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Abstract. In this progress report we present the main results of our research. Using a new
model we studied the kinematical parameters such as the random velocities of the ions, which
create the spectral lines of C IV, N IV and N V in the spectra of 20 Oe stars, as well as the
rotational and radial velocities of the regions, where the above ions are created. We calculated
the values of the above parameters and we present the relations between them as well as their
variation as function of the spectral subtype. We also present the random velocities of the ions
for each one of the C IV, N IV and N V regions as a function of the photospheric rotational
velocities. Finally, we propose an explanation for the large widths that we observe in the
studied spectral lines, as these widths can not be explained as large rotational or random
velocities.

1. Introduction

The spectra of Hot Emission Stars (Oe and Be stars) contain peculiar line profiles. In order to explain
this peculiarity, we propose and use the Discrete Absorptions Components (DACs) [1] and Satellite
Absorptions Components (SACs) [2] theory.

DACs or SACs arise from spherical density regions surrounding the star or lying far away from it,
that having spherical (or apparent spherical) symmetry around the star or its own center [3].

In the case of DACs or SACs phenomenon we need to calculate the line function of the complex
line profile. Recently, our group proposed a model in order to explain the complex structure of the
density regions of hot emission stars and some Active Galactic Nuclei (AGNs), where the spectral
lines which have SACs or DACs are created [2,4].

As we know, in order to find the mechanism responsible for the structure of DACs or SACs density
regions we need to calculate the values of a group of parameters, such as the rotational, the random
and the radial velocities, the Full Width at Half Maximum (FWHM), the optical depth, the absorbed or
emitted energy, the column density, and the Gaussian standard deviation, as well as the relation among
them. Directly from the model we can calculate the apparent radial velocities (V,.q) of the absorbing or
emitting density regions, the Gaussian typical deviation (o) of the random thermal motions, the
apparent rotational velocities (Vi) of the absorbing or emitting density region and the optical depth
(&) in the center of the spectral line. From the above parameters we can calculate the percentage
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contribution (G%) of the random velocities to the broadening of the spectral line, the Full Width at
Half Maximum (FWHM), the random velocities of the ions (V..,q) that produce the spectral lines, the
absorbed or emitted energy (Ea, Ee) and the column density (CD).

We point out that with the proposed model we can study and reproduce specific spectral lines. This
means that we can study specific density regions in the plasma surrounding the studied object.

In this paper we present some kinematical parameters of C IV, N IV and N V regions in the spectra
of 20 Oe stars. We calculate the values of the rotational, random and radial velocities, the relation
among them, as well as the variation of the radial velocities as a function of the spectral subtype.
Finally, we give a possible explanation of the measured high values of the rotational velocities.
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Figure 1. DACs in the spectrum of a Be star (left) and SACs in the spectrum of an Oe star (right).
Below the fit one can see the decomposition of the observed profile to its DACs and SACs.

2. Observational Data
For this analysis we used the high resolution spectra (0.1 to 0.3 A) taken with International Ultraviolet
Explorer (IUE) found at the VILSPA database (http://archive.stsci.edu/cgi-bin/iue).

In Figure 1 we present the UV resonance lines of Mg II in the spectrum of HD 45910 and the UV
resonance lines of C IV in the spectrum of HD 34656 which have DACs or SACs, respectively. In
Table 1 we present the studied stars. As we know it is not possible to find stars between O0 and O3
spectral subtypes.

Table 1 The Studied Stars

The studied Spectral The studied Spectral
stars subtype stars subtype
HD24534 09.5 11 HD57061 09.01
HD24912 07.5 11 ((1)) HD60848 08.0Vpe
HD34656 O71I () HD91824 O7V((®)
HD36486 09.511 HD93521 09.511
HD37022 06 Vp HD112244 08.5Iab
HD47129 07.5 11 HD149757 09%V(e)
HD47839 0711 HD164794 04V(())
HD48099 06.5V HD203064 o8V
HD49798 O6p HD209975 009.51
HD57060 08.5If HD210839 06.01
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3. Studying the rotational velocities of the density layers of matter

Using the mentioned model we are able to calculate the values of the apparent rotational velocities of
the independent regions which produce the main and the satellite components of the studied spectral
lines.

In Figure 2 we present the rotational velocities” mean values of the ions of the C IV (AL 1548.155,
1550.774 A) and N V (AL 1238.821, 1242.804 A) resonance lines. In the C IV regions we detected two
levels of values. The first level has values between 800 and 1800 kms™ and the second level has values
between 50 and 200 kms"'. We detected the same phenomenon in the N V region. The first level has
values between 1200 and 1800 kms™ and the second level has values between 200 and 400 kms .

An important phenomenon that we can detect in the UV spectra of some hot emission stars [5 - 10]
are the very broad absorption or emission lines that we can not explain as rotational or random
velocities of the density layers that construct these lines.

In order to explain this very large width we propose that around a central density region which
produces the main absorption lines (and which may have the form of spiral streams and have accepted
values of rotational and random velocities), we can detect micro-turbulent movements, which produce
narrow absorption components with different shifts (see Figure 3). These narrow lines create a
sequence of lines, on the left and on the right side of the main components. The density of these lines
and their widths, which are added, give us the sense of line broadening (SACs phenomenon, see [4,
11]). As a result, what we measure as very broad absorption line, is the composition of the narrow
absorption lines that are created by micro-turbulent effects. If this hypothesis is correct, the calculated
width gives only the maximum value of the radial velocities of these very narrow components. Their
appearance depends on the inclination of the rotational axis of the stellar disk.
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Figure 2. The rotational velocities’ mean Valueé of the ions of the C IV (AL 1548.155, 1550.774 A)
(left) and N V (AX 1238.821, 1242.804 A) (right) resonance lines.
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Figure 3. In (a) to (c) one can see how a sequence of lines could produce an apparent very broad
absorption spectral line as an effect of SACs phenomenon. This means that when the width of each of
the narrow lines is increasing (from a to c), the final observed feature looks like a single very broad
absorption spectral line. In (d) one can see a combination of the apparent very broad absorption
spectral line with a classical absorption line.

