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The Orion Nebula-A 50 Year 
Study. 

n  I trained with the late D.E. Osterbrock and 
Rudolph Minkowski, both experts on gaseous 
nebulae. 

n  My approach is that one must understand the 
best example of a class of objects before 
generalizing about more distant samples. 

n  The mechanisms operating in Orion almost 
certainly apply to the more distant objects. 
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The Orion Nebula Cluster 

n  Centered on the Trapezium stars. 
n  Scale height for distribution is 0.18 pc 

(80”). 
n  Age is quite protostar-collapse-model 

dependent, single most characteristic 
number is 1,000,000 years. 

n  Velocity dispersion is about 2 km/sec. 
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Conditions within the Ionized 
Layer 

n  Zone               PDR      Ion.Fr.      LowIon.        Med.Ion.    
n  Key Ion           Ho                 H+                     Heo                         He+ 
n  Tracers         CO,CII  [OI],[SII]  [OII],[NII] [OIII],HeI,[ClIII] 
n  Vsun(km/s)      28           25.5        18.8+/-1.5      17.9+/-1.3 
n  Density (cm-3)105          >6,000          7,000             4,000 
n  Depth (pc)       ?            10-4            2x10-3                0.12 



Form of the Main Ionization 
Front 

The dominant ionizing star (θ1 Ori C) lies 0.3 pc in front of the 
Main Ionization front.  
The area depicted is 0.8x0.8 pc. Emissivity scale height is 0.06 pc. 



Veil 21-cm Absorption 



We have an approximate 
model for the nebula and 

excellent images, so we can 
make a 3-D simulation. 



The movie goes here. 



The first star formation region is 
the Orion Nebula Cluster, 

centered on the Trapezium. 
 
 



Standoff shocks near the 
trapezium 



 
The second star formation 
region is the BN-KL hidden 

infrared region. 
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L. Gomez et al. 2005, ApJ, 
635, 1166 



The Orion-S region is the third 
center for recent star 
formation in Orion. 
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2009ThreeDFig5 
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Takami et al. He I 
Image 
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HH 203+HH204  
with proper motions 



Was there an earlier period of 
massive star formation? 

n  Blaauw & Morgan (1954) argued for AE Aur 
(O9.5)and µ Col (09.5/B0V) being runaways 
from Orion. 

n  Gies & Bolton (1986) said that ι Ori  (O9III+B1III) 
was also involved. 

n  Hoogerwerf et al. (2001) used Hipparchos data 
to get distances. 

n  Spatial velocities + gravitational field model 
allows one to calculate the earlier positions and 
‘VOILA’, a common origin 2.5 mya. 



Determination of the Structure 
of the Extended Orion Nebula. 
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Scattered Light 

n  The gas and dust density rise within the PDR 
behind the ionization front, forming a diffuse 
“mirror”.  Most of the scattering of starlight and 
emission lines occurs there. 

n  [OIII] emission was known to be polarized. 
n  The velocity difference between the emitting and 

scattering layers doubles the redshift of the 
scattered light, making it visible in high resolution 
spectra. 



Line Profile 
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Beyond about 8’ most of the 
light is scattered light originally 
emitted in the central region of 

the nebula. 
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Do We Really Understand the 
Physics of Orion? 

n  We’re not able to explain almost half of the 
energy in the nebular ionized gas (line 
broadening component). 

n  The presence of an outer hot-shocked 
region seen in x-rays poses real problems 
about why we don’t see this closer to the 
Trapezium (Guedel et al. 2008). 



Conclusions 
n  There are three regions of massive-star 

formation in Orion, two of them lying 
behind the nebula. 

n  The Extended Orion Nebula is shaped by 
photoionization processes, but illuminated 
primarily by scattered light from the 
Huygens Region. 

n  There are many unresolved questions 
about the small-scale physics that 
prevails. 


