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Abstract. The radiative mode of AGN feedback, operated through outflows, plays an essential
role in the evolution of galaxies. Quasar outflows are detected as blue-shifted broad absorption
lines in the UV /optical spectra of quasars. Thanks to the Sloan digital sky survey, 100,000 broad
absorption line quasars are available now for ensemble statistical studies. This rich dataset has
also enabled us to identify some peculiar cases of these sources. By quantifying the BAL fraction
in radio-loud BAL quasars, our studies demonstrate a clear trend of increasing BAL fraction
as the viewing angle approaches an edge-on orientation, favoring the orientation model of BAL
quasars. Also, by contrasting the properties of BAL quasars with appearing and disappearing
BAL troughs, our analysis suggests that the extreme variations in BAL troughs are driven by
ionization changes.
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1. Introduction

AGN feedback is a self-regulating process that connects the energy released by an
Active Galactic Nucleus (AGN) to the surrounding medium, thereby influencing the evo-
lution of the host galaxy and its central supermassive black hole (SMBH). A compelling
piece of evidence supporting AGN feedback is the observed tight correlation between the
bulge mass of a galaxy and the mass of its central SMBH (Ferrarese & Merritt (2000),
Gebhardt et al. (2000)). Simulations have demonstrated that AGN can exert “nega-
tive” feedback through mechanisms such as heating up or blowing away the interstellar
medium (ISM) (Kauffmann and Haehnelt (2000), Di Matteo, Springel, and Hernquist
(2005)). There are two primary modes of AGN feedback: the quasar mode (radiative or
wind mode) and the radio mode (kinetic mode), as discussed in the review by Fabian
(2012). The quasar mode is prevalent in high-luminosity AGN and involves outflow-
ing winds, while the radio mode occurs in low-luminosity AGN and is associated with
radio jets. Compared to radio jets, the wide opening angles in quasar winds, deduced
from the detection rates of quasar outflows, enable efficient interaction with the sur-
rounding medium. Consequently, comprehending the radiative mode of AGN feedback,
particularly the nature of outflows, holds significant importance in constraining various
feedback mechanisms and models of galaxy evolution.

The presence of high-velocity outflows can be inferred from blue-shifted broad absorp-
tion lines (BALSs) observed in the spectra of 10-20% of quasars (Weymann et al. (1991)).
BAL quasars are categorized into three sub-classes based on the ionization state of the
absorbing gas: high-ionization BALs (Hi-BALs), low-ionization BALs (LoBALs), and
iron-LoBALs (FeLoBALs) (Filiz Ak et al. (2013), Vivek Srianand & Dawson (2018),
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Vivek (2019)). The fraction of observed BAL quasars can be explained either by an ori-
entation model, where the line of sight intersects with the BAL-absorbing clouds, or an
evolutionary model, where the quasar goes through a BAL phase for a certain period
(Elvis (2000), Farrah et al. (2007)).

2. BALQSO fraction

The fraction of BALQSOs provides valuable insights into the orientation versus evo-
lution models of BALQSOs. Defining BALQSOs is an important consideration in this
context. Traditionally, BALs are defined as having C IV absorption troughs broader
than 2000 km/s and specific outflow velocities. The fraction of “traditional” BALQSOs
in optically selected quasar samples is commonly observed to be approximately 10 per-
cent (Weymann et al. (1991); Gibson et al. (2008)). While this definition is useful for
including nuclear outflows, it excludes a significant portion of genuine BALQSOs. To
overcome this limitation, the definition of BALQSO was revised by Trump et al. (2006)
(Trump et al., 2006) to incorporate absorption features characterized by narrower widths
and lower outflow velocities. By employing this revised definition, they discovered a sig-
nificant augmentation in the BALQSO fraction, reaching 26 percent. Studies utilizing
infrared or radio selection have also found the intrinsic fraction to be closer to 20 percent
(Ganguly & Brotherton (2008), Dai et al. (2012), Morabito et al. (2014)).

The nature of BAL quasars is still not fully understood, primarily due to the lack
of a reliable orientation indicator for AGN. Statistical indicators based on radio, UV,
and optical properties have been used. Studies utilizing simulations have indicated a
potential relationship between the velocity offsets and line width ratio of high-ionization
C IV and low-ionization Mg II lines, suggesting their potential as indicators of viewing
angles (Yong et al., 2020). Studies have also investigated emission line properties, such
as the Hp full width at half maximum (FWHM) and O III equivalent width, as potential
orientation indicators for low-redshift quasars (Shen and Ho, 2014).

In the standard AGN unification theory, anisotropic radio emission from relativistic jets
suggests orientation-dependent properties. Two commonly used radio indicators are the
core-to-lobe flux density ratio (R) and the radio-to-optical ratio of the quasar core (Ry).
The R parameter depends on core and lobe radio flux densities, while R; normalizes the
core’s radio flux by its optical flux. Both indicators show correlations with orientation,
but other factors introduce scatter in the correlations.

In our study Nair & Vivek (2022), our objective was to examine the orientation model
of BAL quasars by utilizing a sample of sources that were present in both the SDSS
Data Release (DR)-16 quasar catalog and the VLA-Faint Images of the Radio Sky at
Twenty Centimeters (FIRST) survey. To accomplish this, we utilized radio cut-out images
obtained from the FIRST survey and developed a deep learning model based on convolu-
tional neural networks (CNN). This model enabled us to classify the radio morphologies
of quasars into categories such as core-only, young jet, single lobe, or triples. Additionally,
we further categorized these radio morphologies into core-dominated and lobe-dominated
sources.

