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Pre-­‐main	
  sequence	
  stars	
  (PMSs)	
  and	
  young	
  
stellar	
  objects	
  (YSOs)	
  can	
  be	
  iden.fied	
  by	
  
their	
  IR	
  excesses.	
  
	
  

These	
  point	
  sources	
  can	
  be	
  iden.fied	
  easily	
  
in	
  the	
  Galaxy,	
  but	
  not	
  in	
  other	
  galaxies.	
  
	
  

Ground-­‐based	
  and	
  HST	
  images	
  in	
  JHK	
  are	
  
used	
  to	
  iden.fy	
  young	
  stars	
  in	
  30	
  Dor	
  
(Walborn,	
  Rubio,	
  Barbá,	
  etc).	
  
	
  

Deeply	
  embedded	
  YSOs	
  need	
  mid-­‐IR	
  obs,	
  
large	
  extragalac.c	
  surveys	
  with	
  useful	
  
resolu.on	
  are	
  provided	
  by	
  Spitzer.	
  



Spitzer	
  Space	
  Telescope	
  

• 0.85	
  meter	
  infrared	
  telescope	
  
• Launched	
  in	
  August	
  2003	
  
• Cooled	
  to	
  ~1.5	
  K	
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  5.3-­‐38	
  µm	
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Long-­‐hi,	
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The	
  Magnificent	
  Seven	
  
(Spitzer	
  Cycle	
  1	
  program)	
  

N 11                                  N 44                                   N 51 

N 63                           N 70                            N 144                         N 180 



8.0 µm - red 
5.6 µm - green 
4.5 µm - blue 

N 11                                  N 44                                   N 51 

N 63                           N 70                            N 144                         N 180 
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  program)	
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 Massive	
  YSO	
  Candidates	
  in	
  the	
  LMC	
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  with	
  SAGE	
  YSO	
  Results	
  



Gruendl	
  &	
  Chu	
  (2009)	
  
-­‐ 	
  Aperture	
  photometry	
  
-­‐ 	
  Simple	
  color	
  criteria	
  
	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  [4.5]-­‐[8.0]	
  <	
  2	
  
	
  
	
  	
  [4.5]-­‐[8.0]	
  >	
  14	
  -­‐	
  [8.0]	
  
	
  	
  
-­‐ 	
  Use	
  Blanco	
  Hα,	
  J,	
  K	
  
-­‐ 	
  Examine	
  images	
  and	
  
	
  	
  SEDs	
  to	
  assess	
  nature	
  

Whitney	
  +	
  SAGE	
  	
  (2008)	
  
-­‐ 	
  PSF	
  fitng	
  -­‐-­‐>	
  photometry	
  
-­‐ 	
  Complex	
  color	
  criteria	
  

 
 
 
 
 
 
 
 
 
-­‐ 	
  Compare	
  with	
  radia.ve	
  
	
  	
  	
  transfer	
  models	
  to	
  assess	
  
	
  	
  	
  nature	
  

Comparison	
  with	
  SAGE	
  YSO	
  Results	
  



GC09 SAGE 

YSOs plotted in [8] vs [4.5]-[8] CMD 

                                                                     GC09      SAGE                           
Filled Circles: high probability YSOs      1,172         458 
Open Circles: lower probability YSOs        213         532 

577	
  YSO	
  candidates	
  
in	
  common.	
  
 
In	
  the	
  same	
  region	
  	
  
of	
  the	
  CMD	
  	
  we	
  
miss	
  	
  7	
  SAGE	
  YSOs.	
  
	
  
SAGE	
  misses	
  more	
  
than	
  half	
  of	
  our	
  	
  
YSO	
  candidates.	
  

Comparison	
  with	
  SAGE	
  YSO	
  Results	
  



~	
  30%	
  of	
  SAGE	
  YSOs	
  were	
  classified	
  by	
  us	
  as	
  background	
  galaxies.	
  	
  
PNe	
  and	
  Evolved	
  Stars	
  had	
  bever	
  agreement	
  (~70	
  &	
  85%).	
  
	
  	
  	
  (awer	
  excluding	
  EROs	
  which	
  SAGE	
  classify	
  as	
  YSOs)	
  

Re-­‐examina.on	
  of	
  sources	
  with	
  discrepant	
  classifica.ons	
  resulted	
  
in	
  no	
  significant	
  change	
  in	
  our	
  conclusion.	
  

Comparison	
  with	
  SAGE	
  YSO	
  Results	
  



Why	
  such	
  different	
  results?	
  
	
  
•  Differences	
  do	
  not	
  depend	
  on	
  source	
  brightness.	
  
•  PSF	
  fitng	
  too	
  strict.	
  	
  Sources	
  with	
  complex	
  	
  
	
  	
  	
  	
  	
  	
  backgrounds	
  will	
  be	
  eliminated.	
  

•  Degeneracy	
  in	
  colors.	
  	
  Complementary	
  data	
  and	
  
	
  	
  	
  	
  	
  	
  human	
  interven.on	
  are	
  necessary.	
  

