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De Melkweg 



 De Melkweg 







Kernvragen 

 
-Is de melkweg uniek? 
 
-Hoe is melkweg gevormd? 
 
-Is de melkweg het eindproduct? 
 
 



Overzicht 

-Gereedschap: afstanden, kleur, massa, grootte 
 
-Sterrenstelsels “dichtbij” 
 
-Vorming van sterrenstelsels 
 
-Uitdaging voor de huidige theorie 



GEREEDSCHAP 

Hoe bepaal je de afstand tot een sterrenstelsel? 



Andromeda: 
 Nevel of Sterrenstelsel? 



Waarom een sterrenstelsel? 



Iets moeilijker misschien? 



Andromeda Sterrenstelsel 
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Hubble's Uitdijende Heelal 
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Wet van Hubble 

 
      v = H0 D 

 
snelheid = constante * afstand  



Spectrum 



Doppler Effect voor licht 

•  Extreem hoge snelheid 
 
•  Hoge snelheid 
 
•  Matige snelheid 
 
•  Stilstaand 





Roodverschuiving: z 



GEREEDSCHAP 

Kleur als lakmoesproef voor sterrenstelsels? 



Hertzsprung-Russell diagram 



Hertzsprung-Russell diagram 

Kleur = leeftijd 
 

 Blauw=jong 
 Rood = oud 

 
 
Kleur  = Massa 
 

 Blauw = Zwaar 
 rood = licht 



Kleur = leeftijd 

Rood = oud en licht 
  

 
 
 
 

 
 
 

Blauw = jong en zwaar 

Kleur = massa 



Stellaire Spectra 
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Spectra Sterrenstelsels 
7-5-12see http://www.strw.leidenuniv.nl/˜ franx/college/galaxies12 12-c06-15 7-5-12see http://www.strw.leidenuniv.nl/˜ franx/college/galaxies12 12-c06-16

Ages and metallicity are fairly degenerate. One can
make a galaxy younger, or make the metallicity lower
- and both have roughly the same effect on the spec-
trum that comes out. This is shown below. Notice
that some subtle differences can remain.
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Effect van metalen en leeftijd  
moeilijk te onderscheiden 7-5-12see http://www.strw.leidenuniv.nl/˜ franx/college/galaxies12 12-c06-17

Below we analyze how the mass-to-light ratio evolves
with time. This is important, as it is used to derive
stellar masses from the luminosities. First, we have to
realize that much of the light of galaxies comes from
the red giant branch. The luminosity of the galaxy is
therefore proportional to the number of stars on the
RGB, times their average luminosity:

Ltot ≈ LGB ∗ NGB

where Ltot is total luminosity, LGB is characteristic
luminosity of star on the Giant Branch, and NGB is
number of stars on the Giant Branch.
We assume a general IMF

dN

dM
= cM−(1+x)

where x = 1.35 for a Salpeter mass function.

7-5-12see http://www.strw.leidenuniv.nl/˜ franx/college/galaxies12 12-c06-18

How many stars are on the RGB ? Calculate the num-
ber of stars which turned off from the main sequence
between t = t0 and t = t0 + TRGB , where TRGB is the
time a star spends on the RGB.
The life time on the main sequence is

tMS

10Gyr
=

(

M

M"

)−2.5

The higher the mass, the lower the main sequence life
time. Hence the turnoff mass is related to age by

Mturnoff ∝ t−0.4

The change in the turnoff mass in a time interval t, t +
TRGB is

dMturnoff ∝
−0.4

t1.4
TRGB ∝ (M2.5)1.4TRGB ∝ M3.5TRGB

the number of stars in that mass interval M,M +
dMturnoff is given by

dN = dMturnoff ∗ IMF(M) ∝ M3.5M−(1+x)

∝ M (−x+2.5) ∝ t0.4x−1

Hence to first approximation, the luminosity of the
galaxy evolves like

L ∝
1

t1−0.4x
for x = 1.35 L ∝

1

t0.46
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Golflengte [um] 
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Effect van stof en leeftijd  
moeilijk te onderscheiden 



Filters versus Spectra 

Golflengte [A] 



Waarom filters? 
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GEREEDSCHAP 

Hoe zwaar zijn sterrenstelsels? 



Sterren tellen 

Rood = oud en licht 
  

 
 
 
 

 
 
 

Blauw = jong en zwaar 



Sterren tellen? 



Hertzsprung-Russell diagram 

Blauwe zware 
sterren  
 
overschijnen  
 
Rode lichte 
sterren 



Massa Ster 
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Veel meer lichte rode sterren  
dan zware blauwe sterren 

Initial Mass Function: IMF 



Massa van sterrenstelsels 

Meet hoeveelheid  
licht met filters 
 
Weeg licht met IMF   
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GEREEDSCHAP 

Hoe groot zijn sterrenstelsels? 



