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What is W49 ? 

12 Nov 2014 ESTEC 2 

Gart Westerhout  
(1927 – 2012) 

Foreground extinction:  
AK ~2.2  or  AV ~ 20 

d = 11.1 kpc  (Zhang et al. 2013) 

1 pc = 18.6″ 

1″ = 0.054 pc = 11 kAU 

Most luminous star forming region in the Milky Way 
Discovered in 1958 with the 25m Dwingeloo radio telescope 



Outline of this Presentation 
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W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49 

Get to know W49 and its ingredients: 
 Molecular gas 

 YSOs & protostars 

 UCHIIRs & massive hot core 

 OB clusters & most massive star 

 Supernova remnant 

 Interstellar medium 

Dynamical evolution 

Comparison to other starbursts 



IRAC  3.2 – 4.0 μm 
IRAC  4.0 – 5.0 μm 
IRAC  6.5 – 9.4 μm 
Brandl et al. (2015) 
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SOFI 1.25μm 
SOFI 1.65μm 
SOFI 2.2 μm 
Alves & Homeier (2003) 



IRAC  3.2 – 4.0 μm 
IRAC  4.0 – 5.0 μm 
IRAC  6.5 – 9.4 μm 
Brandl et al. (2015) 

1′   3.3 pc 

W49 A 

W49 S 

W49 N 

W49 SW 

 W49 B 
JJ 

P 

DD 

CC 

UCHIIRs 



The Giant Molecular Cloud 
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W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49 

CO J=1–0 map Galván-Madrid et al. (2013) 

network of filaments 
prominent SF within 20 pc 

W49 GMC extends over 100 pc  
Mgas ~ 1.1×106 Mo within GMC 



The Giant Molecular Cloud 

12 Nov 2014 ESTEC 7 

W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49 

CO J=1–0 map Galván-Madrid et al. (2013) 

network of filaments 
prominent SF within 20 pc 

W49 GMC extends over 100 pc  
Mgas ~ 1.1×106 Mo within GMC 

0.4mm SCUBA map 

Galván-Madrid et al. (2013) 



Star Formation across W49A 
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W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49 

Brandl et al. (2015) 

~50 compact “candidate protostars/YSOs” –   23 have a 3.6cm counterpart 

15
 p

c 

YSO/PS candidates = 
sources with rising IR 
SED 

 

SED modelling (Indebetouw 

et al. 2005) shows that 
most are clumpy 
(=evolved)  

Brandl et al. (2015) 



UCHIIRs & H2O Masers 
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W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49 

Brandl et al. (2015) 

De Pree et al. (1997) found 
316 H2O masers – signposts of deeply embedded YSOs and outflows 
40 separate UCHIIRs , many of which lie along the “Welch ring” (Welch 

et al. 1987)  

(de Pree et al. 1997) 

 W49A – G 



The Enigmatic Source ‘G’ 
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W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49 

H2O-CH3OH-CO2 ice mixture at 
T ~ 120 K 

7cm VLA 
De Pree et al. (2000) 

Most luminous H2O maser in the MW: ~1 Lo in the 22 GHz line alone 
(Genzel et al. 1978, Gwinn et al. 1992) 

G1 = hot molecular core = origin of H2O maser source, but offset by 
4400 AU from radio continuum peak (Smith et al. 2009) 

Bipolar outflows (~25 km/s) on small and large scales 
Massive  star (~45 Mo) forming from accretion disk (Smith et al. 2009) 

Spitzer-IRS 
Brandl et al. (2015) 



The Evolution of Infrared Sources 
W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49 

Spitzer-IRS 
Brandl et al. (2015) 

Featureless  (JJ) 

PDR dominated  (S, P) 

Deeply embedded  (F) 

Completely absorption 
dominated  (J, G) 
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The OB Clusters 
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1 

2 

3 
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1.25μm 
1.65μm 
2.2 μm 
Alves & Homeier (2003) 

Alves & Homeier (2003) identified four OB clusters  

More than 100 O-star candidates  
Total stellar mass M* ~ (5 – 7) × 104 Mo (Homeier & Alves 2005) 

30 – 50  O6 star equivalents;  Lionizing ~ 1 × 1051 s-1  (Vacca et al. 1996) 



The OB Clusters 
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1.25μm 
1.65μm 
2.2 μm 
Alves & Homeier (2003) 

