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Abstract. In this paper we analyze the C IV and Si IV broad absorption troughs of two BALQSOs
(J101056.69+355833.3, J114548.38+393746.6) to the individual components they consist of. By analyzing
a BAL trough to its components we have the advantage to study the variations of the individual absorbing
systems in the line of sight and not just the variations of the whole absorption trough or the variations of
selected portions of BAL troughs exhibiting changes. We find that the velocity shifts and FWHMs (Full
Width at Half Maximum) of the individual components do not vary between an interval of six years. All
variable components show changes in the optical depths at line centers which are manifested as variations
in the EW (Equivalent Width) of the components. In both BALQSOs, over corresponding velocities, Si IV
has higher incidence of variability than C IV. From our analysis, evidence is in favour of different covering
fractions between C IV and Si IV. Finally, although most of our results favour the crossing cloud scenario
as the cause of variability, there is also strong piece of evidence indicating changing ionization as the source
of variability. Thus, a mixed situation where both physical mechanisms contribute to BAL variability is
the most possible scenario.

PACS. 95.75.Fg Spectroscopy – 98.54.Aj Quasars – 78.40.-q Absorption spectra: ultraviolet – 98.62.Ra
Quasar absorption and emission-line systems

1 Introduction

Approximately 20 percent of the total quasar population
exhibit Broad Absorption Lines (BALs) in the UV region
of the electromagnetic spectrum [1,2]. BALs are usually
blueshifted with respect to the corresponding emission
lines though there are cases that redshifted absorption
has been observed (see [3]). As a result, BALs are the
prominent signatures of accretion disk outflows observed
in quasar spectra.

BALs are complex and unusually broad absorption
troughs which appear remarkably smooth in high reso-
lution spectra. The characteristics of BALs span a wide
range in terms of width, velocity shift, level of ioniza-
tion, strength of absorption and structure of absorption
trough. BALs are defined as absorption troughs with ve-
locity widths > 2000 km s−1 at depths > 10% below
the continuum [4]. Outflow velocities range from 0− 5000
km s−1 up to 10000−30000 km s−1, while extreme cases of
60000 km s−1 have been observed [5]. The structure of ab-
sorption troughs can be very smooth, exhibiting P-Cygni
like profiles, where single trough absorption which sets
in near zero outflow velocity is observed [6]. On the other
hand, absorption troughs can be very broken up [6]. There
are also cases where multiple trough absorption which sets
in near zero outflow velocity is observed. Finally, there are

BAL quasars that exhibit detached troughs from the emis-
sion peak which do not set in until the outflow reaches a
velocity of 3000 − 5000 km s−1. The properties of BAL
material in phase space are uncertain. One opinion is that
BALs are the product of a smooth continuous flow (e.g. [7,
8]) with the intensity depending on optical depth effects
(complete source coverage).

On the other hand, it is believed that BALs are due to
a flow of many individual substructures in the wind called
density enhancements or clumps or clouds, indicating that
accretion disc outflows are clumpy (e.g. [9–19]).

Takeuchi, Ohsuga & Mineshige [15], performing global
radiation-MHD simulations of supercritical accretion flows
onto black holes, found that the outflows associated with
supercritical (or super Eddington) accretion flows have a
clumpy structure above heights of ∼ 250 rS (with rS be-
ing the Schwarzschild radius). The typical clump size is
∼ 10 rS, which corresponds to about one optical depth,
and their shapes are slightly elongated along the out-
flow direction. They also found that the most plausible
cause of clump formation is the Rayleigh-Taylor instabil-
ity, since the clumpy structure appears in the layer where
the upward radiation is superior in force to the downward
gravity. Furthermore, a radiation-hydrodynamic instabil-
ity may also help to form clumps of one optical depth.
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Recent 2D simulations by Waters & Proga [20] reveal
that the long term evolution of a two-phase medium (hy-
pothetical cloud confining medium proposed by Mathews
[21] and studied extensively by Krolik, McKee & Tarter
[22] - the main idea is of two distinct components, in
pressure equilibrium but very different temperature, both
heated by the same central source. The gas exposed to the
radiation field of a quasar must be in one of two forms:
photoionized gas at ∼ 104 K, which produces optical and
UV emission lines, or hot gas at T ∼ 108 K. The hot phase
gas produces the required confinement and the long life of
line emitting clouds) in the Broad Line Region (BLR) is a
highly turbulent flow that is conducive to continuous cloud
production. They also found that cloud production can be
maintained because the turbulence supplies perturbations
that continually trigger the thermal instability.

To conclude, the “cloud” scenario seems a more plau-
sible explanation for the formation of BAL troughs than
the smooth continuous flow interpretation, due to the fol-
lowing reasons:

– BAL trough profiles are complex and cannot be sim-
ulated by a single distribution (Gauss, Lorentz, Voigt
etc).

– From a theoretical point of view, both Takeuchi et al.
[15] and Waters & Proga [20] predict clumpy outflows
due to instabilities in the highly turbulent medium.

– Misawa et al.[17] by observing multiple sight lines with
the aid of strong gravitational lensing managed to re-
solve the clumpy structure of the outflow winds in the
quasar J1029 +2623. Through their observations they
rejected the hypothesis of a smooth homogeneous out-
flow and concluded to complex small structures inside
the outflow from the galactic nucleus. They proposed
two different structures for the clumpy outflow: (a)
small gas clouds close to the flux source and (b) fil-
amentary (or sheet-like) structure made of multiple
clumpy gas clouds.

