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Measure rotation rate.

'SIXE |BJUOZII0Y U0
ajel uoneol 1014

1012 -
- Determine luminosity
S 1010 | . from rotation rate.
S
>
.;.',
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E observed Tully-Fisher
=2 relation.
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Modele de Kapteyn (1922)

~3 kpe

~15kpe

kpce = kiloparsec = 1000 pc
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e The globular clusters
are not distributed
uniformly in longitude

but there is a strong
concentration in
Sagittarius

Nombre d'amas

Cenire galactique
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e Clusters are
distributed
uniformly in
latitude, on each
side of the
Galactic plane

Hauteur du plan galactique
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| Thc Mllky bnnd cuts |
+ - the.sky in hal

"« “the.Suniis very hear the

- mid-plane of the disc - -
u The system of globular
 clusters centres about"

~ 8 kpc L RRY fromtthun-

S i *e .dls?onces deterkiined
: * fronrHR diagram:
_ ¢ this'is the centre of the
e Milky Way,:
« -we are a long way-from
. the centre (but nowhem
_near:; 'rhq edge)
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m Openclusters are found
- close to the Milky Wny on
Yhesky .
o~ they'belong to the dlsc N
u Globular clusters aren't:.

+. they form o spherical -
o ““halo".around the digc

'n' " n gas.is
A m‘%ﬁ in mymld—
plnm of thedis¢* ~ .

*+ ' riew star formation - :

.. .1 "confined to disc
- 9+ The dis¢ contains
' sta's thon thc holo .
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. We can use.fhe i-bmuon of the disc
Yo map the Milky Way: in hydrogen gas -
¢ neutral hydrogen emn‘s a radio-,
: spectml Imem‘ 2l cm X 2%

s “orbital, moTlon produces Doppler' shlft
. ,' s "yse geome'rr'y Td wor'k out location of
“"cloud 0- '
3 The Milky Way cppears to be a:
- rather untidy spiral.: -

« sinilar results from mappmg the

" 'ionised-hydrogen assotiated wn‘h hot
7 (masslve young) stcnﬂs | ‘-
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u The Milky Way thus, has at least four "’
distinct populcmons of stars: - .
v -the spiral arms : :
. young objects;: |nclud|ng massive, blue, stars -
.. "ve rotating system, second generahon (hlgh n
r. « - heavy élements).; . af
o the rest of the disc ]
* .a-ihcluding the.Sun; wide age range e ive
%"y .+ rotating, high m heavy elements R N
. 'rhe Hato | A ,
¢ including the glohular:
‘9 non-rotating; low in heavy elstmen

.e.r the central bulge

+ of old stars, seen in Jnfn-re IQ '
.. whith penetrates tHe dust " -~

0 s]owiy rétating, high 'in’ heevy elem'ents :
> wu;ie spread) P |
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Components of the Galaxy
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. By bokm n. ‘lh‘ hflh-ud A ouvr' Gd|q>;§/ in infr:q-r'ed by COBE:

K fhe Mllky Way looks
r'emar'kqbly liRe N66891

m Bylook innduouchmc . PRPER
mdou'rspmlnm ' R ———
NGC891 in infr‘a-r‘ed.b 2MASS

o, the Mjlky Way resembles :
galaxnes such’as; M1 . .+’

> The Mllky qu isa Typnml Iurgc spml galaxy /3/

1]+ e (like the Sun, larger: Thcm mos1' buf not.a, ..

v e champlonl)

M61 by Jack Newton
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Wide-Field Radio Image of the

- The cenm of ‘rhe Mllky qu |s e fiia nog
no? like the rest of the bulge | =90
"itcontains lots of gas: =, Lt T O
.. itis a'site of new star forma
_“tiop and recent supernovae; ;
“it is«a strong radio source and ’
' 'an X—my sourcq’ .
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Halo
Bulge
NGP Thick disk
: Thin disk
| Extreme
disk
Plane of ' S_
rotation ]
|
I
Sun ; 8.5 kpc Galactic center Fig. 1. Schematic of Milky Way showing the
stellar disk (light blue), the thick disk (dark
SGP blue), stellar bulge (yellow), stellar halo (mus-

tard yellow), dark halo (black), and globular
cluster system (filled circles). The stellar disk is
about 30 kpc (100,000 light years) in diameter.
The baryon and dark halos extend to a radius of
at least 100 kpc.
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Thick disk Thin disk

Position of the Sun
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¥
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* ‘top’ view
— are we a grand
design spiral?
— probably an
Sb to Sc type

— more than just
a pair of arms

— we'reina
‘'spur’ off an
arm
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2 Components of the Galaxy