Alves & Homeier (2003) identified four OB clusters  

More than 100 O-star candidates  
Total stellar mass M* ~ (5 – 7) × 104 Mo (Homeier & Alves 2005) 

30 – 50  O6 star equivalents;  Lionizing ~ 1 × 1051 s-1  (Vacca et al. 1996) 

NICMOS J 
NICMOS H 
NICMOS K 
(Brandl et al. 2015) 



The most massive Star(s) 
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J  1.25μm 
H 1.65μm 
K 2.2 µm 

Wu et al. (2014) found: 
Spectral type O2-3.5If* star  
Initial mass ~ 100 – 180 Mo 

W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49 

W49nr1 
Wu et al. (2014) 



The Supernova Remnant W49 B 
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X-ray (Chandra) 
radio (VLA) 
NIR (Palomar) 

W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49 

One of the most luminous Galactic SNRs 
LXray ~ 1038 erg s−1 (Immler & Kuntz 2005)  

Resulting from a SN type Ib or Ic  
Age < 4000 yr (Hwang et al. 2000) 



W49 B  W49A 
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W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49 

Originally placed at 8 (not 11.1) kpc distance (Moffett& Reynolds 1994) 

But newer VLA data:  W49B  W49A (Brogan & Troland 2001) 

40 pc 

If connected, maybe a massive star was 
ejected from the OB cluster ~2 Myr ago 
 veject~30 km/s 

CO J=1–0 map  
(Galván-Madrid et al. 2013) 

But if connected, why not a 
SNR signature in the GMC? 



The Interstellar Medium (ISM) 
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W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49 

(Brandl et al. 2015) 

IRS spectral map 

MHII ~ 1700 – 5400 Mo (~1% of Mgas) within r < 6pc (Galván-Madrid et al. 2013) 

warm (>100K), dense gas over central 3 ×3 pc (Nagy et al. 2012)  

PAH 

21.6 eV 

34.8 eV 



The Interstellar Medium (ISM) 
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W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49 

(Brandl et al. 2015) 

IRS spectral map 

MHII ~ 1700 – 5400 Mo (~1% of Mgas) within r < 6pc (Galván-Madrid et al. 2013) 

warm (>100K), dense gas over central 3 ×3 pc (Nagy et al. 2012)  

MIR spectrum of diffuse ISM 
matches e.g. the Ophiuchus 
MC (Stock et al. 2014) 

Stock et al. (2014) 

PAH 

21.6 eV 

34.8 eV 



Dynamical Evolution 
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W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49 

Historically: 
Large scale collapse of clouds (Welch et al. 1987) 

Cloud-cloud collision (e.g., Serabyn et al. 1993) 

Peng et al. (2010) found two expanding 
shells found, centered on the OB cluster : 

 Radius  ri ~ 2 – 3 pc 
 Thickness  d ~ 0.4 pc 
 Mshell ~ 1.9 × 104 Mo 

 Ekin ~ 1049 erg 
 vexpansion ~ 5 km/s 
 agekin ~ (3 – 7) × 105 yr  

The expanding shells triggered the UCHIIRs.  



Starbursts: W49  M82 
W49A: LIR ~ 1.7×107 Lo (Sievers et al. 1991, rescaled) 

M82 center: LIR ~ 3.8 × 1010Lo (Colbert et al. 1999)  
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W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49 

Region W49 M82 W49 scaled   
Starburst ∅ [pc] 20 420 9261 scale factor 
L(IR) [Lo] 1.7E+07 3.8E+10 1.6E+11   
M(gas) [Mo] 2.2E+05       
M(stars) [Mo] 6.0E+04   1.1E+09   
SFR [Mo/yr] 2.9E-03 6.6 27.2   
SFE [M*/Mgas] 0.27       
sSFR [SFR/M*] 2.5E-08       

Scaled to the size of M82 (r < 210pc), W49A would be an even 
more luminous starburst. 

Not similar:  gravitational potential  GMC  disruption by SNe 



W49  “Main Sequence” of Galaxies 
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W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49 

Formerly, SB galaxies ≡ L > 1010 Lo  (“absolute”) 

“Main Sequence” of galaxies:  sSFR (≡ SFR/M*)  

LIRGs 

ULIRGs 

D. Elbaz (pers.comm.) 

W49A   



Summary 
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W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49A W49 

WIRC 2.2μm 
IRAC 8μm 
VLA 3.6cm 

Is W49 a good Starburst Template? 

Yes 