Comparison	
  with	
  SAGE	
  YSO	
  Results	
  



How	
  Do	
  We	
  Gain	
  Confidence?	
  

•   IRS observations of ~270 YSOs confirmed 95%   
    (Seale+2009) 
 

•   13 H2O maser sources found coincidence in ~10. 
 

•   Found ~ expected number of background galaxies. 



Sewilo et al. 2010, A&A 
Herschel detection of ~200 youngest YSOs 
 

Romita et al. 2010, ApJ 
YSOs in N206 HII regon 
 

Carlson et al. 2011, A&A 
YSOs in star-forming regions in the LMC 

Chen et al. 2009 ApJ 
YSOs in N44 HII region 
 

Chen et al. 2010, ApJ 
YSOs in N159 HII region 



Sewilo et al. 2010, A&A 
Herschel detection of ~200 youngest YSOs 
 

Romita et al. 2010, ApJ 
YSOs in N206 HII regon 
 

Carlson et al. 2011, A&A 
YSOs in star-forming regions in the LMC 

Chen et al. 2009 ApJ 
YSOs in N44 HII region 
 

Chen et al. 2010, ApJ 
YSOs in N159 HII region 

Use	
  these	
  catalogs	
  of	
  YSOs	
  with	
  cau.on.	
  

Incomplete	
  and	
  contaminated	
  at	
  faint	
  end.	
  
 



Global	
  Gravita.onal	
  Instability	
  
&	
  Star	
  Forma.on	
  

	
  
Yang	
  et	
  al.	
  2007,ApJ,	
  671,374 

 



Gravita.onally	
  Unstable	
  Regions	
  	
  
 <1  (blue) 



Rafikov 
 2001 

Gravita.onally	
  Unstable	
  Regions	
  	
  



 Gravita.onal	
  Instability	
  &	
  Star	
  Forma.on	
  

Gas: 6.5×108 M� 
Stars: 2×109 M� 
Gas: 6.5×108 M�  



Large-­‐Scale	
  Gravita.onal	
  Instability	
  
YSOs	
  in	
  unstable	
  
regions:	
  
	
  
Gas	
  disk	
  only	
  
	
  	
  	
  	
  	
  62%	
  
	
  
Gas	
  +	
  Star	
  disk	
  
	
  	
  	
  	
  	
  85%	
  

Gas+Stars 

Both	
  stars	
  and	
  	
  
gas	
  need	
  to	
  be	
  	
  
considered.	
  	
  



 
Triggered	
  Star	
  Forma.on	
  	
  

	
  
Globule:	
  Chu	
  et	
  al.	
  2005,	
  ApJ	
  

Superbubble:	
  Chen	
  et	
  al.	
  2009,	
  ApJ	
  
Supergiant	
  Shell:	
  Book	
  et	
  al.	
  2009,	
  AJ	
  



1 

2 

3 

Hα     (G) 
[S II]  (B) 
8 µm  (R) 

Hα [S II] 

4"  =  1 pc 

1'  = 15 pc 

Star	
  Forma.on	
  in	
  N51	
  

Extragalactic HH object ! 

YSOs in dust globules 
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Chen	
  et	
  al.	
  2009,	
  ApJ,	
  695,	
  511	
  

Star	
  Forma.on	
  in	
  Superbubble	
  N44	
  



Star Formation Associated with 
Supergiant Shells 

1000 pc 

Hα + CO contour            H I + CO contour 
Book et al. 2009, AJ, 137, 3599 



Star Formation Associated with 
Supergiant Shells 

1000 pc 

Hα + CO contour            H I + CO contour 
Book et al. 2009, AJ, 137, 3599 

Superbubbles	
  and	
  supergiant	
  shells	
  

may	
  trigger	
  star	
  forma.on	
  



Blue - X-ray     Green - Hα       Red - 8 µm	



Star	
  Forma.on	
  in	
  N	
  63	
  
“	
  triggered	
  by	
  HII	
  region,	
  enriched	
  by	
  SNR	
  ”	
  	
  

100 pc 



Blue - X-ray     Green - Hα       Red - 8 µm	



100 pc 

Star	
  Forma.on	
  in	
  N	
  63	
  
“	
  triggered	
  by	
  HII	
  region,	
  enriched	
  by	
  SNR	
  ”	
  	
  



50	
  pc	
   CO	
  contours	
  (NANTEN;	
  Fukui	
  et	
  al)	
  	
  
Hα	
  images	
  (MCELS;	
  Smith	
  et	
  al)	
  

Do	
  SNRs	
  Trigger	
  Star	
  Forma.on?	
  
SNR	
  N86	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  SNR	
  0513-­‐69.2	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  DEM	
  L256	
  

Desai	
  et	
  al.	
  2010	
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  pc	
   CO	
  contours	
  (NANTEN;	
  Fukui	
  et	
  al)	
  	
  
Hα	
  images	
  (MCELS;	
  Smith	
  et	
  al)	
  

Do	
  SNRs	
  Trigger	
  Star	
  Forma.on?	
  
