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“STAR” Forma)on 
and Evolu)on in L.A. 

? 

Picture of Drew Barrymore in E.T.   Picture of Drew Barrymore in movies today 

Not the type of “stellar evolu)on” I’ll be talking about today. 



STAR FORMATION: Just the Facts! 

•  10 stars forming per year in the Milky Way Galaxy 

•  Stars like to form in groups or clusters 
–  Tend to have similar ages, composi)ons 

•  Stars become visible a[er they have been hidden 
in their cocoon for about 100,000 years.    

•  Stars form with a range of masses.   
–  0.1 – 50 Msun 

•  Planets are a by‐product of star forma)on. 



Star Forma)on – Who Cares? 

•  Cosmology – Signals end of Dark Ages 



Star Forma)on – Who Cares? 

•  Galaxy  >1011 stars 
– Galaxies composed of stars.    

vs. 

Hubble images 
Ellip)cal  

Spiral 



Star Forma)on – Who Cares? 

•  Milky Way Galaxy Experts 
– What is the history of the evolu)on of the galaxy? 

– Did stars form differently in the Milky Way’s past? 
•  Different condi)ons, materials 

•  Planet Hunters/Theorists, Earth/Planetary 
Scien)st 
– Planets and stars form concurrently 



How to Make Stars – A Recipe 

•  Ingredients – H2, CO, + a dash of dust 
•  Physical Condi)ons – Set oven to 10K 
•  Process – S)r and let gravity take over 



Periodic Table (or Ingredients) 



Composi)on of the Universe 
Where did the Atoms come from? 

Number of Atoms 
90% Hydrogen                H, He 
10% Helium                + everything else 



The Sun  ‐‐  Our Closest Star 

•  Fusion of H  He 

Note: “Gradual Warming”  not equal to “Global Warming” 

Out to Earth’s orbit 

Planetary Nebula: 
Nothing to do with 
planets. 
Sun shedding its 
outer layers. 



•  Stars of different mass produce all of the 
elements from He to Iron 

•  Need energy of Supernova to make elements 
more massive than Iron   
– Kepler Supernova Remnant 



Ingredients of Star Forma)on 

DUST 

Composi)on:  
GAS: 71% in the form of H2 ,    27% in He  ,    1% C, N, O …… ,     1% Dust 

C, N, O:  mostly CO Plus other molecules (over 100 detected, alcohol, 
formaldehyde) 
DUST: ~0.1 micron, silicate, carbonaceous grains, some with ice mantles, … 



Ini)al Condi)ons –  
Interstellar Medium (ISM) 

•  Temperatures   <10K  to  >1,000,000K   

– 0K = absolute 0 
•  Densi)es  0.01 – 1,000,000 par)cles/cm3 (and higher) 
– START: VERY LOW DENSITY ‐ ISM 
•  Compare with density of air on Earth  
 1kg/m3 or 1018 par)cles/cm3, N2, O2 

– FINISH:  HIGH DENSITY ‐ STAR 
•  To form a star, need to reach about the density of water  

 1g/cm3 = 6 x 1023 H atoms/cm3  

•  How does this compression/collapse happen?   
–  In Stages… 



Star Forming Regions 
•  Levels of Fragmenta)on 

Giant Molecular Cloud  
(GMC) 
n~ 10 cm‐3 

T~100K 

Clump (Cluster of Stars) 
n~100‐105 cm‐3 

T~50K 

Core (Star) 
n>105 cm‐3 

T<50K 



Star Forma)on Stages 

Greene 2001 



Ouqlow: HH 46/47  





GMC: Perseus as seen by IRAC�

NGC1333 

Joergensen et al. 2006 

IC348 

Ouqlows! 

Spitzer Space Telescope 

Clustered and Distributed 
Modes of Star Forma)on 

Mass Distribu)on 
High Mass Stars only 
form in clusters 

3.6, 4.5, 8.0 



Orion – Clustered Star Formation�

Nearest Example of Massive Star 
Forma)on 

Diameter: 
  4 pc = 825,000 AU 

Age of Stars:  
    100,000 ‐ 1 million years old 

Trapezium: Ionizing Sources  

Hubble and Spitzer composite 
image 



Orion – Clustered Star Formation�

Nearest Example of Massive Star 
Forma)on 

Diameter: 
  4 pc = 825,000 AU 

Age of Stars:  
    100,000 ‐ 1 million years old 

Trapezium: Ionizing Sources  

Hubble and Spitzer composite 
image 



Ini:al Mass Func)on  ‐‐  IMF 
(nothing to do with $$) 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Log 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high
mass
stars

Center of Orion 
Trapezium cluster 

 (Muench  
et al. 2001) 

IMF = distribu)on  
of stellar masses 



Ini:al Mass Func)on  ‐‐  IMF 
(nothing to do with $$) 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Log 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(solar 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high
mass
stars

Center of Orion 
Trapezium cluster 

 (Muench  
et al. 2001) 

1.  Why does is 
behave like this?  

2.  Why is the shape 
similar in very 
different regions?   

Distributed and 
Clustered SF 
Field 



Use Simulations to Understand IMF in 
Clustered Regions�

•  Impossible to watch formation of star�
– birth is about 100,000 years�
– Changes occur very very slowly �
#( on timescales > lifetime of an astronomer)�

