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Abstract
We present MoD_AbS, a software developed to infer the distribution and kinematics of
gas in radio AGN from the characteristics of absorption observed against the continuum
emission. Given a radio continuum background, MoD_AbS simulates a gaseous rotating
disk around it and determines which absorption line is generated. A Markov Chain
MonteCarlo algorithm allows MoD_AbS to find the combination of parameters of the disk
that best fit an observed absorption line. We use MoD_AbS to determine the distribution
of neutral hydrogen (H i) in radio AGN. We consider sources where high resolution
observations give us a priori information on which parts of the continuum emission are
absorbed and in sources where we can make fewer a priori assumptions. This allows us
to understand which parameters of the gaseous distribution change the width and shape
of the observed absorption lines and how. Moreover, this is a test to understand the
capabilities of MoD_AbS and its future applications in the data analysis of the upcoming
H i absorption surveys of the SKA pathfinders and precursors (SHARP at Apertif, MALS
at MeerKAT and FLASH at ASKAP).
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3.1 Introduction
The regions close to an active galactic nucleus (AGN) are complex and are characterized
by the presence of gas in different physical conditions. Through the study of the
kinematics of the neutral hydrogen (H i) detected in absorption against the radio
continuum emission of the AGN, it is possible to obtain information on its interaction
with the energy released by the radio source. As described in Chapters 1 and 2, absorption
lines centred on the systemic velocity are usually associated to regularly rotating disks
(on small or large scales). These absorption profiles can range in width a few hundred
km s−1, likely depending on a combination of background continuum and rotational
velocity of the absorbing structure. Absorption features that exceed these velocities (in
the integrated H i absorption profile) are assumed not to follow regular rotation. This is
mostly seen in blue-shifted shallow features, that are explained as out-flowing gas (e.g.
3C 305, Morganti et al. 2005a; 3C 293, (Mahony et al., 2013); NGC 1266, Alatalo et al.
2011; IC 5063, Morganti et al. 1998, 2015; Mrk 231, Morganti et al. 2016), but also
in red-shifted lines, that could suggest H i flowing into the radio AGN (e.g. NGC 315,
Morganti et al. 2009 and PKS B1718–649, Chapters 4 and 5 and 6).

In principle, imaging the distribution of the absorbing gas can give important
information on the properties of the absorbing structure. This, for example, has allowed
to identify different cases of out-flowing gas (e.g. 4C +12.50 Morganti et al. 2013a;
IC 5063, Morganti et al. 2015; Mrk 231 Morganti et al. 2016). However, these kind of
observations can be very time consuming and not always possible. Moreover, the main
limitation of all absorption studies is that the profiles only trace the gas located in front of
the background radio continuum source, while they do not provide information on how
all the gas, absorbed and not, is distributed within the galaxy. Hence, we developed a
simple modelling program (MoD_AbS) that can help us infer the distribution of the total
H i present in a galaxy from the integrated absorption profile and a few assumptions on the
properties of the radio continuum emission and the host galaxy. MoD_AbS determines if
all or only part of the integrated H i absorption can be produced by an absorber distributed
in a regularly rotating disk. This tool can be used to identify sources where the cold
gas may be interacting with the radio AGN from the properties of the associated H i
absorption profiles.

In the last few years, different studies have detected H i absorption in ∼ 30% of
the observed radio AGN and studied its properties in relation to the radio activity
(e.g. Gallimore et al. 1999; Vermeulen et al. 2003; Morganti et al. 2005b; Gupta et al.
2006; Emonts et al. 2010; Curran & Whiting 2010; Geréb et al. 2014; Glowacki et al.
2017; Curran et al. 2017 and Chapters 1 and 2). These surveys have allowed us to
characterize the H i population in the centre of radio galaxies. Nevertheless, they are not
conclusive in drawing a connection between the properties of the H i lines (e.g. width,
shape, optical depth) and the orientation of the H i in the host galaxy with respect to the
continuum source. It is unclear if the detection rate of ∼ 30% reflects the real occurrence
of H i in radio AGN, or if, instead, most radio AGN have H i, but orientation effects
between the gas distribution and the radio continuum emission influence the detection
rate, and how. In Chapter 1 we point out that when the large scale stellar body of
the host galaxy is edge-on, then H i is more often detected, while Curran & Whiting
(2010) suggest that the detection rate of H i absorption is independent of the inclination
of the torus surrounding the radio source. This may occur because the inclination of
the AGN system is decoupled from that of the larger galactic structure where absorption
takes place. Different simulations (e.g. Gallimore et al. 1999; Pihlström et al. 2003;
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Curran et al. 2013a) have suggested that orientation effects between the H i disk and
the background continuum may be important for the detection and the properties of
the absorption lines, mainly when the continuum source is compact possibly because
the radio AGN is young, i.e. Compact Steep Spectrum sources (CSS) and Giga-Hertz
Peaked Spectrum sources (GPS) where the radio jets are typically embedded within the
host galaxy. However, these simulations have considered either a very simple model
where the background continuum has two jets with varying sizes and the H i is spherically
distributed in front of them (Pihlström et al., 2003; Curran et al., 2013a), or they have
focused on interpreting H i absorption lines in a particular sub-class of radio AGN
(Seyfert galaxies, Gallimore et al. 1999). Using MoD_AbS to infer the distribution of the
H i over a large sample of sources may allow us to understand if and how the orientation
effects between the gaseous disk and the background continuum influence the detection
of H i in absorption.

In this chapter, we test if and how MoD_AbS can reproduce a few observed H i
absorption profiles from a high resolution image of the radio continuum emission
and making limited assumptions on the modelled H i disk, that can be derived
from information about the host galaxy (e.g. using the Sloan Digital Sky Survey
catalogue, York et al. 2000, or other available optical data). The modelling software
allows us to test this using Markov Chain Monte Carlo algorithms.

In the next few years, dedicated H i absorption surveys of the SKA precursors and
pathfinders will begin: the Search for H i with Apertif (SHARP, at Apertif, Oosterloo
et al. 2010b), the MeerKAT Absorption Line Survey (MALS) with MeerKAT (Jonas,
2009), and the First Large Absorption Survey in H i (FLASH) with ASKAP (Johnston
et al., 2008)1. These surveys will provide a lot of new objects with H i absorption.
Hence, understanding the properties of the absorbing structures and how they relate to
the properties of the host galaxy will be done in a statistical way. It will not be possible
to follow up all sources with high resolution observations all sources. One of the goal
of these surveys is to relate the properties of the absorption lines (e.g. width, shape,
position of the peak) to the distribution and kinematics of the H i. MoD_AbS will be an
important tool to infer the distribution of H i detected in absorption in a large a large
sample of sources. This will allow us to understand if the H i detected in absorption
in radio AGN could be distributed in a circumnuclear or large scale disk, what are the
typical inclination, position angles and scale heights of this disk and if they are related to,
for example, the position angle of the radio jets, or to the inclination and position angle
of the stellar body, of the dust lanes that may be present in these sources.

