~10 billion Years halo.

formed early on
. bulge

8un's location

disk

1,000 light-years

disk: - 28,000 lilghl—géears
0...10 billion years
stars still forming

globular clusters

300,000 light-years = >

spiral galaxy

A galaxy is-an-isla{nd of stars -

> 8 >
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How to Take Part - Tutorial

Your job s very simple! All you need to do ks look out for the features that mark tical galaxies. In fact, as ot & compuler, most galaxies should ba easy to
test pass

s e e e e e e e A protogalactic cloud that starts with little or no angular momentum . . . .. may end up as an elliptical galaxy.
Part 1A ... Spiral or Elliptical Galaxies?
. * « = ;
* . P .
A protogalactic cloud with more angular momentum spins faster as it contracts. . . .. ending up as a spiral galaxy.
cloud may determine whether it ends up spiral or elliptical
Try your hands at some!
Click the image to see If you're right.
The b = fococn ¢
the spiral ¢
R : A dense protogalactic cloud may form its stars before it settles into a disk . . . . and ends up as an elliptical galaxy.
Elliptical galaxies - 9 _ o - :
are no longer forming : * - P
g g S - -
stars, so they look red, 3 - o
Gas in a less dense protogalactic cloud forms stars more slowly and settles into a disk . .. ..ending up as a spiral galaxy.
- k - - " .

b The density

y of a protogalactic determine whether it ends up spiral or elliptical.




Galaxy Evolution

- Nature
Oor -
Ut

Two simulated spiral The first encounter As the collision
galaxies approach begins to disruptthe  continues, much of
each otherona two galaxies and the gas in the disk of |.
collision course. sends them into orbit  each galaxy collapsed
around each other. toward the center.

Binp Fiarst gl i \Li This large object is the
T L I Ccentral galaxy of the cluster.

ta

Objects like'this-one
.- are smaller galaxies
winthe cluster.

Elliptical galaxies grow by
swallowing other galaxies.

Abell 3827: clumps of stars were

centers of consumed galaxies.
Fhese bright€limps* 0k
of stars were-ance

" -the centers-of *
smaller galaxies.

It helps to be able to see galaxies when they are just born. More spiral galaxies
Look out into space = look back in time

Sombrero galaxy (infrared + optical)
edge-on

Age of Universe: 2—4 billion years

.Dusty lane where stars are being #
born ;

y B v : '1. s :
. \ Milky Way: currently forming stars in the disk at arate of ~1 M /year

sun

-

mostly at spiral arms (the slow mode)

star formation in the past much more intense

(starbursts, the fast mode)
new stars formed out of recycled materials;



Galaxy-galaxy collisions
Induce starburs;tadghe fast mode

NOAO

Galaxy M82 e o UV and X-ray

HST - WFPC2
MASA, ESA, and R. de Grijs (Institute of Astronomy, Cambridge UK) = STScl-PRC01-08a

Our neighbor M82 has a star formation rate ~ 10 time higher (starburst).
Lots of supernova and galactic superwind...

Distance to nearest Galaxy % 2,5'00,000Iighz‘-year:25 , ST
- Diameter of Milky Way - * . . 100,000 light-year o S R Galaxies inside a group
Local Supercluster ; ' ; ' i v .

Local group | = .

X ™ Milky Way galaxy
s A of )
- Universe N\ 4 ‘w"’“‘ > <Iudy O
0 Solar system | =, —

_DA (not to scale)

L8
S

Coll

Distance to nearest Star -._3light-year -
Diameter of Sun . Slight-second

=20 million



' .Galaxy Clusters =
. ‘ g ‘ o

Some galaxy galaxy collision leads to merger and great starbursts.
Certral galaXxies in galaxy qlusters have undergone a lot of collisions afid

-

_.meigers They are more’ masswe and redder (ohgarchs) L

Local Group

The Andromeda galaxy
- 1
CGopyright € 2000 by Wil IMlan wmilan @airdigital. com
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a4
5 4 0 |
.""’ Ell: Ny
1 BN
Semmi'f s
L Letlia Local Galaxy Group Positions (X7 = Earth equatosial plane, Z=polar uis)
e ’f.‘f."-'"“l e .:W R, ijgalep\uur:;: gaparscs La-::mn:D.D =pEmwl| :
The Milky way has cannibalized a number
of smaller galaxies, and is eating more...

Remains of our cai_lnibali_sm S

s " Restos .
’ descubiertos .

e INGEA 8 [HRE)

cola Norte e

V;a L actea

.‘ :.":.%?"“?'»

¥ galaxia enana
2 Sagitario

- cola Sur

ﬁ: : . -lh

- 4 . = 4 s
oo . Yy : ":c vl o
; 1 — Y haps here

You are here,

The sky will light up very brightly; the Sun may leave the galaxy,

be incorporated into the mega-galaxy, or...



Antannae |

Yoﬁ WI!d up here

Something is astir in the centers of galaxies

=i —m
"

hot spot

Supermassive blackholes
lurking in the center

Uncertain Fate

Starbursts induced by mergers

Young and blue|

M7

Central black hole mass ~
a few billion solar masses

100,000 light-years

HST Optical




Quasi Stellar Opjects
a blackhole outshining 100 billion stars?
Or are you joking?

Quasar 3C 273 HST =« WFPC2, ACS Black Hole M

Bulge Luminosity

10000 = 10000

Lo
i3]
(8]
q»
©
T
[m]
8]

0.01 0.1 1

ACS/HRC Bulge Luminosity

NASA, A. Martel (JHU), the ACS Science Team, J. Bahcall (IAS) and ESA STScl-PRCO3-03

. 10 light days .

Did someone just drop a blackhole in our galactic center?

:-"E light daya




Assignment 8 due next monday.
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rluoole's

tuning forx

Andromeda

rounder appearance

larger bulge, less dusty gas, i r spiral arms

Milky Way

r

rorrnation of Galay

.

protogalactic cloud with less angular momentum

elliptical galaxy

protogalactic cloud with more angular momentum spiral galaxy

Along the E 108
Main Sequence: {n

o
= Much Brighter @
= B.urns Faster 1000
= Lives

o Lum. (solar units)

001

DIM

Hertzsprung-Russel Diagram

30,000 10,000 6,000 3,000
Surface temp. (K)
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Galaxy Groups - -

- Eridanus
-

Pictor

South Cele|s
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HST = ACS
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Hubble Ultradee

NASA, ESA, S. Beckwith (STScl) and The HUDF Team

« More

p Field

.

"~ STScl-PRC04-07a |

interactions'
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Galaxy M84 Nucleus

WFPC2

Hubble Space Telescope STIS
PRCS7-12 « ST Scl OPO - May 12, 1997 - B. Woodgate (GSFC), G. Bower (NOAQ) and NASA

LSR Radio Velocity (km s)

—a
re

Forrnation of S

Dark Energy
Accelerated Expansion

Afterglow Light \
Pattern  Dark Ages Development of
400,000 yrs. Galaxies, Planets, etc.

Inflation -

Quantar
Fluctuations

1st Stars
about 400 million yrs.

Big Bang Expansion

13.7 billion years

Structure forms hierarchically:

Differences in density: a few in 100,000! small things merge into big ones




