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Å Massive stars have strong winds.

Å The hydrodynamic interaction of such a 

wind with the surroundings heats the 

ambient ISM.

Å For young hot stars with fast winds, a 

low -density bubble is created from this 

interaction, expanding with time and 

displacing the ISM.

Hubble optical image of NGC 7635 
(Bubble Nebula). Credit: NASA / 

ESA / Hubble Heritage Team
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Å Linear diameter:        2.3 ± 0.2 pc

Å Bow shock density:  ~100 cm
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Parameters of BD Ј Parameters of NGC 7635

Å Temperature:        37,500 K

Å Wind Velocity:       2,500 km s

Å Mass-loss rate:      10 Ȣ M ṩyr

Å Distance:                 2.7 ± 0.2 kpc

Å Transverse 
peculiar velocity:  28 ± 3 km s



Å Post-shock temperature of the gas for a 
strong shock can be calculated using:
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Å For example: stellar winds of 2500 km/s 
produce 2xρπK gas.
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Å ςD hydrodynamical simulation

Å Used PION (PhotoIonization Of Nebulae) 

hydrodynamical code, Mackey (2012)

Å Point source of stellar wind with uniform ISM 

flowing right to left

Å Rotational symmetry about the x -axis

Å High T cooling assumes CIE 

Å Low T cooling appropriate for photoionized 

HII region
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Synthetic infrared 
emission maps of bow 
shock, colour scale in 
ὰέὫὓὐώίὸὩὶ.

Å The dust emission from Monte Carlo 

radiation transport code TORUS (Harries, 

Haworth et al. 2019).

Å Rspevdfe evtu jnbhft *46¶n+ bu bohmft up 

the symmetry axis, from π - ωπfor each 

snapshot.

Å The scale on the right of each plot shows 

the total brightness of the bow shock in the 

infrared.
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Å Most of the Ὄ emission 
occurs inside the bubble 
region in a thin layer near 
the bubble boundary.

Å Ὄ gives an indication of the 
presence of a H II region 
around the star.

Emission map of bow 
shock Ὄ 8785Ì 

captured with the 
HST, colour scale in 
ὰέὫ(erg cm s

arcsec ).
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