This chapter is structured as follows. In Sect. 3.2, we describe how MoD_AbS
simulates the gas distributed around the continuum emission of a radio AGN and
identifies the most likely distribution that generates the observed line. In Sect. 3.3, we
use MoD_AbS to generate the line of the H i disk of two radio AGN where the distribution
of the absorbed H i is known. In Sect. 3.4, we use MoD_AbS to infer the distribution of
H i we detected in absorption in the circumnuclear regions of five radio AGN, of which
we know the only the distribution of the radio continuum. In Sect. 3.5, we discuss the
results of these simulations and we illustrate how MoD_AbS will be used in the future to
interpret the results of H i absorption surveys.

1see Sect. 5 of Chapter 2 for a review of these surveys.
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3.2 MoD_AbS: a program for H i absorption studies
In this section, we illustrate how MoD_AbS simulates a disk in circular rotation around
the continuum emission of a galaxy, how it determines which regions of the disk absorb
the continuum emission and how it computes the integrated absorption line.
MoD_AbS is a program written in python2.7 which makes extensive use of the

numpy, scipy and astropy libraries. The Monte Carlo Markov Chain algorithm is
implemented using the module emcee (Foreman-Mackey et al., 2012). The software is
publicly available at https://github.com/Fil8/MoD_AbS/tree/master/v1.0.

Given an image of the background continuum emission, MoD_AbS builds a rotating
disk with uniform density and size, height and orientation specified by a set of
parameters. The rotation curve can be flat throughout the disk or be rising with a given
steepness. MoD_AbS, according the orientation of the model disk with respect to the
background radio continuum, selects the part of the disk where absorption occurs, the
velocities of the corresponding absorbing gas and determines the absorption line.

In particular, MoD_AbS needs two input files. The image of the radio continuum
emission, in fits format, and a parameter file with the main parameters of the disk.
These parameters are:

• Right ascension and declination of the centre of the disk, ra, dec in h.m.s and
d.m.s..

• Radius of the disk, rdisk in pc.

• Inner radius of the disk, rin in pc. If rin is greater than zero, MoD_AbS builds a ring.

• Height of the disk, h in pc.

• Systemic velocity, vsys in km s−1.

• Inclination angle, i in degrees. With respect to the observer, 90◦ indicates an
edge-on disk. i varies between 0◦ and 180◦.

• Position angle, φ in degrees, of the major axis of the receding half of the galaxy,
taken counter-clockwise from the north direction on the sky. When φ=0◦, the
red-shifted velocities of an edge-on disk are in the north direction. φ varies between
0◦ and 360◦.

• Rotational velocity, vrot in km s−1.

• Velocity dispersion, σ in km s−1.

• Velocity resolution of the final spectrum, vres in km s−1.

• Initial spatial resolution of the rotating disk, res in pc.

• Final spatial resolution of the rotating disk, resfin in pc.

• Inclination of the radio continuum emission along the line of sight, φcont(x,z) in pc.

MoD_AbS builds the model disk in a cube defined by three spatial dimensions (x,y,z),
with pixel size given by the coarse spatial resolution res, in parsec. The x and y
coordinates define the plane of the sky, while z is the direction of the line of sight. The
image of the radio continuum lies in the central slice of the data-cube, z = 0.

https://github.com/Fil8/MoD_AbS/tree/master/v1.0
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Fig. 3.1: a - Results of the MCMC algorithm run by MoD_AbS to identify which
inclination (i) and position angle (φ) of a rotating disk generate a line that best fits the
H i absorption detected in galaxy 3C 305. b - Triangle plot showing which inclination
and position angle of a rotating disk generate a line that best fits the H i absorption of
3C 305. The bottom left panel, shows the parameter space investigated by the MCMC
algorithm. The contours mark the 1,2,3σ levels of the distribution of each parameter.
The top left panel shows the distribution of the different inclinations investigated by the
algorithm. The bottom right panel shows the distribution of the different position angles.
c - Spectrum of the H i absorption line observed in 3C 305 (black, Chapter 1), along with
the absorption line of the model disk (in red), and the residuals between the two lines
(in orange). The bottom panels show the orthogonal projection of the rotating disk. The
bottom left panel shows the disk, in rainbow colours, and the radio continuum emission,
marked by a black contour, in the plane of the sky (x,y). The middle panel shows the (x,z)
plane, where z is the line of sight. The right panel shows the disk in the (z,y) plane, i.e. a
view from the side with respect to the plane of the sky. The rotating disk has three shades
of colours. The darkest shade marks the part of the disk where absorption occurs, the
lightest shade marks the part of the disk in front of the plane of the continuum emission
but not on the line of sight where absorption occurs. The medium shade marks the part
of the disk behind the radio continuum emission, (refer to the text for further details).
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Table 3.1: Input parameters of MoD_AbS

Fixed Parameters Assumption
Centre of disk Coincident with the radio source
Radius of disk (rdisk) & 2× extension radio continuum
Height of disk (h) 20 pc
Systemic velocity, (vsys) Systemic velocity of the host galaxy

Rotational velocity, (vrot) Flat part of the rotation curve inferred
from the K-magnitude using the TF
relation

Position angle radio continuum along the
line of sight, φcont(x,z)

0◦ unless specified by observations of the
radio continuum emission.

Velocity dispersion of the gas (σ) 8 km s−1

Velocity resolution of the spectrum (vres) Velocity resolution observed spectrum
Spatial resolution (resfin) Disk smoothly varies on scales smaller

than the resolution
Variable Parameters Range
Inclination of the disk (i) 0◦–180◦. If i= 90◦: edge-on disk.
Position angle of the disk (φ) 0◦–360◦. Counter-clockwise rotation

starting from North (φ= 0◦)

