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Abstract. The emission line spectra of WR stars are often formed completely in the optically
thick stellar wind. Hence, any assumption on the wind velocity law in a spectral analysis has a
profound impact on the determination of the stellar parameters. By comparing Potsdam Wolf-
Rayet (PoWR) model spectra calculated with different β laws, we show that the velocity field
heavily influences the spectra: by using the appropriate β laws, the entire range of late and early
types can be covered with the same stellar model.
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Wolf-Rayet (WR) stars play a pivotal role in the energetics of their host galaxies, in
the enrichment and ionisation of their local environments and as supernova progenitors.
Their powerful, line-driven winds form an optically thick regime around the star, causing
WR spectra to be dominated by wind features. For the inference of stellar parameters
of WR stars, we rely on model atmosphere codes such as PoWR (Gräfener et al. 1999,
Hamann et al. 2003, Sander et al. 2015). To describe the wind velocity field, typically a
pre-described velocity law is utilised, the β-velocity law (e.g. Hamann et al. 2006), which

is described as v (r) = v∞
(
1− r0

r

) β
, with v∞, where for WR stars often β = 1 is adopted

for large samples.
When comparing the observed temperatures Teff(τross = 20) = T∗ of WR stars from

atmosphere modelling to the Teff of evolutionary models yielding hydrogen-depleted,
core-helium burning stars (e.g. Ekström et al. 2012), there is a clear discrepancy: the
observed temperatures are generally considerably lower than the temperatures from evo-
lutionary models due to the extended, optically thick wind. Several solutions to solve this
problem have been proposed, e.g. via static (e.g. Petrovic et al. 2006) or dynamical (e.g.
Grassitelli et al. 2018) inflation. Another factor to address here are the β = 1 velocity
laws: studies investigating line profile variations (e.g. Lepine et al. 1999) show values of
β ∼ 5 − 20, significantly different from a β = 1 assumption for WR stars.
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Figure 1. Spectral (sub-)classification for the WN-star models as a function of β. For
labelling we use the same indices as the grids on the PoWR website.

To investigate how this β-parameter influences the spectra, we calculated and com-
pared sets of PoWR model spectra by using different β laws. By investigating diagnostic
spectral lines, we see that the β parameter has a strong effect on the line spectrum. This
is illustrated by classifying the spectra of several models using the scheme of Smith et al.
(1996). The results for H-depleted WN-star models are shown in Fig. 1, with similar
results being obtained for WNh and WC stars. As a general trend, the model spectra are
systematically classified as later-type WR stars for higher β. In fact, by only changing
the β law, we could cover almost the entire range of spectral types for models with the
same T∗ if we chose β values in the range of 0.5 to 20. As spectral types are typically
associated with an apparent temperature, models with an increased β parameter would
be interpreted as cooler stars. This is also shown with the average T∗ per spectral type
inferred with β = 1 models on the right axis in Fig. 1. This effect of spectra appearing
cooler by using higher-β velocity laws causes a degeneracy in the model spectra: by using
different β laws, models with different T∗, Ṁ and v∞ can appear similar in the optical
spectrum. However, this degeneracy can at least in part be solved by P-Cygni lines in
the UV as the absorption trough can be used constrain v∞ (Prinja et al. 1990).

References

Ekström, Sylvia and Georgy, Cyril and Eggenberger, Patrick and Meynet, Georges and Mowlavi,
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