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Analyzing the Lack of X-ray Production in Wolf-Rayet Winds 
Through the Use of Computational Modeling

Typical hot massive stars (OB stars) produce X-ray emissions that are attributed to the shock 
production in their winds.  Wolf-Rayet stars are unique in that despite similar characteristics to 
other OB stars, they produce extremely weak X-ray emission.  A defining feature of Wolf-Rayet
stars is their extremely high mass loss rate which leads to high particle density in their winds.  

Using the modeling program Spect3D (developed by Prism Corporation), we construct models of 
Wolf-Rayet winds.  We can then analyze the effects of shock features in the wind, and what 
impact they have on the optical depth and populations of elemental ions.  We then run 
comparison models of typical X-ray producing stars to see what features differ in the Wolf-Rayet 
models that could explain the lack of X-ray emissions.

Figure 1:  Shown is how shock features at the base of  a wind can impact
 the density and temperature distribution throughout the wind.  High 
temperatures are needed for the production of  X-rays.  (Image taken from
Feldmeier, et. al., 1996-2.)

Figure 2:   The density of  a Wolf-Rayet star (in blue) compared with a 
typical OB star (in green).   The high mass loss rate causes the density in the 
wind of  a Wolf-Rayet star to become much greater than that of  typical OB 
stars.

Figure 5:  This figure shows typical X-ray production due to elemental
oxygen present in the wind of  an OB star.  Many of  the lines that are
present result from high ionization states that only occur due to the high
energies that are produced as the result of  shocks.

Figure 6:  By noting the the difference in the Y-axis scale between this figure
and the preceeding one, it can be seen that the emission lines due to oxygen 
of  a Wolf-Rayet star are extremely weak when compared with other OB 
stars.  In this case, the emission lines due to elemental oxygen are on the 
order of  one million times weaker than those shown in Figure 5.

Figure 9:  The fractional abundance of  oxygen ions over the radius of  a 
typical OB star is shown in this chart.  Of  interest is that oxygen VI is most 
prevalent in the wind.  Strong abundance of  this ion in a stellar wind is a 
significant indicator of  energy levels capable of  producing X-ray emissions.

Figure 10:  The fractional abundance of  oxygen ions over the radius of  a
typical Wolf-Rayet star is shown in this chart.  Note that while the shock
region drives up the abundance of  oxygen VI, the wind appears unable to
sustain significant levels of  this ion over much of  a radial range.

Figure 11:  The optical depth, or escape probability of  a
photon, of  a typical OB star with a shock at the base of  the wind.  
A lower optical depth means a high escape probability.  Optical depth 
values of  1 indicate an escape probability of  about 36%.  The optical
continuum in the X-ray band of  this star has values less than about 5.

Figure 12:  The graph here shows optical depth values over the X-ray
band for a Wolf-Rayet star with shocks at varying depths in the wind.
The distances are measured in R*, or amount of  stellar radii beyond the
star’s surface.  The optical continuum for all shocks is typical in the
thousands.  Lower escape probability of  X-ray photons would result.

¤  Shock production in Wolf-Rayet stars is still likely 
due to the same driving mechanisms that produce their winds.
¤  High optical depth features in the winds of Wolf-Rayet 
stars results in lower ionization states through-out the wind.  
Thus energies aren’t high enough to sustain X-ray production.

¤  High optical depth features also cause any X-ray emissions
to be unable to escape the wind and reach our detectors. The
amount of particles present in Wolf-Rayet winds create a cloud
to obscure the production of any X-rays resulting from shock 
features near the base of the wind.

Figure 7:  Spect3D allows us to create a model dependent on radius of  a 
particular wind.  The model is broken up into zones where parameters
such as temperature and density can be specified.  This image shows the
radial density over the wind, with the dark blue ring being a shock feature.

Figure 3:  The lack of  shock features inhibits X-ray productionin the wind.  
This figure displays the oxygen ion fractions through a wind without any 
shocks.  Majority of  the ions are less than OVI, which is significant as a 
presence of  OVI is an indicator of  energy levels high enough for X-ray 
production.

Figure 4:  the ionization abundance for oxygen in a wind with shocks.  
The regions of  extremely high ionization states are where the shocks occur.  
It should be noted that the incorporation of  the shocks increase the 
ionization states throughout the wind.  A strong presence of  OVI can be 
seen over the entire wind, which is an indicator of  X-rays.

Figure 8:  After the simulation finishes, a variety of  parameters can be
shown graphically such as optical depth, spectral emissions, and
temperature.  This image is the graphical interpretation of  the density
from the same model depicted in Figure 7.
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