‘- Int’rooﬁictwn t0
oy C@S:mo[ogy

@ -
, »
-
. . . .
. - y
- - ’ - { .
/ .
- Eal

g o B

., Marek Demwmskl
_ Unwersu‘y of Wa’rsaw

‘L \ . .' d V ; .‘ \ . ? ‘ - - b
> - . Bans . 5 ;
-l ! » : " ~ - ) 4 v ‘ > =
> 3 : . : - o’
..’ o - o A R, : ! i3 2 ; ’. . 2 . ..‘ " ;

| e
Q ‘.






. . : e ' 4 ‘ J /
Andromeda veqa s g . GE e e : :
Gala_xy. . S Yol AT ; :]' Large . - o X
; S afa BRR ‘ Small B Magel!anic
~: Magellanic Cloud
Cloud ‘

NS UBSERVATURY
,',""‘"':_.h K MALTY NEINKA
ZATANE KESKEA







Size of the Milky Way

* Diameter of the disk 120000 ly
» Thickness of the disk 1000 ly
* Diameter of the galactic halo 300000 ly

» Distance of the Sun from the galactic
center ~ 25000 ly

* Mass ~ 120x10° M,
- Number of stars ~ 200x10°




2 GAIA: THE GALACTIC CENSUS TAKES SHAPE

Total brightness

Density of stars

Interstellar dust




Milky Way in different wavelengths
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Hertzsprung-Russell Diagram
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Hotter stars
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2 GAIA'S HERTZSPRUNG-RUSSELL DIAGRAM
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Stellar Masses
on the
HR Diagram
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Mass-Luminosity Relation
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The Milky Way galaxy contains about 200x107 stars

The Gaia satellite measured properties of
about 1.8x10° stars

Statistical approach



The mass function {(m)

dN - the numer of stars with masses
in the range (m, m + dm)

dN = {(m/Mg) d(m/Mp)

Edwin Salpeter, 1955

E(m/Mg) ~ (m/Mg)~=3°
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Massive Stars Are RARE!
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Stellar Properties Review

Distance: from parallax (limited!!)
1.3 pc — 200 pc
Luminosity: from brightness and distance
104 L@ — 106 L@
Temperature: from color (better: spectral type)

3,000 K — 50,000 K

Mass: from period (P) and average separation (R)
of binary star orbit

0.08 Mg — ~100 Mg



Star formation timescale
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Evolutionary Tracks for Collapse to the Main Sequence










M-15

Very old -
estimated age
12:10° yrs







The Hertzsprung-Russell diagram of stars in M-3



Globular clusters
Mass ~ 10° M
Size == 300ly
Contain mostly old stars and no gas or dust
Mostly spherical in shape
Centers are very dense up to several 10% stars per ly*

Distributed in a spherical halo around the galactic disc



Globular clusters
Galactic halo 3
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Data release 3 includes a total of 1.8 billion

with an unprecedented view of stellar

Milky Way stars — providing astronomers V' Variable stars , Low resolution
spectroscopy

characteristics and their life cycle, Changing

and evolution. | Object

and the galaxy's structure S brightness Rl sicali barawieta e
N over time spectra

classifications Temperature | Mass

Age | Colour
What type g Metallicity
of star is it? ‘ o

High resolution
spectroscopy

Binary star systems
astrophysical parameters

Position | Distance
Orbit | Mass

chemical compositions

; : X spectra
Radial velocity AStiomety ARt .\ ‘ e
photometry Chemical composition
Temperature | Mass | Age
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or away from us Brightness and colour
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2 ANATOMY OF THE MILKY WAY

Bulge

—— Globular clusters
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Sun Sun

www.esa.int European Space Agency




THE MILKY WAY'S WARP
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Unraveling the chemical and dynamical
history of our Galaxy



Motion of stars in the Milky Way
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COMPACT OBIJECT MODELING WITH THE STARTRACK POPULATION SYNTHESIS CODE

Krzvszror Benczynskl, '™ Vassiukn Kavogera,” Freperic A. Rasio,” Ronain E. Taam,” Anpreas Zezas,”
. 5 m 6,7 %
I'omasz BuLik,” Thoomas J. MAccAroNE, *' AND NATALIA IvaNOvA
Received 2005 November 29; accepled 2007 May 28

ABSTRACT

We present a comprehensive description of the population synthesis code StarTrack. The original code has been
significantly modified and updated. Special emphasis 1s placed here on processes leading to the formation and further
evolution of compact objects (white dwarfs, neutron stars, and black holes). Both single and binary star populations
are considered. The code now incorporates detailed calculations of all mass transfer phases, a full implementation
of orbital cvolution duc to tides, as well as the most recent estimates of magnetic braking. This updated version of
StarTrack can be used for a wide vanety of problems, with relevance to observations with many current and planned
observatories, e.g., studies of X-ray binaries (Chandra, XMM-Newton), gravitational radiation sources ( LIGO, LISA4),
and gamma-ray burst progenitors (f{ETE-11, Swiff). The code has already been used in studies of Galactic and extra-
galactic X-ray binary populations, black holes in young star clusters, Type la supernova progenitors, and double com-
pact object populations. Here we descenibe in detail the input physics, we present the code calibration and tests, and we
outline our current studies in the context of X-ray binary populations.
Subject headings: binaries: close — black hole physics — stars: evolution — stars: neutron — white dwarfs

X-rays: binaries
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1902 Heber Curtis
observed novae star
in Andromeda nebula




1920 Curtis - Shapley debate

Curtis - the Andromeda nebula is
an extragalactic object

Shapley - Andromeda nebula is
part of the Milky Way galaxy



S i ‘M 31 approaches Us at 300 km/s
L TR '_ Vesto Melvin Sllpher (1912)



Edwin
Hubble




