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l The Large and the swi Magellanic clouds
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Tom Theuns 1ICC Institute for Computational Cosmelogy




Al Ultra-faint satellite galaxies of the Milky Way
W Durham

University
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May contain as few as a few hundred of giant stars

Institute for Computational Cosmelogy

Many discovered over past ten years C
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Globular cluster  planetaire nebula

planet (mars) super nova
remnant

(Crab nebula)
star forming region (Orion) | Tom Theuns
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Elliptical galaxy M87

€manating
©om central
Psuper massive
*black hole

looks very different:
* no blue disc

* no dust

why is that?

image credit HST
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A0 Other elliptical galaxies

W Durham
E2 =5 E4 ES

University

E™2 E'3 E*4 E*7

Tom Theuns 1CC Institute for Computational Cosmelogy




2B
W Durham

University

Irregular galaxy

NGC 4214

Tom Theuns 1CC Institute for Computational Cosmelogy



¥ Durham Interacting galaxies

University

NGC 2207 and IC 2163

NGC 6240

Tom Theuns l(/(/ Institute for Computon image credit HST



Edwin Hubble's e
Classification . - .. ),
Scheme - | ’

Ellipticals \ |

EO E3 E5 E7 SO |
Spirals







8 - CEPHEL LIGHT CURVES
HARVARD COLLEGE OBSERVATORY.

CIRCULAR 173. q)
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PERIODS OF 25 VARIABLE STARS IN THE SMALL MAGELLANIC = &
C

CLOUD. b0 |

;

S

Harvard College Observatory Circular, vol. 173, pp.1-3, 2> :

1912, Leavitt & Pickering

TIMSE (Days)

var@bles alike, is about 1.2 magnitudes. Since the variables are probably at >
nearly the same distance from the Earth, their periods are apparently asso- T| me (da)l S)
ciated with their actual emission of light, as determined by their mass, den-

sity, and surface brightness.
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“Distance ladder,
luminosity rel

= parallax +

d

WINTER SUMMER






M8/  © Anglo-Australian Observatory
Photo by David Ralin

Tom Theuns




b Edwin Hubble's .
& Classification , -
b Scheme -

i Ellipticals \ _
E0 E3

E5 E7 SO

Spirals

spiraal (Sc) -~ NS
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When is a galaxy not a galaxy!?

A Cornell University

; Library

lanl.arXiv.org > astro-ph > arXiv:1101.3309

Astrophysics > Galaxy Astrophysics

What is a Galaxy? Cast your vote here...

Duncan Forbes (Swinburne, Melbourne), Pavel Kroupa (AIfA, Bonn)
(Submitted on 17 Jan 2011 (v1), last revised 22 Jan 2011 (this version, v2))

Here we have accepted the popular definition of a galaxy requiring that it be both gravitationally
bound and consist of a system of stars. As such criteria would include globular (star) clusters,
additional criteria are required to define a galaxy. We suggest that the next

best criterion is a dynamical one, i.e. that the stars are collisionless, sub ject to the general
gravitational field of the system. This can be usefully quantified using the two-body relaxation
time.

1CC

Institute for Computational Cosmelogy 34 Tom Theuns




Visual

Common silverweed as we see it (top) and

under UV light (below). © Bjern Rerslett/NN Meadow cranesbill



Composite .

Infrared & X-rays

Infrared

X-rays
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:|I||on stars
| -us |5 kpe (1 pc = 3.26 light years)
|stance to centre 8 kpc

°stellar mass: 2 10'° solar masses
°o|dest star: 10'0 jaar |
'curreht star formation rate: 2 solar masses / year

speed 600 km/s
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Milky Way dwarfs
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The three main galaxy types

Spiral galaxies Elliptical galaxies

I

NGC 3389 as4 NGC 3294 afS4 NGC 3338 54

NGC 3583 fgS4ap NGC 2713 gBa-gs4 NGC 4260 gkB4

Irregular galaxies




The 3D shape of ellipticals is
thought to be triaxial - a squashed
rugby ball




colour ofr galaxy: mostly set by relative amount o
recent star formation

60 M,
» A




Hubble’'s Galaxy Classification Scheme

Sa Sb

. : . Sc
S0 > . h

: Irr
EO E3 E6 ‘ :




The Spltzer lnfrared Nearby Galaxies Survey (SINGS) Hubble Tuning-Fork
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Standard candles