After having built the disk, MoD_AbS identifies which part of the disk is absorbed, i.e.
the part of the disk that lies on the line of sight in front of the continuum emission.
For simplicity, MoD_AbS assumes that absorption occurs in every line of sight where the
continuum emission is 2.5σ above the noise level, even though, in principle, absorption
may occur also in regions where the continuum emission is weaker and below the
detection limit of the observations. MoD_AbS assumes that the absorbed gas is optically
thin and that absorption is the same in every resolution element of the disk. Under the
assumption that the disk is smoothly varying on scales smaller than the coarse resolution
res, MoD_AbS interpolates the disk to the final requested resolution, resfin. This allows
us to sample the disk with high spatial resolution keeping the computing time of the
program low, since the interpolation step is much faster than generate a disk directly at
the resolution resfin.
MoD_AbS subtracts the continuum flux density absorbed by the disc along each sight

line, and adds this result as a function of velocity (S (v)), obtaining an absorption line
for each sight line of the absorbed disk. Adding these lines, MoD_AbS determines the
integrated absorption line. The model spectrum is normalized to the peak of the observed
absorption line. Then, the model spectrum is convolved to the spectral resolution the
observed spectrum (vres). The quality of the fit is determined by the likelihood function:

ln p(free variables |fixed parameters) = −
1
2

∑
n(spectrum−model)2

σ2
n

− ln
( 1
σ2

n

)
(3.1)

where σn is the noise of the observed H i spectrum. n the number of channels over
which we fit the observed spectrum, i.e. the range of velocities ±vrot.
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Besides generating a single absorption line given a fixed set of parameters of the
rotating disk, if a few parameters are left free, e.g. the inclination of the disk or its
position angle, MoD_AbS uses a Markov Chain Monte Carlo algorithm (MCMC) to
investigate the parameter space of these variables and find the ones that best produces
the observed absorption line. The algorithm initializes an ensemble of ‘walkers’, i.e.
initial combinations of the free parameters, according to their probability distribution.
Then, for each walker it looks for the best-fit solution for a number of iterations given
by the variable ‘step’. The parameters that produce the line that best fits the observed
absorption profile are the ones minimizing the posterior probability function. This is the
combination of the likelihood function in Eq. 3.1 and of the probability distribution of
the input (priors) free parameters. The probability distribution of the input parameters
depends on how well we can constrain the parameters of the disk beforehand. For
example, if the free parameters are the inclination and position angle of the disk, the
probability distribution changes if we restrict the range of their possible values.

It is important to point out that since the software is written in python its computing
time may become long, when the MCMC algorithm is associated to the modelling of the
disk and to the extraction of the absorption line at high spatial and velocity resolution.
Therefore, it is crucial to find a good balance between the resolution with which to
simulate the disk and the number of iterations of the MCMC algorithm.

As output, MoD_AbS provides a data-cube in (x,y,v) coordinates, where v is the
velocity of the disk projected along the line of sight. In principle, this cube can be
overlaid to an observation where absorption is detected and resolved, and the observation
and the model can be compared directly on the data-cube. Other outputs are the
integrated modelled spectrum (in text format), a figure of summary, and a table listing
the parameters of the model disk.

Figure 3.1 shows the figure of summary. The figure is the output provided by
MoD_AbS when used to understand the morphology of the absorbing structure traced
by the H i absorption line of the radio galaxy 3C 305 (see Sec. 3.3.1 for further details).
Panel (a) shows the steps made by the MCMC algorithm for each walker, while panel
(b) is a triangle plot. The bottom left panel of the plot shows all the one and two
dimensional projections of the posterior probability distributions of the free parameters
of the algorithm. This plot shows the covariances between all free parameters of the
algorithm, i.e. i and φ of the disk of 3C 305. The two histograms on the sides of the panel
show the marginalized distribution of i and φ. MoD_AbS determines the errors on the best
fit parameters as the 16th percentile of the one dimensional projections of the posterior
probability distribution.

Panel (c) of Fig. 3.1 shows, in the top, the integrated absorption line (in red) produced
by MoD_AbS overlaid with the observed line (in black) and the residuals of the fit (in
orange). In the bottom, the panel shows the orthogonal projection of the rotating disk as
well as the radio continuum emission, to provide a 3-dimensional view of how the disk is
oriented with respect to the radio continuum. In particular, the bottom left panel shows
the disk and the continuum emission in the plane of the sky, (x,y) = (ra,dec). The bottom
middle panel shows this system as seen from above, (x,z), while the bottom right panel
shows a view from the side, (z,y). The black contour defines the region of the continuum
emission against which absorption occurs. The disk is colour-coded according to its
rotational velocity along the line of sight (that is proportional to vrot·sin(i) · cosθ, where
θ is the azimutal angle of the disk). Red indicates velocities directed away from us and
blue velocities directed towards us. The part of the disk with the darkest colour-scale
shows where absorption occurs, i.e. the disk is located at z ≤ 0 and on the line of sight
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of the radio continuum emission. The lightest colour-scale shows the part of the disk
spatially lying in front of the continuum emission (z ≤ 0) but that does not intercept its
line of sight. The intermediate colour-scale marks the part of the disk lying behind the
radio continuum emission (z > 0).

In Table 3.1 we summarize the parameters needed by MoD_AbS to generate a rotating
disk and the assumptions we make on them.

An absorption line traces the rotational velocity of the absorbed gas projected along
the line of sight. MoD_AbS determines the integrated absorption profile generated by a
rotating disk. If the disk is uniformly absorbed, the relations we know for an integrated
H i emission line are valid also for the absorption line, i.e. the width of the line is
proportional to sini. Hence, when the inclination of the disk is a free parameter varying
in the range 0◦–180◦, we expect MoD_AbS to identify two values for i that produce a line
of the same width.
MoD_AbS considers the continuum emission as flat, i.e. a slice at z= 0 in the data-cube.

Nevertheless, from the intensity of the radio continuum emission, as well as other
ancillary information, sometimes it is possible to estimate which lobe is pointing towards
us and which one away from us, i.e. the position angle of the radio jets along the line of
sight. In this case, setting the parameter φcont(x,z), 0, MoD_AbS takes this information into
account and aligns the continuum image according to this angle in the plane (x,z), as it
is shown in the low middle panel of Fig. 3.1 for φcont(x,z)= +30◦. Consequently, the part
of the disk in front of the plane of the continuum emission has coordinates constrained
by z < x · tan(φcont(x,z)).

3.2.1 A numerical test
In this section, we show that MoD_AbS correctly generates the absorption line of two
edge-on disks with different rotation curves for which we know the analytical expression
of the absorption profile. This is a numerical test to understand performance and accuracy
of MoD_AbS in providing the correct absorption line of a given rotating disk. One
rotation curve that we consider is flat between r = 0 and r =rdisk, with rotational velocity
equal to vrot. A flat rotation curve is a good approximation to describe the rotation in
early-type galaxies from large to small radii. Nevertheless, in the very inner regions, if
the contribution of the SMBH is negligible with respect to the stellar mass distribution,
the rotation curve may still be rising. This could be the case for some compact radio
AGN (Davis et al., 2013b). Hence, the second rotation curve we consider has velocities
linearly increasing between v = 0km s−1at r = 0 and v =vrotat r =rdisk.

