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a University of Athens, Faculty of Physics, Department of Astrophysics, Astronomy and Mechanics, Panepistimioupoli, Zographou 157 84, Athens, Greece
b Eugenides Foundation, Syngrou 387, 175 64 P. Faliro, Greece
c Astronomical Observatory, Volgina 7, 11060 Belgrade, Serbia
d Observatoire de Paris, 92195 Meudon Cedex, France

a r t i c l e i n f o a b s t r a c t
Article history:
Available online xxxx

Keywords:
Hot emission stars
Active galactic nuclei
Satellite absorption components
Discrete absorption components
1387-6473/$ - see front matter � 2009 Elsevier B.V. A
doi:10.1016/j.newar.2009.07.004

* Corresponding author. Tel.: +30 210 7276792.
E-mail addresses: edanezis@phys.uoa.gr (E. Dane

Lyratzi), lpopovic@aob.bg.ac.yu (L.Č. Popović), mdim
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In this review we present our recent investigation of the complex absorption lines in spectra of hot emis-
sion stars. The lines are created in a material ejected from stars (here we call it density regions around the
objects). Particularly we present a model (GR model) which is developed to study satellite or discrete
absorption components (SACs or DACs). Using the model we are able to extract kinematical parameters
(rotational, radial and random velocity) and some physical parameters (full width at half maximum, opti-
cal depth in the center of the line, column density and absorbed or emitted energy) of the density regions.
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1. Introduction Grady et al., 1987; Lamers et al., 1988; Waldron et al., 1992;
The definition of hot emission stars is that they present emis-
sion lines of the Balmer series, which, superposed with the respec-
tive absorption lines, construct PCygni profiles. Besides that, they
may also present PCygni profiles in the UV region (such as in the
case of the resonance lines of Si IV, C IV, N V, Mg II, and the N IV
spectral line) and IR excess in their spectra. Additionally, another
characteristic of hot emission stars, which also distinguish them
from the classical hot stars, is the violent mass ejection, like flares,
from active regions. Specifically, hot emission stars are rapid rota-
tors and when the rotational velocity takes a critical value, the star
ejects plasma violently from a zone around the equator (Underhill
and Doazan, 1982, Part II, Chapter 10). The ejected plasma maybe
evolves to a thin spherical shell around the star (Meilland et al.,
2006). Some times we have repeated ejection of mater (Danezis,
1984). This means that we can detect not one, but many successive
thin and independent spherical shells around the star. These spher-
ical shells rotate rapidly because they lie near the rapidly rotating
star and they are the origin of the very broad spectral lines that
present rotational velocities with values about the critical. The
mass ejection may last for quite long time and results to the fact
that near the stars the ejected plasma could form spiral streams
due to turbulence and the stellar rotation. These structures form
density regions such as shells, blobs or puffs (Underhill, 1975; Hen-
richs, 1984; Underhill and Fahey, 1984; Bates and Halliwell, 1986;
ll rights reserved.
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Waldron et al., 1994; Cranmer and Owocki, 1996; Rivinius et al.,
1997; Kaper et al., 1996; Kaper et al., 1997; Markova, 2000). These
spherical blobs, arising from spiral streams or turbulences, are the
origin of a group of satellite spectral lines with intermediate or low
broadening. The thin spherical shells evolve to an equatorial disk
(Meilland et al., 2006) that far away from the star becomes a clas-
sical stellar wind. As a result, the material that comes from the star,
has not the form of a classical stellar wind near the star. Conse-
quently, the stellar wind models may be used for the outer regions
of the equatorial disk, but not for the inner layers.

Additionally, near hot emission stars we can detect density re-
gions that have the characteristics of chromospheres, corona and
post-coronal regions (Franco and Stalio, 1983, Part II, Chapter 13;
Franco et al., 1983; Underhill and Doazan, 1982). Besides, we de-
tect the corona of hot emission stars in X-rays and in UV we detect
the post-coronal regions (Si IV, C IV, N IV, N V lines etc.). Investiga-
tions of line profiles of UV lines, can give us more information
about these regions, as e.g. the velocity of outflow, rotation of
sub-regions, etc.