Although accretion disk outflows are so prominent and
ubiquitous, their basic physical conditions, acceleration
mechanism(s), location and three dimensional structures
are not well understood. Absorption line variability is a
very useful tool able to provide insights into the structure,
dynamics and kinematics of the powerful outflows. In the
case of BALQSOs, line variability is commonly attributed
to changes in the absorption strength (e.g. [24–33]) and/or
appearance, disappearance of absorption troughs ( [14,34–
37]). In more detail, the variability of absorption troughs
is attributed to one of the following reasons: i) changes
in the ionization state as a function of velocity (changes
in the ionization state of the gas result in change on the
column density of the absorbing ion, e.g. [38]), ii) changes
in the acceleration profile and/or geometry of the outflow
due to change in the driving force or mass-loss rate, iii) line
of sight acceleration of a shell of material from a continual
flow and iv) transverse motion of the absorbing cloud(s)
relative to the line of sight [27,36,39–41]. However the two
most dominant mechanisms are supposed to be the move-
ment of substructures in the flow (individual clouds) along
our line of sight and changes in ionization [26,27,42–45].

However, Capellupo et al. [30] argue that the actual sit-
uation may be a complex mixture of changing ionization
and cloud movements.

Coordinated variabilities between absorption regions
at different velocities in individual quasars seem to fa-
vor changing ionization of the outflowing gas as the cause
of the observed BAL variability [30]. So, when there is
variability in different velocity intervals within the same
BAL or within multiple BALs in the same quasar, the
changes almost always occur in the same sense and the
most likely explanation for this is a global change in ion-
ization [30]. Another argument favoring ionization changes
is that changes in BAL strength are not necessarily mono-
tonic [46]. One further piece of evidence is the correlation
between continuum variability and BAL variations which
is found in certain individual quasars [42]. In general, a
change in ionization should cause more global changes,
rather than changes in small, discrete velocity intervals.

On the other hand, variability in limited portions of
broad troughs fits naturally in a scenario where move-
ments of individual clouds or substructures in the flow,
across our lines-of-sight, cause the absorption to vary [30].
Gibson et al. [44] reported variability over narrow veloc-
ity ranges within troughs across several different ions at
the same velocity, which seems to favor the movement of
absorbing clouds across the line of sight (hence changing
the covering fraction), as the dominant mechanism of BAL
variability. Another strong piece of evidence that supports
the cloud picture is that in certain BALs, one portion of
the BAL strengthens, while another weakens within the
same quasar. This can be explained in a moving cloud
scenario, for it is possible for clouds at different velocities
to enter/leave our line-of-sight at different times [30]. Fi-
nally, there are studies that show no correlation between
continuum variability and BAL variations, a fact that fa-
vors the cloud crossing scenario [27,44,47].

In the case of individual quasars, Hamann et al. [24]
observed intrinsic N V, Si IV and C IV absorbers varying
in unison over . 4 months in the QSO Q2343+125. From
their study, they found that the absorbers cover . 20%
of the continuum while there were piece of evidence that
variation was due to changes in covering fraction. Finally,
Misawa et al. [48] observed a mini-BAL, in the QSO HS
1603+3820, which exhibited significant substructure that
varied in concert.

Strong evidence of covering fraction changes comes
from changes in the fractional EW (∆EW/ < EW >) in
all ions in the outflow assuming that the crossing clouds
responsible for variability have a similar ionization state
to the bulk of the outflow [44]. This is true since such
variability depends on changes in the total column of ab-
sorbing gas along the line-of-sight without any changes in
the relative ion populations [44].

Usually, BAL variability studies are performed in two
ways:

1. By measuring the variability of the fractional EW of
the whole absorption trough [27,46,49]. Wildy, Goad
& Allen [50] follow the same method but instead of
using the modelled continuum EW they use a modi-
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fied EW. However, studying the variation of the whole
absorption trough does not reflect the variation of the
properties of the physical structures that create the
observed absorption.

2. By studying the variation within portions of a trough,
instead of using equivalent width measurements of the
whole absorption trough [41,44]. Both studies identify
velocity intervals with a width of at least 1200 km s−1

that varied. Filiz Ak et al. [32] select BAL troughs
showing significant EW variations. Then in order to
determine the regions in each BAL trough where a
variation has occurred they set a criterion (see Eq. 5
in [32]), which has to be satisfied for at least five con-
secutive data points. This requirement allows detection
of variable regions wider than ≈ 275 km s−1. He et al.
[51] follow the same method as Filiz Ak et al. [32] but
their velocity intervals are 774 km s−1.

At this point we need to mention that EW measure-
ments of wide troughs are less sensitive to strength changes
in narrow portions of the trough or to changes in which
one part of a BAL weakens, while another part strength-
ens. As for the variations within portions of BAL troughs,
they depend on the number of consecutive data points i.e.
the width of the regions one measures variability. The cri-
terion of Filiz Ak et al. [32] allows detection of variable
regions wider than ≈ 275 km s−1, and as they point out
using a smaller number of consecutive data points as the
requirement may cause non-physical observational errors
to be indistinguishable from the variable regions of BAL
troughs. On the other hand, requiring a larger number of
consecutive data points will cause non-detection of narrow
variable regions. However, as mentioned earlier Capellupo
et al. [41] and Gibson et al. [44] use 1200 km s−1 interval
while He et al. [51] use 774 km s−1 intervals.

However, both cases, i.e. studying the variation of the
whole absorption trough and studying independently the
variation of parts of the absorption defined as described
above, have a disadvantage. The variation measured in
these ways does not correspond to the variation of the
properties of the physical structures of the BAL QSOs
environment that create the observed absorption.

According to GR model [11,52–55] and the physical
model and multicomponent analysis method proposed by
Stathopoulos et al. [18] the observed BAL troughs are not
studied as unique formations. On the contrary, the great
advantage of the model is that the observed BAL profiles
can be analyzed to its uniquely determined components
so each BAL component can be studied independently.
This means that each BAL trough is not studied as a
whole, but in parts. However, these parts are not arbitrar-
ily selected, but each one of them is an actual absorption
component which is created by a real physical structure
(cloud) in the BALQSO environment. The variability of
the absorption components of the BAL troughs, which is
measured in this way, corresponds to the variation of the
properties of the physical structures of the BAL QSO en-
vironment that create the observed absorption. Besides
that, GR model ensures the uniqueness of the number of
BAL components as well as the uniqueness of the calcu-

lated values of the physical parameters (radial velocity of
the clouds, the FWHM, the optical depth, the equivalent
width etc), through specific and strong criteria that apply
in the case of resonance lines (for a more detailed analysis
see [18]).

