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Galaxies and the Universe

Figures for Lecture 1 on Tu Jan 22




Overview: Piecing Together Galaxy Evolution




Present —Day Galaxies

2 main class of galaxies in terms of shape and support against gravity
Spheroidal galaxies vs  Disk galaxies
e,g., Ellipticals e.g., Spirals

larger bulge, less dusty gas, tighter spiral arms




Overview: From the first second to the first billio n years

Matter particles (p,n, e ) have
emerged over t=106-1s after the
antimatter-matter pair production
and symmetry breaking

Formation of H He Li /

(t=3 min) : All the H,
90% of the He and
10% of the Li nuclei
present today form

Recombination era (t=3x10°yr)
Universe transitions Hydrogen ions form neutral
from atoms, and Universe changes
radiation-dominated from opaque to transparent.
to The photons released are the
matter-dominated oldest ones we see and get
(t=3x10%yr) redshifted to form the CMB
at mm wavelengths and 7=2.7 K

An

Dark ages: no source
of visible light yet.

First luminous objects form: stars at t=1-2
x108yr), then proto-galaxies (t=3-7x108yr)
These end the dark ages and their UV light
also reionized neutral H back to protons and
electrons (reionizaion era) .




From the first billion
vears to 13.7 billion year
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Constraints from theoretical ( £ CDM) models ?

Theoretical models predict the distribution of dark matter (DM) on large scale(~Mpc).
This filamentary distribution is roughly similar to the observed distribution of galaxies
on very large-scales. But no info on the structure of individual galaxies...

Millenium Run : 1010 particles
Follows DM in region D=15 Mpc/h
Resolution = 5 kpc/h



Constraints from theoretical ( £ CDM) models ?

Model predictions for the evolution of galaxies depends on

* Dynamic range and spatial resolution

* Halo occupation statistics

* Assumed baryonic physics (for gas or stars)



Challenges for Theoretical £ CDM models

No unique predictions for galaxy evolution
f (baryonic physics, resolution)

3 failures .....to be covered later in class

a Substructure or missing satellite problem
a . Angular momentum problem

a Bulgeless galaxy problem



Empirical Approach to Understanding Galaxy Evolutio n

Rely on observations

a to map history of galaxy mergers, star formation and structural assembly at
different epochs and in different environment

a constrain baryonic physics input in models

1) Sloan Digitized Sky Survey (SDSS) over z~0.01 to 0.3 (lookback time up to 3 Gyr)

2) Large/ deep surveys with

HST/ACS outto z~-8
+

(Spitzer, GALEX, Chandra)

/

Star formation Active Black
Holes



Empirical Approach

Surveys as function (epoch) + environment= (field,group,cluster)

GEMS (Rix et al 2004) z~0.21t0 1.0

GOODS (Giavalisco et al 2004) z~0.2to0 5.0

AEGIS/DEEP2 (Davis et al 2003/2007, Faber et al 2006) z~0.2to 1
COSMOS (Scoville et al 2007) outto z~1

Hubble Ultra Deep Field (HUDF; Beckwith et al 2006) z~8

ACS Virgo survey (Cote et al 2004)
ACS Treasury Survey of Coma Cluster (Carter et al 2008) z~0.025
STAGES A901/902 Supercluster (Gray et al 2008) z~0.17

NICMOS imaging of GOODS (Conselice/Bouwens et al ; ongoing )



Constraints from the GEMS survey

GEMS is largest-area imaging
survey conducted using 2 filters on

the ACS camera aboard HST

GEMS also has galaxy spectra which provide accurate redshifts for ~9000 galaxies.
The redshifts are used to derive the lookback times, which lie in the range 2 to 9 Gyr



Example of galaxies over z=0.7-1.0 (T, ..~ 6-8 Gy)



