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η ≡

M 2v2
M1v1
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r ~ φ
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Colliding winds in 
a massive 
binary (WR+O) 
can form dust 

Strong cooling at 
strong shocks? 
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Smoothed Particle Hydrodynamics 
(SPH) method is: 
  A particle method that 

divides the fluid into a 
set of discrete "fluid 
elements" (=particles) !

  Flexible in setting 
various initial 
configurations!
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αSPH = 1, βSPH = 2

vw = v∞ 1− R* / r( )β with β = 0, 1
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η

•  LBV: supermassive (                    )  & 
superluminous (                       ) 

•  Greatt mass ejection of              in 
mid-1800’s 

•  Optical lines & X-ray light curves show 
variations with a 5.54 yr periodicity 
         Carinae is a binary with 

 M ≥ 102M

 L  5 ×10
6 L

  10M

the Homunculus nebula 

 Porb = 5.54 yr  &  e  0.9
η
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Homunculus, the 
remnant of a great 
eruption in 1840’s 

Stars can’t be 
seen directly 

η
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Homunculus, the 
remnant of a great 
eruption in 1840’s 

binary 



16!

Minimum
≠ 0



17!

Car A Car B 

 R / R
 M /M

Vwind  (km/s)
 
M  (M / yr)

90 
90 

30 
30 

500 3,000 

2.5 ×10−4 10−5

ηη

Twind  (K) 3.5 ×104 3.5 ×104

η
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Density on the 
orbital plane 

~300 au 

Density on the 
axis plane 

r = 10a (~0.07 arcsec) 
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Density on the 
orbital plane 

~300 au 

Density on the 
semi-major axis 

r = 10a (~0.07 arcsec) 
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  Low-density, fast wind from the 
secondary carves out high-density, 
slow wind from the primary 

  Because of high eccentricity, the 
cavity is very thin on the periastron 
side, while it occupies a large 
volume on the apastron side 
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~3000 au 
r = 100a (~0.7 arcsec) 

Density on the 
orbital plane 

Density on the 
x-z plane 
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r = 100a

~3000 AU 

(~0.7 arcsec) 
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•  A WR binary: WC7 + O4-5V 
•  Transient dust formation at periastron 

•  Radial velocities, IR and X-ray 
lightcurves vary with 7.9 yr periodicity 

•  Deep X-ray minimum at periastron, 
similar to that  of     Car η
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http://asd.gsfc.nasa.gov/Michael.Corcoran/
wr140/wr140_rxte_lightcurves/index.html 
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 R / R
 M /M

Vwind  (km/s)
 
M  (M / yr)

Porb  (yr)
Twind  (K)
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Density on the 
orbital plane 

Density on the 
x-z plane 
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•  Constructing 3-D dynamical models is 
essential to understand the behavior of 
colliding-wind binaries. 

•  3-D SPH sims reproduce observed X-
ray light curve of WR 140, but the fit is 
not ery good for eta Car. 

•  Formation of dust in strong shocks at 
periastron remains an open question.  