A uniform gaseous edge-on disk with a flat rotation curve would be seen in emission
as a double-horned profile, as often observed in H i spectral emission lines, which has
analytical expression given by (e.g. Stewart et al. 2014):

S (v) =
2S
π∆v
ρ−1
( v
∆v/2

)
(3.2)

where S is the total flux of the line, ∆v the range between minimum and maximum
velocities and ρ is given by (where u = v

∆v/2 ):{
ρ2(u)= 1−u2 for |u| < 1
ρ2(u)= 0 else. (3.3)

Because of symmetry, in the case of uniform absorption throughout the same edge-on
disk, the integrated absorption line has same analytical expression with negative sign.



94 Chapter 3. Modeling the properties of cold gas detected in absorption in radio AGN

We run MoD_AbS setting the parameters of an edge-on disk (i= 90◦, φ= 0◦), with flat
rotation curve (vrot = 100 km s−1). The disk has radius rdisk= 100 pc, height h= 25 pc and
we sample it with a resolution of resfin= 0.25 pc. The spectral resolution of the model
absorption profile is set to vres= 1km s−1.
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Fig. 3.2: Top panel: Absorption line generated by a uniform disk oriented edge-on with
respect to a uniform continuum source (in red). The absorption line expressed by Eq. 3.2
is plotted in black and the residuals between the two lines are in orange. Bottom panel:
orthogonal projection of the model disk. Colours are as in Fig. 3.1.

Fig. 3.2, shows the result where we compare the model line with the one predicted
by the analytical expression. MoD_AbS generates the expected line profile accurately. In
particular, no issues are found in producing the sharp edges of the double horn profile, at
v = ±vrot. The small dips seen in the residuals, close to the edges, are due to a different
binning of the analytical absorption line and of the line of the model disk.

An edge-on disk centred at (0,0) in the plane of the sky has rotation curve
discontinuous at x = 0. If the region around the discontinuity is not sampled with
enough resolution elements, then the absorption line of the model may not be correct
at velocities v ∼ 0. Fig. 3.3 shows the absorption line provided by MoD_AbS fits very well
the analytical expression at velocities close to zero, only if the disc is smoothly varying
on scales smaller than res. The right panel of the figure shows how the same absorption
line generated by a coarser sampling of the disk (res= 3 pc).

A uniform gaseous edge-on disk with a rotation curve rising between 0 and rdisk
generates an absorption line with the shape of a half ellipse, the analytical expression is
(e.g. Stewart et al. 2014):

S (v) =
4S
π∆v
ρ
( v
∆v/2

)
(3.4)

where ρ has same expression as in Eq. 3.3. In Fig. 3.4, we show that MoD_AbS
produces the expected line profile accurately.
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spectrum as in the left panel generated with a coarser sampling of the disk.

3.3 Two applications of MoD_AbS
In this section, we present two possible applications of MoD_AbS. First, we use MoD_AbS
to produce the H i absorption line of radio source 3C 305. Its H i has been observed at
high resolution (<< 1′′ Jackson et al. 2003; Morganti et al. 2005a) and we know which
regions of the radio continuum are absorbed by the gas and at which velocities. Second,
we show that MoD_AbS can produce absorption generated by a more complicated model
than a single rotating disk. We use the program to generate the H i absorption line of
radio source 3C 293. The high resolution observations of this galaxy (Beswick et al.,
2002; Morganti et al., 2003; Beswick et al., 2004; Emonts et al., 2005; Mahony et al.,
2013) detect two rings of H i oriented with different inclinations with respect to the radio
jets of the central AGN.

3.3.1 3C 305
Here, we use MoD_AbS to generate the H i absorption line detected against the radio
jets of galaxy 3C 305. The goal is to understand if and how MoD_AbS finds the
best-fit absorption line when the available information on the galaxy, its radio continuum
emission, and its neutral hydrogen, constrain most parameters of the model disk.

3C 305 is a radio AGN hosted by a massive early-type galaxy whose H i has been
detected in absorption by high resolution observations. These identify an absorption line
peaking at v ∼ 200km s−1 (Jackson et al., 2003) with a blue-shifted wing extending at
v < −350km s−1 (Morganti et al., 2005a). The bulk of the integrated absorption line
traces a disk of H i rotating in front of the south-western lobe of the continuum emission.
Combining the radio MERLIN observations with the Hubble Space Telescope imaging of
3C 305, Jackson et al. (2003) show that the radio jets are expanding outside of the plane
of the stellar body, which has inclination i∼ 60◦ and position angle along the east-west
direction. Resolving the H i against the continuum emission, Morganti et al. (2005a)
suggest that the blue-shifted shallow wing of the line traces an outflow of H i pushed out
of the host galaxy by the north-western jet. The H i absorption observations suggest that
the H i disk may be aligned with the stellar body, but further constraints on its properties,
e.g. inclination and position angle, cannot be determined.

The information provided by the observations of 3C 305 allow us to constrain the
rotational velocity of the disk, vrot= 260km s−1(Heckman et al., 1982) and the position
angle of the radio jets, φcont(x,z)= +30◦ (Jackson et al., 2003). Each radio jet of 3C 305
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Fig. 3.4: Top panel: Absorption line generated by a uniform disk with rising rotation
curve between r = 0 and r =rdisk, oriented edge-on with respect to a uniform continuum
source (in red). The absorption line of Eq. 3.4 is also plotted in black and the residuals
between the two lines are in orange. Bottom panels: orthogonal projection of the model
disk. Colours are as in Fig. 3.1.

extends for ∼ 2 kpc in the plane of the sky and absorption is detected out to the edges of
the jet. Since we want to investigate the possible orientations of the H i disk, the most
simple assumption we can make on the model disk is that for any orientation part of it is
always absorbed. Hence, we set the radius of the disk to rdisk= 4 kpc. H i disks typically
extend for tens of kilo-parsecs. Their height increases with radius, and in the innermost
few kilo-parsecs it is at most a few hundred parsecs (e.g. O’Brien et al. 2010; Van Der
Kruit & Freeman 2011). For this experiment, we set the height of the disk to h= 100 pc.
We constrain the interval of possible position angles of the disk to be (180◦,370◦) and
the one of possible inclinations to (0◦,90◦), because the observations detect the bulk of
the absorption centred at the systemic velocity only against the SW radio lobe. We use
the Markov Chain Monte Carlo algorithm of MoD_AbS to investigate the parameter space
of i and φ. We run the algorithm with 10 walkers and 500 steps for each variable, for a
total of 5000 operations. MoD_AbS fits the line of the model disk to the one observed with
the Westerbork Synthesis Radio Telescope (WSRT) at 16km s−1of resolution (Chapter

The result provided by the MCMC algorithm of MoD_AbS is shown in panel (a) of
Fig. 3.1. The number of iterations of the algorithm is sufficient to converge to the values
of best-fit. The convergence is reached in less than a hundred steps for the position angle
of the disk at the value of φ= 270◦±5◦, while the inclination is found with less accuracy
at i= 55◦±10◦. Similar information is shown by the triangle plot in panel (b) of Fig. 3.1.

