic dark matter = Colloquium

. Formation of Galactic structures

. Formation and evolution of Local Group galaxies
. Future prospects
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Our Galaxy

s . Mggel_lanlc clouds @

- Template for understanding the
formation and evolution of galaxies



Galaxy formation
and evolution

High-z universe
(snapshots of
various galaxies)
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Stellar system
in local universe
(tracing evolution

of a galaxy)

Bekki & Chiba 2001




Near-field cosmology based on
resolved stellar system

* Photometry: magnitude, color (— color-magnitude
diagram : CMD, color-color diagram)

« Spectroscopy: metallicity (— age from CMD), chemical
abundance pattern (— star formation history & chemical
evolution), radial velocity (— 1D kinematics)

« Astrometry: proper motion & distance (— information on 6-
dimensional phase space)

- Formation history of galaxies
- Nature of dark matter




Old stellar components
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Fossil records in Galaxy formation
Galactic Archaeology




Color-magnitude diagram (CMD)
of the globular cluster : M68
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Lookback formation time of stellar components
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Star Formation Rate Density evolution

Cosmic star formation history
Madau & Dickinson (2014)

Stellar Mass Density evolution
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Milky Way & Galactic satellites
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Fornax dwarf spheroidal galaxy
(D=138 kpc)

Buonanno+ 1999
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Dwarf galaxies
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Mass ratio between DM and stars

Dark matter in the MW dwarf satellites

(Mass enclosed within stellar extent ~ 4 x 10’'M)
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[Fe/H] ~—2.3

o S tellar halos in M31/M33
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ACS/HST photometry of M31's halo
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Hubble Space Telescope helps scientists
track stellar population in M31 halo

Stars in M31 halo have a wider age range
(6-13 billion years) than those in the Milky Way
halo (11-13 billion years).

Location of kink in
distribution indicates
stellar age

Dimmer

Hotter stars Cooler stars

Stellar temperature
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Galactic Archaeology

Hierarchical merging

Merger tree Stellar streams

® Spatial distribution and dynamics

® Chemical abundance of stars

of stars
v" Galaxy collapse and merging
v" Distribution of dark matter

v" Star formation and chemical evolution
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