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Gaëlle Dumas

Astrophysics Research Institute CRAL - Observatoire de Lyon
Liverpool John Moores University 9 Avenue Charles André
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Abstract
Most bulge-dominated galaxies host a supermassive black hole and yet ongo-
ing nuclear activity is observed in only ∼5% of nearby galaxies. Re-ignition
of dormant black holes is therefore required and a key unanswered question
is whether the ignition mechanism is related to the galaxy host properties, in
particular the fuel transportation mechanisms. The nuclear activity in distant
and luminous quasars is related to galaxy interactions and the high-luminosity
active galactic nuclei (AGN) are found in giant elliptical galaxies associated
with past mergers of lower mass galaxies. In contrast, the low-luminosity
AGN, such as the Seyfert galaxies, are not found preferentially in interact-
ing systems or in barred galaxies and fuelling these low-luminosity AGN re-
mains an unsolved problem. Recent results suggest the presence of identifi-
able dynamical differences between Seyfert and inactive galaxies in the central
kpc regions. Probing the dynamics of Seyfert galaxies requires spectroscopic
data and integral-field spectroscopy (IFS) is particularly well-suited to the in-
vestigation of complex structures of nearby galaxies. A comprehensive and
statistically-significant study of the neutral gas, ionised gas and stellar kine-
matics of a well-defined distance-limited sample of Seyfert galaxies paired
with control inactive galaxies with carefully matched optical properties was
then initiated, using the VLA and the SAURON integral field unit (IFU). This
project aims to compare the morphological and kinematic properties of active
and inactive galaxies on spatial scales from the outer disk (via radio data) to
the inner regions (via optical IFS data).
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This work first focuses on the optical data. The velocity maps reveal regular
stellar kinematics in the circumnuclear regions, while the gaseous kinemat-
ics presents some disturbances. A first quantitative analysis of the stellar and
gaseous velocity fields was conducted. The result of this analysis is an in-
creased incidence of disturbed ionised gas in the circumnuclear regions of the
Seyfert galaxies (100 to 10 pc), which could suggest a link between nuclear
host dynamics and fuelling mechanisms of the AGN. Radio and optical data
were then combined in order to perform global disk kinematic analysis of the
galaxies. Although data reduction techniques differ for optical and radio data,
similar methods to analyse the two-dimensional velocity fields can be applied
to both datasets. Thus a dedicated kinematic tool using Fourier decomposi-
tion associated with the tilted-ring method was developed to analyse the H I
velocity fields and the optical (stars and ionised gas) velocity fields for a well-
selected subsample of active and inactive galaxies. This study allows one to
obtain the velocity curve at large radii as well as in the inner part (r<20′′). The
gaseous kinematic disturbances are then investigated at large and small spatial
scales.
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Résumé
Un trou noir supermassif est présent au centre de la majorité des galaxies in-
cluant une composante sphéroidale, dans l’Univers local. Cependant, seule-
ment 10 à 20% de ces galaxies montrent des signes d’activité nucléaire. Le
redémarrage des processus d’accrétion sur le trou noir (TN) central de ces
galaxies est donc nécessaire. Une question importante reste donc de savoir
si le réveil du TN et les mécanismes transportant le gaz vers les régions cen-
trales sont liés aux propriétés de la galaxie elle-même. L’émission centrale
des quasars lointains est associée aux phénomènes d’interaction entre galax-
ies et les noyaux actifs proches très lumineux se trouvent dans des galax-
ies elliptiques géantes résultant très probablement de la fusion de plusieurs
galaxies. Les noyaux actifs peu lumineux, comme les galaxies de Seyfert,
ne semblent par contre pas se distinguer des galaxies non-actives en terme
d’environnement galactique (companions, interaction) ou de structures dy-
namiques (barres). De récents résultats suggèrent l’existence de différences dy-
namiques dans le kiloparsec central entre les galaxies de Seyfert et non actives.
Des données spectroscopiques sont nécessaires pour étudier la dynamique de
ces galaxies et la spectroscopie intégrale de champ (SIC) est bien adaptée à
l’étude des régions complexes des galaxies proches. Une étude approfondie
et statistique de la cinématique du gaz neutre, du gaz ionisé et des étoiles a
été menée sur un échantillon de galaxies de Seyfert associées à des galaxies
non actives de contrôle avec des propriétés optiques similaires, en utilisant le
VLA (Very Large Array) et le spectrographe intégral de champ SAURONmonté
au William Herschel Telescope (WHT). Cette étude a pour but de comparer la
morphologie et la cinématique des galaxies actives et non actives, des régions
les plus externes (grâce aux données radio) jusqu’aux régions centrales (grâce
aux données optiques).

Dans ce travail on s’intéresse d’abord aux données optiques. Les champs de
vitesses montrent que la cinématique des étoiles est régulière dans les régions
centrales, alors que les champs de vitesse du gaz présentent des perturba-
tions. J’ai conduit une première analyse quantitative de ces champs de vitesse.
On conclut alors que les pertubations cinématiques du gaz ionisé dans les
régions centrales des galaxies de Seyfert suggèrent un lien entre la dynamique
au centre de la galaxie hôte et les mécanisme d’alimentation du noyau ac-
tif. Nous avons enfin combiné les données radio et optique afin d’analyser la
cinématique du disque galactique dans son ensemble. Bien que les méthodes
de réduction soient différentes pour les données radio et optique, des tech-
niques similaires d’analyse des champs de vitesse peuvent être appliquées aux
deux types de données. J’ai développé un outil utilisant la décomposition en
séries de Fourier de la vitesse radiale afin d’analyser les champs de vitesses
du gaz atomique H I (données radio), du gaz ionisé et des étoiles (données
optiques) de notre échantillon de galaxies actives et non-actives. Cette étude
nous permet d’obtenir la courbe de vitesse à grande échelle jusque dans les
régions centrales (r<20′′), et ainsi de contraindre le potentiel gravitationnel du
disque galactique dans son entier. Nous pourrons ainsi étudier les perturba-

vi



tions du gaz sur de grandes et petite échelles spatiales, comme les déviations
par rapport à un mouvement circulaire, qui pourraient être directement liées à
l’alimentation du noyau actif.
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cessifs. Je voudrais aussi remercier Xavier, Aurélien, Nicolas, Arlette, Manu
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Chapter 1

Introduction.
What are Active Galactic Nuclei?

Galaxies are made up of stars, gas and dust and the galactic luminosity comes
mainly from the thermal emission of these components. However, some galax-
ies in the Universe show unusual very bright nuclear regions, characterised by
energetic phenomena (e.g. high ionisation regions, jets). Such nuclei are called
Active Galactic Nuclei (AGN) and their hosts are active galaxies. The AGN in-
clude a wide range of different objects from the most powerful like the quasars
to galaxies containing Low Ionisation Nuclear Emission Regions (referred as
LINER galaxies in the following) at the low luminosity side and they share
several properties, which define the AGN class:

• High Luminosity. The AGN produce a prodigious amount of energy, from
about 1 to 104 times the luminosity of a typical galaxy. The average
bolometric luminosity emitted by the central regions of an active galaxy
reaches 1044 erg s−1 for low luminosity AGN and more than 1048 erg s−1

for the most powerful objects. For comparison, the typical total luminos-
ity of a field galaxy is about 1044 erg s−1. The AGN luminosity depends
also on the redshift of the object. Luminosities of AGN at z " 2 are about
100 times greater than for AGN in the local Universe (Krolik, 1999).