Panel (c) of the figure shows the best-fit absorption line of the model disk with i= 55◦

and φ= 270◦. The model disk produces a line that fits the bulk of the observed line but
not the blue-shifted shallow wing. This is consistent with the model determined from
high resolution imaging (Morganti et al., 2005a).

This example shows that if the range of possible inclinations and position angles can
be constrained by other observations, MoD_AbS finds the model disk that best fits the
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observed line in a short number of iterations (500). The inclination of the best-fit disk is
very similar to the one of the dust-lane and stellar body (i[gal]= 45◦, Jackson et al. 2003),
while there is a difference of approximately 30◦ between the position angle of the model
H i disk (φ= 270◦±3◦) and of the stellar body (φ[gal]= 60◦, Jackson et al. 2003).

For this example, the information that red-shifted velocities are detected only against
the south-western lobe is crucial to limit the parameter space to investigate. Since the
background continuum has two symmetric lobes, a disk with the same inclination but
position angle different of 180◦, so that the red-shifted velocities of the disk are absorbed
against the north-eastern lobe would have generated a very similar absorption line. This
suggests that if the background continuum is symmetrical, without a priori constraints
on what part of it is absorbed, MoD_AbS identifies multiple combinations of i and φ that
generate the same line.

3.3.2 3C 293

In this section, we show that MoD_AbS can model a more complicated gaseous
distribution than one rotating disk. In the young radio source 3C 293 two rotating H i
disks absorb the radiation of the radio jets. We use MoD_AbS to generate the complex
integrated absorption line these two disks.

The H i absorption line has three main components: the bulk of the line, peaking
near the systemic velocity, a red-shifted second peak and a shallow wing extending
for more than 1000km s−1 at blue-shifted velocities. Different high resolution
observations (Beswick et al., 2002, 2004; Emonts et al., 2005) suggest that the bulk
of the line traces H i distributed in two concentric rings with different inclinations and
orientations. The outer disk is seen more edge-on than the inner disk. The shallow
blue-shifted wing traces H i at fast velocities in front of the western radio jet (Morganti
et al., 2003; Mahony et al., 2013). This may be an outflow of gas pushed by the radio
jets, and it is detected also in the ionized phase (Mahony et al., 2015).

Figure 3.5 shows the combination of disks that best fits the observed absorption line.
The two disks are centred on the core of the radio AGN (+13h52m17.8s,+31◦26m46.48s),
have radii of rdisk= 4 kpc (inner disk) and rdisk= 5 kpc (outer disk), same flat rotation
curve with vrot= 285km s−1. As for 3C 305 (Sect. 3.3.1), we fix the height of both disks
to h= 100 pc. The high resolution observations of the radio continuum, suggest that the
eastern lobe may be directed towards us, hence we set rcont= 30◦. The solution that best
fits the observed line has both disks that are edge-on (i= 65◦ for the inner disk and i= 92◦

for the outer disk) with different position angles (φ= 55◦ and φ= 75◦, respectively). This
agrees with the inclinations and position angles of the two disks inferred from the high
resolution observations (Beswick et al., 2002, 2004).

Simulating two disks instead of one, doubles the number of free input parameters of
MoD_AbS. For this reason, we did not run MoD_AbS connected to the MCMC algorithm,
but we identified the best fit line visually, fine tuning the parameters of the two disks.
The solution (Fig. 3.5) generates a line that well matches the bulk of the observed one as
well as the shallow red-shifted wing. As expected, the disks do not produce the shallow
blue-shifted wing of the absorption line, since this is likely tracing gas not rotating within
the disks, but out-flowing from the circumnuclear regions pushed by the western radio
jet.
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Fig. 3.5: Top panel: Absorption line generated by a two disks aligned with different
position angles in front of the radio continuum emission of galaxy 3C 293 (in red). The
observed H i absorption line is plotted in black colours and the residuals between the two
lines are in orange. Bottom panel: orthogonal projection of the model disks. Colours are
as in Fig. 3.1.

3.4 Applying MoD_AbS to the CORALZ sources

Table 3.2: Properties of the CORALZ sources and fixed parameters of the model

Source Redshift vsys K–band vrot rcont rdisk resfin
[km s−1] [mag] [km s−1] [pc] [pc] [pc]

J083637+440110 0.055390 16605 12.427 229 1700 2500 3.5
J131739+411546 0.066164 19835 11.796 300 5 30 0.1
J132513+395553 0.075592 22662 12.282 280 14 60 0.5
J134035+444817 0.065325 19615 12.525 245 4.1 30 0.2
J143521+505123 0.099749 29904 13.534 280 270 1000 5

Notes. Main properties of the CORALZ sources detected in H i absorption (see Chapter 1) and fixed
parameters of the model disk (see Sect. 3.4 for further details). K–band is the magnitude in the
band K from which we estimate the rotational velocity of the galaxy (vrot) using the Tully-Fisher
relation. rcont indicates the size of the radio continuum emission, rdisk the size of the disk we
model. resfin indicates the resolution MoD_AbS uses to sample the model disk.

Having tested with success the performance and accuracy of MoD_AbS, we use it to
generate the absorption lines of galaxies for which we have less information than for the
previous objects, i.e. we only know the morphology and size of the continuum emission.
Our goal is to understand if there is a particular configuration between a rotating disk of
H i and the background continuum that can explain the variety of shapes and widths of
the observed H i absorption lines.
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We also aim to investigate if the best-fit model disks have a preferential orientation
with respect to the background continuum. For example, in radio AGN when dust
features are present in the form of a circumnuclear disk or lanes, the radio jets are often
perpendicular to them (Mollenhof et al., 1992; van Dokkum & Franx, 1995; Ruiter et al.,
2002). MoD_AbS may allow us to understand if the H i follows the same behaviour as the
dust features or if they have similar orientation and position angle to the stellar body of
the host galaxy. This may allow us to gain new insights on the role of orientation effects
in the detection and properties of H i absorption lines in radio AGN (see Section 3.1).
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Fig. 3.6: (a) Results of the MCMC algorithm run by MoD_AbS to identify which
combination of i and φ of a rotating disk generate a line that best fits the H i absorption
detected in galaxy J083637.8+440110 (#1). (b) Triangle plot showing which inclination
and position angle of a rotating disk generate a line that best fits the observed H i
absorption. In the bottom left panel we show the parameter space investigated by
the MCMC of MoD_AbS. The contours mark the 1,2,3σ levels of the distribution of
each parameter. The top left panel shows the distribution of the different inclinations
investigated by the algorithm. The bottom right panel shows the distribution of the
different position angles. (c) Best-fit H i absorption line of galaxy J083637.8+440110
(#1), if it was generated by a rotating disk oriented as in the bottom panels (i= 150,
φ= 240).