Here, we give an overview of our recent investigations of com-
plex UV lines in hot emission stars. We study the density regions
which are formed due to violent mass ejection from the star, lie
near the star and cannot be considered as regions of a classical stel-
lar wind. These density regions are the ones that create the ob-
served complex profiles of the spectral lines.

This paper is organized as follows: In Section 2 we discuss
observational facts and problems connected with peculiar and
complex spectral line profiles of hot emission stars; in Section 3
we describe GR model, in Section 4 we give some results of our
recent investigation and in Section 5 we outline our conclusions.
line profiles in the stellar spectra. New Astron. Rev. (2009), doi:10.1016/
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2. Peculiar and complex spectral line profiles – observations
and problems

Almost all the stars of the same spectral type and luminosity
class present the same absorption lines in their spectra. However,
in the UV spectral region, some hot emission stars (Oe and Be stars)
present some absorption components that should not appear in
their spectra, according to the classical physical theory (Fig. 1).

In the case of hot emission stars we call the absorption spectral
lines, not corresponding to any known absorption line of the same
spectral type stars, discrete absorption components (DACs) (Bates
and Halliwell, 1986).

However, DACs are not unknown absorption spectral lines, but
spectral lines of the same ion and the same wavelength as a main
spectral line, shifted at different Dk, as they are created in different
density regions which rotate and move radially with different
velocities (Danezis, 1984; Danezis, 1987; Danezis et al., 1991;
Danezis et al., 2003; Lyratzi and Danezis, 2004).
Fig. 1. Comparison of Mg II resonance lines between the spectrum of a normal B
star and the spectrum of an active Be star that presents complex and peculiar
spectral lines. As we can observe the Be star presents some absorption components
that do not appear in the spectrum of the classical B star.

Fig. 2. DACs arise from (a) the thin spherical envelope around hot emission sta
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j.newar.2009.07.004
The origin of DACs is an important problem that has been stud-
ied by many researchers. Some of them have suggested mecha-
nisms that allow the existence of structures which cover all or a
significant part of the stellar disk, such as shells, blobs or puffs
(Underhill, 1975; Henrichs, 1984; Underhill and Fahey, 1984; Bates
and Halliwell, 1986; Grady et al., 1987; Lamers et al., 1988; Wal-
dron et al., 1992; Waldron et al., 1994; Cranmer and Owocki,
1996; Rivinius et al., 1997; Kaper et al., 1996; Kaper et al., 1997;
Markova, 2000), interaction of fast and slow wind components,
co-rotation interaction regions (CIRs), structures due to magnetic
fields or spiral streams as a result of the stellar rotation (Underhill
and Fahey, 1984; Cranmer and Owocki, 1996; Kaper et al., 1996;
Kaper et al., 1997; Kaper et al., 1999; Mullan, 1984a,b; Mullan,
1986; Prinja and Howarth, 1988; Fullerton et al., 1997; Cranmer
et al., 2000). According to these ideas, DACs result from indepen-
dent high density regions in the stellar environment, which have
different rotational and radial velocities.

Our proposition is that since hot emission stars are surrounded
by thin spherical envelopes which evolve to a disk in the equatorial
plane, the density regions which create the observed DACs in the
stellar spectra may be either the thin spherical shells around the
star or apparent spherical density regions that lie in the disc
around the star (Fig. 2).

Another problem of this group of hot emission stars is the pres-
ence of very complex profile of the spectral lines that we cannot
produce theoretically. This means that we could not know the
physical conditions that exist in the high density regions that con-
struct these spectral lines. In order to explain this complex line
profile our scientific group proposed the SACs phenomenon (satel-
lite absorption components). If the regions that construct the DACs
rotate with large velocities and move radially with small velocities,
the produced lines have large widths and small shifts. As a result,
they are blended among themselves as well as with the main spec-
tral line and thus they are not discrete. In such a case the name dis-
crete absorption components is inappropriate and we use the
name: satellite absorption components (SACs) (Danezis, 1984;
Danezis, 1987; Lyratzi and Danezis, 2004; Danezis et al., 2006; Sah-
ade et al., 1984; Sahade and Brandi, 1985). The existence of SACs
results to the formation of the complex structure of the observed
spectral feature.