• Small Angular Size. This high luminosity seems to originate in a very
small region in the centre of the host galaxy. However, this picture de-
pends strongly on the wavelength. While X-ray images of active galaxies
are mostly point-like, corresponding to the inner parsec, radio emission
related to the AGN can extend over large spatial scales, sometimes be-
yond the galaxy itself (see Sec. 1.1.1).

• Broad Band Continuum. The integrated luminosity of a normal galaxy is
mostly due to the stars, gas and dust components from the infra-red (IR)
to the ultra-violet (UV) wavelengths. Emissions in radio (corresponding
to atomic and molecular gas) and X-rays or γ-rays (hot gas, supernovae
remnants) are less important.

1



1.1. An observational classification 2

In the case of an AGN, the observed spectrum is almost flat from radio
to γ-rays, with similar luminosity at all wavelengths. In some cases, the
radio luminosity emitted by an AGN is more than a magnitude larger
than for a normal galaxy, and in X-rays, the difference between AGN
and non-active galaxies is even greater, reaching three or four orders of
magnitude (Krolik, 1999). The weak local maxima emerging from the flat
AGN spectrum allow to constrain the emission mechanisms, as a func-
tion of wavelength.

• Strong Emission Lines. In most cases, strong optical and IR emission lines
are observed in the spectrum of AGN. The width of these emission lines
can extend up to several thousands km s−1 and such lines are often asso-
ciated with high ionisation processes.

• Variability. The luminosity emitted by an AGN is also characterised by
time variability, in some cases these fluctuations are observed on time
scales of order of days (e.g. UV continuum) and even hours or minutes
in the case of X-rays emission (Blandford et al., 1990). Because of such
variations, the interpretation of the AGN spectra taken at different times
may be difficult, since they may show different characteristics at different
epochs.

Despite these common characteristics, AGN form a heterogeneous group,
with different physical properties, especially in terms of the nature of the emit-
ted radiations. The observed differences are used to classify the different types
of AGN. In the following section, I describe one of such classifications.

1.1 An observational classification

The difference of luminosity in radio wavelengths leads to the main classifica-
tion of the AGN, depending on the radio-to-optical flux ratio. Different values
of this ratio can be set to define the radio-loudness of an AGN, depending
on the considered radio and optical wavelengths. Usually is used the ratio
R=L5 GHz/LB where L5 GHz is the flux at 5 GHz and LB is the optical flux in the
B-band centred on 4400Å. Then, if R!10 the AGN is called radio-loud while it
is classified as radio-quiet if R"10 (Kellermann et al., 1989; Stocke et al., 1992).
The majority of AGN are radio-quiet, only 10% being radio-loud. In this sec-
tion, I describe the different properties of the radio-loud and radio-quiet AGN.

1.1.1 Radio-loud AGN

The radio-loud nuclei are found in giant elliptical galaxies and in some distant
quasars. In such objects, extended jets or lobes are observed in radio emission.
Such emission is due to relativistic electrons in the hot material via synchrotron
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Figure 1.1: The radio-loud quasar 3C 273 (z=0.16), observed at 2 cm as part of
a VLBA survey (Kellermann et al., 1998).

mechanisms (see Sec. 1.2). The main classes of radio-loud AGN are radio-
galaxies, quasars and BL Lac objects:

• Radio-galaxies.
Galaxies in the local Universe hosting an AGN with high radio luminos-
ity are called radio-galaxies. Mostly they are elliptical galaxies. Different
types of radio-galaxies are defined depending on the predominant source
of the radio emission.
Core-dominated objects present the bulk of radio emission in unre-
solved regions (in the scale of the arcsecond) in the central parts of the
host galaxies. They present flat and variable radio spectrum. Recently,
high spatial resolution observations, via e.g. very long baselines interfer-
ometer (VLBI), allow to resolve these compact radio-source. Jets of a few
hundred of parsecs are often associated with such objects, as shown in
the fig. 1.1.
In the lobe-dominated radio-galaxies on the other hand, the radio emis-
sion originates predominantly from two large lobes of several hundred
of kpc in extent. In these lobes, radio emission presents a steep spectrum.
Within these lobe-dominated class, a sub-classification has been defined
by Fanaroff & Riley (1974). This classification depends on the morphol-
ogy of the radio lobes and the optical/UV emission properties.
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Figure 1.2: The FR-I radio galaxy 3C 465, corresponding to the elliptical galaxy
NGC7720, observed with the VLA at 20 cm (from the 3CRR-Atlas of Leahy,
Bridle, and Strom, http://www.jb.man.ac.uk/atlas/).

FR-I radio-galaxies display two-sided radio jets extending from the host
galaxy to ∼ 1 kpc. At the end of such jets, extend radio lobes. Fig. 1.2
shows the FR-I radio galaxy 3C465. The jets are asymmetric, the south-
east jet beingweaker than the north-west one. The radio lobes are sharply
bent with respect to the jet direction. Optical and UV emission of FR-I
radio-galaxies display only narrow lines, they are then all narrow lines
radio-galaxies (NLRG).
FR-II radio-galaxies are more powerful than their FR-I counterparts and
display larger radio structures. Collimated jets, associated with ultra rel-
ativistic motions, arise from the nucleus at several kiloparsec scales. At
the ends of these jets, strong radio lobes extending for several kpc are
observed. Cygnus A is the archetype of FR-II radio-galaxies. Fig. 1.3
shows the radio emission at 6 cm observed with the Very Large Array
(VLA) by Perley et al. (1984). The large radio lobes are visible at the end
of fainter collimated jets. The bright spot in the centre corresponds to the
host galaxy nucleus. The total extent of the radio emission of Cygnus A
is about 140 kpc. The UV/optical spectra of FR-II radio-galaxies present
either broad and narrow lines or only narrow emission lines, these ob-
jects are then called broad line radio-galaxies (BLRG) and narrow line
radio-galaxies (NLRG), respectively.
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Figure 1.3: The FR-II radio galaxy Cygnus A, observed with the very large
array (VLA) at 6 cm (Perley et al., 1984). The extent of the radio emission is
about 140 kpc.

• Radio-loud quasars. The quasars are high redshift objects associated
with galactic formation and interaction. They were discovered in the 60s
with the development of radio-astronomy. Since the optical counterparts
of the strong observed radio sources appeared point-like, similar to stars,
these objects were named Quasi-Stellar Radio Sources or Quasars. Later,
similar objects with lower radio emission were found. These radio-quiet
quasars are called Quasi-Stellar Objects (QSOs). About only 10% of all
the quasars are radio-loud. Their spectra contain absorption lines which
were soon associated with the Hydrogen Balmer lines, redshifted due
to the distance of these objects. The nucleus of a quasar is very lumi-
nous, with Lbol > 1046 ergs s−1 which corresponds to more than 100 times
the luminosity of a normal field galaxy. Radio-loud quasars present one-
sided jets associated with super-luminal motions. Fig. 1.1 presents the
quasar 3C273, observed at 2 cm (Kellermann et al., 1998). The one-sided
radio jet extends out to about 220 pc.

