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Assuming that the Broad Absorption Line Region – BALR (originated in a disk wind) is composed of a
number of successive independent absorbing density layers, which have apparent rotational and radial
velocities and where ions have random velocities, we applied a model in order to obtain the kinematical
parameters of BALR, by fitting the broad absorption lines. The model can be easily used in fitting the
observed absorption lines, providing us with basic kinematical parameters of BALR (random, rotational
and radial velocities). Fitting broad absorption lines of several BALQSOs observed with the HST we discuss
the fraction of the rotation and random motion in the BALR. Moreover, using the obtained parameters
from the best fit we discuss the general characteristics of the BALR which are in support of the disk wind
origin of the region.

� 2009 Elsevier B.V. All rights reserved.
1. Introduction

Approximately about 10% of all quasars are with broad, blue-
shifted absorption lines. The outflow velocity can reach up to
0.1–0.2 c. Usually, in their spectra the high ionization species as
C IV k1549, Si IV k1397, N V k1240 and Lya lines have been ob-
served. Rarely some low ionization lines, such as Mg II k2798
and Al III k1857, also exhibit broad absorption lines (see e.g. Ha-
mann et al., 1993; Crenshaw et al., 2003). Broad absorption lines
can have different shapes. Also different types of these objects
may have differences in their continua (Reichard et al., 2003).

A fundamental issue in the study of the BALR is to determine
their geometry and origin. No compelling evidence in favor of a
specific picture exists, and the uncertainty in these issues is ham-
pering our attempts to obtain a complete physical model for the
flows. One of the wide accepted models is that of a disk wind cre-
ating the BALR (see e.g. de Kool and Begelman, 1995; Murray and
Chiang, 1995; Proga, 2003; Proga and Kallman, 2004). The natural
origin of the ejected material is a disk wind that can explain the
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l. Kinematics of the broad abso
prevalence of detached and multi absorption components seen in
the BALRs. The disk wind model for BALQSOs has been proposed
(see Murray and Chiang, 1998; Elvis, 2000; Proga et al., 2000; Prog-
a, 2003; Proga and Kallman, 2004 and references therein), consid-
ering that a wind from an accretion disk is shielded from highly
ionized gas ðU � 10Þ which has a high column density
ð� 1023 cm�2Þ in soft X-rays.

The spectrum of a Broad Absorption Line Quasar (BALQSO) is
usually interpreted as a combination of (i) a broadband continuum
arising from the central engine, (ii) the broad emission lines com-
ing from the Broad Emission Line Region (BELR), emerging near the
center of the QSO and (iii) the broad absorption lines that are
superposed, originating in a separate outlying region – Broad
Absorption Line Region (BALR). But, it is also possible, that line
emission and absorption occur in the same line-forming region
(Branch et al., 2002). An important question is: Which are the
physical connections between the BLR and BALR? This is also
important, since at least a part of the BLR seems to be originated
from wind of accretion disk (see Murray and Chiang, 1998; Popović
et al., 2004). Additionally, one question is: Where is placed the
BALR with respect to the center of a BALQSO and the Broad Line Re-
gion? To answer this question, one should investigate the kinemat-
ical properties of the emission and absorption lines.

The aim of this paper is to investigate kinematical properties of
the BALR using a relatively simple model (see Danezis et al., 2007,
this issue) that is able to calculate all expected velocities of the
absorbing gas and may indicate the location of the BALR. In Sec-
rption line region in QSOs: Rotation and random motion. New Astron. Rev.
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tion 2 we shortly present the model, in Section 3 we apply the
model to the UV spectral lines of several BALQSOs observed with
the HST and discuss obtained results and finally in Section 4 the
conclusions are given.
2. Theoretical models of BALR

The scattering of resonance-line photons can provide the radia-
tive acceleration that at least partially drives BAL outflows (Arav
et al., 2001). The difficulty arises in accelerating the gas to quite
large velocities without completely stripping the resonance-line
absorbing ions of their electrons. The disk wind model of Murray
and Chiang (1998) and references therein has been very successful
in explaining this and other properties of BAL quasars. In this mod-
el, a wind from an accretion disk is shielded from soft X-rays by a
high column density ðNH � 1023 cm�2Þ of highly ionized gas
ðU � 10Þ.