As we can deduce from the above, the DACs and SACs are two
aspects of the same phenomenon. In Fig. 3 it is clear that the Mg
II line profiles of the star AX Mon (HD 45910), which presents DACs
and the star HD 41335, which presents SACs are produced in the
same way. The only difference between them is that the compo-
nents of HD 41335 are much less shifted and thus they are blended
among themselves.

Similar phenomena can also be detected as an effect of the
ejected plasma around peculiar stars. Around the Wolf-Rayet star
rs or (b) (apparent) spherical density regions in the disc around the stars.

line profiles in the stellar spectra. New Astron. Rev. (2009), doi:10.1016/
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WR 104 we can detect density regions of matter, quite away from
the stellar object, able to produce peculiar profiles (Fig. 4).

It is very important to point out that we can detect the same
phenomenon in the spectra of some active galactic nuclei (AGN).
In Fig. 5 (down) we can see the C IV UV doublet of an AGN (PG
Fig. 3. DACs of the Mg II line profiles of the star AX Mon (HD 45910) and SACs of the
star HD 41335 are produced in the same way. The black line presents the observed
spectral line’s profile and the grey one the model’s fit. All the components which
contribute to the observed features are shown separately.

Fig. 4. Density regions of matter, able to produce peculiar profiles can be detected
around the Wolf-Rayet star WR 104. (This figure is taken from (Tuthill et al., 1999)).

Fig. 5. DACs phenomena in AGNs spectra: similarity of DACs phenomenon in Be
star’s HD 45910 spectrum (Mg II doublet) with AGNs PG 0946+301spectrum (C IV
doublet).

Please cite this article in press as: Danezis, E., et al. Interpreting the complex line profiles in the stellar spectra. New Astron. Rev. (2009), doi:10.1016/
j.newar.2009.07.004

http://dx.doi.org/10.1016/j.newar.2009.07.004
http://dx.doi.org/10.1016/j.newar.2009.07.004


4 E. Danezis et al. / New Astronomy Reviews xxx (2009) xxx–xxx

ARTICLE IN PRESS
0946+301). The values of radial displacements and the ratio of the
line intensities indicate that the two observed C IV shapes present
DACs phenomenon similar with the DACs phenomenon that we de-
tect in the spectra of hot emission stars (HD 45910, up).

Since the DACs phenomenon is present in AGNs spectra, we also
expect the presence of SACs phenomenon which is able to explain
the observed absorption lines complex profiles (Fig. 6). In the case
of AGNs, accretion, wind (jets, ejection of matter etc.), BLR (broad
line regions) and NLR (narrow line regions) are the density regions
that construct peculiar profiles of the spectral lines.

In order to study and explain the spectral lines that have com-
plex profiles due to the existence of DACs or SACs and the atmo-
spherical regions where these lines originate, we have to
calculate a line function that will be able to reproduce theoretically
the observed spectral line profiles. The term line function corre-
sponds to the function that relates the intensity with the wave-
length. This function includes as parameters all the physical
conditions that construct the line profile. By giving values to these
parameters we try to find the right ones in order to have the best
Fig. 6. SACs phenomena in AGNs spectra: similarity of SACs phenomenon in Oe
star’s HD 34656 spectrum (C IV doublet) with AGNs PG 1254+047 spectrum (Lya
and Si IV and C IV doublets).

Please cite this article in press as: Danezis, E., et al. Interpreting the complex
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theoretical fit of the observed line profile. If we accomplish the best
fit, we accept that the theoretical values of the physical parameters
are the actual ones that describe the physical conditions in the re-
gion that produces the specific spectral line. However, the calcula-
tion of a line function is not simple and includes many problems,
such as the following. A line function able to reproduce theoreti-
cally any spectral line of any ion should include all the atomic
parameters. As a result the line function would be very complex.
Also, if we wanted a time dependent line function, we should in-
clude as parameter the time. The existence of many parameters
makes the solution of the radiation transfer equations problematic.
Another problem is to choose the correct values of so many
parameters.