• Blazars: BL Lac objects, Optically Violent Variable objects. These pe-
culiar objects display rapid time variations of high amplitude, the flux
can vary by 10% or more on a year at all wavelengths (Wiita, 2006).
Their spectra seem to be dominated by emission from relativistic jets
and present neither emission nor absorption lines (see top left panels of
Fig. 1.5).

1.1.2 Radio-quiet AGN

Radio-quiet and radio-loud active galaxies present similar IR, optical, UV and
X-rays properties (Neugebauer et al., 1986; Sanders et al., 1989; Steidel & Sar-
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gent, 1991). However, radio-quiet objects differ from their radio-loud coun-
terparts in term of radio emission. Radio-quiet AGN do not show large radio
structures, although parsec-scale jets can be observed in some cases. The clas-
sification of radio-quiet AGN depends essentially on their optical/UV spectral
properties.

• Seyfert galaxies. The Seyfert galaxies are nearby spiral or irregu-
lar galaxies. They are low luminosity AGN with a nuclear magni-
tude Mnuc

>∼ − 21.5, corresponding to a bolometric luminosity less than
1045 erg s−1. They were the first AGN to be discovered by Seyfert (1943)
who noted their characteristics (broad and strong emission lines, unre-
solved nuclei, high luminosity, high mass) which differentiate them to
normal galaxies. There are two distinct subclasses of Seyfert galaxies
based on the presence or absence of broad emission lines:
Seyfert 1 galaxies display broad permitted emission lines with full width
at half maximum (FWHM) ∼ 1000,10000 km s−1. The regions emitting
these broad lines are called broad line regions (BLR). Narrow permit-
ted and forbidden emission lines are also observed. They are emitted
from a different region, the narrow line region (NLR). Both low ionisa-
tion lines (e.g. Hα, Hβ) and high ionisation lines (e.g. [O III]λλ4959,5007)
are present in the BLR and NLR. These broad and narrow emission lines
are discussed in detail in Sec. 1.3.
Seyfert 2 galaxies are less luminous than Seyfert 1’s. The spectra of
Seyfert 2 galaxies is similar to the ones of the Seyfert 1’s, the only dif-
ference being the absence of the broad permitted lines.
Later, Osterbrock (1981) defined type 1.5, 1.8 and 1.9 Seyfert galaxies for
AGN with characteristics of both Seyfert 1 and Seyfert 2 galaxies.

• Radio quiet quasars. The majority of quasars (∼ 90%) are radio-quiet.
They are commonly called QSO (quasi stellar objects). As for their radio-
loud counterparts, these objects are very luminous, Mnuc

<∼ − 21.5, and
are generally spatially unresolved. The optical spectra of these objects
are very similar to the Seyfert 1 galaxies spectra, except that stellar ab-
sorption lines are not detected and that narrow emission lines are very
weak.

• LINER galaxies. Heckman (1980) identified low ionisation nuclear emis-
sion line regions (LINER) galaxies, classified now as active galaxies with
very low nuclear luminosity (about 1039 erg s−1). The optical spectra of
the LINER galaxies are similar to those of the Seyfert 2’s, with relatively
high strength of the low ionisation lines (e.g. Hα, Hβ).

Both radio-loud and radio-quiet AGN display important features in their
continuum spectra and in some cases strong emission lines. Their properties
allow to constrain the physical conditions of the AGN. In the two following
sections, I then review the main characteristics of the continuum and emission
lines emitted by AGN.
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1.2 Continuum spectrum

A normal galaxy emits nearly all its luminosity within a few decades in fre-
quency, from IR to UV wavelengths. In most cases, the spectrum of an ac-
tive galaxy looks spectacularly different. AGN emit within a wide range of
wavelengths with almost equal power on several decades in frequency, from
mid-infrared to hard X-rays. The spectral energy distribution (SED) of AGN
displays different features on top on this flat continuum. These features are
good indicators of the emission mechanisms. In particular, continuum studies
allow to constrain the importance of thermal and non-thermal emission pro-
cesses in various frequency bands. In this section, I review the main features of
the AGN continuum spectrum from X-rays to radio wavelengths. Fig. 1.4 dis-
plays schematic SEDs of radio-quiet and radio-loud AGN. The different parts
of the spectrum are represented with the associated radiation processes.

Figure 1.4: Schematic SED of radio-loud and radio-quiet AGN. Blue, red and
green lines correspond to the characteristics of radio-loud quasars, radio-quiet
quasars and Seyfert galaxies, respectively. The black lines correspond to SED
components which are similar for these three types of AGN (from Koratkar &
Blaes, 1999).
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• X-rays and γ-rays emission. Xrays emission extends from ∼ 0.1 keV
up to ∼ 300 keV. To a first approximation, the dominant component is
a power law extending from ∼ 1 keV up to ∼ 100 keV. Beyond, an ex-
ponential cut-off is observed, from ∼ 80 to ∼ 300 keV (Risaliti & Elvis,
2004). Rapid fluctuations (of the order of hours or minutes) are ob-
served in the X-rays and γ-rays spectra of AGN. Such fluctuations are ev-
idence for emitting regions in the innermost parts of the galaxy. Several
radiation mechanisms may contribute to the production of X-rays and
γ-rays continuum, such as thermal (bremsstrahlung) and non-thermal
(inverse-Compton scattering) processes (Krolik, 1999). Synchrotron and
synchrotron self Compton mechanisms may potentially emit such radia-
tions but are not the predominant processes.

• UV/optical emission. The UV/optical continuum emission is dominated
by the Big Blue Bump (BBB) which extends from the NIR (∼ 1 µm) to the
UV and in some cases to the soft X-rays. This component is thought to
be associated with thermal emission of material at a characteristic tem-
perature of ∼ 105 K, located in an optically thick accretion disk sur-
rounding the central supermassive black hole (Shields, 1978; Malkan
& Sargent, 1982; Laor & Netzer, 1989). However, models of accretion
in an optically thick disc failed to reproduce the UV/optical spectrum
of AGN. Recent models of two-phase accretion disk take into account
bremsstrahlung radiations of free electrons in optically thin medium as
well as the black body emission from the optically thick regions to fit the
observed UV/optical continuum (Collin-Souffrin et al., 1996; Nayakshin
& Melia, 1997).

• IR emission. AGN IR spectrum is formed by a broad continuum be-
tween 2 and 100 µm, of the same luminosity as the optical/UV emission,
with a sharp drop-off for λ > 100 µm (Haas et al., 2003). Thermal emis-
sion from dust heated by the UV-optical continuum cannot be the unique
source of the IR continuum in AGN and non-thermal emission produced
by synchrotron mechanism is important, in particular in far infra-red
(FIR) emission of radio-loud quasars (Risaliti & Elvis, 2004). Similar time
variations as the UV/optical continuum are observed in some cases, with
a significant time delay. This delay gives the spatial separation between
the UV/optical and IR emitting regions.

• Radio emission. As explained earlier, the fraction of luminosity in ra-
dio wavelength depends on the type of AGN (see Sec. 1.1.). Generally,
AGN emit less flux in radio than in the UV/optical frequencies, by 3 to
6 orders of magnitude. In the case of radio-loud AGN though, radio lu-
minosity can be as powerful as optical emission. Then, unlike all other
wavebands, the radio continuum is emitted in regions of large spatial
extent (radio lobes and jets) in addition to emission in the central unre-
solved region (see Sec. 1.1.1). In some cases, the AGN radio emission
is also linearly polarised up to of a few 10s of percent. Such strong po-
larisation cannot be produced by thermal mechanisms and synchrotron
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emission by relativistic electrons seems to be the predominant process in
the production of AGN radio continuum (Krolik, 1999).

