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Two	  modes	  for	  the	  massive	  star	  forma2on.	  
	  
-‐>	  Throughout	  disks	  and	  ouIlows	  as	  low	  mass	  stars.	  
	  
-‐>	  Mergers	  of	  low-‐	  and	  intermediate-‐	  mass	  young	  stars	  in	  	  
	  	  	  	  	  dense	  clusters.	  
	  
-‐>	  or	  both…	  (e.g.	  Orion	  KL	  )	  
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Mergers	  of	  low-‐	  and	  intermediate-‐	  mass	  young	  stars	  in	  dense	  clusters.	  
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Merge	  of	  	  massive	  protostars?	  



 
Bally and Zinnecker (2005); Reipurth (2000) 
 

Mergers…	  



What	  we	  are	  looking	  for?	  	  
Our	  dreams	  about	  disks	  around	  massive	  stars...	  



Pineda	  et	  al.	  (2014)	  



Pi
ne

da
	  e
t	  a

l.	  
(2
01
4)
	  

V	  	  prop.	  D-‐2	  



IRAS	  16547-‐4247:	  A	  young	  O-‐type	  Star.	  
	  
At	  a	  distance	  of	  2.9	  kpc,	  it	  has	  a	  bolometric	  luminosity	  of	  6.2	  x	  104	  Lsun	  ,	  equivalent	  to	  
that	  of	  a	  single	  O8	  zero-‐age	  main-‐sequence	  star.	  	  

VLA	  –	  3.6	  cm	  
SMA	  –	  1.3	  mm	  

Rodríguez et al. (2005) 
Franco-Hernandez et al. (2009)	  



ALMA	  –	  Atacama	  Larger	  Millimeter	  Array	  Telescope	  à	  Chile	  
66	  Antenna	  Array	  



Dusty	  Disk	  

IRAS	  16547-‐	  ALMA	  



Detected	  	  spectral	  lines	  in	  IRAS	  16547	  
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Table 1. Transitions detected toward IRAS 16547

Rest Freq. S i j
1µ2 Eu

Molecule Transition (GHz) (D2) (K)

SO2 v=0 184,14–183,15 338.30599 26.81 197
201,19–192,18 338.61181 26.02 199
282,26–281,27 340.31641 32.05 392
53,3–42,2 351.25722 7.32 36

SO2 v2=1 43,1–32,2 338.34874 7.07 792
82,6–71,7 338.37638 5.09 803

34SO2 v=0 132,12–121,11 338.32036 13.59 93
33SO2 v=0 84,4–83,5, F=19/2–19/2 351.17796 11.16 73

94,6–93,7, F=21/2–21/2 351.28137 12.88 81
194,16–193,17, F=41/2–41/2 353.74156 25.37 217

SO18O 200,20–191,19 338.63882 43.41 184
OCS 28–27 340.44927 14.32 237
HNCS a-type 301,30–291,29 351.22743 80.60 324
SO17O 201,20–190,19 353.62533 263.56 186
CH3SH 1413–1313 �/+A 353.41736 3.32 864

1413–1313 E 353.43107 3.33 863
149–139 �/+A 353.67282 14.10 479
142–132 �A 353.72626 23.60 147
148–138 �/+A 353.73446 16.20 406
148–138 E 353.74153 16.27 408
147–137 E 353.77778 18.11 341
14
�7–13

�7 E 353.78050 18.11 342

CH3OH 7
�1,7–6

�1,6 338.34463 5.54 71
70,7–60,6 + + 338.40868 5.66 65
7
�6,1–6

�6,0 338.43093 1.50 254
76,1–66,0 + + 338.44234 1.49 259
7
�5,2–65,1 338.45650 2.76 189

75,3–65,2 338.47529 2.76 201
75,3–65,2 + + 338.48634 2.77 203
72,6–62,5 � � 338.51286 5.23 103
74,3–64,2 338.53025 3.82 161
73,5–63,4 + + 338.54080 4.60 115
7
�3,5–6

�3,4 338.55993 4.64 128
73,4–63,3 338.58319 4.62 113
71,6–61,5 338.61500 5.68 86
72,5–62,4 + + 338.63994 5.23 103
72,5–62,4 338.72163 5.14 87
7
�2,6–6

�2,5 338.72294 5.20 91
166,10–175,13 + + 340.39367 3.57 509

CH3CH2OH 157,8–156,9 338.88621 13.67 162

CN v=0 N=3–2, J=7/2–5/2, F=9/2–7/2 340.24777 9.01 33
N=3–2, J=7/2–5/2, F=5/2–5/2 340.26177 0.59 33
N=3–2, J=7/2–5/2, F=7/2–7/2 340.26495 0.58 33

CH2NH 31,3–20,2, F=4–3 340.35431 6.07 26

NH2CHO 163,14–153,13 340.49109 605.53 166

HNCO v=0 164,13–154,12 351.24085 30.93 794

H2
13CO 50,5–40,4 353.81187 27.17 51

H2CCNH 112,10–121,12 353.38912 4.25 97

CH3CHO b 190,19–180, 18 E 353.38728 239.52 172
190,19–180,18 A 353.42595 239.30 172

CH3OCHO v=02 294,25–284,24 E 353.40185 74.20 274
CH3OCHO v=02 294,25–284,24 A 353.41059 74.21 274
CH3OCHO v=12 287,21–277,20 A 353.57558 69.94 461
CH3OCHO v=02 322,31–312,30 E 353.72360 84.18 290
CH3OCHO v=02 322,31–312,30 A 353.72862 84.15 290

CO+ J=3–2, F=5/2–3/2 353.74126 2.40 34
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Three	  classes	  of	  the	  line	  emission	  depending	  on	  the	  
excita2on	  temperature	  in	  the	  upper	  levels.	  



Higuchi	  et	  al.	  (2014)	  

CH3OH	  -‐-‐	  ALMA	  

Low	  temperatures	  in	  the	  upper	  levels	  (about	  100	  K)	  



SO2	  -‐-‐	  SMA	  

Franco-Hernandez et al. (2009)	  

SO2	  /	  OCS	  -‐-‐	  ALMA	  

	  Temperatures	  in	  the	  upper	  levels	  (about	  200	  K)	  
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Size	  of	  the	  disk	  about	  1000	  AU	  

IRAS	  16547	  

Candidate	  to	  Rota`ng	  Disk	  around	  an	  O-‐type	  (proto)star	  	  

	  Temperatures	  in	  the	  upper	  levels	  (about	  >	  400	  K)	  



Candidate	  to	  Rota`ng	  Disk	  around	  an	  O-‐type	  (proto)star	  	  

	  
Pros:	  

1.  Very	  compact	  rota`ng	  molecular	  structure	  (about	  1000	  AU)	  	  

2.  Elongated	  perpendicular	  to	  the	  radio	  jet	  and	  molecular	  ouelow	  

3.  Traced	  by	  highly	  excited	  complex	  molecules	  
	  
	  
Cons:	  
	  
1.  No	  Keplerian	  mo`ons	  at	  all	  in	  the	  innermost	  parts	  
	  
	  	  	  	  


