
  

Abstract
Extreme mass-loss activity characterize some phases 
of evolution of massive stars (such as Luminous Blue 
Variables, Yellow Hypergiants, B[e] Supergiants), 
which strongly affects the stars and their circumstellar 
environment almost before they become Supernovae. 
Currently, our understanding of these phases it not 
well-established, such as the lack of B[e] Supergiants 
(B[e]SGs) predicted from stellar evolution theory. In 
order to improve our knowledge for the particular class 
of B[e]SGs we have initiated a campaign to investigate 
the structure of their circumstellar material, which 
consists of a complex combination of atomic, 
molecular and dust regions of different temperatures 
and densities. We obtained high-resolution optical and 
near-infrared spectra (using MPG-ESO/FEROS, 
GEMINI/Phoenix and VLT/CRIRES, respectively) for a 
number of Galactic B[e]SGs. We examine the [OI] and 
[CaII] emission lines and the CO bandheads to probe 
the structure and the kinematics of their formation 
regions. We find that these emission lines form in a 
series of single and/or multiple equatorial rings, a 
probable result of previous mass-loss events. 

Disks or rings ?
 Zickgraf et al. (1985) proposed a two-component 
model with a line-driven polar wind and a cooler, 
equatorial, outflowing disk (of lower velocity but of 
higher density). 
 A number of works (e.g. Kraus et al. 2007, 2010; 
Cidale et al. 2012; Aret et al. 2012, 2016) suggest 
Keplerian rotation of the disk.
 However, an outflowing disk and a rotating ring of 
material result in the same (double-peaked) line 
profiles. A single tracer cannot distinguish between 
the two and more tracers are needed.
 The (optical thin) emission lines of [OI] λ5577, the 
doublet [OI] λλ6300,6363 and the doublet [CaII] 
λλ7291,7323 can be used to study the kinematics of 
their formation regions (Kraus et al. 2010; Aret et al. 
2012, 2016). Since these lines are produced under 
different temperatures and densities within the disk 
we can trace their different formation regions. [CaII] 
forms rather close to the star. [OI] λ5577 forms 
approximately at the same region with [CaII] lines or a 
little further, while the doublet [OI] λ6300 originates 
from further out. 
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> No gas closer than CO ring. 
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        60 M⊙ 
3                7.2-7.5      8.8     11.5-13.0           AU

> Rings are circumbinary, no gas closer than CO ring.
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> No gas closer than CO. Multiple rings → disk? 
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CO bandhead emission fit
 - sensitive to temperature (Tco) and column density (Nco)
 - the derived rotational velocity is well constrained
 - the emitting region is a narrow ring detached from the star

(Liermann et al. 2010, Cidale et al. 2012, Oksala et al. 2013) 

       
                                               Cidale et al. 2012 > A single ring with the CO Vrot is not sufficient to reproduce the observed 

profiles of the forbidden lines. A second ring of higher Vrot is needed. 

 

#1   Vrot = 35±1   Vg = 8±1                          Vrot = 36±1  Vg = 8±1 km s-1

#2   Vrot = 53±1   Vg = 9±1  Vrot = 52±1  Vg = 9±1 km s-1
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Results (Maravelias et al. 2016, in prep.)

Kraus et al. 2007 

Optical emission line fits
> Kinematical model: the line profiles can be reproduced by emission generated 
within a narrow rotating ring of gas (of constant velocity, Vrot, de-projected 
according to the observed inclination angle), and a Gaussian component (Vg, along 
the line-of-sight), which is a combination of the spectral resolution of FEROS (~5.5-

6.5 km s-1), the thermal velocity (~1-2 km  s-1) and some random internal 
motion of the gas (~4-6 km s-1), which implies that the ring is a little wider.  
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                             CO10     [OI]              [OI]            [OI]              [OI]

  

                              84*      70*              47*             31*               20*   km s-1

   10-15 M⊙ 
11      1.2-1.8  1.8-2.7        4.0-6.0       9.2-13.9   22.1-33.3 AU

> Star with jet perpendicular to CO disk plane. No gas in CO ring?
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