Licht contouren 



Sterrenstelsels    -       model            =       verschil 

Model geeft: grootte, ellipticiteit, helderheid, … 

Sersic Licht Model 



STERRENSTELSELS DICHTBIJ 

Is onze melkweg uniek? 



Spiraalstelsel 



Balkstelsel 
 



Elliptisch Stelsel 



Onregelmatige Stelsels 



Hubble's Stemvork: Evolutie? 





VORMING VAN STERRENSTELSELS 

Hoe is de melkweg ontstaan? 



Oerknal 



kosmische achtergrond straling 

Kaart van het Heelal 



Kaart van het Heelal 



kosmische achtergrond straling 

Allereerste licht  
300 000 jaar na de oerknal 





Dichtheid fluctuaties 
groeien uit tot sterrenstelsels 



Simulatie van 
het Heelal 

 
 

Dichtheid 
fluctuaties 

groeien uit tot 
sterrenstelsels 



Tijdlijn 



HET ECHTE HEELAL 

Is er bewijs voor deze theorie? 



Sloan Digital Sky survey 
35% van de nachthemel  
geobserveerd 
 
225,000 sterren   
930,000 sterrenstelsels 



Dichtheid 
fluctuaties 



Dichtheid 
fluctuaties 



Cluster van Sterrenstelsels 



Eigenschappen van sterrenstelsels 

Massa  
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Kauffman et al. 2003 
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Massa  

Eigenschappen van sterrenstelsels 



Elliptische Sterrenstelsels: 
 

 Massief en groot  
 Oude Sterren  
 (Rood en Dood) 

Spiraal Sterrenstelsels: 
 
Veel sterformatie uit gas  
Jonge sterren in schijf 
Oude sterren in kern 
 



Hubble Space Telescope 



The Hubble Ultra Deep field 

l  Diepste waarneming ooit! 
 
l  Miljoen seconden belichting (11.4 dagen) 
 
l  10.000 sterrenstelsels 



The Hubble Ultra Deep field 



Zoom in 
 



Hubble's Stemvork: Evolutie? 



Evolutie 



Botsende Sterrenstelsels 



Restant 



+ 
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Merger Tree 



Speurtocht naar Elliptische 
Sterrenstelsels in het Jonge Heelal 



Rood en Dood: 
3 miljard jaar na de oerknal 

Massa                           
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Massa 

Eigenschappen van sterrenstelsels 

Rode dode stelsels  
in het jonge heelal  
veel kleiner dan  
gedacht 
 
 
Groot probleem voor  
Huidige theorie! 



Stelsels zijn echt klein! 

Mariska Kriek                                                  ITC Luncheon                                                    April 28, 2011           

Confirmation of small sizes with WFC3
(Szomoru et al. 2010)

Virgo galaxies

z~2 galaxy

Wednesday, May 18, 2011



•  Onzeker door : 

•  Gebruik van alleen maar filters 
•  Aannames over IMF 
•  Massa berekening 

•  Mijn onderzoek: 
•  Meet dynamische massa 

Zijn de massa’s correct? 



Beweging van sterren in elliptische sterrenstelsels 
verbreden absorptie lijnen (dispersie) 

 
 
 
 
        Massa =  constante * grootte * dispersie2 

Dynamische Massa 

Mdyn = K(n) ! re !!
2



Very Large Telescope 

X-Shooter 



X-Shooter Spectra 
z = 1.80 
 
 
 
 
z = 1.58 
 
 
 
 
z = 2.09 
 



z = 1.80 
 
σ* = 281 
     ±34 km/s 
 
z = 1.58 
 
σ* = 378 
     ±54 km/s 
 
z = 2.09 
 
σ* = 442  
     ± 51 km/s 
 

X-Shooter Spectra 



Verschillende massa bepalingen  
komen overeen 

Van der Wel et al 2008
Van Dokkum et al. 2009
Cappellari et al. 2009
Newman et al. 2010
Onodera et al. 2012
Bezanson et al. 2012
This Work



Rode dode stelsels ziin het jonge heelal 
zijn echt kleiner  
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Fig. 2.— Projected stellar half-mass radius of the simulated
galaxies at di !erent redshifts (see Fig. 1) versus the fract ion of
stellar mass accreted (in major mergers, minor mergers and a ccre-
tion events), M , acc , to the stellar mass formed in-situ, M , ins , in
the galaxies. The black bordered symbols indicate systems m ore
massive than M > 6.3× 1010 M . At z 2 galaxies with a higher
fraction of accreted stars have larger sizes indicating tha t accretion
of stellar systems drives the size evolution of massive gala xies.