For these purposes, we select five radio sources where H i absorption has been found
by the observations presented in Chapter 1. These sources belong to the COmpact
RAdio sources at low redshift sample (CORALZ, de Vries et al. 2009). Their radio
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continuum emission has been observed at high resolution with the European VLBI2

Network (EVN, de Vries et al. 2009)3. Depending on the source, it extends between 4
pc and 2 kpc. The spatial resolution of the WSRT H i observations is not high enough to
resolve the absorbing structure. We exploit the high resolution observations of the radio
continuum of the sources as well as ancillary information on their host galaxy to make
reasonable assumptions on most parameters of the disk. In particular, we assume that the
centre of the disk coincides with the core of the radio continuum, detected by the VLBI
observations. We determine the rotational velocity (vrot) from the K–band magnitude
of the galaxy, using the Tully-Fisher relation for early-type galaxies (den Heijer et al.,
2015) and we assume that the disk of H i has circular rotation with a flat rotation curve
between 0 and rdisk. We also assume that the disk has always radius larger than the extent
of the radio continuum: rdisk ≥ 3 rcont. Given the radius of the disk, we constrain the
resolution of the model (res and resfin) so that MoD_AbS samples the disk along each
line of sight always with at least three resolution elements. The ancillary observations
of these sources, e.g. optical and infra-red observations, do not provide any information
on the height of the gaseous disk. To simplify the experiment and have only two free
parameters to investigate (i and φ) we fix the height of all disks to the same value. In the
previous sections, we assumed a height of the H i disks of 3C 305 and 3C 293 of h= 100
pc. In these galaxies the absorbed H i extends for several kilo-parsecs, suggesting the
presence of a large-scale disk similar to the one observed in late-type galaxies, which
have heights, in the innermost few kilo-parsecs, of at most a few hundred parsecs (e.g.
O’Brien et al. 2010; Van Der Kruit & Freeman 2011). In the CORALZ sources, instead,
we do not know if a large scale disk is present or if the absorbed H i is only part of a
circumnuclear disk that could be thinner. Hence, we set the height of the model disks to
be h= 30 pc. In Table 3.2, we show the main properties of the CORALZ sources, as well
as the fixed parameters of the model H i disk.

In this experiment, we use MoD_AbS letting i and φ vary over the entire parameter
space: i between 0◦ (face-on) and 180◦, and φ between 0◦ and 360◦ (see Table 3.1
for further details). The output of the MCMC algorithm of MoD_AbS provides the
combination of these variables that best fits the observed H i absorption line. By
identifying the best-fit lines across the entire parameter space (i, φ), we will understand
if and what is the degeneracy between inclinations and position angles of a rotating disk
in generating the H i absorption lines we observe.

The CORALZ sources have also been observed as part of the Sloan Digital Sky
Survey (SDSS, York et al. 2000). Hence, we have information on the inclination (i[gal]) of
the stellar body of this sources (derived from the ratio of its axis b/a assuming a typical
intrinsic thickness for early type galaxies of q0 = 0.24) and its position angle (φgal) that
we can compare to the best-fit model disk provided by MoD_AbS(values for each source
are shown in Table 3.3).

The position angle of the continuum emission along the line of sight is naturally
degenerate with the position angle of the rotating disk, i.e. different combinations of
the two parameters cause the disk to generate the same integrated absorption line. For
simplicity, we assume the radio continuum emission to be aligned in the plane of the sky
(φcont(x,z)= 0◦).

2Very Long Baseline Interferometer
3The input continuum images of MoD_AbS are extracted from the figures published in de Vries et al. 2009.
4cos2i=

(b/a)2−q2
0

1−q2
0

(e.g. Hubble 1926)
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3.4.1 J083637.8+440110

Source J083637.8+440110 has radio continuum emission extending for rcont= 1.7 kpc,
in the east-west direction (φ[gal] = 270◦). The H i absorption line is narrow (FWHM
∼ 80km s−1) peaking at vpeak ∼ 78km s−1, with respect to the systemic velocity.

The fixed parameters we choose for the model disk are shown in Table 3.2. We run
MoD_AbS to investigate the parameter space of i and φ of the model disk with 20 initial
walkers and 500 steps for each walker. The result is shown in Fig. 3.6. Panel (a) shows
the steps made by the algorithm. MoD_AbS initializes a sparse sampling of the parameter
space, and in only a few hundreds of iterations is able to identify which combinations of
the two parameters of the disk generate the best-fit line.
MoD_AbS does not find a single combination of i and φ of the disk, but it identifies

two values for the inclination and four values for the position angle. The two inclinations
produce the same values of sin(i) since they both differ of thirty degrees from being
face-on. This is expected by the setup of the experiment, because the width of the line of
a rotating disk is proportional to sin i (see Sect. 3.2 for further details).
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Fig. 3.7: (a) Results of the MCMC algorithm run by MoD_AbS to identify which
inclination and position angle of a rotating disk generate a line that best fits the H i
absorption detected in galaxy J131739+411546 (#2). (b) Triangle plot showing the
covariances between the inclination and position angle of the model disk. In the bottom
left panel, the contours mark the 1,2,3σ levels of the distribution of each parameter. The
top left panel shows the marginalized distribution of the different inclinations investigated
by the algorithm. The bottom left panel shows the marginalized distribution of the
different position angles. (c) Best-fit H i absorption line of galaxy J131739+411546 (#2),
if it was generated by a rotating disk oriented as in the bottom panels (i= 35, φ= 290).
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Panel (b) of the figure shows that for each of the two inclinations, two position angles
are possible that differ by ∼ 180◦, i.e. for one value of φ the red-shifted velocities of the
disk are in front of the eastern radio jet (φ= 60◦), while for the other value they are in
front of the western radio jet (φ= 240◦). This occurs because to produce the observed
narrow line peaking at red-shifted velocities (vpeak = +78km s−1), it does not matter if
absorption occurs against the eastern or western radio lobe, as long as the part of the disk
with red-shifted velocities is absorbed. Since the rotation curve of the disk is the same
at all radii, the width of the line is proportional to sin(i) (see Sect. 3.2), and MoD_AbS
identifies two values of i, as expected. Then, for each inclination, there are two values of
the position angle for which the red-shifted velocities of the disk are absorbed.

