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Spitzer was a “Protostar 
finding machine” in Orion 

Orion 
Nebula 
Cluster 

Blue lines: Spitzer Survey 
Green dots: Spitzer  YSOS 
White stars: OB association members 

  Over 400 protostar candidates	


  Spanning a large luminosity range 
  In a variety of evolutionary states 
  And in a wide variety of 

environments 

  Follow up with Herschel 

Orion B	



Orion A	





Science Goals 

With his data we can: 
 
•  Determine fundamental properties of the protostars through modeling of the 

SEDs and images. 
•  Audit the infall  and outflow of gas using water and other far-IR lines. 

Herschel/PACS Spitzer 

Study a large sample of protostars in a single cloud with 
combined Herschel, Spitzer, Hubble and ground-based data 
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Side by Side Comparison: 
 

Orion NGC 281 

Distance (pc) 470 2810 

5.5 arc-sec equals 2586 AU 15455 AU 

Number of Protostars 400+ ? 

Number of PBRs A few dozen? ? (likely not detected) 

Formation mechanism Trigger + Spontaneous Trigger 

Distribution of stars Clumped and distributed Clumped 

Types of protostars Low and Highmass Mostly high mass? 



Expected Surprises	





HOPS is also finding new protostars undetected by 
Spitzer at 24 microns	
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 160 microns	

 24 microns	
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Are these edge-on Class 0 sources?	
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(Stanke et al. 2010, submitted to A&A)  



PACS 70 µm 

•  The region remains dark at 70 and 160 µm: a far-IR dark cloud? 

PACS 160 µm 

τ = - ln [ (f + fBG) / (f0 + fBG) ] 

•  Mass responsible for the flux decrement is wavelength-
dependent!?  (A. Stutz) 
•  ~ 0.1 Msun at 70 µm 
•  ~ 2.5 Msun at 160 µm 

•  Obtained ground-based follow-up 



APEX 

•  IR dark cloud should be bright in sub-mm 
•  Not detected 
•  SABOCA (350 µm) upper mass limit: 2.4 x 10-2 Msun 

 (T. Stanke, ESA DDT) 

PACS 160 µm SABOCA 350 µm LABOCA 870 µm 



Near IR 

•  H-K colors of stars imply AV~10, not 100 
•  H-K colors of stars inside the dark patch are bluer than those of stars outside the patch 
•  This is not a dark cloud but a genuine hole in the nebula -- Carved by outflows? 

H-K=0.95 H-K=0.84 

PACS 70 µm 
KPNO/NEWFIRM K-band 
Magellan/PANIC H2 

(J. Tobin,  
L. Allen,  

E. Kryukova) 

HH knots 

Scattered- 
light rim 

Outflow? 

Outflow? 



Photometry 
Results	





HOPS 136:   A Case Study of an 
Edge-on Protostar	



Fischer et al. in prep.	



Luminosity = 1.8 solar lum.	


Mass infall = 3x10-6 solar masses per year	


Rc = 500 AU	


Inclination = 90o (opposed to 81o from Robitaille fitter)	


 	



Thermal 	


Emission from 
envelope and disk 	



Light from inner 
disk and 
photosphere 
scattered by 
envelope and 
dust in outflow  
cavity.	
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Disk	





Blue: 3.6 micron	


Green: 70 micron	


Red: 160 micron	



OMC 3 
Region	
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Region	





Initial SED Fits to OMC 3 Protostars (Will Fischer)	





Initial SED Fits to OMC 3 Protostars (Will Fischer)	



Luminosites from 1.5 to 50 Lsun 	


Mass Infall Rates from 10-6 to 10-4 Msun yr-1	





Summary of Properties	





Summary of Properties	