With our CNN models, we achieved a high precision of over 98% for classifying the
various morphological sub-classes of quasars. The average fraction of BALSs in the resolved
core, core-dominated, and lobe-dominated quasars aligns with the BAL fraction observed
in radio and infrared surveys. Furthermore, we analyzed the distribution of BAL quasars
based on quasar orientation using radio core-dominance as an indicator. This analysis
was also performed for sub-classes of HIBALs, LoBALSs, and FeLoBALs.

Fig. 1 shows the BAL fraction as a function of log(Ry) is examined for differ-
ent categories of quasars: resolved core quasars (black;dotted), core-dominated quasars
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Figure 1. The relationship between BAL fraction and log(R;) is examined for different
categories of quasars: resolved core quasars (black-dotted), core-dominated quasars (red-dot-
dashed), lobe-dominated quasars (green-dashed), and a combined sample of resolved core,
core-dominated, and lobe-dominated quasars (blue-hatched). Error bars representing 1o boot-
strap errors are included for the combined sample, providing a measure of uncertainty in the
BAL fraction.

(red;dot-dashed), lobe-dominated quasars (green;dashed), and a combined sample of
resolved core, core-dominated, and lobe-dominated quasars (blue;hatched).

Our findings reveal that all the radio morphological sub-classes and BAL sub-classes
exhibit an increased BAL fraction when the jets’ orientation angles are closer to the line
of sight. This suggests that BAL quasars are more likely to be observed when the viewing
angles are in proximity to the equatorial plane of the quasar. However, it is important
to note that a pure orientation model alone is insufficient to explain the entirety of
the BAL phenomena, and a combination of orientation and evolution is likely the most
comprehensive explanation.

3. Variability of BAL troughs

Multiyear variability studies of BAL quasars is crucial in order to gain insights into
the location and physical characteristics of the absorbing gas, such as the lifetimes, sizes,
and geometries of quasar winds, as well as the underlying mechanisms responsible for
these outflows. By examining these variability patterns and their underlying causes, we
can gain a deeper understanding of BAL quasars and the physical processes governing
their behavior. Various aspects of BAL trough variations, including changes in absorp-
tion strength (e.g., equivalent width), the appearance or disappearance of BAL troughs,
kinematic shifts in absorption profiles, and alterations in the shape of C IV and Si IV
BAL profiles, have been investigated in several cases.

The observed variations in BAL absorption profiles can be attributed to two main
factors. Firstly, changes in the covering fraction of the quasar by the absorbing gas can
occur as a result of its transverse motions across our line of sight. This has been studied
by researchers such as Capellupo et al. (2013), Vivek et al. (2014). Secondly, variations
in the ionizing radiation can lead to changes in the optical depth of the absorbers. This
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Figure 2. Distribution of (a) change in continuum flux at 1700 A(b) median of change in
V-band magnitudes for Appearing (solid),and Disappearing (dot-dashed) samples.

factor has been explored by Rogerson et al. (2018), and Vivek (2019). Additionally,
changes in the acceleration profile and/or geometry of the outflow due to alterations in
the driving force can also contribute to the observed variability. Studies by Grier et al.
(2016), and Lu and Lin (2019) have investigated this aspect.

In our recent study, Mishra et al. (2021), we presented a new set of 84 broad absorp-
tion line (BAL) quasars (1.7 < zen, < 4.4) that exhibited an appearance of C IV BAL
troughs over a span of 0.3-4.8 rest-frame years. To investigate the characteristics of BAL
variability, we conducted a comparative analysis using the SDSSDR-7, SDSSDR-12, and
SDSSDR-14 quasar catalogues. Our study focused on examining the nature of BAL vari-
ability in an appearing BAL quasar sample and contrasting it with a disappearing BAL
quasar sample previously studied in the literature. By comparing the two samples, we
examined the intrinsic properties, BAL trough characteristics, and continuum parameters
of the quasars.

Our findings indicate that the appearing BAL quasars exhibited higher redshift val-
ues and shorter probed time-scales in comparison to the disappearing BAL quasars.,
ensuring that they had comparable distributions of redshift values. We discovered that
the appearing BAL quasars were relatively brighter and had shallower and wider BAL
troughs compared to the disappearing BAL sample. The distribution of quasar con-
tinuum variability parameters exhibited distinct separation between the two samples,
indicating that the presence of BAL troughs coincided with a dimming of the contin-
uum, and conversely, the absence of BAL troughs correlated with a brighter continuum.
Fig. 2 shows the distribution of change in continuum flux at 1700 A and the median
of change in V-band magnitudes for appearing (solid), and disappearing (dot-dashed)
BALQSO samples. The observed spectral index variations in both samples indicated a
consistent anti-correlation between the BAL trough and continuum variations, aligning
with the well-known trend of “bluer when brighter” in quasars.

We showed that the intrinsic dust model was less likely to be a favorable scenario
in explaining BAL appearance/disappearance. Our analysis suggested that the extreme
variations of BAL troughs, such as BAL appearance/disappearance, were mainly driven
by changes in the ionization conditions of the absorbing gas.
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4. Conclusion

By estimating the BAL fraction in radio-loud BAL quasars, we have gained insights
into the relationship between BAL fraction and orientation. Our findings reveal a increase
in the BAL fraction as the viewing angle approaches a edge-on orientation. This suggests
that BAL quasars are more likely to be observed when the line of sight is closer to the
equatorial plane of the quasar, favouring the orientation model of BAL quasars. The
study of appearing and disappearing BAL quasars provides insights into the nature of
BAL variability. Based on our analysis, it can be inferred that the extreme variations
observed in BAL troughs, including their emergence and vanishing, are predominantly
influenced by alterations in the ionization state of the absorbing gas.
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