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Our Four Lectures

Lecture 2 1) Evidence for the Big Bang:
Aim is to make a believer out of you.
2) The life-history of galaxies:
Wonderful systems, with a rich life-story
14 BI”IOH years Of HIStOfy: 3) The first million years: the fireball era (seen as the CMB)
the Birth and Maturation of Galaxies A spectacular period of light and semi-musical sound.
4) Inflation: the mechanism that

a) creates all the “stuff” in the Universe; out of nothing,
b) launches its expansion,
c) maybe makes many universes.

Preview Introduction: Our Milky Way Galaxy
A number of related themes, building a fuller picture.

1

Nature & size of galaxies

2) Dark matter: a major cosmic constituent.

3

Galaxy collisions & star birth
4) Galaxy maps: the galaxy web
5

Infant galaxies — wild times.
6) History of star birth — an early baby-boom.
7) Growing black holes — galaxy sterilization

8) Galaxy masses — why the range of mass?

Our Galaxy

All-sky image of MW crossing the sky Scientifically informed artist’s Impression

Earth 100 nm = virus

Sun = 10um = cell
Earthorbit = Ycm = pinhead
Solar system = 20cm = saucer

2.5 football fields




The three basic types of galaxy

Elliptical Spiral Irregular
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Many spirals have large rotating hydrogen disks

Visible stars Hydrogen gas (radio)

These images are at the same scale

A more realistic picture of a galaxy.

Stars & Gas: make up the
visible galaxy. These
components “settle” to the
center, and form the galaxy

Dark Matter Halo: huge
surrounging region of dark
matter (particles?).

It’s rather like an iceberg:
1/6 visible, 5/6 invisible

2: Invisible Components;
Dark Matter Halos

Rotation curves reveal dark matter halos

stars + hydrogen  hydrogen velocity

R (x 10001y)

3: Galaxy Collisions;
Triggering Star Birth




Galaxies can sometimes collide and merge

Galaxy collisions trigger star birth

Many of these colliding galaxies are “starburst” galaxies,
meaning they have high rates of star formation (>100 stars/year)

NGC 4038/9 (The Antennae): An interacting starburst galaxy

The Distribution of Galaxies:
Redshift Surveys

/4

640 Fiber Spectrograph

Sloan Digital Sky Survey
100 inch Telescope

12/13/13

Complex patterns of galaxy collisions

Computer calculatio d merger of two equal-sized spiral galaxies

—

‘The Mice: ground-based image The Mice: Hubble Space Telescope More sophisticated calculation

Simulation of the Mice collision
(Josh Barnes) ' ‘

4: The Galaxy Distribution;
Mapping the Universe

A Slice of Sky, Viewed in 3-D

2-D view of sky

3-D view of slice of sky

We are here —




Galaxy distribution in a slice of sky
1 oh

0

Voids

Clusters

Milky Way Galaxy is here
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The Visible Universe

13.7 Bly
Region
currently MW galaxy
Visible Limit mapped (20 yds)

Within 20 years: surveyed the entire
visible Universe

LSST: 8.4 meter mirror

3.2 Giga-pixel Camera

5: Galaxy Evolution;
Young Galaxies

Telescopes are a kind of time-machine.

The Hubble Deep Fields

HUDEF contains galaxies at a range of distances
spanning almost all of cosmic history. s
<
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What we see —7
(HUDF)




Deep fields are small

Hubble Survey fields
GEMS

GOODS

X,
\ Sensitivity: x1

*
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Big dipper ¥
& moon at
same scale * *

Most distant galaxies are smaller than 1 arcsecond:
Size of football field on the moon, brightness of a single candle.

12/13/13

The HUDF includes galaxies in the first billion years.

1 arcminute

US Quarter @ 100 yards
(~2000 galaxies)

It is possible to measure the distances &
therefore ages of these young galaxies

Age: 1.6 Gyr
(9 year olds)

Age: 1.2 Gyr
(7 year olds)

Age: 0.9 Gyr
(5 year olds)

Young galaxies are small, chaotic, interacting & merging

M 31 neighbor The brightest B drop-outs
Age: 13.7 Gyr Age: 1.3 -2 Gyr

|
= Young galaxies

are small but
e L VS grow quickly
&4 | X
40 40
— Same scale — Infant galaxies were small
kly Kly
Rapid assembly of the first structures g b
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Age: billions of years after Big Bang

One can track the entire history of galaxy growth

Growth of galaxy structure

Big

Bang

Infant galaxy
probably looked (8
like this modern §

dwarf galaxy




6: Star Birth History
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Annual births (millions)

Analog: human birth history

US human birth history (1933 — present)

Baby boom

I ! I I
1940 1950 1960 1970 1980 1990 2000
Year (1933 - 2004)

Cosmic star birth history
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One reason for decline in star birth

Galaxy collision history
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The young Universe was spectacular

& =
Artist’s View of Star Formation in the Early Universe
Painting by Adolf Schaller » STScl-PRC02-02

7: Central Black Holes
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Black holes in Active Galaxies: Feeding Nuclear Black holes

¥ galaxy nuclei
; M No gas falling into
= the BH: not visible

Gas falling into
the BH, making
energy: light and
jets

Accreting black hole

Black hole at the center of the Milky Way galaxy

Feeding (and growing)
black holes was

common in the past, ol - Qusarmumber |
and is rare today. 3 s, it
; wl . _
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Feedback can clear out a galaxy’s gas Summary
Galaxies are the primary units of structure we find in the Universe.

which preVGntS further star formation They are huge compared to stars and solar systems.

They come in a range of sizes and shapes: spirals, ellipticals, irregulars
Each is embedded within a large halo of dark matter

Galaxies fill the visible Universe in a web-like pattern of filaments,
voids, and clusters — as revealed by recent large redshift surveys.
& - 1 Deep surveys of small regions (e.g. the HUDF) allow us to study the life
history of galaxies:
they are initially small, but quickly grow by collisions and mergers

this growth also involves the birth of stars
this also includes the feeding of massive black holes

Black Hole blowout

The mass distribution of galaxies comes from the mass distribution of
dark matter halos, with several suppression mechansims that prevent
the formation of stars.

Supernova blowout in M82




8: Galaxies Large and Small;
The Galaxy Mass Function
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Explaining the galaxy mass function

Human mass function

Adults

Children

Relative Number of People
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Mass (in pounds)
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Explaining the galaxy mass function

Dark halo mass function

dark matter halos
 (simulation)
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Explaining the galaxy mass function
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Summary

Galaxies are the primary units of structure we find in the Universe.
They are huge compared to stars and solar systems.

They come in a range of sizes and shapes: spirals, ellipticals, irregulars
Each is embedded within a large halo of dark matter

Galaxies fill the visible Universe in a web-like pattern of filaments,
voids, and clusters — as revealed by recent large redshift surveys.

Deep surveys of small regions (e.g. the HUDF) allow us to study the life
history of galaxies:
they are initially small, but quickly grow by collisions and mergers
this growth also involves the birth of stars
this also includes the feeding of massive black holes

The mass distribution of galaxies comes from the mass distribution of
dark matter halos, with several suppression mechansims that prevent
the formation of stars.