The values of the most likely parameters identified by MoD_AbS are shown in
Table 3.3. In panel (c), we show the absorption line produced by a disk with i= 150◦,
φ= 240◦, which is the solution that minimizes the posterior probability distribution of the
parameters.

The best-fit solution has inclination compatible with the inclination of the stellar
body provided by the SDSS parameter (i[gal]= 49◦) and position angle orthogonal to the
stellar body but similar to the position angle of the radio jets in the plane of the sky
(φ(x,y)[cont]= 270◦).

3.4.2 J131739+411546
Source J131739+411546 has radio continuum emission extending for rcont= 5 pc with
position angle φ(x,y)[cont] ∼ 60◦. The H i absorption line is 134km s−1 wide peaking at
red-shifted velocities, vpeak = 148km s−1.

The fixed parameters we choose for the model disk are shown in Table 3.2. MoD_AbS
investigates the parameter space of all inclinations and position angles of the model disk
finding four different possible combinations that best-fit the line. The results are shown
in Fig. 3.7. As mentioned in the previous section and in Sect. 3.2, in this case there are
always two values of the inclination that produce a line of the same width, that MoD_AbS
identifies as expected. Then, because radio continuum emission of J131739+411546
is very compact and fairly symmetrical, to generate a line with the peak at the correct
position is only important that more red-shifted velocities are absorbed than blue-shifted
velocities. For each inclination, there are two position angles of the disk that satisfy this
condition. Panel (b) of the figure shows the four combination of inclination and position
angle, which are also reported in Table 3.3. The panel also shows that MoD_AbS better
constraints the inclination of the disk, while the error on the position angle is higher.
MoD_AbS recovers the position of the peak and the width of the line. The probability

distribution computed by the MCMC algorithm suggests the best-fit solution likely
occurs for i= 35◦ and φ= 290◦, which we show in Fig. 3.7 shows this line along with
the disk that generates it.

The inclination of the model disk is compatible to the one of the stellar body (given
by the ratio of its axis measured by the SDSS). The position angle of the model disk is
orthogonal to the one of the stellar body, and approximately perpendicular to the direction
of the radio continuum emission.

The overall shape of the line is not recovered by MoD_AbS. The best-fit line has a
double peak shape, while the observed line has a single peak. Since the radio AGN is
very small (rcont= 5 pc), in the innermost regions the rotation curve of the disk may be
steeply rising, rather than flat. This may generate a profile with more similar shape to the
observed one.
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Fig. 3.8: (a) Results of the MCMC algorithm run by MoD_AbS to identify which
inclination and position angle of a rotating disk generate a line that best fits the H i
absorption detected in galaxy J132513+395553 (#3). (b) Triangle plot showing the
combinations inclination and position angle of the model disk generate a line that
best fits the H i absorption of the source. (c) Best-fit H i absorption line of galaxy
J132513+395553 (#3), if it was generated by a rotating disk oriented as in the bottom
panels (i= 150, φ= 240).

3.4.3 J132513+395553

Source J132513+395553 has radio continuum emission formed by a core and four blobs
extending with same position angle (φ[gal] ∼ 30◦) for rcont= 14 pc. The H i absorption
line has a double peak and it is symmetrical with respect to the systemic velocity of the
galaxy. The width of the line is 376km s−1.

The fixed parameters we choose for the model disk are shown in Table 3.2. In this
source, the radio continuum emission is brightest in the core. If there was H i on the
line of sight of the core we should have detected it at v = 0km s−1. Instead, we detect a
double peaked line symmetrical with respect to v = 0km s−1. This suggests that against
the central radio core H i is not absorbed. Hence, for this source, instead of generating a
disk we generate a ring, with a very small hole in the centre, rin= 3 pc.

As for the previous sources, MoD_AbS investigates the parameter space of all
inclinations and position angles of the model disk finding four different possible
combinations that best-fit the line. The results are shown in Fig. 3.8. Panel (a) shows the
steps made by the MCMC algorithm. In less than hundred steps, MoD_AbS identifies the
two inclinations of the disk generating the best-fit line (i= 45◦, i= 135◦). As mentioned
for the previous sources, these inclinations generate a profile with the same width. Panel
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(b) shows how for each inclination two different position angles are possible. These
differ of 180◦ because the source is symmetrical with respect to the x-axis, so there is
no difference against which blob of the continuum source the red-shifted or blue-shifted
velocities are absorbed. The values of i and φ for the four solutions are given in Table 3.3.
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Fig. 3.9: (a) Results of the MCMC algorithm run by MoD_AbS to identify which
inclination (i) and position angle (φ)of a rotating disk generate a line that best fits the
H i absorption detected in galaxy J134035+4448173 (#4). (b) Triangle plot showing the
combinations of inclination and position angle of the model rotating disk generating a
line that best fits the H i absorption of J134035+444817. (c) Best-fit H i absorption line
of galaxy J134035+4448173 (#4), if it was generated by a rotating disk oriented as in the
bottom panels (i= 30, φ= 30).

The combination of i and φ that minimizes the posterior probability function, i.e. the
solution of best-fit, occurs for i= 45◦ and φ= 5◦, shown in panel (c) of the figure.

3.4.4 J134035+444817

Source J134035+444817 is one of the most compact sources of the CORALZ sample,
extending for only 4.1 pc in the north-south direction. The H i absorption line is very
narrow and centred at the systemic velocity of the galaxy (FWHM = 43km s−1, vpeak =

9km s−1). The fixed parameters we choose for the model disk are shown in Table 3.2.
As for the previous sources, MoD_AbS investigates the parameter space of all

possible inclinations and position angles of the model disk finding four different possible
combinations of best-fit. The results are shown in Fig. 3.9. Panel (c) shows the line
generated by one solution (i= 35◦, φ= 30◦). Since the radio source is very compact, and
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Fig. 3.10: (a) Results of the MCMC algorithm run by MoD_AbS to identify which
inclination (i) and position angle (φ) of a rotating disk generate a line that best fits the H i
absorption detected in galaxy J143521+505123 (#5). (b) Triangle plot showing which
combination of inclination and position angle of a rotating disk generate a line that best
fits the H i absorption of J143521+505123. (c) Best-fit H i absorption line of galaxy
J143521+505123 (#5), if it was generated by a rotating disk oriented as in the bottom
panels (i= 55, φ= 240).

the H i line very narrow, centred at the systemic velocity, we expect a strong degeneracy
in the model disk, i.e. most combinations of i and φ will generate the same line. This
suggests that if the background continuum is very compact and symmetric, it may be
very difficult using this experimental setup to constrain the properties of the absorber
from the line profile.