1.3 Emission lines

Figure 1.5: Optical spectra of various kinds of active galactic nuclei.

Strong emission lines observed in IR, optical, UV and even X-ray wave-
lengths are one of the dominant features of the spectrum of all AGN, except for
the particular BL Lac objects (see Fig. 1.5, top left panel). Such emission lines
are not observed in the spectra of non-active galaxies, as shown in the bottom
left panel of Fig. 1.5. The properties of the AGN emission lines constrain the
physical condition of the ionised gas in different regions of the AGN, such as
the temperature, density and degree of ionisation, and shed lights on the dy-
namical mechanisms at works in these regions. In this section, I describe the
characteristics of the optical/UV emission lines. AGN emission lines can be
separated in two types. Some objects exhibit lines with broad wings as well as
narrower profiles, while for other objects, only narrow lines are observed.
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• Broad emission lines.

Any emission line presenting width values from 1000 km s−1 up to 10000
km s−1 at full width at half maximum (FWHM) is called broad line. Typical
values of the FWHM of such broad lines are around 5000 km s−1. These lines
are detected in quasars, type 1 Seyfert galaxies and broad line radio-galaxies
(BLRG) as shown in Fig. 1.5. Only permitted lines are detectedwith such broad
components, and among the several observed broad lines, the most important
are the hydrogen lines (e.g. Lyαλ1216 , Hβ λ4861, Hα λ6563), the helium lines
(e.g. HeII λ1640) and the carbon lines (e.g. CIV λ1549). The broad lines are
emitted by high velocity clouds in regions close to the central engine, generally
spatially unresolved, called broad line regions (BLR). The strength of the broad
emission lines vary with time and these fluctuations are correlated with the
AGN continuum fluctuations. The time delay between the continuum and
broad line variations can be related to the size of the BLR, which typically
extends from 0.01 to 0.1 pc from the central continuum source.
The line profiles and relative strengths allow to probe the physical properties
of the BLR. Since no broad forbidden line is observed, the density in the BLR
is very high (ne ≥ 109 cm−3). Given that the typical temperature in the BLR
is 104 K , the width of the broad emission lines cannot be explained by pure
thermal motions. The broad width of these lines is then generally attributed to
Doppler effect due to the motions of each line-emitting clouds.

• Narrow lines.

Permitted lines listed above and forbidden lines such as [O II]λ3727,
[O III]λλ4959,5007, [N II]λλ6548,6583 or [O I]λλ6300,6364 present narrow com-
ponents, with FWHM less than 1000 km s−1, in the AGN spectra. The forbid-
den lines, especially [O III]λ5007, are stronger than the permitted lines (except
for Lyα), unlike in H II regions. In the case of Seyfert 2 galaxies, narrow line
radio-galaxies (NLRG) and LINER galaxies, only narrow emission lines are ob-
served, the broad emission lines are not detected (see Fig. 1.5). These narrow
lines are emitted in spatially extended regions called the narrow line regions
(NLR) of lower density than the BLR (ne ≥ 103 − 106 cm−3) and with tempera-
tures between 10000 and 25000 K.
The relative strength of narrow emission lines are used to differen-
tiate high and low ionisation processes and then to distinguish be-
tween HII regions, LINER and Seyfert galaxies. Diagnostic diagrams
with two pairs of lines have then been constructed to distinguish be-
tween blackbody in HII regions and high ionisation spectra of AGN.
Several diagnostic lines can be used, in the optical wavelengths (e.g.
[O III]λ5007/Hβ λ4861, [N II]λ6583/Hαλ6563 [S II]λλ6717,6731/Hαλ6563),
UV (e.g. CIV λ1549/Lyαλ1216 , N Vλ1240/HeII λ1640) and IR (e.g. [Ne V]λ14
µm /[Ne II]λ12.8 µm,[O IV]λ26 µm/[Ne II]λ12.8 µm, [Si VI]λ1.962 µm/Paα).
Fig. 1.6 shows examples of diagnostic diagrams (Kewley et al., 2006) with the
limits of the different activity classes: Seyfert, LINER or HII galaxies.
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In general, narrow lines emission is strongly anisotropic. NLR present usually
elongated shapes, known as the ionisation cones. Inside this feature, emission
line ratios are characteristic of highly ionised gas, while outside the cone, they
indicate that the gas is ionised by the stars. The ionisation cone can extend
from 0.5 pc up to a few kpc, and can be either one-sided or two-sided. The axis
of the cone is not correlated with the axis of rotation of the host galaxy, but is
generally aligned with the radio emission, if it exists (e.g. Schmitt et al., 2003).

Figure 1.6: Example of diagnostic diagrams (Kewley et al., 2006).
[O III]λ5007/Hβ λ4861 versus [N II]λ6583/Hα λ6563 diagnostic diagram is dis-
played in the left panel, [O III]λ5007/Hβ λ4861 versus [S II]λ6731/Hα λ6563 in
the middle panel and [O III]λ5007/Hβ λ4861 versus [O I]λ6364/Hαλ6563 in
the right panel. The Kewley et al. (2001) extreme starbust line, the Kauffmann
et al. (2003) pure star forming line and the Kewley et al. (2006) classification line
are shown as red solid, blue dashed and blue solid lines, respectively. Galax-
ies lying below the extreme starbust and the pure star forming lines are H II
galaxies, while AGN lie above the extreme starbust line. Composite galax-
ies, between H II and AGN, are situated between the extreme starbust and the
pure star forming lines (left panel). The Kewley et al. (2006) classification lines
are used to separate the Seyfert galaxies from the LINER galaxies (middle and
right panels)

Both in the BLR and NLR, high-ionisation lines are strong (e.g.
[O III]λλ4959,5007 or CIV λ1549). These lines require too much energy to be
produced by thermal or shock excitation. Moreover, the time delay between
the time fluctuations of the AGN continuum and those of the broad emission
lines may correspond to the travel time of the ionising photons between the
central source and the BLR clouds, while the shape, extent and orientation of
the NLR support the existence of a collimated ionising radiation arising from
the central engine. All these observational facts support the scenario where
both broad and narrow emission lines are produced by photoionisation of the
ISM by the AGN continuum. While close to the central source, hard X-ray
photons fully ionise the gas, an extended partially ionised region exists be-
tween this ionised region and the neutral gas. In this regions, the gas is ex-
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cited by soft X-ray and far-UV photons. Lower excitation ions, such as [O I]
or [S II] form in these regions. The size and ionic abundance of such partially
ionised regions depends strongly on the photoionisation model (Oliva et al.,
1999; Groves et al., 2004).

1.4 Nature of the energy source

The physical characteristics (high luminosity, small spatial scales, polarisation)
and spectral properties (broad emission lines, radio emission) of AGN are ev-
idence that the active galaxies host an energy source in addition to the ther-
mal source provided by the stars. Since the different classes of active galaxies
present several similar properties, it is now widely thought that the different
types of AGN represent probably the same physical phenomenon, at different
epochs and observed with different parameters. The current paradigm for the
power source of the nuclear activity is the accretion of material onto a central
super-massive black hole (Rees, 1984, SMBH,). In this section, I describe the
SMBH model and the observational evidence for this central object.