IO T T T T
%‘ B dm ‘

credit: Swinburne University



Cepheid variables as standard candles

Period-Luminosity Relationship
A

104 +
5 8 Cepheids
_]”
~— 103 <+
=
wn
o
£
£ 10° bapoge
- RR Lyraes
v L L1 1 L1 L
S '\_ 0.5 1 3 5 10 30 50 100
L Period (days)

Henrietta Leavitt (s
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Parallax distance measurements

Closer stars have larger parallaxes:
/
®>\

Distant stars have smaller parallaxes:

O

credit: Ohio State University




Hubble’s measurements of Cepheids in Andromeda




May 1925.) Cepheids in Spiral Nebule,

36,000 X 12,000 light-years for M 31 and 22,000x 16.50-0 light-
years for M 33, which are of the order of a “ universe.’

In the discussion Mr, Goodacre, Dr. &umu-.llclhv T.ER.
FPhillspe, Capt. Ainslie, Mr. Scattergood, Dr. Crommelin, and
Nr. Waterfidd joined.

Me, Deig nurn socond paper on * An Estimate of the Distances
of Fourteen Open Clasters.” The diameters of the clustors were
found to be of the order of 10 to 6o light-years. Dr. Crommelin
and Major Hepburn joined in the discussion.

Mr. J. W, Wilson resd a note on the Meteorie Origin of the
Luonar Craters. If these formations are due to direct hits by
metoors ou the Moou's surface, the energy required to change
the configurstion of the surfsocs by impact is drawn from the
kinetic energy or energy of motion of the meteor, and some of it
(secording to the im theory) must have been utilised in
raising up the of tbo Moon's surface from its original
Jovel to that whicl it oww whens forming & erater of the
observed size and shape. gl‘q'» prodece Copersicus the meteor
would have to be at lesst 220 yards in dismeter if m at
20 miles per second, or 8o yards at 100 miles per second, no
koown meteor is a8 large as this. Bt the impact of the meteor
way have acted merely as a trigger for the release of internal
Junar voleanie energy. In the case of a small erater of about
4 wiles diameter it is possible that such might be formed by
8 meteor without assistance from internal veleanic A
A meteor of about 4 feet in dinmeter, auvd moving at 5o miles
per second, would be capable of producing a erater of about
A mile in dismetor, If such were produced to-day it weald
pmhhlymnouuuuptmtbo case of a very well charted

Ir "Goodacrs described an obseevation of coloar presented by
the well-known bright ray or streak, which runs S.E. from

Cepheids in 'lml Nebule *,
esaten 31 +and 33, the oaly &
d eve, have recently been m

\hl-on Oh-untow ? Nov: m lco--on ‘ mn u _;n,
and Duncan bas reported three varisbles within the ares coversd
by M 331 With theso exceptions thers seems to have been no

A &Tw read at mmn,-m':.u-gdm American Astro.
o y F Popaler Actronomy, xxxils. Ne g, A

* Messier 31 is the Androsseds Nebuls, & Aps 1ans-

$ Pullications of the Astromemical Soctety of the Pacific, xxxv, p. 390 (1933).

Hubble’s measurements of Cepheids in M3 |

greater reliability of the mugnitude determinations. When this
18 done, the resultmg valuea of M—m are —21'8 and —21°9 for
M 31 and Mpgduie - ;
average ranfles of the Cepheids in the two" spirals, ard he final
values are ; th nebulle. The

uncertainty : probably in the zero-point of Shapley’e cu
The resul@@ rest on three major assumptions : L Th

are actoally connected w SPIrals ; ‘erious
amount of absorption due to amorphous n )lrals :
(3) The nature of Cepheid variation is wiron g ut tbe
observable portion of the universe. As .. __ . __ =T _esthe

weighty arguments based on analogy and probability, it may be
mentioned that no Cepheids have been found on the several plates
of the neighbouring selected areas Nos. 21 and 45, on a special
series of plates centred on BD+35°207, just midway between
the two spirals, nor in ten other fields well distributed in galactic
latitude, for which six or more long exposures are available. The
second assumption is very strongly supported by the small disper-
sion in the period-luminosity eurve for M 33. In M 31, in spite
of the somewhat larger dispersion, there is no evidence of an
absorption-effect to be measured in magnitudes.

