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Molecular outflows from young low-mass stars 

Palau et al. (2005), Lee et al (2007), Hirano et al. (2006) 

HH211 

Collima'on	
  Factor:	
  ~10°	
  

SiO(J=5-4) 
Submillimeter	
  Array	
  



W51	
  
VLA	
  3.6	
  cm.	
  
Lacy	
  et	
  al.	
  (2007)	
  

Infrared:	
  grey	
  scale	
  (VLT	
  -­‐-­‐-­‐	
  1.65	
  μm)	
  	
  
3.6	
  cm:	
  contours	
  
	
  

W51	
  IRS2	
  
W51	
  IRS1	
  

W51	
  East	
  

One	
  of	
  most	
  luminous	
  regions	
  in	
  the	
  Galaxy	
  

Lbol=	
  =	
  3	
  x	
  106	
  Lsun	
  
D	
  ~	
  5,	
  000	
  pc	
  

W51	
  IRS2	
  

W51d2	
  (O3-­‐type)	
  

Molecular	
  ouVlows	
  from	
  young	
  high-­‐mass	
  stars	
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Orion BN/KL 

Trapezium 

Orion South 

Becklin-­‐Neugebauer	
  (BN)	
  	
  
and	
  the	
  Kleinman-­‐Low	
  (KL)	
  	
  
(Becklin	
  &	
  Neugebauer	
  1967;	
  Kleinmann	
  &	
  Low	
  1967)	
  

Closest	
  massive	
  star	
  forming	
  region	
  
	
  
Luminosity:	
  about	
  105	
  Lsun	
  
	
  
	
  
Mass:	
  	
  about	
  1000	
  Msun	
  
	
  
	
  
Distance:	
  415	
  pc	
  
	
  
Strong	
  maser	
  	
  and	
  thermal	
  emission	
  
from	
  many	
  species:	
  	
  
	
  
H2O,	
  OH,	
  SiO,	
  CH3CN,	
  CH3OH,	
  …	
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  &	
  Burton	
  (1993)	
  
	
  
Bullets	
  of	
  material	
  maybe	
  
from	
  a	
  SN?	
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  and	
  Scoville	
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M ~ 10 Msol 
Velocity >100 km/s 
Ek ~ 1047 erg  
Factor of collimation 
 
200-300° 
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Menten and Reid (1995) 

The	
  Submillimeter	
  Array	
  
λ	
  =	
  1	
  mm	
  	
  &	
  12CO(2-­‐1),	
  13CO,	
  C18O,	
  and	
  SO	
  	
  
Sub-­‐compact	
  and	
  compact:	
  ~	
  4”	
  x	
  3”	
  
FOV	
  @	
  3’	
  x	
  2’	
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SMA CO(2-1) 
 
H2 
Red: 35 to 130 km s-1 

blue -35 to -120 km s-1 

Common center 



Runaway Stars in BN-KL 
BN, I y n form part of a stellar system that densintegrated some 500 yrs. 

Rodríguez et al. (2005)  Gómez et al. (2005, 2008)  

VT ~ about 20 -30 km s-1 
Dynamical Age ~ 500 yrs 

E	
  ~	
  1047	
  erg	
  	
  



Kinema'cs	
  from	
  an	
  explosion	
  	
  	
  

V = 9.0 ± 2 km s-1 





 
Bally and Zinnecker (2005); Reipurth (2000) 
 

Violent	
  desintegra'on	
  of	
  a	
  stellar	
  system	
  



Source I: A merge of two young stars? 

Zapata	
  et	
  al.	
  (2012)	
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  Plambeck	
  et	
  al.	
  
Goddi	
  et	
  al.	
  (2009)	
  



REMNANTS	
  FROM	
  THE	
  EXPLOSIVE	
  DESINTEGRATION	
  	
  

Molecular	
  expanding	
  shell	
  
Age	
  about	
  500	
  yrs	
  



REMNANTS	
  FROM	
  THE	
  EXPLOSIVE	
  DESINTEGRATION	
  	
  

Hot	
  Molecular	
  Core	
  -­‐	
  Orion	
  	
  	
  	
  
Peng	
  et	
  al.	
  (2013)	
  
Liu,	
  Girart,	
  et	
  al.	
  (2002)	
  Zapata	
  et	
  al.	
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IS	
  THERE	
  MORE	
  CASES	
  LIKE	
  BN-­‐KL?	
  



Molecular Outflows in DR21 
Mass – 3000 Msol 
Ek   - 2 x 1048 Lsol 
High Velocity >50 km s-1 
 

Spitzer 
4.5 µm 

WFCAM 
2.12 µm 

J-K-H2                                                     3.6-4.5-8.0 
µm 

Davis	
  et	
  al.	
  (2007)	
  



Origin of the explosion

H2 + CO
DR21

10,000	
  years	
  explosion	
  in	
  DR21	
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  explosion	
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Main	
  conclusion	
  
	
  
The	
  ouVlow	
  in	
  BN/KL	
  and	
  DR21	
  are	
  NOT	
  the	
  typical	
  ouVlows	
  	
  
associated	
  with	
  the	
  forma'on	
  of	
  a	
  single	
  massive	
  (proto)star.	
  	
  
	
  
	
  
Future	
  	
  
	
  
-­‐	
  	
  	
  Theore'cal	
  	
  model	
  	
  to	
  explain	
  the	
  decay	
  of	
  the	
  stellar	
  systems	
  
	
  
-­‐  Is	
  Source	
  I	
  a	
  real	
  close	
  binary?	
  

-­‐  Test	
  the	
  “external	
  hea'ng	
  model”	
  of	
  the	
  hot	
  molecular	
  core	
  

-­‐  From	
  which	
  objects	
  are	
  arising	
  the	
  large	
  luminosi'es?	
  

	
  
	
  	
  





Cubo de velocidades 



HST 
Hα – red  
SII – blue 

Hartigan et al. 

Protostar 

ALMA	
  -­‐	
  HH	
  46/47	
  
Arce	
  et	
  al.	
  (2013)	
  
CO	
  



CH3CN (12-11) k=3 -- SMA 
880 µm – SCUBA-JCMT 
CO(2-1) & H2 