The aim of this work is to study the variability of
BAL troughs and to investigate the mechanisms respon-
sible for causing this variability. To achieve this goal we
use GR model [11,52–55] and the multicomponent anal-
ysis method proposed by Stathopoulos et al.[18]. We ap-
ply the model and method in Si IV and C IV broad ab-
sorption trough in the case of two BAL quasars (SDSS
J101056.69+355833.3 and SDSS J114548.38+393746.6).

2 Method of analysis

In contrast to most BAL variability studies which study
either the variability of the whole observed BAL trough or
the variation within portions of a trough, we introduce a
different approach. Using the model proposed by Danezis
et al. [52–54], Lyratzi et al. [11,55], and the fitting criteria
proposed by Stathopoulos et al. [18] we can analyze each
BAL trough to the uniquely determined components that
it consist of and we study the variability of each individ-
ual component. As a result we can study the variability
of the physical parameters (FWHM, optical depth, equiv-
alent width, radial velocity) that describe the individual
structures, in the outflow, we call clouds.

2.1 Mathematical Expression of the Model and the
Fitting Process

The mathematical model is built on the basis that the
BALR/BELR consists of a number of absorbing/emitting
clouds that intercept the line of sight towards the central
regions of the QSO that produce the continuum radiation
[55]. The observed BALs/BELs are the synthesis of ab-
sorption/emission components produced by these clouds.
So, in order to conclude to a mathematical function (in-
terpolation polynomial), that can simulate the complex
BAL/BEL profiles produced by clouds, Danezis et al. [52]
solved the radiative transfer equation for such a complex
plasma region. The final equation (interpolation polyno-
mial) derived by the solution of radiative transfer is:

Iλ =

[
Iλ0

∏
i

exp {−Liξi}

+
∑
j

Sλej (1− exp {−Lejξej})

]∏
g

exp {−Lgξg} (1)

where:
i: is the number of absorbing clouds that cover the con-
tinuum (fully or partially), in the line of sight,
j: is the number of emitting clouds in the line of sight,
g: is the number of additional absorbing clouds that may
cover the i absorbing clouds as well as the j emitting
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clouds,
Iλ0: is the initial radiation intensity,∏
i

exp {−Liξi}: is the factor that describes the synthesis

of absorption components produced by i clouds,∑
j

Sλej
(1 − exp(Lejξej)): is the factor that describes the

summation of emission components produced by j clouds,∏
g
exp {−Lgξg}: is the factor that describes absorbing clouds

that obscure both the i absorbing as well as the j emitting
clouds,
Li, Lej , Lg: are the distribution functions of the absorp-
tion coefficients kλi, kλej , kλg,
kλi: is the absorption coefficient of the ith cloud in the line
of sight,
kλej : is the absorption coefficient of the jth emission cloud
in the line of sight,
kλg: is the absorption coefficient of the additional absorb-
ing clouds that may cover the i and j clouds in the line of
sight,
ξ: is the optical depth (τ0) at the center of the spectral
line,
Sλej : is the source function, that is constant during one
observation.

The geometry of the model is included in the fac-
tors “L” of Eq. (1) [53,55]. After investigating a num-
ber of geometries we concluded that the best fit of ab-
sorption/emission lines is accomplished if the geometry is
spherical [56–61]. Apart from the geometry, the parame-
ters “L” can take the expression of one of the following
distributions, according to the physical conditions we like
to describe. So “L” can take the form of either Gauss
(random motions - thermal and non thermal), or Lorentz
(pressure), or Voigt (random motions and pressure), or
Rotation (rotation of a region around its own center, [52,
53]) or Gauss - Rotation (random motions and rotation of
a region around its own center [52,53]).

During the fitting process we use Eq. (1) independently
for every component of a doublet. For example in the case
of C IV λλ 1548.187, 1550.772 Å resonance lines, we apply
Eq. (1) twice, once for the 1548.187 Å (blue) and once
for the 1550.772 Å (red) component of the doublet. By
applying Eq. (1) twice we get two sets of lines. The first
one contains all the blue components of C IV doublet (in
Fig. 2 in the case of J101056.69+355833.3, there are 9 blue
absorption components), while the second one contains all
the red components of C IV doublet (in Fig. 2, there are
9 red absorption components). Having these two sets of
lines we then synthesize them to get the best fit. In the
case of absorption lines we use Gauss distribution while
in the case of emission lines we use Voigt distribution. We
point out that after the continuum fit we fit the broad
emission lines (see Fig. 2).

Furthermore when fitting, we use two sets of criteria
(for more details see [18], §3) which are applied to reso-
nance lines which are studied in this paper, that not only
provide the best fit but also ensure that the number of
components and the values of the parameters used are

uniquely determined. As mentioned above the final math-
ematical function that we interpolate in a spectral region
is the synthesis of as many functions (Eq.1) as the lines
under study (e.g. for S IV 13913.755, 1402.77 Å we com-
bine two functions, one for the blue line and one for the
red line, where the first function describes the synthesis of
all the 1393.755 Å components and the second describes
all the 1402.77 Å components).

In this work we study the C IV and Si IV resonance
lines in the case of two spectra taken at different epochs
for two BAL QSOs.