Milky Way
Andromeda

> Sbc
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mg Formation & evolution of the Galaxy

e Recent observation suggest
that the MW formed by the * Startof the process
aggregation of stars and gas 12 X 10. years
originating from a reservoir of | | ® 2 evolution tracks:

small galaxies formed 1) One in the halo and the
previously (hierarchical bulge which are slowly
clustering) rotating
: 2) Onein the disc which has
e This model replaced the a rapid rotation

model of the rapid monolithic | Age of the disk

collapse (108 a.) (Eggen, 8 )
Lynden-Bell & Sandage 1962) 10 x'10° years
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e Existence of a thin
and a thick disk shows
that satellites’mergers
IS @ continuous
process since the :
formation of the MW SAgHEERES

e Ex: Sagittarius
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Formation & evolution of the Galaxy

e A large part of Galactic and
Extragalactic Astronomy in
the last 20 years is devoted
at the study of this
hierarchy of structures

e See: Hartwick 1996,

Unsolved Problems of the
Milky Way, IAU Symp. 169

Stars belonging to the
different components are
sorted by their kinematics

Thin disk: 0 <20 km/s &
thick./diam. ~ 1/10

Thick disk: o> 20 km/s &
thick./diam. ~ 1/3

Halov, ~ v, ~v
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e |[n 1940, Walter Baade e The color-magnitude
observed M31 and (HR) diagrams and the
realized that the spatial distributions
oright stars in the show the existence of
oulge and the halo two distinct groups of
nave redder colors stars (concept of
than those of the disk. populations: | & Il).
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> DISK: » BULGE:
2. young * (pop |) 2. old * (pop 1)
Z~ 400 pc
+
> HALO:
3. gas & dust _
Z ~ 100 pc 1. +/- spherical
+ 2. old * (pop Il)
4. younger * in the spiral 3. Globular clusters:
arms 10°-10 M,




SIK
AN,

SKA AFRICA

SQUARE KILOMETRE ARRAY

Components of the Galaxy

on KoPstag,
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Stellar Populations

» Pop lis not

homogeneous

1. Young stars
close to the plane

2. Old stars
in a thicker disk

)
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> >
o %
c
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o o
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Galactic Structure

Flat disk:
1011 stars (Pop.|)
* ISM (gas, dust)

» 5% of the Galaxy mass, 90% of the visible

light

» Active star formation since 10 Gyr.

Central bulge:

» moderately old stars with low specific

angular momentum.

» Wide range of metallicity

« Triaxial shape (central bar)
 Central supermassive BH

Stellar Halo

« 10° old and metal poor stars (Pop.l)
» 150 globular clusters (13 Gyr)
» <0.2% Galaxy mass, 2% of the light

Dark Halo

corona

barred bulge

spiral disk

Sun 15 kpe
v |
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Interstellar Matter (ISM)

>

>

not distributed uniformly
gas & dust /

“" dense clouds at different T

4 types of regions
1. Molecular clouds
2. Hlclouds
3. HIllregions
4. Super-bubbles




%% Interstellar Matter (ISM)
SKA Aftcy Molecular Clouds
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» temp.~ 10K
» cold and dense regions of dust & gas

A\

many molecules: H,, OH, CO, H,0,
CH,CH,OH (ethhyl alcohol) > 50 types
of molecules

» dense |:>starformation

*0O,B heat the molecular clouds

HIl regions

The "Black Cloud" B68 01%‘
(VLT ANTU + FORS1) © European Southern Observatory

ESO PR Photo 20a/99 ( 30 April 1999)




%[% Interstellar Matter (ISM)

SKA AFrica Molecular Clouds

» Dust acts as a catalyst in the formation of molecules:

> the different elements assemble at the surface of the
grains

» the grains protect the molecules against UV radiation
from hot stars which would dissociate the molecules

» The more a region is dense and cold (no thermal excitation),
the easiest it is for those stars to form by gravitational collap.




%g Interstellar Matter (ISM) =
i HI clouds

> temp. ~ 100 K
» neutral hydrogen HI

» the most abundant gas
component




%% Interstellar Matter (ISM)
SKA Avsich HI clouds

e Asin external galaxies (e.g.: ]
UGC 7170), the disc of the |
s L 2 sita el |

MW is warped and thickens T g A

Distance from Galactic Center (kpc)

FIGURE 8.26 H I distribution along the plane of the Milky Way, based on

I n t h e O u t e r p a rts . observations at galactic longitudes 75° (left side) and 255° (right side). (Figure

Jrom Burton 1992.)