1.4.1 The super massive black hole paradigm

A black hole more massive than 106 M% is called a super-massive black hole
(SMBH). The energy released by material falling onto a black hole is about one
order of magnitude larger than during the thermonuclear fusion of hydrogen
(Lynden-Bell, 1969). Accretion of material onto a SMBH is then an efficient way
to produce the prodigious energy observed in AGN. Very close to the SMBH,
the accreted gas would have lost almost all its angular momentum. Therefore,
it seems very likely that material falls onto the SMBH via a flat rotationally-
supported disk, the accretion disk. In this accretion disk, the material loses its
remaining angular momentum and fall onto the SMBH, releasing the gravita-
tional energy in the form of radiations or jets. Although direct evidence of the
presumed SMBH surrounded by an accretion disk remains impossible with
the current observational facilities, many observational properties of the cen-
tral regions of AGN support the existence of a SMBH.

1.4.2 Evidence for a central SMBH

The first argument supporting that AGN are powered by SMBH is the mass
of the unresolved central object, constrained by the Eddington limit. The
gravitational force on the gas emitting the AGN luminosity must exceed the
radiation pressure, in other words, the AGN luminosity LAGN must not ex-
ceed the Eddington luminosity LEdd: LAGN < LEdd " 3.3 104 M

M%
. Then,

MCMO > 8 105M% LAGN
1044 ergs−1 , where MCMO is the mass of the central massive
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object. Therefore, for an AGN emitting 1045erg s−1, a mass of at least 107 M% is
concentrated within a region of small size, constrained by the time variations
of the X-ray continuum. More evidence for the existence of a SMBH in the
centre of AGN is provided via observations of these central regions:

• The widths of the broad emission lines, interpreted in terms of velocity
of gas in the BLR, and the stellar and gaseous velocity dispersions in the
central regions require a deep gravitational potential produced by a high
mass concentration.

• Observations of H2O andOHmasers in the central regions of AGN corre-
spond to material in Keplerian motion around a point-like mass of more
than 106 M%. In the Seyfert 2 galaxy NGC4258, Miyoshi et al. (1995) con-
strained the central mass to be ∼ 3.6 107 M% within 0.13 pc via VLBA
maser observations.

• The strongest dynamical evidence for SMBH are certainly in our Galaxy,
where measurements of stellar proper motions in the Galactic centre con-
strained the central mass to be of 3-4 106 M% (Genzel et al., 2000; Schödel
et al., 2003).

• Rapid X-rays continuum fluctuations in the AGN spectra imply that the
central mass is about 106 M% for typical AGN. Such masses correspond
to a Schwarzschild radius of 10−7pc.

• The time delay between the continuum and broad emission lines varia-
tions is very likely related to the kinematics and geometry of the BLR.
In particular, the size of the BLR and the mass enclosed within it can
be constrained from this delay. This reverberation mapping of the BLR
(Blandford & McKee, 1982) reveals then central masses from 107 to 109

M% enclosed within a region between 1 and a few tens of light-days in
size (Peterson et al., 2004; Kaspi et al., 2005).

• Double peaked emission lines (e.g. Hα, X-ray Kα iron line) are strong
evidence for emission produced in a geometrically thin disk structure
surrounding the central SMBH.

1.5 Unifying the AGN.

The model of accretion onto a SMBH seems to explain well most of the charac-
teristics of the AGN, and numerous studies focused on unifying the different
types of AGN with a few physical parameters. Reviews of the standard unifi-
cation scheme can be found in Antonucci (1993) and Urry & Padovani (1995).
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radio orientation
properties face-on edge-on
Radio quiet Seyfert 1 Seyfert 2

radio-quiet quasars
Radio loud BL Lac NLRG

BLRG
quasars

Table 1.1: Unification model of AGN.

1.5.1 The standard model.

The main idea of this model is that all types of AGN correspond to the same
physical phenomenon, e.g. infall of material onto a SMBH, and that the ob-
served differences are due to an orientation effect. Seyfert 1 and Seyfert 2
galaxies are then the same objects, viewed from different angles. Nuclei and
accretion disks of type 1 Seyfert galaxies are seen face-on, while the central
engine of Seyfert 2 galaxies is obscured by a dusty torus which prevents us to
observe directly the broad emission lines and attenuate the AGN continuum.
Seyfert 2 galaxies being three times more numerous than Seyfert 1 galaxies,
the dusty torus must obscure about 3/4 of the central source, which is in good
agreement with the opening angle of the observed ionising cones (correspond-
ing to the NLR). One strong observational evidence of this model, is the detec-
tion of weak broad emission lines in the polarisation spectrum of the Seyfert 2
galaxy NGC1068. This polarised light is the AGN continuum and emission
from the BLR, scattered by the ISM above the obscuring torus. Fig. 1.7 illus-
trates this simple unification scheme of Seyfert galaxies, showing the orienta-
tion effect on the observation of the different emitting regions of an AGN. We
must however note that the orientation of AGN central regions (dusty torus
and accretion disk) are unrelated to the orientation of the host galaxy (Nagar
& Wilson, 1999; Kinney et al., 2000). For example, the almost face-on galaxy
M51 (disk inclination of about 20◦) hosts a Seyfert 2 active nucleus.
This unification can be extended to radio-loud AGN (Urry & Padovani, 1995),
the BLRG and NLRG being the radio-loud counterparts to the Seyfert 1 and
Seyfert 2 galaxies, respectively. In a same way, BL Lac objects are seen face-on,
directly along the radio jet which dominates all the spectrum, we then ob-
served a featureless spectrum for these particular objects. Finally radio-quiet
quasars are also seen face-on with a direct view on the continuum source. Ta-
ble 1.1 summarises the aspects of this unification model.

Although this unification scheme explain well the different radio quiet ob-
jects in one hand and the radio loud object in the other hand, simple orientation
considerations cannot explain why some objects are radio-loud while others
are radio-quiet. The dichotomy between radio-loud and radio-quiet AGN is
not yet well understood. The spin of the central SMBH may play a role in the
radio-loudness of active galactic nuclei (Wilson & Colbert, 1995; Sikora et al.,
2007)
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Figure 1.7: Unification scheme for the type 1 and 2 Seyfert galaxies (Urry &
Padovani, 1995). Spatial scales are not respected.

No direct observational evidence were available to support this observa-
tional scheme, due to the small size of the obscuring torus and accretion disk.
However, with increasing spatial resolution instruments (e.g. HST, VLBI, IR
interferometers) it is now possible to resolve structures on subarcseconds and
submilliarcsecond scales. Hence, the dusty torus obscuring the active nucleus
has been recently detected in the nearby Seyfert 2 NGC1068 (Jaffe et al., 2004).
This structure has a diameter of 3.4 pc. A larger similar dusty nuclear disk (125
pc in diameter) has also been observed in the radio-galaxies NGC4261 (Jaffe
et al., 1996). This dusty disk could also be assimilated to the torus obscuring
the accretion disk and SMBH.

To give an idea of a possible structure of the AGN, Fig. 1.8 shows the prob-
able locations of the different components of an AGN, from the closest to the
SMBH, the accretion disk, to the NLR at the kpc scale.
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1.5.2 Alternative models.