4. Studying the random velocities of the density layers of matter

Using our model we calculated the random velocities of the ions in the layers that produce the C IV, N
IV and N V satellite components in the spectra of 20 Oe stars, which have different photospheric
rotational velocities. In Figures 4, 5 and 6 we present the random velocities (V;ang) of the C IV, N IV
and N V ions as a function of the apparent photospherical rotational velocities (Vphot), respectively.

In the C IV region the obtained values are about 160 kms™ for the first component, 115 kms™ for the
second, 80 kms™ for the third and 90 kms™ for the fourth component. In the N IV region the obtained
values are about 267 kms™ for the first component and 133 kms™' for the second one. Finally, in the N
V region the measured values are about 190 kms™ for the first component, 160 kms™' for the second
and 108 kms™ for the third one. In each region we detected similar average values of the random
velocities of the ions for each component for all the studied stars. This happens because the ionization
potential of each studied ion, for all the studied stars, is the same, so the respective random velocities
should be the same. As the values of the random velocities do not depend on the inclination of the
rotational axis, we expect similar average values of the random velocities for each component, for all
the studied stars.
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Figure 4. Random velocities (Vi,g) of the C IV ions as a function of the apparent photospheric
rotational velocities (Vpno).
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Figure 5. The same as in Figure 4 but for the N IV ions.
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Figure 6. The same as in Figure 4 but for the N V ions.
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5. Studying the relations among the kinematical parameters
In Figures 7 and 8 we present the relations among the studied kinematical parameters (Viand, Viads Viot)s
for C IV and N V density regions of the studied 20 Oe stars.

In Figure 7 we see the random (left) and the rotational velocities (right) as a function of the radial
velocities in the C IV regions of the studied 20 Oe stars and in Figure 8 we present the corresponding
results for the N V regions. In most cases we detect that the random and the rotational velocities
increase when the absolute radial velocities increase.
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Figure 7: Random velocities (V,.,q) (left) of the ions and rotational velocities (V,) (right) in the C IV
regions, as a function of the radial velocities (V,aq).
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Figure 8. The same as in Figure 7 but for the N V regions.

6. Studying the radial velocities as a function of the spectral subtypes

Using the mentioned model we are able to calculate the values of the apparent radial velocities, of the
independent regions which produce the main and the satellite components of the studied spectral lines
as a function of spectral subtype.

In Figure 9 we present the radial velocities’ mean values of the ions for the C IV (AL 1548.155,
1550.774 A) (left) and N V resonance lines (AL 1238.821, 1242.804 A) (right) as a function of the
spectral subtype. In the C IV region we detected two levels of radial velocities. The first level has
values between -3000 and -1500 kms™ and the second one between -500 and -20 kms™ In the N V
region we also detected two levels of values. The first level has values between -2300 and -1500 kms™
and the second one between -500 and -100 kms™'. There are two mechanisms which may create the
radial velocities. One of these mechanisms creates high radial velocities and the second one low [2].
From many observations of Be stars, it has become clear over the last decade(s) that the slow
part of the wind is equatorially condensed in a disk-like structure. Fore the hottest Be stars
this disk co-exists with a fast stellar wind (most likely at higher latitudes). In this fast wind
DAC:s are seen at high velocities (more than 1000km/s towards the observer). The fast winds
are radiation driven from relatively slow speeds near the star, to very high speeds far away
from the star.
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Figure 9. Radial velocities (V,,q) in the C IV region (left) and in the N V region (right) as a function of
the spectral subtype. We detect two levels of radial velocities in both regions. The first level has high
values (between -3000 and -1500 kms™ in the C IV region and between -2300 and -1500 kms™' in the
N V region) and the second level has low values (between -500 and -20 kms™ in the C IV region and
between -500 and -100 kms™' in the N V region).

7. Conclusions

The results deriving from this study are the following:

1. Using the proposed model, we can calculate the values of some parameters, such as the rotational,
the random and the radial velocities, the FWHM, the optical depth, the absorbed or emitted energy,
the column density and the Gaussian typical deviation, as well as the relation among them. This
means that now we can try to understand the mechanism that is responsible for the DACs or SACs
phenomenon.

2. The acceptance of SACs and DACs phenomena as the reason of the spectral line complex structure
lead us to accept smaller values of the FWHM, the rotational and random velocities and the column
densities and different values for the radial velocities and the optical depths because now the idea is
that the complex line profile does not present a single spectral line, but a group of satellite
components (DACs or SACs). This idea leads us to a different mechanism for the construction of
the density regions that produce the DACs or SACs regions.

3. Finally, we propose an explanation for the large widths that we observe in the studied spectral lines,
as these widths can not be explained as large rotational or random velocities. Around a central
density region that produces the main absorption lines (that may have the form of spiral streams
and which have accepted values of rotational and random velocities), we can detect micro-turbulent
movements, which produce narrow absorption components with different shifts. These narrow lines
create a sequence of lines, on the left and on the right of the main components. The density of these
lines and their widths, which are superposed, give us the sense of line broadening [12]. As a result,
what we measure as very broad absorption line, is the composition of the narrow absorption lines
that are created by micro-turbulent effects. If this hypothesis is correct, the calculated width gives
only the maximum value of the radial velocities of these very narrow components. Their
appearance depends on the inclination of the rotational axis of the stellar disk.
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