2.2 Physical Model

In order to provide a clearer picture of the physical struc-
ture of clouds, as we consider it, we briefly describe the
physical model proposed by Stathopoulos et al. [18]. BALs
consist of a series of absorption components produced
by density enhancements called clouds. Clouds are clus-
ters of subunits called cloud elements or cloudlets (cloud
elements-regions II, figure 1 in [18]). To avoid confusion,
we will always refer to the larger, more distinct structures
as “clouds” (Regions I, figure 1, in [18]) and the smaller
structures as “cloud elements” or cloudlets. We borrow
the term “cloud elements” from Bottorff & Ferland [23],
who assume that each BLR cloud is a collection of overlap-
ping constant density clumps and these smallest clumps
are called cloud elements. According to Stathopoulos et al.
[18] each cloudlet produces an absorption line the width of
which depends on thermal and microturbulent motions of
ions inside the cloudlet. The synthesis of all these cloudlet
lines that are very close in velocity space and overlap, pro-
duce a broad component corresponding to a cloud. So the
relatively broad components we use in our fits correspond
to clouds. The synthesis of the lines, produced by clouds,
form the broad absorption troughs observed in BALQSO
spectra. We point out that the so called clouds are not
pre-existing structures accelerated by radiation pressure
but are structures formed in the outflow as described by
Takeuchi, Ohsuga & Mineshige [15] or Waters & Proga
[20] who predict that BALQSO outflows are clumpy.

3 Observations and Data Reduction

The spectra we study are taken from Sloan Digital Sky
Survey (SDSS) DR10 catalogue. In Table 1 we give the
name of the BAL QSO in the first column, the plate,
Modified Julian Date (MJD) and fibre are given in the
second column, the redshift of each BAL QSO is given
in the third column and in the last column we give the
spectral index of the power law continuum. In Fig. 1 we
give the two epoch spectra of J101056.69+355833.3 and
J114548.38+393746.6. With black thick line we denote
the BOSS spectrum while with green thin line we denote
the SDSS spectrum. Both BALQSOs present variations in
both C IV and Si IV broad absorption troughs.

Before fitting the spectra we use the following methods
for the correction of the galactic extinction and the con-
tinuum fit. We also present the method of error analysis.
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Table 1.

Name plate-MJD-fiber Redshift α

J101056.69+355833.3 (BOSS) 4568-55600-0440 2.3010 (Wildy, Goad & Allen [50]) -1.52±0.04
J101056.69+355833.3 (SDSS) 1951-53389-0579 2.3010 (Wildy, Goad & Allen [50]) -1.90±0.05
J114548.38+393746.6 (BOSS) 4654-55659-0856 3.1245 (Filiz Ak et al. [32]) -1.34±0.05
J114548.38+393746.6 (SDSS) 1997-53442-0450 3.1245 (Filiz Ak et al. [32]) -1.64±0.07

Fig. 1. Top: Comparison of the two different spectra of
J101056.69+355833.3. Bottom: Comparison of the two differ-
ent spectra of J114548.38+393746.6.

3.1 Derredening

We correct both spectra for galactic extinction using the
reddening curve of Fitzpatrick & Massa [62] with RV =
3.1. We obtain E(B - V) from the NASA Extragalactic
Database (NED), which uses the dust maps of Schlegel et
al. [63].

3.2 Continuum Fit

For the continuum we fit a power law model to a set of con-
tinuum windows (1290-1300 Å, 1445-1465 Å, 1685-1715Å,
1965-2000 Å) free of strong emission lines using the Lev-

enberg - Marquardt minimization process. For the power
law continuum we use:

Fλ = F2000 ×
(

λ

2000

)α

(2)

The error for the power-law continuum at the wave-
length of λ by error propagation is:

δ(Fcon) = Fλ

√(
δ(F2000)

F2000

)2

+ (lnλ− ln2000)2δα2 (3)

where the errors of δ(F2000) and δα are given in the power
law fitting.

The values of the spectral indices (α) and their cor-
responding errors are given in the last column of Table
1.

3.3 Error Analysis

The uncertainties of absorption line fitting parameters are
estimated by adding Gaussian noise to the best fits. The
width of the Gaussian at each pixel equals the flux uncer-
tainty at that pixel. For each best fit, we produce 60 noisy
spectra and fit each one of them in the same manner we
fit the original spectrum. The uncertainty of each spectral
parameter is then measured from its distribution. The er-
ror of a spectral parameter is then calculated as the RMS
of 60 fitting results.

The true FWHM is determined considering the instru-
mental width of the spectrograph, by using the following
equation [64]:

FWHM2
obs = FWHM2

true + (1 + z)−2FWHM2
inst (4)

where the instrumental broadening (FWHMinst) is ob-
served frame while the observed (FWHMobs) and true
(FWHMtrue) full width at half maximum are rest-frame.
For most SDSS fibers this effect is between forty and
ninety kilometers per second.

The mean uncertainty in velocity shifts is∼ 200 km s−1.
The mean uncertainties for FWHM, EW, τ are ∼ 12%,
10% and 18% respectively.
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4 Results

4.1 The case study: BALs of J101056.69+355833.3
and J114548.38+393746.6

In order to study the variability of C IV and Si IV reso-
nance lines of the two BALQSOs of Table 1, we applied
the GR model to two spectra of each BALQSO, taken at
different epochs. By achieving the best fits we managed
to analyse the C IV and Si IV BALs to their components.
In Fig. 2 we give, as an example, the best fits of the C
IV and Si IV spectral regions of J101056.69+355833.3 for
the BOSS spectrum taken on 08/02/2011. The black dot-
ted line denotes the observed spectrum while black, thick
solid line corresponds to the best fit. With blue thin solid
line we denote the shorter wavelength member of a dou-
blet (blue: 1548.187 Å for C IV and 1393.755 Å for Si
IV) while with the red dashed line we denote the longer
wavelength member of a doublet (red: 1550.772 Å for C
IV and 1402.77 Å for Si IV). Below each fit we present a
panel with the residual, which appears in green thin line.