The standard unification model, with a SMBH surrounded by an accretion
disk and a dusty obscuring torus is now widely accepted. However, some
characteristics of AGN continuum spectra, and the fact that AGN have high
luminosities on a wide range of wavelengths are not explained via this simple
model.
An alternative model to the accretion onto a SMBH is the starburst model for
low luminosity AGN (Terlevich et al., 1992). In this scenario the primary source
of energy is coming from the numerous supernovae located in a central stellar
cluster. However, this model cannot account for the the X-ray fluctuations and
the radio continuum emission.
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Figure 1.8: AGN components and spatial scales for a SMBH of 107 M%. The
distances from the central black hole are displayed on a log scale.
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Chapter 2

AGN-galaxy host connection. The
fuelling issues.

In the previous chapter, properties, similarities and differences of the different
types of AGN have been reviewed. One particularity shared by all AGN is that
they live in the centre of galaxies. It is then natural to wonder what are the ef-
fects of the host galaxy on the AGN and vice-versa. While it is now widely ac-
cepted that AGN are powered by accretion of gas onto a central SMBH (see Sec.
1.4), the mechanisms that remove angular momentum and transport gas to-
wards the nucleus are not known. In particular, the role of the host galaxy and
its environment in such processes remain unsolved questions. In this chapter,
I focus on the AGN/galaxy host connection, and on the problem of fuelling
low luminosity AGN in the local Universe, which is at the heart of this thesis
work.

2.1 Evolution of AGN

AGN being very luminous objects, they can be seen at high redshift, and in-
deed quasars are found up to z = 6 (the currently highest redshift quasar lies
at z = 6.42, Fan et al., 2003). It is therefore possible to study the distribution
of quasars as a function of z and thus the cosmic evolution of the population
of this class of AGN. The luminosity function of QSOs at different redshifts
(Fig. 2.1) shows a strong cosmic evolution. The space density of quasars as
a function of redshift can then be determined as shown on Fig. 2.2 (Combes,
2006). This distribution presents a peak between redshift 2 and 3 (the quasars
epoch), and declines steeply for more recent times. This shape is observed both
in radio, optical or X-rays surveys. This implies that the AGN phenomenon
was much more frequent at z " 2 − 3 than at the present time.

Moreover, it is recognised that all bulge-dominated local galaxies host a
SMBH, and the mass of this black hole is correlated with the bulge luminosity
and stellar velocity dispersion (Ferrarese &Merritt, 2000; Gebhardt et al., 2000;

19
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Tremaine et al., 2002):

MBH " 1.5 108M%
( σ∗

200 kms−1

)α
,

with a slope α ∼ 4. This relation has been reported in quiescent and active
galaxies with black hole masses between 106 and 1010 M% and it seems to hold
for bright QSOs up to z ∼ 3 (Shields et al., 2003). However, recent results reveal
a cosmic evolution of the MBH − σ∗ relationship (Treu et al., 2004; Salviander
et al., 2007).

Recently, Ferrarese et al. (2006) constrained the ratio between their so-called
Central Massive Object (CMO, either a SMBH or a compact stellar nucleus) and
the galaxy masses: MCMO

Mgal
≈ 0.18%.

Such correlations between the central engine properties and the host galaxy
properties (at larger scales) imply that the evolution of SMBH and their host
galaxies are intimately related and that most today galaxies harbour dead
quasars. All galaxies must have therefore experienced at least an accretion
phase to form the central SMBH. Mean lifetime of nuclear activity can be es-
timated from the size and expansion rates of the radio lobes of radio-galaxies
and it is of the order of ∼108 yr. Successive radio-lobes along the jet axis pro-
vide direct evidence for the successive activity phases. Nuclear activity is then
a relatively short-term event, possibly recurrent and most of the galaxies are
active during the quasars epoch. The drop-off in QSO density for z < 2 can then
be explained by a decrease of accretion rates onto the SMBH, either because
of a lack of fuel or of feedback processes that prevent material to be funnelled
inwards. Given that central SMBH are ubiquitous in today’s galaxies and that
a small fraction of these present-day galaxies shows signs of ongoing activity
(Seyfert galaxies being found in 3 percent of local galaxies, Kewley et al., 2006),
re-ignition of quiescent SMBH is required. One key question is whether the
triggering and fuelling mechanisms are related to the host galaxy properties.

2.2 Fuelling the AGN

To fully understand the fuelling of AGN, one has to constrain the origin of
the fuel and the mechanisms which transport this fuel towards the nucleus. In
order to be accreted onto the central SMBH, material must lose nearly all its an-
gular momentum. The angular momentum per unit of mass is L = (GMR)1/2,
where R is the radius of the considered orbit, M is the mass enclosed within R
and G the gravitational constant. Therefore, to drive fuel from the outskirts of
the galaxies (R " 10 kpc) within the central regions (R " 0.01 pc) onto a SMBH
of 107 M%, the angular momentum must decrease by∼10−6 of its initial value.
The nature of the physical processes able to remove such amount of angular
momentum is then one of the most important issues in the context of AGN
fuelling.
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Figure 2.1: QSO luminosity function at redshift 0.35<∼ z <∼ 2.3
from Boyle et al. (2000).

Figure 2.2: Distribution of the quasars space density as a function
of redshift (Combes, 2006). Data are from Hasinger (2005): soft
X-ray selected (empty blue circles) and optically selected sources
(dashed lines and red filled triangles); Croom et al. (2004): opti-
cally selected QSO (dashed red curves).
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Several mechanisms have been proposed to transfer angular momentum ef-
ficiently and to provide material close to the SMBH, feeding then the nuclear
activity. Shlosman et al. (1990); Combes (2001) and more recently Wada (2004)
reviewed these different mechanisms. Given the wide range of spatial scales
involved in fuelling the AGN, it is very likely that several of these mechanisms
take place in different regions of the galaxy. Gravitational perturbations due to
external (tidal interaction, galaxy mergers) or internal (stellar bar, spiral arms,
warps) instabilities and hydrodynamic mechanisms (turbulence in the ISM,
viscosity in accretion disks) are potentially good drivers to transport material
towards nuclear regions. Extensive numerical and observational studies have
been done to investigate the role and importance of the different transporta-
tion mechanisms on the nuclear activity. In this section, I review the different
results obtained by these previous studies.

2.2.1 Galaxy interactions and mergers

Mergers and galactic encounters may lead to strong gravitational perturba-
tions in the galactic disk, which can trigger the infall of gas in the nuclear
regions. Numerical simulations predict large gas radial inflows due to merg-
ers of galaxies (Barnes & Hernquist, 1991; Mihos & Hernquist, 1996; Hern-
quist & Mihos, 1995), down to the inner 10 pc of the galaxy. A strong cor-
relation between nuclear activity and galaxy interactions exists for the very
luminous AGN, such as quasars, QSOs or FR-II radio-galaxies. High redshift
quasars are predominantly found in interacting systems with evidence of tidal
interactions (Hutchings & Neff, 1988; Bahcall et al., 1995). Radio-loud quasars
present about 4 times more companions and radio-quiet quasars 2 times more
than non-active galaxies (Kirhakos et al., 1999). Similarly, FR-II radio-galaxies
seem to be in high density environment, where many galaxy interactions occur
(Yates et al., 1989). Galaxy interactions and mergers seem to be the predomi-
nant mechanisms which trigger and then sustain nuclear activity in these high
luminosity objects.

