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Columbia/CfA CO J = 1–0 Survey!

Dame et al. 2001!

145 pc !
below 
plane!

Orion A!

B!



Kutner et al. 1977!

Orion A = M42!

Orion B = NGC 2024!

CO J = 1 – 0!



Orion GMCs 

Orion Nebula (M 42 = Orion A)!
From: CfA Harvard, Millimeter Wave Group!



IRAS 100 µm! Star Counts  

Cambresy 1999 

Orion  



Classes of 
Protostars!
Lada, André, …!

0 I 

II III 



SCUBA 870 µm Johnstone & Bally 1999!

CO J = 1 – 0!



(Sub)mm	  observa.ons	  of	  dust	  emission	  
yield	  the	  total	  (hydrogen)	  column	  
density	  and	  the	  gas	  mass	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
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Con.nuum	  emission	  from	  interstellar	  dust	  
is	  almost	  always	  op.cally	  thin	  for	  
wavelengths	  >	  100	  μm	  (frequencies	  <	  3	  
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Submm	  Con.nuum	  Sources:	  Cold	  or	  Warm	  Dust	  from	  Protostellar	  
Condensa.ons	  (High-‐Mass	  SFRs)	  

TD	  =	  32	  K	  

Lis et al. 1999 



NH3 (J,K) = (1,1) Batrla et al. 1983!



Energy level diagram 

NH3!

Metastable 
levels (J = K) 

The versatile ammonia molecule – !
molecular cloud thermometer !



Batrla et al. 1983!



MAMBO 1100 µm / Chini et al. 1997!

Only low mass protostars in 
OMC-2 and OMC-2!



Telescope  Name  Elem.  λ/mm  Debut 

IRAM 30m  MAMBO  7-117  1.2  1991 
IRAM 30m  HUMBA  19  2  1999   
HHT (Arizona)   19  0.87  1999 
SEST (Chile)  SIMBA  37  1.2  2000 
30m/HHT  Polarimeter  37/19  1.2/0.87  2003 
30m/APEX  TES-Test  7  1.2  2003 
APEX   LABOCA  295  0.87  2005 
APEX   SABOCA  37  0.35  2008 

MAMBO-37 MAMBO-117 LABOCA 295 

IRAM 30m!

APEX 12m!



30 pc!

1200 µm !
IRAM 30m/MAMBO!
T. Stanke !

Spitzer protostars 
(Megeath et al. 2009) 
on 1200 µm!

Davis et al. 2009!



Davis et al. 2009!



Davis et al. 2009!



Orion B: The NGC 2024 Star Cluster!

JHK (1.3/1.6/2.2 µm)! L (3.4 µm)!

Haisch, Lada2 2000!

10.5ʼ =  1.3 pc!

•  ~200 sources!
•  very high disk fraction (IR excess in 86%)!



NIR K/L!
Haisch, Lada2 2000!

1200 µm!
Mezger et al. 1988!



Mezger et al. 1988!

Six high density condensations!
•  sizes 1016 –1017 cm!
•  nH ~108 –109 cm-3!

•  M ~ 10–60 M!
•  cold (16 K) with warmer envelope!



Lada & Lada 2003 (ARA&A)!



Orion in NH3 (late 1970s) 

•  Al Barrett and 
collaborators at MIT 
noticed a blue shifted 
component in their NH3 
line profiles towards 
Orion-KL 

•  It was most apparent in 
the highly excited 
transitions tracing hot 
gas 

Ho et al. 1979!





The first Hot Core:!

2000 AU!

Orion-KL!

Blake et al. 1996!



Blake et al. 1987, Sutton et al. 1984, 1986!



Blake et al. 1987!



Beuther et al. 2006 
(P&PIV) 

SiO C34S 

CH3OH, vt=2 

CH3OH 

CH3CN CH3CH2CN 

Submillimeter Array 



12 µm / Shuping et al. 2004 

VLA NH3        
Wilson et al. 2000 



SCUBA@JCMT: Johnstone & Bally 1999!

SMA: Beuther et al. 2004/5!

Two views of Orion at 870 μm (= 345 GHz)!



Deeply embedded high-mass proto- 
and young stellar objects are 
surrounded by!