The quasar structure proposed by Elvis (2000) also assumed a
disk wind, but from a narrow range of radii, such that BAL quasars
are only observed when the line-of-sight is directly aligned with
the wind (Crenshaw et al., 2003). A recent summary of theoretical
and computational modeling of disk winds can be found in Proga
et al. (2000). Some BAL quasars, particularly LoBALs, may be qua-
sars cocooned by dust and gas rather than quasars with disk winds
(Becker et al., 2000), but the only serious modeling relevant to this
alternative has been the work of Williams et al. (1999).

It is clear that BAL quasars remain an active area of research.
Disk wind models explain many properties of BAL quasars, but it
is unclear if they can explain the full range of BAL trough profiles
and column densities.
2.1. GR model – Stellar vs. quasar complex absorption lines

Hot stars with emission lines (Oe and Be) show similar phenom-
ena in their spectra (see Fig. 1). Beside the P-Cyg profile that indi-
cates stellar wind, there are also the so called Discrete Absorption
Components – DACs (Bates and Halliwell, 1986) or Satellite Absorp-
tion Components – SACs (see Danezis et al. (2003) and Danezis et al.
(2007, this issue)). These components indicate some combination of
stellar wind with (apparent) spherical density regions that may lie
in the disc around the stars.These density regions may have the form
of shells, blobs or puffs. As a result in spectra of Oe and Be stars a
number of lines, also detected in spectra of BALQSO, have very
complex line profiles. In some cases the line shapes of quasars
and hot emission stars are very similar (see e.g. Danezis et al.,
2006). As one can see in Fig. 1, the C IV UV doublet of PG
0946+301 (up) and star HD 45910 (down) show similar phenom-
ena, i.e in both objects there is a blue-shifted component that indi-
cates ejection of matter. It seems that the absorbing regions in hot
emission stars and quasar present very similar spectroscopic phenom-
ena, but with different velocity scales, i.e. in the case of a star the
velocity of the wind is around several hundreds kilometers/sec-
onds, but in the case of a quasar it is one order magnitude higher.
This motivated us to apply a model developed to investigate kine-
matics of regions creating DACs and SACs in hot stars (in more de-
tails see Danezis et al., 2007) to BAL of quasars in order to study the
kinematical parameters of BALR.

Based on this idea, we assumed that the BALR and BELR are com-
posed of a number of successive independent absorbing/emitting
density layers of matter (that are originated in a disk wind), which
have apparent rotational and radial velocities and where ions have
random velocities.

Here we will start from the point that absorbing region has
three apparent velocities (projected on the line-of-sight of an ob-
Please cite this article in press as: Lyratzi, E., et al. Kinematics of the broad abso
(2009), doi:10.1016/j.newar.2009.09.008
server); (i) velocity of outflow, (ii) random velocity in the BALR
and (iii) possible rotational velocity, since BALR should be affected
by super-massive black hole.

Note here that random motion can be related to the motion of
ions, but also, as it is often considered in the case of BELR, it can
be related to clouds of gas moving in orbits with different inclina-
tions and eccentricities. In principle, in BELR it can be considered,
since we expect that the BELR is composed from a number of
emitting clouds, but in the case of BALR, we expect that we have
ejected stream of matter that absorbs in a line (which is shifted to
the blue) and this effect of randomly distributed clouds should be
significantly smaller than in the case of BELR. But such effects
probably exist, at least as the differential rotational velocity pro-
jected to the line-of-sight of a stream of ejected matter. Since
we extract the kinematical parameters from line profile, taking
into account this effect, we are able only to give estimates for
rotation and random velocities (i.e. maximal and minimal values
of the velocities).