Fig. 3.— Stellar density as a function of radial distance to the
galactic center at redshift 0 (blue) and 2 (green) averaged o ver the
most massive systems ( M > 2 × 1011 M at z = 0). The arrows
indicate the average half-mass radii at a given redshift. At z = 2
we find that the stellar mass profile inside the half-mass radi us is
still dominated by stars that have formed in-situ (dotted li nes).
At z = 0 the half-mass radii of our galaxies have significantly
extended due to accreted stars (dashed lines) which dominat e the
total density (solid lines) at larger radii.

the vertical lines in the left panel) as a function of red-
shift. In this mass range the velocity dispersions drop
from 262 ± 28kms− 1 at z=2 to 177 ± 22kms− 1 at z=0,
a decrease of roughly a factor of 1.5. The evolution is
statistically significant but weak (see also Hopkins et al.
2009b). The black lines show a fit for the average ve-
locity dispersions for all (dashed line) and the quies-
cent (solid line) galaxies only. As for the sizes, we fit
the redshift evolution of the velocity dispersions like
σ1/ 2 (1 + z )β . Again we find a slightly stronger evo-
lution for the quiescent systems ( β = 0 .44) than for all
galaxies in our samples ( β = 0 .37). van de Sande et al.
(2011) obtain a similar value of β = 0 .51± 0.07. Depend-
ing on selection criteria Saglia et al. (2010) find values
for β ranging from 0.59 ± 0.10 to 0.19 ± 0.10. Follow-
ing Cenarro & Trujillo (2009) we compare to observa-
tions o! ocal ellipticals and measurements at higher red-
shift (di Serego Alighieri et al. 2005; van der Wel et al.
2005, 2008; Cenarro & Trujillo 2009). In general we find
a good agreement with the observations.

5. STELLAR MERGER HISTORIES

Similar to Cole et al. (2000), Naab et al. (2009) and
Bezanson et al. (2009) demonstrated, using the virial
theorem, how the size growth of a galaxy after a dis-
sipationless merger event can be predicted. Assuming
energy conservation and parabolic orbits (Benson 2005;
Khochfar & Burkert 2006) the final gravitational radius
of the system is given by

R g, f

R g, i
=

(1 + η)2

(1 + )
, (1)

where R g, i and R g, f are the initial and final gravitational
radii (before and after the merger event) which we as-
sume to be proportional to the spherical half mass radii
(Naab et al. 2009). Here, η = M a /M i is the fractional
mass increase during the merger and = va 2 / vi 2 is
the ratio of the mean square speeds of the accreted satel-
lites and the initial system. This estimate implies that
the accretion of weakly bound stellar systems ( 1) re-
sults in a particularly e "cient size increase. To test the
validity of this simple estimate in our full cosmological
simulation we follow the stellar merger histories of our
simulated galaxies. We identify every satellite merging
with the most massive progenitor of the central galaxy
using a FOF-finder with a minimum number of 20 stellar
particles ( ≈ 1.2 × 108M ). At z = 2 all galaxies in our
sample are more massive than ≈ 1010 .1M , i.e. we re-
solve mergers at least down to a mass-ratio of ≈ 1 : 100.
For the satellites as well as the host we compute the mass
and the total internal velocity dispersion and with this in-
formation and Eqn. 1 we estimate the size evolution since
z=2. In Fig. 5 we show the estimated size growth for all
galaxies exceeding the z=2 mass limit of 6 .3 × 1010M
since redshift 2 (green triangles) and 1 (red triangles),
respectively. We compare this estimated size growth to
the actual size growth that we directly measure from
our simulated galaxies. Considering the simplifications
used in Eqn. 1 - homologous, one-component systems
merging on zero energy orbits - the predicted and actual
growth agree notably well. This confirms earlier find-
ings (Naab & Ostriker 2009) that the simple formula is
a good predictor even in a full cosmological context. This

Probleem voor theorie? 

Rode dode stelsels in 
het jongen heelal zijn 
de kernen van 
huidige elliptische 
stelsels 

 
Deze stelsels groeien 

door botsingen met 
kleine stelsels 



Elliptische Sterrenstelsels: massief,  
groot met oude Sterren  (Rood en Dood) 

Spiraal Sterrenstelsels: veel 
sterformatie en jonge sterren, oude kern 
 

Om mee naar huis te nemen 
Sterrenstelsels ontstaan uit dichtheids fluctuaties 

Rode dode sterrenstelsels bestaan al na 3 miljard jaar 
 
Veel kleiner dan verwacht, en groeien door botsingen 




