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   Professoren: Matthias Bartelmann, Ralf Klessen, Werner Tscharnuter 

   ursprüngliches Uni-Institut 

   Aktuelle Forschungsgebiete:  

   Planetenbildung 

   Sternentstehung, Galaxiendynamik 

   Kosmologie: Dunkle Materie, Dunkle Energie 

   numerische Astrophysik (Hydrodynamik, Strahlungstransport) 

Institut für Theoretische Astrophysik
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   Early Universe (reionization, 21cm line, optical depth) 

   Dark Stars ... 

   First Stars ... 

   Second Generation of Stars ... 

   Formation of First Galaxies ... 

   Star Formation in the Milky Way 

   Formation and Evolution of Stellar Clusters 

   Formation and Evolution of Star Forming Interstellar Gas 
Cloud 

   Protostellar Collapse: formation of individual stars and their 
planetary systems 
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Unsere Sonne in verschiedenen Aktivitätsphasen 
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auf der Erde: 
Solarkonstante 
1.37 kW/m2    
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Ralf Klessen: PizzaNight 16.07.2008 (NGC 4622 from the Hubble Heritage Team) 
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On the night sky, you see stars and dark clouds:  
The brightest stars are massive and therefore young.  
 Star formation is important for understanding the structure of our Galaxy 
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fff 

•  Molekularen  
  Wasserstoff H2  
  (Radiostrahlung von 
    Tracermolekül CO 
    farbcodiert) 

Vollmond 
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Die Orionmolekülwolke ist die Geburtsstätte 
mehrer junger Sternhaufen. 

Der Trapezhaufen ist noch ``eingebettet´´ und 
nur im IR Wellenbereich sichtbar. Der Haufen 
besteht aus ~2000 jungen Sternen. 

Sternbild Orion 

Trapez-  
haufen 



Ralf Klessen: PizzaNight 16.07.2008 

(Mehrfarbenaufnahme 
in J,H,K:  McCaughrean,  
VLT, Paranal, Chile) 
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Pillars of God (im Adlernebel): Entstehung kleiner 
Gruppen junger Sterne in den ``Spitzen´´ der Gas- 
und Staubsäulen….  
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  Pillars of God (im Adlernebel): Entstehung  
  kleiner Gruppen junger Sterne in den ``Spitzen´´  
  der Gas- und Staubsäulen….  

Aufnahme im 
optischen 
Wellenlängen-
bereich 

Aufnahme im 
Infraroten. 
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VLSR = 3.4 km/s

3.4 km/s
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VLSR = 3.6 km/s
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VLSR = 3.8 km/s
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VLSR = 4.0 km/s
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VLSR = 4.2 km/s
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VLSR = 4.4 km/s
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VLSR = 4.6 km/s
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VLSR = 4.8 km/s
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VLSR = 5.0 km/s
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VLSR = 5.2 km/s
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VLSR = 5.4 km/s
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VLSR = 5.6 km/s
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VLSR = 5.8 km/s
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VLSR = 6.0 km/s
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VLSR = 6.2 km/s
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VLSR = 6.4 km/s



Ralf Klessen: PizzaNight 16.07.2008 

VLSR = 6.6 km/s



Ralf Klessen: PizzaNight 16.07.2008 

VLSR = 6.8 km/s
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VLSR = 7.0 km/s
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VLSR = 7.2 km/s
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VLSR = 7.4 km/s
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VLSR = 7.6 km/s
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VLSR = 7.8 km/s
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VLSR = 8.0 km/s
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VLSR = 8.2 km/s
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VLSR = 8.4 km/s
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VLSR = 8.6 km/s
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VLSR = 8.8 km/s

8.8 km/s
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Mizuno et al. 1995 13CO(1-0) integrated intensity map from Nagoya 4-m
Young star positions courtesy L. Hartmann