Having analysed the BAL troughs to the components
they consist of we calculate the Full Width at Half Maxi-
mum (FWHM), the optical depth at line center (τ0) and
the Equivalent Width (EW) of each one of the BAL com-
ponents, as well as the radial velocity (Vrad) of the regions
that create the components. The values of the calculated
parameters for both QSOs on both epochs are presented
on Tables 2 and 3.

The BAL troughs of Si IV and C IV of J101056.69+
355833.3 are decomposed into 9 different doublets, which
means 9 different absorption systems in the line of sight.
These systems are characterized by velocities ranging from
∼ −3900 km s−1 to ∼ −12500 km s−1. In the case of
J114548.38+393746.6 the BAL troughs of Si IV and C IV
are analysed into 10 different doublets, i.e. 10 absorption
systems in the line of sight. Their velocities range from
∼ −1800 km s−1 to ∼ −7700 km s−1.

In Tables 2 and 3 one can observe that none of the
BAL quasars presents variations in the components’ radial
velocities between the two epochs. This applies both to Si
IV and C IV. In fact, there are indeed small variations
between the values of the radial velocities among the two
epochs but these variations are smaller than 200 km s−1

which is the error in the calculation of Vrad. So none of the
components is considered to have variable radial velocity.
Furthermore, as it is evident from Tables 2 and 3 in both
BALQSOs we do not observe any changes in the widths
(FWHM) of individual components between two epochs.
This applies to Si IV and C IV.

For the purpose of determining which components ex-
hibit variations in line strength, between two different
epochs, we define a measurement of the deviation between
two components, in units of σ using the following equation
[32]:

Nσ(λ) =
f2 − f1√
σ2
1 + σ2

2

(5)

where f1, f2 are the normalized flux densities of the com-
ponents under comparison that are calculated through the
proposed model and σ1, σ2 are the normalized flux den-
sity standard deviations at wavelength λ (both σ1 and
σ2 include observational errors and uncertainties from the
fitting process). We identify variable components of BAL
troughs, when an absorption component is detected with
Nσ ≥ 1 or Nσ ≤ −1 in the core of the component. The
values of Nσ for Si IV and C IV for both BALQSOs are
given in Table 4 where one can observe which components
of SI IV and C IV BAL troughs exhibit variations. All
variable Si IV and C IV components of both BALQSOs
are also evident in FIg.3. In Fig. 3 we plot only the blue
members of Si IV and C IV doublets as the red members
exhibit the same trends as the blue ones. In the figure
we denote all variable components with filled squares and
circles.

We note that in the BAL trough of Si IV in J114548.38+
393746.6, the blue member of the 9th doublet (at ∼ −6870
km s−1) exhibits variation between the two epoch spectra,
with Nσ(λ) = −1.08. In contrast, the red member of the
doublet (at the same velocity shift) does not exhibit vari-
ation between the two epochs, with Nσ(λ) = 0. However,
the total equivalent widths EW(b+r) (BOSS) and EW(b+r)

(SDSS) practically do not vary, presenting a variation of
∼ 10%. As a result we do not consider this doublet vari-
able. We make the assumption that this relative change in
depths between the blue and red member of the doublet
is a geometrical effect, i.e. a change in covering fraction.

We point out that all variable components exhibit vari-
ations in their optical depths τ0 which are also manifested
as changes in the equivalent widths. As long as all of
the components maintain constant FWHMs between two
epochs, the variations in EW follow exactly the variations
of optical depths.

5 Discussion

Due to the strict criteria [18] we apply during the fitting
process we are able not only to distinguish the individual
components that compose the final profiles but also calcu-
late the values of the physical parameters of each individ-
ual component. Thus we are able to compare individual
components between different epochs and investigate the
variability of individual structures in the outflow.

As mentioned above, in all studied components, in
both BALQSO, we did not observe any changes in ve-
locity shifts so there is no evidence for acceleration or de
acceleration of the absorbing systems in the line of sight.

In both BALQSO spectra Si IV exhibits more variable
components than C IV. More specifically, in J101056.69+
355833.3 from the 9 absorption components of C IV only
2 show variation in EW, while in Si IV from the 9 ab-
sorption components there are 6 components that have
variable EW. In the case of J114548.38+393746.6 from
10 absorption components of C IV 2 exhibit variation in
EW while from the 10 absorption components of S IV 5
of them show variations in EW. The comparisons show
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Table 2. Radial velocity (Vrad) in km s−1, FWHM in km s−1, optical depth at line center (τ0) and equivalent width (EW) in Å
for the 9 components of the blue (b) and the red (r) lines of the C IV and Si IV doublets for the spectrum of J101056.69+355833.3,
taken on 19/01/2005 and 08/02/2011

J101056.69+355833.3 (19/01/2005)

C IV
Component Vrad(b) FWHM(b) τ0(b) EW(b) Vrad(r) FWHM(r) τ0(r) EW(r)

1 -3800 1500 0.66 4.39 -3800 1500 0.66 4.39
2 -4750 1450 0.21 1.57 -4740 1450 0.21 1.57
3 -5550 1500 0.70 4.59 -5530 1500 0.35 2.57
4 -6340 1370 0.50 3.18 -6310 1370 0.25 1.72
5 -7330 1370 0.72 4.27 -7340 1370 0.40 2.63
6 -8270 1370 0.42 2.74 -8260 1370 0.27 1.85
7 -9130 1370 0.27 1.87 -9110 1370 0.27 1.85
8 -10070 1460 0.35 2.49 -10050 1460 0.35 2.49
9 -12450 2380 0.05 0.64 -12440 2390 0.03 0.39

Si IV
Component Vrad(b) FWHM(b) τ0(b) EW(b) Vrad(r) FWHM(r) τ0(r) EW(r)