2.2. BAL profile simulations using the model

Using the GR model (Lyratzi and Danezis, 2004; Danezis et al.,
2007, this issue), first we simulate different line profiles. As one
can see in Figs. 2 and 3, the model can very well reproduce the
complex line shapes observed in BALQSOs. As it was mentioned
above, the aim of the paper is to investigate contribution of the
rotational component to broad absorption lines and location of this
region with respect to the BELR. In order to simulate different po-
sition of the BALR and BELR, using the model, we simulated four
cases taking (see Fig. 2):

(a) The BELR is covered by BALR and the random velocity in the
BALR is dominant (Vrand=Vrot ¼ 10, Fig. 2a).

(b) The BALR is covered by BELR and the random velocity is the
same as in the case (a), see Fig. 2b.

(c) The BELR is covered by BALR and the rotational velocity in
the BALR is dominant, see Fig. 2c.

(d) The BALR is covered by BELR and the rotational velocity in
the BALR is dominant, see Fig. 2d.

In Fig. 2, we simulated a composed line profile, where we as-
sume that we have one emitting region (with only random motion
FWHM = 2000 km/s) and two absorbing regions with
Vrad1 ¼ �2000 km=s and Vrad2 ¼ �1000 km=s, and different values
of Vrand ¼ 2000 km=s and Vrot ¼ 200 km=s (Fig. 2a and b) and
Vrand ¼ 200 km=s and Vrot ¼ 2000 km=s (Fig. 3a and b). Also we as-
sume that BELR is covered by BALR (Fig. 2a and c) and vice versa
(Fig. 2b and d).

As one can see from Fig. 2, even if one uses the same kinemat-
ical parameters for the BALR and BELR, the profiles can be signifi-
cantly different for different cases mentioned above. But we can
note some similarities, e.g. in the case where BALR is covered by
BELR, the emission component of the line is more intensive (in
both cases where Vrot or Vrand is dominant) than in the case when
BELR is covered by BALR.

On the other hand, in the case where random motion is domi-
nant ðVrand=Vrot ¼ 10Þ, the whole absorption profile is more sym-
metric than in the case where the rotation is dominant.
Comparing by eye the line shapes obtained from model with ones
registered in the spectra of BALQSOs one can conclude that all of
the mentioned cases may be present.

We note here, that the proposed model is relatively simple,
aiming to describe the regions where the spectral lines are origi-
nated. The model allow us to assume dominant rotation or random
motion, and find which of them is predominant. Also, we are able
rption line region in QSOs: Rotation and random motion. New Astron. Rev.
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Fig. 1. The C IV UV doublet line profiles of quasar PG 0946+301 (up) and HD 45910 star (down).
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to discuss the relationship between emission and absorption com-
ponents for a line, considering possible connection between broad
Please cite this article in press as: Lyratzi, E., et al. Kinematics of the broad abso
(2009), doi:10.1016/j.newar.2009.09.008
emission and absorption line regions in sense of which of them is
closer to the central black hole.
rption line region in QSOs: Rotation and random motion. New Astron. Rev.
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Fig. 2. The modeled CIV doublet, where an emission ðVrad ¼ 0 km=sÞ and two absorption regions ðVrad1 ¼ �1000 km=s;Vrad2 ¼ �2000 km=sÞ were assumed: (a) dominant
random velocity (Vrand ¼ 2000 km=s;Vrot ¼ 200 km=s for both absorption regions) and assumption that emission region is located before absorption one; (b) the same as (a)
but assumption that absorption region is located before emission; (c) the same as (a) the rotational component is dominant (Vrot ¼ 2000 km=s;Vrand ¼ 200 km=s for both
absorption regions); (d) the same as (b) but the rotational component is dominant and has value as in (c). The composed profile is present with dots and components of the
profile are shown below.
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3. Model application

3.1. Observations and fitting procedure

We apply the model described above to the spectra of several
BALQSOs observed with the HST given in Table 1. In the Table 1,
the name of the QSOs, the dates of observations and Instrument/
gratings are given, as well as the lines which were fitted. The ob-
tained spectra have resolution from 1.2 and 3.2 Å which is rela-
tively good for application of the model. In order to scale to rest
wavelength we use DIPSO software to elaborate the spectra.