In order to eliminate some of these problems we considered
that in the calculation of a line function we should not include var-
iation with time, as our purpose was to describe the structure of
the regions where the SACs are created at the specific moment
when a spectrum is taken. In order to study the time-variation of
the calculated physical parameters, we should study many spectra
of the same star, taken at different moments. Additionally, we
needed a line function with which we could study a specific spec-
tral line of a specific ion. This means that we did not need to in-
clude the atomic parameters, as in such a case the atomic
parameters remain constant. In this way, we were able to solve
the radiation transfer equations and to find the correct group of
parameters that give the best fit of the observed spectral line.

3. GR (Gauss-rotation) model – the line function

We considered that in the stellar atmosphere the radiation
passes through a number of successive independent absorbing
and/or emitting density regions of matter until it arrives at the ob-
server. By solving the radiation transfer equations through such a
complex structure we obtain a line function (Eq. (1)) for the line
profile, able to give the best fit for the main spectral line and its
DACs/SACs at the same time (see Danezis et al. (2003), and Danezis
et al. (2007a)).

Ik ¼ Ik0

Y
i

expf�Linig þ
X

j

Skejð1� expf�LejnejgÞ
" #

�
Y

g

expf�Lgngg ð1Þ

where, Ik0 is the initial radiation intensity, Li; Lej; Lg are the distribu-
tion functions of the absorption coefficients kki; kkej; kkg , n is the opti-
cal depth in the center of the spectral line, Skej is the source function
that is constant during one observation.

The geometry and the physical conditions of the region that
produces the spectral line are included in the factors Li; Lej; Lg and
not in the calculation of Ik. So, the decision on the geometry and
the physical conditions is essential for the calculation of the distri-
bution function that we use for each component. Specifically, the
physical conditions indicate the exact distribution that we must
use. This means that for a different geometry and different physical
conditions we have a different analytical form of Li; Lej; Lg and thus
a different shape for the spectral line profile of each SAC.

In the case of rapidly rotating hot emission stars, it is very
important to insert in the line function the rotational and the radial
of the regions that produce each one of the satellite components, as
well as the random velocities of the ions. In this case we must de-
fine the geometry for the corresponding regions.

3.0.1. Geometry

In our model we considered the spherical geometry. In order to
decide on the appropriate geometry we took into consideration
line profiles in the stellar spectra. New Astron. Rev. (2009), doi:10.1016/
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that the spectral line profile is reproduced in the best way when
we consider spherical symmetry for the independent density re-
gions. Such symmetry has been proposed by many researchers
(Waldron et al., 1992; Rivinius et al., 1997; Kaper et al., 1996; Ka-
per et al., 1997; Kaper et al., 1999; Markova, 2000; Lamers et al.,
1982; Bates and Gilheany, 1990; Gilheany et al., 1990; Cidale,
1998). However, the independent layers of matter, where a spec-
tral line and its SACs are created, could lie either (i) around the star,
in which case spherical symmetry is justified, or (ii) at a greater
distance from the star, where the spherical symmetry can not be
justified (see also Lyratzi et al., 2007).

(i) Independent density regions of matter that lie around the
star (see Fig. 2a): In this case we consider the existence of
a classical spherical symmetry of the thin spherical envelope
around hot emission stars.

(ii) Independent density regions of matter that lie at a greater
distance from the photosphere (see Fig. 2b): we consider
the existence of independent density regions such as blobs,
which cover all or a substantial fraction of the stellar disk,
which exist in the disc around hot emission stars. These
regions, do not present spherical symmetry around the star,
but they may present local spherical symmetry around their
own center and they form spectral line profiles which are
identical with those deriving from a spherically symmetric
structure. So, even if the density regions are not spherically
symmetric, through their effects on the line profiles, they
appear as spherically symmetric structures to the observer.