SNR	
  N86	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  SNR	
  0513-­‐69.2	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  DEM	
  L256	
  

Desai	
  et	
  al.	
  2010	
  

Young	
  SNR’s	
  shocks	
  are	
  destruc.ve.	
  

Their	
  progenitors’	
  HII	
  regions	
  or	
  bubbles	
  may	
  	
  

have	
  trigger	
  star	
  forma.on.	
  
 



What	
  else? 
 



Massive	
  YSOs	
  and	
  Their	
  Environments	
  

15’  =  225 pc 
CO contours (NANTEN; Fukui et al)  
Hα images (MCELS; Smith et al) 



Are	
  These	
  Massive	
  YSOs	
  Isolated	
  ?	
  

15’  =  225 pc CO contours (NANTEN; Fukui et al)  
Hα images (MCELS; Smith et al) 



Are	
  These	
  Massive	
  YSOs	
  Isolated	
  ?	
  

15’  =  225 pc CO contours (NANTEN; Fukui et al)  
Hα images (MCELS; Smith et al) 

Massive	
  YSOs	
  
~	
  85%	
  are	
  in	
  molecular	
  cloud	
  
~	
  65%	
  are	
  in	
  OB	
  associa.ons	
  
~	
  	
  7%	
  are	
  not	
  in	
  OB	
  associa.ons	
  or	
  
	
  	
  	
  	
  molecular	
  clouds	
  à	
  HST	
  images	
  show	
  
	
  	
  	
  	
  small	
  clusters	
  around	
  some	
  (in	
  prep).	
  

 



HST Hα        ISPI J          ISPI K            SED 

20" × 20" 

A	
  Closer	
  Look	
  at	
  YSOs’	
  Environments	
  



HST Hα        ISPI J          ISPI K            SED 

A	
  Closer	
  Look	
  at	
  YSOs’	
  Environments	
  

20" × 20" 



HST Hα        ISPI J          ISPI K            SED 

A	
  Closer	
  Look	
  at	
  YSOs’	
  Environments	
  

20" × 20" 

HST	
  View	
  of	
  YSOs’	
  Environments	
  

(1) 	
  dark	
  clouds,	
  (2)	
  bright-­‐rimmed	
  	
  

dust	
  pillars,	
  (3)	
  small	
  compact	
  HII.	
  

(Vaidya	
  et	
  al.	
  2009)	
  
 



 Online	
  SED	
  Fiver	
  	
  (Robitaille	
  et	
  al	
  .	
  2007)	
  

21 M 39±7 M 

YSOs	
  in	
  30	
  Doradus	
  -­‐	
  	
  Great	
  Challenge!	
  

Walborn,	
  Barbá,	
  Sewilo	
  2013	
  
Top10	
  YSOs	
  in	
  30	
  Dor	
  
	
  



Red:	
  	
  [8.0]<	
  8	
  	
  ;	
  	
  	
  	
  Green:	
  	
  [8.0]>8	
  	
  ;	
  	
  	
  Yellow:	
  [8.0]>8	
  
	
  YSO	
  >	
  10	
  M¤	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  YSO	
  <	
  10	
  M¤    star+IRE	
  

YSOs	
  in	
  30	
  Doradus	
  -­‐	
  	
  Great	
  Challenge!	
  



YSOs	
  in	
  30	
  Doradus	
  -­‐	
  	
  Great	
  Challenge!	
  



YSOs	
  in	
  30	
  Doradus	
  -­‐	
  	
  Great	
  Challenge!	
  

Massive	
  YSOs	
  are	
  in	
  GMCs/HII.	
  
	
  

No	
  embedded	
  massive	
  clusters	
  or	
  YSOs	
  >	
  
40	
  M¤	
  are	
  found.	
  

	
  
HST	
  images	
  will	
  be	
  available	
  soon.	
  

 



Pre-­‐Main	
  Sequence	
  Stars	
  

Giant	
  molecular	
  clouds	
  with	
  or	
  without	
  	
  
massive	
  star	
  forma.on	
  
-­‐  Blanco	
  NEWFIRM	
  data	
  being	
  analyzed	
  

DECam	
  surveys	
  of	
  the	
  MCs	
  would	
  be	
  
very	
  useful	
  for	
  iden.fying	
  PMS	
  stars	
  and	
  
op.cal	
  counterpart	
  of	
  YSOs.	
  



Pre-­‐Main	
  Sequence	
  Stars	
  

Giant	
  molecular	
  clouds	
  with	
  or	
  without	
  	
  
massive	
  star	
  forma.on	
  
-­‐  Blanco	
  NEWFIRM	
  data	
  being	
  analyzed	
  

DECam	
  surveys	
  of	
  the	
  MCs	
  would	
  be	
  
very	
  useful	
  for	
  iden.fying	
  PMS	
  stars	
  and	
  
op.cal	
  counterpart	
  of	
  YSOs.	
  

CTIO	
  con.nues	
  to	
  make	
  vital	
  contribu.ons	
  

to	
  science	
  !!!	
  
 