Class 1 protostars 

Class 2 protostars  

Class 3 protostars 
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 (e.g., Larson, 2003, Rep. Prog. Phys, 66, 1651;  
or Mac Low & Klessen, 2004, Rev. Mod. Phys., 76, 125) 
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Mac Low & Klessen 2004, Rev. Mod. Phys,  6, 125 
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Mac Low & Klessen 2004, Rev. Mod. Phys,  6, 125 
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 molecular clouds  

σrms  ≈ several km/s 
Mrms > 10 
    L  > 10 pc 

lo
g 

E 

log k L-1 ηK
-1 

energy source & scale 
NOT known 
(supernovae, winds,  
spiral density waves?) 

dissipation scale not known 
(ambipolar diffusion,   
molecular diffusion?) 

supersonic 

subsonic 

so
ni

c 
sc

al
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 massive cloud cores  

σrms  ≈ few km/s         
Mrms ≈ 5 
      L ≈ 1 pc  

dense  
protostellar  
cores  

σrms << 1 km/s          
Mrms ≤ 1    
     L ≈ 0.1 pc  

Mac Low & Klessen 2004, Rev. Mod. Phys,  6, 125 
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density structure of MC’s 

(Motte, André, & Neri 1998) 

molecular clouds 
are highly 
inhomogeneous 

stars form in the 
densest and 
coldest parts of 
the cloud    

ρ-Ophiuchus 
cloud seen in dust 
emission 

let‘s focus on 
a cloud core 
like this one 
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indeed ρ-Oph B1/2 contains several 
cores (“starless” cores are denoted by , 
cores with embedded protostars by ) 

(Motte, André, & Neri 1998) 
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(e.g. Vazquez-Semadeni et al 2005) 
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What happens to distribution 
of cloud cores? 
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turbulence creates a hierarchy of clumps 
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as turbulence decays locally, contraction sets in 
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as turbulence decays locally, contraction sets in 
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while region contracts, individual clumps collapse to form stars 
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while region contracts, individual clumps collapse to form stars 
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individual clumps collapse to form stars 
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individual clumps collapse to form stars 
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α=Ekin/|Epot| < 1 
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low-mass objects may 
become ejected --> accretion stops 
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feedback terminates star formation 
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   Dark Stars ... 

   First Stars ... 

   Second Generation of Stars ... 

   Formation of First Galaxies ... 

   Star Formation in the Milky Way 

   Formation and Evolution of Stellar Clusters 

   Formation and Evolution of Star Forming Interstellar Gas 
Cloud 

   Protostellar Collapse: Formation of individual stars and their 
planetary systems 
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400 AU 

(Clark et al. 2008, ApJ 672, 757) 
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Model für die Orion Wolke:  
M = 104 Msun, isotherme 

Zustandsgleichung, SPH 
Rechnung 

(Bonnell et al. 2006) 
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today: SPH with  
N > 107 particles 

model for the Orion cloud: 
M = 104 Msun, isothermal 
EOS 

still no chemistry, no 
stellar feedback, no 
radiation  

(Bonnell et al. 2006) 
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Trajectories of protostars in a nascent dense cluster created by gravoturbulent fragmentation  
(from Klessen & Burkert 2000, ApJS, 128, 287) 

in dense clusters protostellar interaction may be come important! 
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Model mit Strahlungseffekten 
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   Dark Stars ... 

   First Stars ... 

   Second Generation of Stars ... 

   Formation of First Galaxies ... 

   Star Formation in the Milky Way 

   Formation and Evolution of Stellar Clusters 

   Formation and Evolution of Star Forming Interstellar Gas 
Cloud 

   Protostellar Collapse: Formation of individual stars and their 
planetary systems 
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   Fragen: 
   Wie entstehen und entwickeln sich Planeten?  
   Wie entstehen und entwickeln sich Sterne? 
   Wie entstand die Milchstraße? Was bestimmt  

die weitere Entwicklung? 
   Wie entstand das Universum? 

   ITA: 
   Versuch diese Fragen mit Hilfe theoretischer und 

numerischer Modelle zu lösen. 