1 -3830 1190 0.87 4.27 -3810 1190 0.87 4.27
2 -4710 1000 0.98 3.94 -4590 1000 0.98 3.94
3 -5580 910 0.44 1.90 -5530 910 0.22 1.02
4 -6500 910 0.33 1.48 -6460 910 0.16 0.76
5 -7410 960 0.32 1.51 -7360 960 0.18 0.89
6 -8270 910 0.31 1.40 -8240 910 0.20 0.94
7 -9150 960 0.53 2.33 -9070 960 0.52 2.30
8 -10040 910 0.13 0.62 -10000 910 0.13 0.62
9 -12430 1600 0.09 0.77 -12390 1600 0.06 0.52

J101056.69+355833.3 (08/02/2011)

C IV
Component Vrad(b) FWHM(b) τ0(b) EW(b) Vrad(r) FWHM(r) τ0(r) EW(r)

1 -4000 1550 0.46 3.36 -3990 1550 0.46 3.36
2 -4780 1380 0.19 1.34 -4800 1380 0.18 1.27
3 -5600 1450 0.57 3.54 -5600 1450 0.31 2.24
4 -6300 1370 0.50 3.18 -6290 1370 0.30 2.04
5 -7370 1370 0.57 3.54 -7360 1370 0.52 3.28
6 -8270 1370 0.40 2.63 -8260 1370 0.35 2.34
7 -9130 1370 0.24 1.66 -9110 1370 0.24 1.66
8 -10070 1460 0.41 2.86 -10050 1460 0.36 2.55
9 -12460 2390 0.15 1.87 -12440 2400 0.10 1.27

Si IV
Component Vrad(b) FWHM(b) τ0(b) EW(b) Vrad(r) FWHM(r) τ0(r) EW(r)

1 -4000 1550 0.46 3.36 -3990 1550 0.46 3.36
2 -4780 1380 0.19 1.34 -4800 1380 0.18 1.27
3 -5600 1450 0.57 3.54 -5600 1450 0.31 2.24
4 -6300 1370 0.50 3.18 -6290 1370 0.30 2.04
5 -7370 1370 0.57 3.54 -7360 1370 0.52 3.28
6 -8270 1370 0.40 2.63 -8260 1370 0.35 2.34
7 -9130 1370 0.24 1.66 -9110 1370 0.24 1.66
8 -10070 1460 0.41 2.86 -10050 1460 0.36 2.55
9 -12460 2390 0.15 1.87 -12440 2400 0.10 1.27
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Table 3. Radial velocity (Vrad) in km s−1, FWHM in km s−1, optical depth at line center (τ0) and equivalent width (EW) in Å
for the 9 components of the blue (b) and the red (r) lines of the C IV and Si IV doublets for the spectrum of J114548.38+393746.6,
taken on 13/03/2005 and 08/04/2011

J114548.38+393746.6 (13/03/2005)

C IV
Component Vrad(b) FWHM(b) τ0(b) EW(b) Vrad(r) FWHM(r) τ0(r) EW(r)

1 -1850 890 0.12 0.56 -1840 890 0.10 0.47
2 -2960 500 0.14 0.37 -2920 500 0.12 0.32
3 -4290 730 1.00 2.91 -4290 730 0.88 2.64
4 -4820 680 1.11 2.93 -4800 680 0.88 2.49
5 -5280 630 0.41 1.25 -5270 630 0.38 1.17
6 -5730 570 0.27 0.77 -5720 570 0.20 0.58
7 -6010 820 1.25 3.81 -5960 820 0.82 2.83
8 -6440 570 0.14 0.42 -6430 570 0.12 0.36
9 -6880 540 0.73 1.73 -6870 540 0.61 1.50
10 -7650 500 0.35 0.86 -7640 500 0.22 0.56

Si IV
Component Vrad(b) FWHM(b) τ0(b) EW(b) Vrad(r) FWHM(r) τ0(r) EW(r)

1 -1790 590 0.13 0.40 -1870 590 0.12 0.37
2 -2940 330 0.08 0.14 -2920 330 0.07 0.12
3 -4340 450 0.15 0.36 -4310 450 0.11 0.27
4 -4860 400 1.15 1.80 -4830 400 1.15 1.80
5 -5280 400 1.60 2.22 -5290 400 1.14 1.79
6 -5780 360 0.80 1.23 -5740 360 0.80 1.23
7 -5960 540 0.29 0.79 -5920 540 0.20 0.56
8 -6440 360 0.13 0.25 -6400 360 0.11 0.21
9 -6900 360 0.13 0.25 -6830 360 0.10 0.19
10 -7670 360 0.11 0.21 -7600 360 0.10 0.19

J114548.38+393746.6 (08/04/2011)

C IV
Component Vrad(b) FWHM(b) τ0(b) EW(b) Vrad(r) FWHM(r) τ0(r) EW(r)

1 -1850 890 0.13 0.61 -1840 890 0.11 0.52
2 -2960 500 0.14 0.37 -2920 500 0.12 0.32
3 -4290 730 1.02 2.95 -4290 730 0.96 2.82
4 -4820 680 1.12 2.95 -4800 680 0.81 2.34
5 -5280 630 0.44 1.33 -5270 630 0.38 1.17
6 -5730 570 0.27 0.77 -5700 570 0.20 0.58
7 -6010 820 1.12 3.54 -5960 820 0.81 2.80
8 -6440 570 0.14 0.42 -6430 570 0.13 0.39
9 -6840 540 0.98 2.15 -6870 540 0.71 1.69
10 -7650 500 0.65 1.44 -7640 500 0.47 1.11

Si IV
Component Vrad(b) FWHM(b) τ0(b) EW(b) Vrad(r) FWHM(r) τ0(r) EW(r)