The way the density regions of the second case are formed is
shown in Fig. 4. The star ejects mass with a specific radial velocity.
The stream of matter is twisted, forming density regions such as
co-rotating interaction regions (CIRs), structures due to magnetic
fields or spiral streams as a result of the stellar rotation (Underhill
and Fahey, 1984; Cranmer and Owocki, 1996; Kaper et al., 1996;
Kaper et al., 1997; Kaper et al., 1999; Mullan, 1984a,b; Mullan,
1986; Prinja and Howarth, 1988; Cranmer et al., 2000). This means
that hydrodynamic and magnetic forces take effect as centripetal
forces, resulting to the outward moving matter twisting and mov-
ing around the star. Some parts of these streams cut off and form
the observed high density regions (shells, blobs, puffs, spiral
streams).
3.0.2. Physical conditions

Depending on the physical conditions that we consider for the
calculations of the factors Li; Lej; Lg , the functions e�Lini and
Skejð1� e�Lejnej Þ that correspond to the absorption and the emission
satellite component, respectively, may take the form of different
distribution functions, such as Gauss, Lorentz or Voigt distribution
function. However, a very important point is that in this case we do
not use the pure mathematical distributions that do not include
any physical parameter, but the physical expression of these distri-
butions that are the following.

1. If Li has the form Lk ¼ e�aðk�k0Þ2 , where a ¼ 1
2ðDkwidthÞ2

, the line func-

tion e�Lini that defines well an absorption line, has the form of a
Gauss distribution.

2. If Li has the form Lk ¼ 1
1þbðk�k0Þ2

, where b ¼ 1
2ðDkwidthÞ2

, the line func-

tion e�Lini that defines well an absorption line, has the form of a
Lorentz distribution.

3. If Li has the form Lk ¼
R þp

2
�p

2
f ðx;ðk�k0Þ

ffiffi
a
p

;KÞ dx

V0
, where a ¼ 1

2ðDkwidthÞ2
;

V0 ¼
Rþp

2
�p

2
f ðx;0;KÞdx and 0 6 K , the line function e�Lini that

defines well an absorption line, has the form of a Voigt distribu-
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tion. Similarly, if we put the above expressions of Li (cases 1–3)
in the emission line function Skejð1� e�Lejnej Þ, it will take the form
of a Gauss, Lorentz or Voigt distribution.

Besides the above distribution functions, we had to consider the
fact that hot emission stars are rapid rotators and present violent
mass ejection, producing density regions that create the observed
DACs or SACs and which also rotate quickly around their own cen-
ter. According to this, we should accept that the rapid rotation of
the density regions is one of the main broadening factors of the
spectral lines originating from them. This means that the rotation
of the density regions should be included in the calculations of
our model, in order to be able to reproduce the observed spectral
lines.

As a first step, our scientific group constructed a distribution
function L that considers as the only reason of the line broadening
the rotation of the regions that produce the spectral lines. We
called it rotation distribution (see Danezis et al., 2003; Lyratzi
et al., 2007). However, it is known that in a gaseous region we al-
ways detect random motions, which must be taken into consider-
ation as a second reason of line broadening (Doppler broadening).
The distribution function that expresses these random motions is
the Gaussian. This means that in order to have a spectral line that
has as broadening factors the rotation of the regions and the ran-
dom motions of the ions, we should construct a new distribution
function L that would include both of these reasons (rotation and
random motions). Our scientific group constructed this distribu-
tion function L (Eq. (2)) and named it Gaussian-rotation distribu-
tion (GR distribution).

LfinalðkÞ ¼
ffiffiffiffi
p
p

2k0z

Z p
2

�p
2

erf
k� k0

r
ffiffiffi
2
p þ k0z

r
ffiffiffi
2
p

cos h

� ��

� erf
k� k0

r
ffiffiffi
2
p � k0z

r
ffiffiffi
2
p

cos h

� ��
cos hdh ð2Þ

where, k is the wavelength of each point of the spectral line profile,
k0 ¼ klab � Dkrad, where k0 is the wavelength of the center of the ob-
served spectral line which is shifted from the laboratory wave-
length klab of the spectral line at Dkrad, from which we calculate
the radial velocity Vrad of the density region, z ¼ Vrot