However, this scenario is unlikely for local low-luminosity AGN such as
Seyfert galaxies. While some imaging studies found an excess of compan-
ions for Seyfert galaxies relative to non-active galaxies (Laurikainen & Salo,
1995; Rafanelli et al., 1995), others claimed that environment of Seyfert and
non-active galaxies is the same (De Robertis et al., 1998). As investigated by
Osterbrock (1993) and Heckman (1990), such studies are very sensitive to the
sample selection which could explain the different results. In order to avoid
selection biases, Schmitt (2001) selected Seyfert and non-active control galax-
ies samples with matching host properties, from the Palomar survey (Ho et al.,
1997). Comparing the local environment of galaxies of different types of ac-
tivity, they found that there is no statistically-significant excess of companions
for Seyfert galaxies as compared with non-active galaxies (including H II and
LINER galaxies), taking into account the relation between morphological type
and the local galaxies density. Ho et al. (2003) reached exactly the same con-
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clusion with the same sample. This result was confirmed on larger scales by
Sorrentino et al. (2006) who found no evidence of relation between large-scale
environment properties and the nuclear activity. The difference of frequency
of companions between Seyfert and non-active galaxies found in earlier stud-
ies is due to a morphology-density effect.
In the case of low-luminosity AGN, interaction of galaxies is then not themech-
anism which fuel the SMBH. Other processes of transportation of gas on scales
" 0.1-1 pc and actually feeds the black hole reservoir, sustaining the AGN
through its lifetime, are therefore required.

2.2.2 Internal gravitational instabilities

Triaxial gravitational potentials, such as in the presence of a stellar tumbling
bar, spirals waves or lopsidedness, lead to the presence of gaseous radial
streaming. Different families of periodic stellar orbits exist in a barred po-
tential (Contopoulos & Papayannopoulos, 1980). Among them, the x1 family,
oriented along the bar major-axis, is the main family supporting the bar. x1 or-
bits extend between the centre and the corotation resonance (CR) of the bar if
no inner Lindblad resonance (ILR) is present. If there is an ILR, another family
of orbits appears between the centre and the ILR. These x2 orbits are perpen-
dicular to the bar major-axis. The x1 orbits extend then from the ILR to the CR.
When two ILR are present, x2 orbits take place between the inner ILR (IILR)
and the outer ILR (OILR).
In a tumbling bar potential, the orientations of the periodic orbits are expected
to rotate by 90◦ at each resonance. The gas should experience shocks in the
regions where the orbits do cross, due to its collisional and dissipative natures.
Beyond the CR, gas is driven towards the outer Lindblad resonance (OLR),
while between the CR and the ILR (or OILR) the gas loses its angular momen-
tum. Hydrodynamical simulations of gas in a barred potential have shown
indeed that gas is redistributed, sometimes producing regions of shocks, and
can fall towards the nuclear region and settle in an inner ring at scales of about
1 kpc (Athanassoula, 1992; Friedli & Benz, 1993; Piner et al., 1995). Many ob-
servational studies provided evidence of such gaseous streaming in a barred
potential (e.g. Vila-Vilaro et al., 1995; Koribalski et al., 1996; Mundell et al.,
1999; Jogee et al., 2005).
However, a single large-scale bar cannot transport gas below a few hundreds
parsecs where the gas accumulates after crossing the ILR. Another mechanism
has to take over to fuel material closer to the nucleus. A scenario of bars within
bars has been developed (Shlosman et al., 1989; Maciejewski & Sparke, 1997;
Erwin & Sparke, 2002) to model the fuelling of the nucleus. The gas is trans-
ported via a large-scale bar towards the centre creating a gas reservoir in the
central kpc region. Then a stellar nuclear bar, embedded within the large-scale
bar, forms via gravitational instabilities and allows to transport the gas from
the kpc-scale reservoir down to about 10 pc. Imaging studies revealed nested
nuclear bars in about a third of early-type barred galaxies (Laine et al., 2002;
Erwin & Sparke, 2002). Spiral instabilities are also efficient to create gaseous
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streaming, via shocks. Recently, observational studies showed that nuclear
dust and gaseous spirals are common in nearby galaxies (Regan & Mulchaey,
1999; Martini & Pogge, 1999; Laine et al., 2001) and these nuclear spirals have
been evoked to explain the transportation of material from the kpc-scale down
to the inner 10 pc regions (Englmaier & Shlosman, 2001; Maciejewski et al.,
2002; Maciejewski, 2004a,b).

Given that large-scale bars, nuclear bars and nuclear spirals are commonly
found in nearby galaxies, and that they seem to be efficient drivers to transport
gas inwards, many imaging studies investigated the role of such structures in
nuclear activity. In particular recent high resolution NIR or optical imaging
observations have been carried on samples of Seyfert and properly matched
non-active galaxies (e.g. morphological type, distance, total luminosity), in
order to compare the fraction of bars in these two samples. In term of large-
scale bars, these studies revealed either no significant correlation between the
presence of large-scale stellar bars and nuclear activity (Mulchaey & Regan,
1997; Martini et al., 2003) or an excess of bars in active galaxies relatively to
non-active galaxies (Knapen et al., 2000; Laine et al., 2002; Laurikainen et al.,
2004a), depending on the samples definition and the methods used to recog-
nise bars in the data.
Thus, whether Seyfert galaxies present an excess of bars compared to non-
active galaxies remains an open question. However, if any distinction between
Seyfert and non-active galaxies regarding the frequency of bars exists, it should
be small. Similar studies investigated the presence of secondary bars in nearby
galaxies. They report that nuclear bars are not found preferentially in Seyfert
galaxies, compared to non-active galaxies (Regan & Mulchaey, 1999; Erwin &
Sparke, 2002; Laine et al., 2002).

In a similar context, it has been found that dust or gaseous nuclear spirals
occur with comparable frequency in active and non-active galaxies as shown
by Martini et al. (2003). However, they also found that all the AGN of their
sample possess dust structure in the circumnuclear regions, while a fraction of
the non-active galaxies (25%) display no dust structure at all. More recently,
Hunt & Malkan (2004) and Simões Lopes et al. (2007) investigated the relation
between the circumnuclear dust and gaseous structure and the nuclear activ-
ity.
Hunt & Malkan (2004) conducted a NIR NICMOS/HST imaging study of the
circumnuclear regions of 250 nearby galaxies. Their sample comprises non-
active, H II/starburst, LINER and Seyfert galaxies, with similar host galaxies
properties and similar parsec-to-pixel spatial scales. They investigated quanti-
tatively the nuclear morphology of these galaxies in terms of asymmetric struc-
tures (e.g. isophotal twists, bars, boxy/disky isophotes) and compared the re-
sults of the morphology analysis, in the context of the AGN fuelling. Their
most robust result is the significant excess of circumnuclear isophotal twists in
Seyfert 2 galaxies relative to non-active galaxies and the other active galaxies,
in particular Seyfert 1’s. The structures responsible for suchmorphological fea-
tures may cause also kinematic perturbations at these spatial scales. Their re-
sults suggest the presence of identifiable kinematic differences between Seyfert



2.3. Two-dimensional kinematics of Seyfert galaxies 25

and inactive galaxies in the central kpc regions.
Similarly, Simões Lopes et al. (2007) investigated the circumnuclear dust mor-
phology of a well-matched Seyfert and non-active galaxies sample, using
structure maps (Pogge & Martini, 2002). All their active galaxies possess cir-
cumnuclear dust, while dust is present in only 27% of the early-type inactive
galaxies. In contrast, 38% of early-type non-active galaxies present nuclear
stellar disks, while none has been detected in active early-type galaxies. Their
results provide a clear connection between dust and nuclear activity in early-
types galaxies. However they could not constrain the origin of the circumnu-
clear dust or the nature of the fuelling mechanisms. They suggest that inves-
tigation of the kinematics of dust, with improved models of dust settling and
destruction in the circumnuclear regions, could reveal the origin of the dust
and the fuelling mechanisms for these early-type AGN.