Latitude (arcsec)

")
Longitude (arcsec)

FIGURE 8.27 H I velocity channel contours overlaid on a B band image of UGC
7170, showing the gas warp. (Figure from Cox et al. 1996.)
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Accreting Low-Metallicity Gas

HVCs

Sagittarius dSph

NASA and B. Wakker (University of Wisconsin-Madison) * STScl-PRC99-46



Eg Interstellar Matter (ISM)

SKA Arrich Hll regions

» temp.: 10 000 K
» surround the O & B hot *

» UV photons from the OB *
ionize the hydrogen

*0 10-100 pc
> diameters

*B 1-1 = . B
0 RE NGC 3603 HST - WFPC2

PRC99-20 « STScl OPO « June 1, 1999

Wolfgang Brandner (JPL/IPAC), Eva K. Grebel (Univ. Washington),

You-Hua Chu (Univ. lllinois, Urbana-Champaign) and NASA




%% Interstellar Matter (ISM) |
SKA Aftics Super-bubbles . &

> temp. ~ 10° K (X-rays)
> produce by SNs

Canadian Galactic Plane Survey (CGPS)
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Interstellar Matter (ISM)

> M, /M. ~ 10%

> My /M.~ 1%

gas

> M, ~ 1020 M,

n

> Iv'dustN 108 Iv'sun




SQUARE KILOMETRE ARRAY

Back to external galaxies
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Gravitationally Lensed Image of Highest Redshift Galaxy HST

PRC97-25 « ST Scl OPO - July 30, 1997 WFPC2
M. Franx (Kapteyn Astronomical Institute), G. lllingworth (Lick Observatory) and NASA

L : % e

HST - WEPC2

Hubble Deep Field

PRC96-01a - ST Scl OPO - January 15, 1996 - R. Williams (ST Scl), NASA
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M81 & M82
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Cygnus A
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Gas Disk in Nucleus of
Active Galaxy M87

Hubble Space Telescope
Wide Field Planetary Camera 2
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Core of Galaxy NGC 426l

Hubble Space Telescope
Wide Field / Planetary Camera

Ground-Based Optical/Radio Image HST Image of a Gas and Dust Disk

]

17 Arc Seconds

380 Arc Seconds
400 LIGHTYEARS

88,000 LIGHTYEARS

Yisoauan’

Accretion
I{Jisk

Broad
Line
Clouds

Narrow Lme Clouds
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100 000 al
—_—

Sextans
Dwarf
Ursa Minor
Dwarf Bracc;:
1 = Number of galaxies out to 150 kpc =1
e T T Number of dwarf galaxies out to 150 kpc =9
- Number of stars out to 150 kpc = 200 x 10°

// e

2m< \ r e > >90

¥ Sagittarius

~. Ciigerii | oWt — -
—_— Magellanic :

o Cloud!
Carina Ea—
Dwarf o @
% Small
: Magellanic
: Cloud
: Sculptor

Dwarf
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Sextans A Sextans B

1 million al
—_—

Leo &

Number of galaxies out to 150 kpc = 3
Number of dwarf galaxies out to 150 kpc = 36

\ Number of stars out to 150 kpc = 700 x 10°
a0°

Andromeda
I 1 and Il

Phoe:nix

: Dwarf i :
: TS :Pegasus
: 1613 ‘Dwarf
Tucana' g LGS 3
Dwarf A quarius
WLs Dwarf

Saqittarius
Dwarf
Irregular
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10 millions al
—_—

vigoll| :
Groups N

Number of groups of galaxies out to 30 Mpc = 160
Number of large galaxies out to 30 Mpc = 2500
Number of dwarf galaxies out to 30 Mpc = 25000

SR -Leall -
i o i Groups

: '.E'fi;:lanus
Cluster
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Number of superclusters out to 300 Mpc = 80
Number of groups of galaxies out to 300 Mpc = 160 000

Number of large galaxies out to 300 Mpc = 3 millions
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Number of superclusters in the visible Universe ~ 270 000
Number of groups in the visible Universe = 500 millions
Number of large galaxies in the visible Universe = 10 billions
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13.7 billion yrs.

3 billion yrs.
1 billion yrs.

300 million yrs.

300,000 yrs.

100 sec.

0.01 msec.

0.001 nsec.
0 sec.

WIMPs formed?

Neutrons and
protons

form out of
“quark soup"

Nuclei form

Recombination:
Atoms form

First stars form:
Stars form. Their
light liberates seme Galaxies form —
electrons from atoms. Reheating of —
intergalactic gas Clusters of Galaxies form —J
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