c , from which
we calculate the rotational velocity Vrot of the density region, r is
the Gaussian typical deviation from which we calculate the random
velocity Vrand of the ions as Vrand ¼ rc

ffiffiffiffiffiffiffiffi
2 ln 2
p

k0
and erf ðxÞ ¼ 2

p

R x
0 e�u2 du, is

the known error function (see also Danezis et al., 2007a).
The analytical form and the calculations of the GR distribution

function can be found in Danezis et al. (2007a).
Using the GR model, we can calculate some important parame-

ters of the density region that construct the DACs/SACs. Directly,
we can calculate the apparent rotational velocities of absorbing
or emitting density layers ðVrotÞ, the apparent radial velocities of
absorbing or emitting density layers ðVradÞ, the Gaussian typical
deviation of the ion random motions ðrÞ and the optical depth in
the center of the absorption or emission components ðnÞ. Indi-
rectly, we calculate the random velocities of the ions ðVrandÞ, the
full width at half maximum (FWHM), the absorbed or emitted en-
ergy (Ea,Ee) and the column density (CD) (see also Danezis et al.,
2005).

3.1. Main aspects of the GR model

First of all, we should point out that with GR 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. These density regions lie near the star and are
formed by the plasma which is violently ejected from the stellar
active regions. This means that the material that comes from the
line profiles in the stellar spectra. New Astron. Rev. (2009), doi:10.1016/
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star has not the form of a classical stellar wind. In order to con-
struct a general model we need to study with the proposed model
many density regions that produce spectral lines of different ioni-
zation potential, meaning different temperature and thus different
distance from the studied object.
3.1.1. The simple case of only one component (simple spectral lines)
The line function of the GR model (Eq. (1)) is able to reproduce

any spectral line profile, regardless of the number of the line’s com-
ponents (DACs or SACs). This means that it can be used for any
number of absorbing or emitting regions. As a result it may also
be used in the simple case that i ¼ 1 and j ¼ 0 or i ¼ 0 and j ¼ 1,
meaning when we deal with simple, classical absorption or emis-
sion spectral lines, respectively. This means that we can calculate
all the important physical parameters, such as the rotational, the
radial and the random velocities, the optical depth, the column
density and the absorbed or emitted energy, for all the simple
and classical spectral lines in all the spectral ranges.
3.1.2. The case of many absorption or emission components
In the GR line function (Eq. (1)) the final profile that is produced

by a group of absorption lines is given by the product of the line
functions of each SAC. On the other hand, the final profile that is
produced by a group of emission lines is given by the addition of
the line functions of each SAC. The addition of a group of functions
is completely different than the multiplication of functions. The
spectral line profile that results from the addition of a group of
functions is exactly the same with the profile that results from a
composition of the same functions. On the contrary, the product
of a group of functions is completely different from the composi-
tion of the same functions. As a result, we can use the composition
of functions for the emission lines, but not for a group of absorp-
tion components. This means that in such a case we can not refer
to the law of reversion of the spectral lines.

The function Iki ¼ e�Lini reproduces the spectral line profile
formed by the i density region (profile of one component). In the
case of the GR distribution function (Eq. (2)), for each quadruplet
of the parameters VrotðiÞ;VradðiÞ;VrandðiÞ and nðiÞ we have a different
profile. This results to the existence of only one quadruplet able
to give the best fit of the i component.
3.1.3. Fitting criteria
In order to accept as best fit of the observed spectral line, what

is given by the quadruplet ðVrotðiÞ;VradðiÞ;VrandðiÞ; nðiÞÞ of all the calcu-
lated SACs, we must adhere to all the physical criteria and
techniques.

First of all, it is necessary to have the superposition of the spec-
tral region that we study with the same region of a classical star of
the same spectral type and luminosity class, in order to identify the
existence of spectral lines that blend with the studied ones and the
existence of SACs.

The resonance lines, as well as those that form in regions close
to each other (small difference in ionization potential), must have
the same number of SACs and the same values for Vrot;Vrad and
Vrand. Besides, in the cases of resonance lines and of lines of the
same ion and the same multiplet, the ratio of the values of n must
be the same as the ratio of the respective intensities.