A problem is that in the case of BALR, one can expect contribu-
tion of the random motion, and the line shapes are complex (i.e.
rotation can be hidden by some additional narrow components
which are frequently registered in the spectra of BALQSOs). To
avoid this problem, we fitted the observed line using two ap-
proaches when we start with fit; (a) taking that random velocity
is maximal and rotational component is minimal (in this case we
will say that it is GR approach), (b) taking that rotational compo-
nent is dominant (so called RG approach). After that we used F-test
to conclude which approach of the model is more appropriate to
explain the complex absorption lines.

As it is well known the relevant broadening mechanisms in the
case of BAL is random motion of absorbing gas, but also, a part of
rotation caused by massive black hole can be present. To find limits
for rotational and random velocities, we fitted the lines assuming
Please cite this article in press as: Lyratzi, E., et al. Kinematics of the broad abso
(2009), doi:10.1016/j.newar.2009.09.008
first that random motion is dominant (here we call it GR model)
and second that rotation is dominant (RG model).

3.2. Results from the best fit

Here, we are looking for the rotational component only in the
broad absorption lines, while the narrow components were fitted
assuming that there is not rotational component. This assumption
was checked for several lines and it was clear that the rotational
component in the narrow lines is not present. In Fig. 3 we present
as an example, the fits for H 1413+1143 and PG 1700+518. As one
can see from Fig. 3 the model is able to fit lines assuming one or
more absorbing components. Here we fitted the broad Lya and C
IV components of BALQSOs listed in Table 1.

The results of the best fit are presented in Table 2. In Table 2, the
estimations (minimal and maximal value respectively) for random
and rotational velocities as well as radial (outflow) velocity are gi-
ven. It is clear that in both cases, where we applied RG or GR ap-
proach, the outflow velocity remains the same.

As one can see from Table 2, the rotational velocity in the BALR
has lower limit of�100 km/s, that is corresponding to the low rota-
tion (as e.g. the stars in the galactic disc). But in the case of the broad
absorption lines (with large FWHM), the maximal value of the rota-
tion reaches the value of several 1000 km/s. We found that the max-
imal value corresponds to the case of the C IV line of PG 1700+518,
where a maximal rotation of 6500 km/s may be present. As one can
rption line region in QSOs: Rotation and random motion. New Astron. Rev.
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Fig. 3. The C IV line (dots) fitted with the model (solid line) for H1413+1143 and PG 1700+518 quasar. The components of the best fit are shown below.

Table 1
The list of selected BAL QSOs with basic observational data.

Name Z Class Obs. date Ins./grat. Lines

PG 0946+301 1.216 BAL QSO February 16, 1992 FOS/G400,G570 Ly, Si IV, C IV
PG 1700+518 0.292 BAL QSO September 12, 2000 STIS/G430L,G750L Si IV, C IV
UM 425 1.462 BAL QSO November 8, 1994 FOS/G270H O VI, Ly
HS 1216+5032B 1.45 BAL QSO June 11,1996 FOS/G270H Ly
H 1413+1143 2.551 BAL QSO June 23, 1993, December 23, 1994 FOS/G400H,G570H Ly, Si IV, C IV
PG1254+047 1.024 BAL QSO February 17,1993 FOS/G160L,G270H OV, O VI, Ly, Si IV, C IV
QSO 0957+561 1.41 BAL QSO October 20,1995 FOS/G270H Ly
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see in Fig. 4, the C IV lines of this BALQSO have no emission compo-
nent. Also, it is interesting, that maximal value of the rotational
velocity decreases when the emission is present in the line.

