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Overview 

• Introduction  
• Clusters 
• Massive star distribution 
• Possible  resolutions 

• The nebula NGC3199 and the Wolf-Rayet star WR18 
• GAIA results 
• General conclusions and future 
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Massive Stars in Clusters 

Hubble image of Hodge 301; 
Credit NASA/ESA/D.Lennon 

Hubble image of NGC3603. Credits:  
NASA/U. Virginia/INAF, Bologna, 
Italy/USRA/Ames/STScI/AURA. 
 

Westerlund 1, 
VST/ESO/N.Wright 

Dense young clusters – stars 
up to a few million years old. 
O/B stars and Wolf-Rayet 
stars (evolved from most 
massive O stars >20M⦿) 
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Galactic Wolf-Rayet IR Spectra                 
(finding [obscured] objects) 

IRTF data:  
from Morello (+Marston)+ 2018, MNRAS, 473, 2565 
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A Scattering of Massive Stars… an inconvenient truth? 

Massive stars scattered 
across inner galaxy; 
Mauerhan+ 11a 

“Isolated” Wolf-
Rayet stars; 
Mauerhan+ 11b 

> 300 Wolf-Rayet stars 
distribution, only 25% in 
clusters or near HII regions; 
Rosslowe & Crowther, 2017 



ESA UNCLASSIFIED - For Official Use SSW#10 ESA | 11/13/2017 | Slide  6 

Possible causes of apparent isolation 

Massive star expulsion from 
young clusters.  
Binaries in SNe? 

Low mass clusters 
~102-103 M.  

Distributed/more isolated 
– e.g. via triggered SF.  
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Expulsion and bow shocks 

Massive star expulsion from 
young clusters.  
Binaries in SNe? 

Low mass clusters 
~102-103 M.  

Distributed/more isolated 
– e.g. via triggered SF.  

‘Bow shock’ 
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Bow shock examples 

Kobulnicky+, 
10, 16;     
Peri+ 15 
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NGC3199 (nebula) and WR18 (star) 

NGC3247 

NGC3199 

WR18=HD89358. Dyson & Ghanbari (1989) 
modelled nebula as a bow-shock created by 
the strong wind of the star as it travelled at 
60km/s to south-east. NGC3247 -- Westerlund 2 



ESA UNCLASSIFIED - For Official Use SSW#10 ESA | 11/13/2017 | Slide  10 

Bow shock? 

Investigated as a 
bowshock in front of 
WR star moving at 
60km/s – Dyson & 
Ghanbari 89 

Stars with 
similar 
proper 
motions 

HIPPARCOS 
GAIA 
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Herschel view of the NGC3199 field 

Two color Herschel PACS 
(Observation ID: 1342249269; PI: A. 
Marston) far-infrared image at 
100 μm (green) and 160 μm 
(red) wavelengths.  
The main nebula NGC 3199 exhibits 
an arc of high 100 to 160 μm fluxes 
indicative of hot dust. The position of 
WR18 is shown by the white box at 
center.  
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Early results: 
Wolf-Rayet Proper Motions from GAIA DR1 

WR18/NGC3199 
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Summary 
• The proper motion of the WR star does not fit the direction needed for a bow shock. 

Indeed, more than 50% of the TGAS stars in the region from GAIA DR1 have similar 
proper motion. 

• WR18 is not the most isolated of WR stars but not in a cluster and appears not to be 
coming from a cluster. 

• Need a broader study to determine the prevalence of massive star ‘runaways’ in the early 
evolution of stellar clusters.  

• Deep imaging shows the flow of the wind through dense parts of NGC3199  mass-loaded 
wind. 

Future?: 
Information limited in DR1. More proper motions needed and for fainter stars local to 
massive stars. 
Await GAIA DR2. 
Search for small, dense clusters around WR stars.  
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