The final criterion to accept or reject a best fit is that the calcu-
lated values of the physical parameters should not go against the
classical physical theory.
Fig. 7. Radial velocities of the regions that create the Si IV resonance lines as a
function of the spectral subtype, in a sample of 68 Be stars (Lyratzi et al., 2007).
3.1.4. Method for the fitting of a spectral line
In order to conclude to the group of the parameters which give

us the best fit, we use the model by the following two methods:
Please cite this article in press as: Danezis, E., et al. Interpreting the complex
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� In the first method we consider that the main reason of the line
broadening of the main line and the satellite components is the
rotation of the region which creates the components of the
observed feature and a secondary reason is the thermal Doppler
broadening. This means that we start fitting the line using the
maximum Vrot . Then, we include Doppler broadening, in order
to accomplish the best fit (rotation case).

� In the second method, we consider the opposite. This means that
in this case the main reason of the line broadening of the main
line and the satellite components is supposed to be the thermal
Doppler broadening and the secondary reason is the rotation of
the region which creates the components of the observed fea-
ture. This means that we start fitting the line using the maxi-
mum Doppler broadening. Then we include the rotation of the
region, by increasing Vrot , in order to accomplish the best fit
(Doppler case).

In both of the above cases (rotation case and Doppler case) we
check the correct number of satellite components that construct
the whole line profile. First we try to fit with one component.
We add another one only when we see that we cannot fit with only
one component. We keep adding components until we accomplish
the best fit. Finally, we fit using the number of the components that
give the best difference graph between the fit and the real spectral
line (step by step, component by component). Then we fit using
one component less than in the previous fit. The F-test between
them allows us to take the correct number of satellite components
that construct in the best way the whole line profile.

The F-test between these two cases indicates the best way to fit
the spectral lines. When the F-test cannot give definite conclusion
on which case we should use, we still could obtain information
about the limits of Vrot and r. If the F-test gives similar values, then
the rotation case defines the maximal Vrot and the minimal r and
the Doppler case defines the minimal Vrot and the maximal r.

The profile of every main spectral line and its SACs is fitted by
the function e�Lini , in the case of an absorption component or by
Skejð1� e�sej Þ, in the case of an emission component. These func-
tions produce symmetrical line profiles. However, we know that
most of the spectral lines that we have to reproduce are asymmet-
ric. This fact is interpreted as a systematical variation of the appar-
ent radial velocities of the density regions where the main spectral
line and its SACs are created. In order to approximate those asym-
metric profiles we have chosen a classical method. This is the sep-
aration of the region, which produces the asymmetric profiles of
the spectral line, in a small number of sub-regions, each of which
is treated as an independent absorbing shell. In this way we can
study the variation of the density, the radial shift and the apparent
rotation as a function of the depth in every region which produces
a spectral line with an asymmetric profile. All the above must be
taken into account during the evaluation of our results and one
should not consider that the evaluated parameters of those sub-re-
gions correspond to independent regions of matter, which form the
main spectral line or its SACs. In this case we could use asymmetric
line profiles in the stellar spectra. New Astron. Rev. (2009), doi:10.1016/
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Fig. 8. Rotational velocities of the regions that create the Si IV resonance lines as a
function of the spectral subtype, in a sample of 68 Be stars (Lyratzi et al., 2007).

Fig. 9. Radial velocities VradÞ 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 km s�1 in the C
IV region and between �2300 and �1500 km s�1 in the N V region) and the second
level has low values (between �500 and �20 km s�1 in the C IV region and between
�500 and �100 km s�1 in the N V region) (Antoniou et al., 2008).

