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Cosmic Background Radiation – early structure

300,000 years after the big bang



Properties from Cosmology

• Age of Universe 13.7 Byr          (2%)
• Atoms                                       4.4%             (9%)
• Dark matter                               23%            (15%)
• Dark energy                              73%              (5%)
• Flatness                                     1.02              (2%)
• Hubble constant (km/s/Mpc)      71               (6%)
• Photon/proton ratio                 1.6x109 (5%)
• Time of first stars                  180 Myr          (50%)
• Time of MWB                      380,000yr          (2%)



The Milky Way Galaxy





Spiral galaxies – most common in local universe – 70%



Example of nearby massive galaxy

Elliptical galaxies 25% of nearby population and 
typically the most massive galaxies









Edwin Hubble (1889-1953)



Low surface brightness
High surface brightness



M82 – outflowing gas



Radio lobes from AGN





Galaxies and hot X-ray gas



Gravitational Arc - lensing









?

How do we get from the early universe to the rich universe of nearby galaxies?









High Redshift Galaxies











Key goal for galaxy formation studies is role of merging

Are these peculiars mergers?



Galaxies in the
2nd half of the 

Universe’s history



Galaxies in the
1st half of the 

Universe’s history



We can now measure the merger rate



And see normal galaxies forming late in the universe’s history



The James Webb Space Telescope



The James Webb Space Telescope

First images released on July 12!



Lyman-break galaxy at z=11 (few 100 Myr after big bang)

Oesch+15

Most distant galaxy
(candidate) yet known

JWST will find many
more of these starting
in 2022



Observations of how
structure formation 
occurs can perhaps help
reveal the physical nature 
of dark energy

Galaxy Merging and Cosmology

Conselice, Feb 2007 Scientific American

High-z Today



Star formation
In Galaxies

Pillars of
Creation

Gas and
Dust à
Young stars





Heated dust – seen at >5μm



The Formation of life



Classical Calculation



Alternative Method

Astrobiological Copernican Method

Answers question by finding similar formation histories as Earth



Star formation

Most necessary requirement – produces metals





Planet formation

Need heavy metals – carbon, oxygen, etc to form



Can observe formation in progress



Fraction of stars with plants = 15%

How many exoplanets are there?  Every year sees more and more



Habitable Zone around a planet – where life can thrive



The galactic habitable zone?



Today

Human Life Communicating Intelligent Life

First Life

4 Billion years ago

300,000 years ago



Technical civilization on earth – 100-200 Years old



Life time of our civilization?



Result

Number of civilizations in galaxy 
with communication is >

¼ life-time of civilizations

So at least 36 civilizations in galaxy