Hot Cores!
•  hot (>150 K)!

•  dense (>106 cm-3)!
•  compact (< a few thousand AU)!

•  rich organic chemistry!



Wyrowski et al. 1999 (IRAM PdBI)!

dust! free-free!

Turner & Welch !           
1984 (Hat Creek 
Interferometer)!

“Typical” hot cores look like this: 



van Dishoeck & Blake 1998, ARA&A!

Hot core chemistry around protostars!

revp 



An icy grain of interstellar dust. 

Processing interstellar ice!

Forming interstellar ice!

C
loud is cold (~10 K

)!
H

ot (> 200 K
)!

Back to the gas phase!

Material from 
http://bcp.phys.strath.ac.uk/astro/
astro.php (after Fraser et al. 2002)!



* With astonishing chemical diversity                          
* small-scale structure!

Surveys found lots of Hot Cores!

Beuther et al. 2007!



The Orion-Kl region does not 
contain your typical hot core 
•  Energy source(s) unclear 

•  Physical and evolutionary status of 
 hot molecular clumps unclear 

•  no class II methanol maser 

•  Large-scale explosion 

 We’re seeing shrapnel! 

Talk by L. Zapata!





BN 

KL 

22 µm 

Kleinmann & Low 1967!





Bally & Zinnecker 2004: “It is proposed that the 
outflow emerging from the OMC-1 core in the Orion 
molecular cloud was produced by a protostellar 
merger that released between 1048 and 1049 ergs less 
than a thousand years ago.” 



Gomez et al. (2006) 
measured proper motions 
and found that BN, I, and n 
all move away from each 
other 

Time of event: about 500 y ago 



Methanol in OMC-1!

[CH3OH/H2] ~ 10-7 –10-6!!

Menten et al. 1988!



OʼDell et al. 2009!



Zapata et al. 2005/6!



OʼDell et al. 2009!



Mangum et al. 1993!

 in 
Orion-KL!



CH3OH 50 –  
50 – 61A+ (6.7 GHz) in OMC 1 and OMC 1-S!

See also Voronkov et al. 2005! Talk by A. Sobolev!



Menten & Reid 1995 

no IR ID!

w. IR ID!

Deeply 
embeded 
low mass 
star forma-
tion in Orion 
KL!



Grosso et al. 2005 

Highly variable, deeply embed-
ded (NH = 3 1023 cm-2) radio 
source (Forbrich et al. 2007)!

“I” 

Talk by J. Forbrich!



Zapata et al. 2004!



Source “I” 

Menten & Reid 1995      
Reid et al. 2007 

Radio emission is consistent with 
ionization from a  B0-1-type ZAMS 
star 

•  L ~ 104 Lsun 

•  M ~ 10 Msun 



Orion - I 
SiO masers + 43.2 GHz 
continuum 
Goddi, Greenhill, Matthews et al.           
Reid et al. 2007 

45 AU 



Goddi, 
Greenhill, 

 et al. 



The Distance to the Orion-KL Region 

Genzel et al. 1981: 

Statistical parallax from 
H2O maser proper 
motions: 480 +/- 80 pc 



Trigonometric Parallaxes 



The !
NRAO  !
Very Long 
Baseline 
Array!



K-band image              
© M. McCaughrean 



Menten et al. 2007!



The Distance to the Orion-KL Region: 

Trigonometric Parallaxes 

4 ONC stars:  414+/-7 pc  (Menten, Reid, Forbrich, &  
    Brunthaler 2007) 

(Transverse) velocity dispersion ~ 4 km/s!
•  > than optical stars (~1 km/s)!
•  need radial velocities for 3 D motions!



Franco et al. 1988!



Star formation in the Orion Molecular Clouds!
Summary!
•  SF takes place practically everywhere you look in !

•  GMC dense cores (Orion A: OMC-1, 2, 3), 
!Orion B: NGC 2024!

•  dark clouds (e.g. NGC 2068/71)!
•  Mostly low and intermediate star formation!

•  in a few (relatively) rich clusters!
•  All < 10% of ONC!
•  in isolated cloud cores (e.g. traced by HHOs/H2 
!outflows!

•  Presently, there seems no new Trapezium to be forming 
!in the Orion region!