These two spirals azs not unique. Variables have also been
found in M 81, M 101, and N.G.C. 2403, although as yet sufficient
plates have not been accumulated to determine the nature of their
variation. Eowix P. HussLe,



Galactic archaeology

Tom Theuns



THE MOST METAL-POOR STARS. IV. THE TWO POPULATIONS WITH [Fe/H] -3.0
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Unusual element
abundances: evidence for
unusual SN progenitors?

Norris+'| 3
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How to weigh the Milky VWay!?




.

s e

The solar system



How to weigh a Milky Way?

2 GM
" R

heuns

1CC



r ‘ . .
L 8 - &
ﬁp@ssl of earth around the
' Sun :.
2R .

P
271 x 15010°km

305 x 24 x 3600s
— 30kms!

vV =

~000 000 ... (33) ... 000 g
Mass of the Sun \

V2R
M =
G

(30 x 10°cms™1)? x 1.5 x 1013 cm

G

2 X 10_33 g



Why are Milky Way stars in a disc!?

and why is this not the case for the stars in an elliptical
galaxy?

BCC Institute for Computational Cosmology 60 Tom Theuns




Why are Milky Way stars in a disc!?

eangular momentum
ecooling

and why is this not the case for the stars in an elliptical
galaxy?

BCC Institute for Computational Cosmelogy 6! Tom Theuns



Rotation!




V. /d (km/s/kpc)

1CC

Institute for Computational

Galaxy Rotation Curves:
A = Predicted B = Observed

63

Distance






V. /d (km/s/kpc)

> Galaxy Rotation Curves:
'S A = Predicted B = Observed
o
@
> — — B
> . \
~
» ~ ° °
St Mass distributed
Jan Oort “~~.ip_(dark ?) halo
Central mass "~ °-: A
(bulge)
BCC  Institute for Computational 65 Distance







Archeology: MWV contains some very old
stars

BCC  Institute for Computational Cosmology 67 Tom Theuns




Contents:

*What is a galaxy? Properties of the Milky Way galaxy
*The Milky Way in numbers
*Observations of young galaxies
* Theoretical models
ecosmology and the formation of structure
ewhat is a “numerical simulation™?
edark matters
eSimulating the formation of a galaxy
*The formation of the Milky VWay
*The future of the Milky Way galaxy

BCC  Institute for Computational Cosmology €8 Tom Theuns
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Nearby supernova dazzles astronomers

The supernova may be visible to stargazers through binoculars - and could grow brighter in coming weeks
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REVIEWS OF
MODERN PHYSICS

Vorume 29, Numazz 4 Ocroser, 1957

Svnthesis of the Elements in Stars’

E. Marcaner Bursimnce, G. R. Burmince, Witriavw A. Fowrer, axp F. Hoyws

NASANSSTCHathawary
Kdloge Radiation Laboralory, California Institule of Technology, and

Monunt Wilson and Palomear Observatories, Carnegie Institution of Washinglon,

California Institute of Technology, Pasodena, California
“It is the stars, The stars above us, govern our conditions";
(King Lear, Act IV, Scene 3)
but perhaps

“The fault, dear Brutus, is not in our stars, But in ourselves.”

(Julins Coesar, Act 1, Scene 2)

B. Pure Hydrogen Burning

The point of view that element synthesis begins with
pure hydrogen (primordial or continuously produced)
condensed in stars is based on the existence of the so-
called direct pp chain of reactions by which hydrogen
is converted into helium. This chain is initiated by the ‘

. ) v (o‘awdlvc
direct pp reaction Zene

Interface Laver
- -

p+ P‘"f]':’“d' + V., +‘).421 .\IC\, Radiative Zone

" He'

HASANSS TC Mt vy

Core

1CC Institute for Computational Cosmelegy

RASANSS TCMathaway



Stellar evolution

Helium core fusion

He fusion
(He=C)

Helium core

( sizes not to scale! )

Hydrogen shell fusion

Hydrogen core fusion RT—

“Hydrogen core
- (H=He)

Thomas Kallinger, University of British Columbia and University of Vienna
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Largest Kepler red giant

Smallest Kepler

red giant
The Sun
- @
5800 K

5000 K

4500 K






White Dwarf Deflagration

Resolution: 6 km
Initial Bubble Radius: 18 km
[gnition Offset: 42 km

Variable 1: Density [1.5e+07 - 2.0e+07]
Variable 2: Reaction Progress [0.0 - 1.0]