•  Observations only provide snapshots of different 
objects at different times  incomplete�

•  Theory connects dots between observations.�
•  Simulations: a complementary method of studying 

star formation using SUPERCOMPUTERS.�



Hydrodynamics 
Lagrangian vs Eulerian Coordinates�

Density 
Velocity  
Temperature 
Pressure 



Hydrodynamics 
Lagrangian vs Eulerian Coordinates�

Grid‐Based 

Density 
Velocity  
Temperature 
Pressure 

Calculate at each  
Grid Point 



Hydrodynamics 
Lagrangian vs Eulerian Coordinates�

Par)cle‐Based 

Calculate at each  
Par)cle 

Density 
Velocity  
Temperature 
Pressure 



•  Gas Dynamics  
•  Gravity 
•  Radia)ve Hea)ng from Stars – MAIN HEATING SOURCE 
•  Radia)ve De‐Excita)on from Molecules and Atoms – MAIN 

COOLING SOURCE  

Modeling Clustered Star Formation�

HOW DOES HEATING & COOLING AFFECT  
THE MASS FUNCTION (IMF) AND CLUSTERED STAR 
FORMATION ? 

Time   



How will Temperature affect Star 
Formation?�

FP        FG 
Star forma)on is a balancing act between  
     Gravity and Pressure 

 Pressure force controlled by Temperature 
 Higher Temperatures  

      Higher Pressure Forces   
      Expansion and more mass/gravity needed to balance pressure 

Mass at which pressure and gravity are balanced is called the 
Jeans Mass 

 For Star Forming Region Condi)ons, T = 10K, n = 105cm‐3,  

€ 

MJeans =18Msunn
−0.5 T1.5



3 different tests�

1.  Assume Gas Temperature is fixed – VERY COLD�
–  Material will collapse/fragment immediately because Temperature is 

low and pressure force is low leading to many stars forming�
–  Only differences in mass will be due to subsequent accretion of 

remaining material after formation.�
2.  Assume Gas is only able to get HOT�
–  Since Temperature is able to vary, the Jeans mass will also vary�
–  At high temperatures, higher mass stars will be able to form�

3.  Gas gets HOT and is able to COOL DOWN �
–  Expect Variable Jeans mass as well, but lower masses in general 

than Heating-Only Case�
–  Intermediate Case�

FP        FG 



Number of STARS�
N
U
M
BE

R 
O
F 
ST
A
RS
 

•  Assume Gas 
Temperature is fixed 
– VERY COLD�

•  Assume Gas is only 
able to get HOT�

•  Gas gets HOT and is 
able to COOL DOWN �

COLD 

HOT 

WARM 

HEATING AND 
COOLING  
‐affects how many 
stars form 

But does it affect the 
Mass Distribu)on 
(IMF) ??  



Mass Distribution (IMF) at End 
of Simulation.�

N
 

Msun 

Observed Shapes of IMF 

Simula)on  
Results 

1000’s of stars formed 

**Over‐Predic)ng 
Number of Low Mass 
Objects 

Not realis)c 
compared 
to observa)ons 

•  Assume Gas 
Temperature is fixed 
– VERY COLD�



Mass Distribution (IMF) at 
End of Simulation.�

N
 

N
 

•  Assume Gas is only able to 
get HOT�

•  Gas gets HOT and is able to 
COOL DOWN �

Observed Shapes of IMF 

Simula)on  
Results 

Both Simula)ons miss Very Low Mass Objects 
Simula)on with Hea)ng and Cooling is best:  

 bexer fit to high‐mass slope 
 more low‐mass objects 

Msun  Msun 



Why is the Initial Mass Function So 
Important?�

•  Heating and Cooling are important effects to 
consider when modeling the mass function in a 
clustered environment.  �

•  Observations suggest that stars forming in different 
environments (i.e. clustered vs. distributed, high vs. 
low metallicity) have similar mass functions.  Why?  
More work needs to be done…�

•  Environment doesn’t seem to affect the mass 
distribution of stars, but what about planets???�



Planet Properties�

•  346 known planets (not including Pluto) as of this 
morning.�

EXO-PLANET PROPERTIES�

•  What type of stars do planets form around?  �
– Hard to tell because we’ve only really looked around 

Sun-like stars�

•  Interesting relationship to metallicity�



Link Between Metallicity (Amount of planet‐
building material) of Host Star and its Orbi)ng 

Planet 

Nature: Do high metallicity stars preferen)ally form planets?   (Winner so far) 
Or     
Nurture: Do stars with planets become polluted by planets being absorbed by  
the star?   

Marcy et al. 2005 

High metal content Low metal content 

Sun 



Kepler: Searching for Planets 

•  Goal: Find Planetary Systems. 
•  Kepler takes first picture 



Herschel 

•  Launch May 14, 2009 �

•  Far-Infrared/Sub-mm Telescope�

•  Largest Telescope in Space.�
•  Will expand on the results of �

the Spitzer Space Telescope.�
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