Additionally, one can speculate that the rotation measured in
lines, is caused by gravitational field of massive black hole in the
center of BALQSOs than one can estimate distance of BALR using
a simple relation R½Rg � � ðc=VrotÞ2, where R is given in gravitational
radii (Rg ¼ GMbh=c2, where G is the gravitational constant, Mbh is
the mass of central black hole and c is the velocity of light).

As e.g. in the case of PG 1700+518, the C IV absorbing region can
be located at � 2000Rg that may be closer than the place of the
Broad Emission Line Region. It can explain why the emission in
PG 1700+518 C IV lines is not present.

On the other hand, taking an average value of the rotational
velocity only of broad absorption lines and calculating the location
of the BALR using the rotational velocity, we can conclude that it is
Please cite this article in press as: Lyratzi, E., et al. Kinematics of the broad abso
(2009), doi:10.1016/j.newar.2009.09.008
located around several times of 104 Rg . The distance is not so far
from the central massive black hole and it should be considered
that the model of resonance scattering, where the UV line emission
and absorption occur in the same line-forming region (Branch
et al., 2002), is relevant to explain BALR.

It is interesting to see some connection between kinematical
parameters obtained from the best fit. We discuss, so called aver-
aged random and rotational velocities obtained as hVi ¼ ðVmaxþ
VminÞ=2. In Fig. 5 we plot the jVr=FWHMj against the averaged rota-
tion (crosses) and random (squares) velocities. As one can see in
Fig. 5, for smaller jVr=FWHMj, the differences between averaged rota-
tional and random velocity are larger. On the other hand, when
jVr=FWHMj > 5, there are small averaged random and rotational
velocities and the difference between them is small. For
jVr=FWHMj < 5 the random velocity is dominant and has a trend to
increase as the jVr=FWHMj decreases. This can be expected, as, in
rption line region in QSOs: Rotation and random motion. New Astron. Rev.
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Fig. 4. The C IV line (dots) fitted with the model (solid line) for PG 0946+30 quasar.
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the case of small outflow velocity, the wind of some AGNs may have
the form of clouds or blobs. In that case the random velocity is more
dominant.

4. Conclusion

Assuming that BALR is composed of a number of successive
independent absorbing density layers, which have constant rota-
tional and radial velocity we applied the model, developed to ex-
plain hot emission stars’ spectra by Danezis et al. (2007, this
issue), to BAL and we can outline that:

1. The model can simulate BALs taking into account a high velocity
outflow.

2. The model can well fit the observed broad absorption line pro-
files (absorption as well as emission) and give us estimates of
the random, rotational and radial velocities in the BALR.

To estimate kinematical parameters of BALR we fitted BALs, Lya
and C IV, of several BALQSOs (see Table 1) and found that:
rption line region in QSOs: Rotation and random motion. New Astron. Rev.
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1. The BALR is very often composed of several subregions which
have different kinematical parameters, where all three kine-
matical component can be detected (see Table 2).

2. There is indication of a rotation component, that is at least of
the order of several hundreds kilometers. If one speculates that
it is connected with rotation of absorbing gas around super-
massive black hole, the position of BALR is � several 104 Rg ,
what is comparable with the position of the BLR.

3. In some objects, as e.g. in PG 1700+518 and PG 0946+30, a
strong absorption (without emission) component indicates
higher rotational velocities and consequently closer BALR than
BLR to super-massive black hole.

Finally, we can conclude that the BALs seem to be produced at
the same place (or even closer) as BELs and that this result is in the
favor of the models that assume the forming line region as the re-
gion which emits broad emission and absorption lines, as e.g. res-
onance scattering model (Branch et al., 2002).
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NewAR.
de Kool, M., Begelman, M.C., 1995. ApJ 455, 448.
Elvis, M., 2000. ApJ 545, 63.
Hamann, F., Korista, K.T., Morris, S.L., 1993. ApJ 415, 541.
Lyratzi, E., Danezis, E., 2004. AIP Conf. Proc. 740, 458–473.
Murray, N., Chiang, J., 1995. ApJ 451, 498.
Murray, N., Chiang, J., 1998. ApJ 494, 125.
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