1 -1790 590 0.18 0.55 -1870 590 0.09 0.28
2 -2980 330 0.08 0.14 -2990 330 0.07 0.12
3 -4340 450 0.15 0.36 -4310 450 0.11 0.27
4 -4860 400 1.42 2.07 -4830 400 1.38 2.03
5 -5300 420 2.24 2.78 -5290 420 2.17 2.73
6 -5760 420 1.37 2.11 -5720 420 1.37 2.11
7 -5960 540 0.42 1.10 -5900 540 0.33 0.89
8 -6440 360 0.25 0.46 -6400 360 0.19 0.36
9 -6920 400 0.17 0.36 -6860 400 0.10 0.22
10 -7720 360 0.10 0.19 -7640 360 0.09 0.17
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Fig. 2. Best fits of the C IV and Si IV spectral regions of J101056.69+355833.3 for the spectra taken on 19/01/2005 (SDSS)
and 08/02/2011 (BOSS). The black dotted line denotes the observed spectrum while black, thick solid line corresponds to the
best fit. With blue thin solid line we denote the shorter wavelength member of a doublet (blue: 1548.187 Å for C IV 1393.755
Å and for Si IV) while with the red dashed line we denote the longer wavelength member of a doublet (red: 1550.772 Å for C
IV and 1402.77 Å for Si IV). Below each fit we present a panel with the residual, which appears in green thin line.

that over corresponding velocities Si IV has higher inci-
dence of variability than C IV. This result is in agreement
with the findings of Capellupo et al. [30] and Wildy, Goad
& Allen [50]) and is usually interpreted in terms of line
strengths, as the Si IV BALs are generally weaker than C
IV BALs and weaker lines tend to be more variable [30].
Wildy, Goad & Allen [50] argue that this result seems to
favour the clumpy model over the homogeneous scenario
as it could be due to an outflow in which the greater col-
umn density of C IV ions over Si IV means that C IV is
more likely to be saturated.

The velocities in which variability occurs span a quite
wide range. In the case of J101056.69+355833.3 we have:
C IV varies in the lowest (∼-3900 km s−1) as well as in
the highest (∼-12440 km s−1) velocity component. On
the contrary, Si IV varies in the first four low velocity
components (∼-3900, ∼-4700, ∼-5570 ∼-6350 km s−1) as
well as in two high velocity components (∼-9120, ∼-10050
km s−1). In the case of J114548.38+ 393746.6 the situa-
tion is as follows: C IV varies only in two higher velocity
components (∼-7600, ∼-6900 km s−1). In contrast, Si IV
doesn’t show any variation in the higher velocity compo-
nents. Instead, variability occurs in velocities ranging from
∼-4800 up to ∼-6400 km s−1.

By comparing Si IV and C IV variable components at
the same velocity shifts we observe no correlations, except
for one case in J101056.69+355833.3. More specific, the

lower velocity components of C IV and Si IV (at ∼-3900
km s−1) have both varied and in the same sense i.e. they
both became weaker. If C IV and Si IV had the same
covering fraction, then we would expect the incidence of
variability in C IV to be the same as that of Si IV which
is contradicted by our results. So it is more possible that
C IV and Si IV have different covering fractions [65–71].
Indeed, Si IV can have a smaller covering fraction than C
IV. If Si IV is tracing a smaller area of the gas cloud than
C IV and this cloud is moving across our line-of-sight,
then Si IV absorption would generally be more variable
[30]. Furthermore, if C IV and Si IV indeed have different
covering fractions then the change in covering fraction,
as well as the change in EW of the absorption lines, for
each ion can also differ. Finally, we need to point out that
Capellupo et al. [30] in their sample found that ∼50% of
the variable Si IV regions did not have corresponding C
IV variability at the same velocities while nearly almost
every variable C IV had corresponding changes in Si IV.
From our analysis we cannot conclude to a reliable result
since our sample of two BALQSOs is only indicative.

The fact that only individual components vary, favours
the scenario where the movement of individual clouds or
substructures in the outflow, across our line of sight, is
the reason of the observed variability. The movements of
individual clouds indicate changes in the covering factor.
These results are in agreement with Lundgren et al. [27],

Dimitris
Highlight
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Table 4. Top: values of Nσ(λ) for the 9 components of the blue and the red lines of the C IV and Si IV doublets for the two
spectra of J101056.69+355833.3, taken on 19/01/2005 (SDSS) and on 08/02/2011 (BOSS).Bottom: values of Nσ(λ) for the 10
components of the blue and the red lines of the C IV and Si IV doublets for the two spectra of J114548.38+393746.6, taken on
13/03/2005 (SDSS) and on 08/04/2011 (BOSS).

J101056.69+355833.3

Component Velocity (km s−1)
Nσ(λ) for C IV Nσ(λ) for Si IV
blue red blue red

1 -3900 1.46 1.59 1.58 1.58
2 -4740 0.23 0.34 1.30 1.22
3 -5570 0.97 0.41 -1.19 -1.08
4 -6350 0.00 -0.59 -1.09 -1.30
5 -7360 0.93 -0.89 0.90 -0.19
6 -8260 0.16 -0.69 -0.34 -0.92
7 -9120 0.36 0.33 -1.64 -1.73
8 -10050 -0.45 -0.08 -2.03 -1.73
9 -12440 -2.19 -1.87 0.00 0.00

J114548.38+393746.6

Component Velocity (km s−1)
Nσ(λ) for C IV Nσ(λ) for Si IV
blue red blue red

1 -1840 -0.16 -0.16 -0.76 0.48
2 -2950 0.00 0.00 0.00 0.00
3 -4310 -0.10 -0.48 0.00 0.00
4 -4830 -0.06 0.53 -1.32 -1.15
5 -5280 -0.23 0.00 -1.12 -2.42
6 -5740 0.00 0.00 -2.30 -2.30
7 -5960 0.56 0.06 -1.29 -1.41
8 -6430 0.00 -0.09 -1.55 -1.08
9 -6870 -1.88 -1.03 -1.08 0.00
10 -7650 -2.58 -2.51 0.13 0.13

Gibson et al. [44] and Capellupo et al. [30]. In general,
changes in ionization would result in more global changes
in a BAL trough rather than changes in individual com-
ponents of the trough.