Fig. 10. The random velocities of the CIV and NV density regions, as a function of
the apparent rotational velocities, in a sample of 20 Oe stars.
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distributions (e.g. Maxwell). This means that we could fit the ob-
served profile with an asymmetric mathematical distribution.
However, until now we do not have an expression of the distribu-
tion function Li that would correspond to a Maxwell distribution
and which would include physical parameters. As a result, even
if we could fit the observed profile with a mathematical asymmet-
ric distribution, we would not be able to calculate any physical
parameter. In order to be able to calculate some physical parame-
ters, we use the above mentioned way.
Fig. 11. Timescale changes of the apparent rotational velocities ðVrotÞ (km/s) of the
C IV resonance lines ðkk1548:155;1550:774 ÅÞ for the independent density regions
of matter which create the five satellite components in the spectra of the Oe star HD
93521. The low value (about 400 km/s) in the first component has been tested
carefully (Danezis et al., 2007b).
4. Some results from our studies with Gauss-rotational model

As we have already mentioned, with GR model, we can calculate
many parameters of the regions where the studied spectral lines
are created. Such parameters are the apparent rotational and radial
velocities, the random velocities of the ions, as well as the full
width at half maximum, the optical depth in the center of the line,
the column density and the absorbed or emitted energy of the
independent density regions of matter which produce the SACs/
DACs of the studied spectral lines. Here we present some results
Please cite this article in press as: Danezis, E., et al. Interpreting the complex
j.newar.2009.07.004
of our studies on hot emission stars (see also Lyratzi et al., 2005;
Lyratzi et al., 2007; Danezis et al., 2007b; Antoniou et al., 2008).
In Figs. 7 and 8 we give the results of our study of 68 Be stars (Lyr-
atzi et al., 2007). Specifically, Figs. 7 and 8 show the radial and the
rotational velocities of the regions that create the Si IV resonance
lines as a function of the spectral subtype, respectively. From the
calculation of the above mentioned parameters we can study the
relations between them. In a study of 20 Oe stars, we calculated
line profiles in the stellar spectra. New Astron. Rev. (2009), doi:10.1016/
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Fig. 12. Timescale changes of the radial velocities ðVradÞ (km/s) of the kk 1548.155,
1550.774 Å C IV resonance lines for the independent density regions of matter
which create the five satellite components in the spectra of the Oe star HD 93521
(Danezis et al., 2007b).
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the kinematical parameters of the density regions that create the
SACs/DACs (Fig. 9) and the relation among these parameters
(Fig. 10). Fig. 9 shows the radial velocities ðVradÞ in the C IV region
(up) and in the N V region (down) as a function of the spectral sub-
type. We detect two levels of radial velocities in both regions
(Antoniou et al., 2008). In Fig. 10 we present the relation between
the rotational and random velocities of the density regions that
create the C IV (a) and the N V (b) spectral lines, in the studied
20 Oe stars. Finally, in a statistical study of the Oe star HD 93521
(Danezis et al., 2007b) we calculated the timescale changes of
the kinematical parameters of the density regions that create the
C IV resonance lines (Figs. 11 and 12).

5. Conclusions

In this review we discuss the complex absorption lines in spec-
tra of hot emission stars and quasars. We propose the GR model
that can describe such complex spectral line taking into account
the ejection of material (radial velocity) as well as rotational and
micro-turbulent velocity in the density region around the objects.
In brief, the results of our study are as follows:

1. We applied successfully the GR model to a great number of
spectral lines of hot emission stars and quasars.

2. We were able to explain the origin of DACs phenomenon and to
propose the SACs phenomenon in order to explain the complex
structure of the observed profiles of many spectral lines that are
created in the environment of hot emission stars. Especially, we
were able to reproduce and explain the complex profiles of the
spectral lines that are created in the plasma condensations
formed in the density regions of hot emission stars (such as
the post-coronal regions). These regions lie near the star and
are formed by the plasma which is violently ejected from the
stellar active regions. This means that the material that comes
from the star has not the form of a classical stellar wind.

By the calculation of a number of parameters for the first time,
we are able to study the physical laws that exist in the regions
where the spectral lines that present DACs and SACs are created.
Please cite this article in press as: Danezis, E., et al. Interpreting the complex
j.newar.2009.07.004
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Antoniou, A., 2005. Mem. Soc. It. Suppl. 7, 114.
Lyratzi, E., Danezis, E., Antoniou, A., Nikolaidis, D., Popović, L.Č., Dimitriević, M.S.
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