3.4.5 J143521+505123

Source J143521+505123 has radio continuum extending for 270 pc in the east-west
direction (φ(x,y)[cont] = 110◦). Against it we detected detect a broad (FWHM=
280 km s−1) H i absorption line, that peaks at blue-shifted velocities and extends at
red-shifted velocities (Chapter 1). Even though the peak of the line is shifted, its centroid
is centred at v = −67km s−1. We run the MCMC algorithm of MoD_AbS analogously to
the other sources (20 walkers and 500 steps).

As in the previous cases, MoD_AbS finds two different solutions for the inclination
(i= 55◦,125◦) that generate a profile of the same width of the observed one. For both
inclinations two position angles are possible (φ= 70◦,240◦ for i= 55◦ and φ= 150◦,330◦
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for i= 125◦), that are different by 180◦. Panel (b) of Fig. 3.10, shows that the most likely
solution occurs for the combination of parameters i= 55◦ and φ= 240◦.

In this source, the inclination of the disk found by MoD_AbS is equal to the one of the
stellar body of the host galaxy of this source (see Table 3.3). The position angle of the
disk of best-fit is almost perpendicular to the one of the stellar body of the host galaxy,
as well as to the position angle of the continuum emission.

3.5 Results and future developments
In the previous sections, we presented MoD_AbS and how it can infer the total distribution
of H i in the circumnuclear regions of a radio AGN from the observed absorption
line, the radio continuum image and a few reasonable assumptions. In particular, in
Sect. 3.4, we show how MoD_AbS identifies the inclination and position angle of the disks
that best explain the H i absorption lines detected in five radio AGN of the CORALZ
sample (de Vries et al., 2009), for which we do not have any information on how the H i
is distributed in front of the radio source from high resolution observations.

In all sources of our experiments, the H i disk identified by MoD_AbS has inclinations
comparable with the stellar body of the galaxy, measured from the SDSS axis ratio.

In our sample, the position angle of the model disk does not appear to be related
to the one of the other components of the host galaxy, or with the orientation of the
background continuum emission. The sample is too small to understand if the H i disk
have a typical orientation with respect to the radio jets. This could be, for example, the
same of the dust present in radio AGN, that typically is distributed in a disk or lane in
the plane perpendicular to the radio jets (Mollenhof et al., 1992; van Dokkum & Franx,
1995; Ruiter et al., 2002), with known exceptions, e.g. 3C 305.

The applications of MoD_AbS presented in this chapter show that the program
identifies the most unambiguous solutions of the model disks in sources where the radio
continuum emission is big enough that it intercepts a gradient of velocity across the disk
and it is not symmetrical, or when we can constrain the range of possible inclinations
and position angles of the model, as in 3C 305 (see Sect. 3.3.1). In Sect. 3.4, MoD_AbS
identifies for each inclination of the disk always two possible values of the position angle
because the background continuum is so compact that it is not important for the shape
of the line if absorption occurs against one radio lobe or another (e.g. J083637+440110,
J132513+395553).

In Sect 3.4, we assumed that the disks we model have a flat rotation curve.
Nevertheless, in the innermost regions of compact radio AGN the rotation curve can be
steeply rising. This changes the shape of the absorption line, but not its width, and can
also explain why the fits for the lines of sources J131739+411546 and J134035+444817
are poor.

In this chapter, we presented a new open access program MoD_AbS and we showed
that it can be used in different ways to understand if and how H i detected in absorption
in radio AGN is distributed in a rotating disk.

The upcoming H i absorption surveys (SHARP, MALS and FLASH) will detect
hundreds of absorption lines. This will allow us to bring the experiment presented in
Sect. 3.4 to the next level by creating model disks for a large sample of sources and,
for example, set stronger constraints on typical inclination of the H i with respect to the
stellar body of the galaxy. If, for example, we will confirm that the H i is often inclined
as the stellar body, new experiments to constrain the other parameters of the H i disks



3.5. Results and future developments 107

Table 3.3: Inclinations and position angles of the model disks that best fit the H i
absorption lines of the CORALZ sources

MoD_AbS SDSS Radio
Source i φ b/a i[gal] φ[gal] φ(x,y)[cont]

[◦] [◦] [-] [◦] [◦] [◦]
J083637+440110 150±20 240±10 0.65 140 20 105

30±20 330±10 40
150±20 60±10
30 ±20 150±10

J131739+411546 35±10 290±20 0.57 124 105 60
145±10 358±20 56
35±10 2±15

145±10 2±20

J132513+395553 45±10 5±10 0.77 40 0 30
135±10 60±15 140
45±10 170±10

135±10 200±20

J134035+444817 35±40 30±20 0.70 46 125 10
150±40 240±20 134
35±40 30±20

150±40 240±20

J143521+505123 55±10 240±15 0.53 59 175 100
125±15 150±20 121
55±10 70 ±15

125±15 330±12

Notes. Inclinations and position angles of the rotating disks of each source of Table 3.2, identified
by the MCMC algorithm of MoD_AbS as the most likely to generate the observed H i absorption
line. In bold are shown the parameters of best-fit. For comparison, observational parameters from
SDSS (i.e. the inclination and position angle of the stellar body, i[gal] and φ[gal], respectively). For
each source, we show the inclinations that have same value for sin i. The column Radio shows
the position angle of the radio continuum emission in the plane of the sky (x,y) measured by the
CORALZ survey (de Vries et al., 2009).
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will be possible. For example, we will be able to consider as a free parameter the height
of the model disk, that so far we always considered to be same for every source, and
understand if (and how) it can change the absorption lines.

Besides the properties of the background continuum emission (compactness and
symmetry) that can limit the results of MoD_AbS, the other main limitation of the program
is its speed. In the future, it will be important to improve this aspect of the program, to
efficiently apply MoD_AbS over a sample of hundreds of sources and run the MCMC
algorithm to identify the combination of parameters that best fits the observed lines. It
should not be excluded that the most time consuming processes of the program will be
re-written in C/C++ rather than in python2.7.
MoD_AbS can be used to simulate hundreds of thousands of different absorption lines,

given a pre-set of radio continuum images and disk parameters. These can be used, for
example, to understand if taking as input a representative sample of radio AGN, with
different shapes and extents, it is possible to determine which combination of parameters
of the disks generate the observed distribution of widths of the absorption lines, or their
shift with respect to the radio continuum (see Chapters 1 and 2). This kind of experiment
may allow us to shed new light on the role of orientation effects and of the covering factor
of the disk on the detection, or not, of H i in radio AGN.
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