One more piece of evidence favouring the crossing cloud
scenario comes from the observation that within the same
BAL trough some components strengthen while others
weaken. This is obvious in J101056.69+355833.3. In C
IV the component at ∼ -3900 km s−1 weakens while the
component at ∼-12500 km s−1 becomes stronger. In SiIV,
the components at ∼-3900 km s−1 and ∼-4700 km s−1

weaken while the components at ∼-5600 km s−1, ∼-6400
km s−1, ∼-9100 km s−1 and ∼ -10000 km s−1 strengthen
over time. This can be explained in a moving cloud sce-
nario, as one cloud might enter our line of sight while
another is leaving it. On the other hand in the second
BALQSO, J114548.38+393746.6, we observe coordinated
variabilities between absorption components at different
velocities within the same BAL trough. This takes place
both in C IV and in Si IV. This fact favours changing ion-
ization of the outflowing gas as the cause of variability. In
order to support the crossing cloud scenario one should
require coordinated cloud movements at different outflow
velocities and radii, which seems unlikely [30].

However, there is a contradiction which appears at
this point. In the second BALQSO (J114548.38+393746.6)

where ionization changes seem to cause variability, the C
IV and Si IV BELs (Broad Emission Lines) did not vary
at all. As we know the ionization of C IV and Si IV BELs
is controlled by the same far-UV flux that controls the
C IV and Si IV absorption lines. Changes in quasar con-
tinuum fluxes are known to cause changes in the BELs
after a time lag related to the light travel time between
the continuum source and the BEL region [45]. In the case
of J101056.69+355833.3, where the cloud scenario is more
possible, we observe variability in both C IV Si IV BELs.
This contradiction leads us to support a complicated sce-
nario where both changes in covering factor and ionization
changes are responsible for BAL variability. This point of
view is supported by the findings of Capellupo et al. [30]
who were the first that proposed this interpretation.

It is extremely important to note that the results con-
cerning the variability of BAL troughs, in general, should
be treated with caution as our sample consists of only two
BALQSOs from two different epochs.

6 Conclusions

Using the model of Danezis et al. [52–54], Lyratzi et al. [11,
55] and the fitting criteria and physical model proposed by
Stathopoulos et al. [18] we decompose the broad absorp-
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Fig. 3. Top: line flux at line center for the blue components of C IV (a) and Si IV (b) between two epochs for
J101056.69+355833.3. Bottom: line flux at line center for the blue components of C IV (c) and Si IV (d) between two epochs
for J114548.38+393746.6. Circles corrspond to the SDSS spectra, while squares correspond to the BOSS spectra. Note that the
filled circles and filled squares denote the variable components between BOSS and SDSS spectra.The red components of C IV
and Si IV for both BALQSOs follow the same trends as the blue components.

tion troughs of two BALQSOs into the individual compo-
nents they consist of. We show that BAL troughs are the
product of structures in the wind we call ”clouds” and not
the product of a smooth continuous flow. By analyzing a
BAL trough to its components we have the advantage to
study the variations of the individual absorbing systems
in the line of sight and not just the variations of the whole
absorption trough. We find no evidence indicating accel-
eration or de-acceleration of the absorbing systems in the

line of sight. The FWHMs of the individual components do
not vary between a period of six years indicating that the
structure and/or internal velocity field of the absorbers
remains constant.

All variable components show changes in the optical
depths at line centers which are also manifested as varia-
tions in the EW of the components. In both BALQSOs,
over corresponding velocities Si IV has higher incidence of
variability than C IV. This result is usually interpreted in
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terms of line strengths, as the Si IV BALs are generally
weaker than C IV BALs and weaker lines tend to be more
variable [30]. Furthermore, this result seems to favour the
clumpy model over the homogeneous scenario as it could
be due to an outflow in which the greater column density
of C IV ions over Si IV means that C IV is more likely to
be saturated.

We found no correlations between Si IV and C IV vari-
able components at the same velocity shifts, except for one
single case. This result points towards different covering
fractions between Si IV and C IV. If both ions had the
same covering factor we would expect to observe the same
incidence of variability.

In both BALQSOs and both ions, variability occurs
only in individual components which favours the crossing
cloud scenario over chancing ionization, as the driver of
BAL variability.

Although most of our results favour the crossing cloud
scenario as the cause of variability, there is also strong
piece of evidence indicating variability driven by changes
in ionization. In J114548.38+393746.6 we observe coordi-
nated variability within the same BAL troughs, which oc-
curs in both ions. Furthermore, in J101056.69+355833.3,
which shows strong evidence favouring the crossing cloud
scenario, the BELs of Si IV and C IV exhibit strong vari-
ability. On the other hand, in J114548.38+393746.6 we
observe the exact opposite i.e. evidence favouring ioniza-
tion changes but no variability in Si IV and C IV BELs.
We remind that changes in quasar continuum fluxes are
known to cause changes in the BELs after a time lag. Thus,
we conclude that a mixed situation where both physical
mechanisms contribute to BAL variability, is the most
possible scenario.

We need to point out that our sample of two BALQ-
SOs is very small. So, unless we study a larger sample and
investigate the correlation between variability and contin-
uum variations we cannot draw any general conclusions
about the variability of Si IV and C IV broad absorption
troughs. To conclude, we point out that in order to fit
broad absorption trough we firstly fit the broad emission
lines. The results of the analysis of BELs as well as the
correlations with BALs will be presented in a future work.
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