Fuelling and growth of SMBH in the most distant and luminous AGN is
then associated with the violent dynamical processes related to galaxy inter-
actions and mergers, during the galaxy formation and early evolution. In
the more nearby Universe, gravitational instabilities such as stellar bars or
spirals are efficient potential actors to transport material inwards. However,
these mechanisms do not seem to be at work in the actual SMBH fuelling of
the nearby low-luminosity AGN such as Seyfert galaxies: no conclusive dis-
tinction has been found so far between Seyfert nuclei hosts and non-active
galaxy morphologies on a range of spatial scales that encompasses nearby
companions/galactic interactions, large-scale bars and nuclear spirals. Recent
IR imaging studies (Hunt & Malkan, 2004; Simões Lopes et al., 2007) suggest
the possibility of kinematic differences between nearby active and non-active
host galaxies. Investigating the kinematics of Seyfert galaxies at these spatial
scales to probe the dynamical structures may reveal the underlying processes
responsible for the transport of material from kpc scales to pc scales.

2.3 Two-dimensional kinematics of Seyfert galax-
ies

As explained above, imaging studies of AGN alone cannot constrain the fu-
elling mechanisms of the nuclear activity. Probing the dynamics of Seyfert
galaxies requires spectroscopic data. Single aperture and long-slit spec-
troscopy studies are clearly inadequate to investigate the complex structures
observed in the central kpc of Seyfert galaxies. Two-dimensional spectroscopy
(integral-field spectroscopy, IFS hereafter) is therefore a pre-requisite to study
the dynamics of the gaseous and stellar components.
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Figure 2.3: OASIS optical layout. The main optical elements are displayed
from the telescope focal plane on the left to the CCD plane on the right. An
image of a galaxy is shown at different stages in the instrument; from left to
right: the telescope focal plane, the entrance plane of the lens array, the exit
plane of the lens array and the detector plane. The light path inside amicrolens
is also shown.
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2.3.1 Integral-Field Spectroscopy data

In order to have two-dimensional kinematic information of galactic disks, op-
tical and IR integral-field spectrographs where developed. Several types of
integral-field spectrographs exist: Fabry-Perot spectrographs which allow to
map a large field of view (FOV), but in a very narrow wavelengths band; mul-
tifibres systems or array of microlenses were used to divide the FOV in numer-
ous spatial pixels (spaxels) on which spectra are derived. Spectrographs such
as INTEGRAL use a multifibres system while OASIS or SAURON are formed of
a microlenses array. Fig. 2.3 shows the optical layout of the OASIS integral-
field units (IFU). SAURON layout is based on the same scheme, with squared
lenses. After selecting the wavelength window with a filter, the object is im-
aged on the lenslet array. Each microlens of this array produces a micropupil
which is dispersed by a grism. The grism is slightly rotated with respect to the
lenslet array to avoid overlap of adjacent spectra. A camera then images the
resulting spectra on a CCD aligned with the dispersion direction.
Of course, radio interferometers (e.g. VLA, Plateau de Bure Interferometer) al-
low also to map the two-dimensional kinematics of galaxies in the radio wave-
lengths.

Early work with such instruments provided two-dimensional gas and stel-
lar kinematic maps of the central parts of a few nearby active galaxies: e.g.
NGC4151 (Mediavilla & Arribas, 1995), NGC3227 (Mediavilla & Arribas,
1993), NGC1068 (Garcia-Lorenzo et al., 1997) with INTEGRAL, or NGC2110
(Ferruit et al., 2004) using OASIS. Multiple gaseous systems and kinematic
perturbations are sometimes revealed, but the corresponding field-of-view
(FOV) and/or the angular resolution were often too small to disentangle the
AGN-related and galactic disc line emissions. Statistical conclusions cannot
be drawn from these detailed studies of individual Seyfert galaxies, originally
targeted for their complex nuclear properties and lacking any control inac-
tive galaxy comparison. More recently, the molecular gas in the central part
of a larger (though still small) sample of Seyfert galaxies was observed using
the Plateau de Bure Interferometer in the course of the NUGA survey (Garcı́a-
Burillo et al., 2003), revealing the potential role of gravity torques in the feeding
of the inner 100 pc (e.g. Garcı́a-Burillo et al., 2005). Gas responds non-linearly
to deviations from axisymmetry so a more direct link with the gravitational
potential is still difficult to establish, due to the lack of large-scale stellar kine-
matic maps for these galaxies. Six nearby Seyferts were also observed with
GMOS/Gemini, enabling the mapping of the ionised gas and stellar kinemat-
ics in the central few arcseconds (Barbosa et al., 2006). Integral-field spec-
trographs such as SINFONI/VLT reached regions even closer to the nucleus
(Davies et al., 2006), thanks to the use of adaptive optics. Again, such observa-
tions are useful for studying the kinematics in the nuclear regions, identifying
the putative molecular torus around the SMBH, retrieving the characteristics
of the central engine such as the mass of the SMBH, or studying the environ-
ment of the active nucleus. However, observed kinematics at these relatively
small scales are rather difficult to interpret in the context of the host galaxy,
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considering the significant influence of non-gravitationally driven processes
(e.g. outflows).

2.3.2 Motivation of this thesis

In this thesis, I focused on low luminosity, radio-quiet nearby active galaxies,
namely the Seyfert galaxies. The gas and stellar kinematics of these galaxies
can be resolved on spatial scales down to a few parsecs. Investigation of gas
flow in central few hundreds of parsec is then possible. As discussed in Sec.
2.3.1, IFS data are required to investigate in detail the dynamics in the central
regions of Seyfert galaxies. Such data allow to investigate the complex struc-
ture and kinematics of ionised gas and stars, on arcsec scales and to reveal
potential streaming signatures. However, integral-field spectrographs do not
have a very large FOV, e.g. the SAURON IFU FOV corresponds to 33′′ × 41′′,
we do not then have access to kinematic information on large spatial scales,
corresponding to the dynamics of e.g. the outer disk of the host galaxy itself.
Therefore, in order to constrain the fuelling mechanisms in Seyfert galaxies,
from the outskirts of the galaxies (∼10 kpc) down to the circumnuclear re-
gions (∼10 pc) and investigate the connection between the host galaxy and the
AGN, kinematic data on larger scale are required in addition to IFS data in
the circumnuclear regions. Neutral hydrogen (H I) is often the most spatially
extended component of the galactic disk. It is then very sensitive to galaxy
interactions and mergers and is also a potential tracer of non-axisymmetric
gravitational potential (e.g. bar, spiral arms). H I synthesis imaging thus pro-
vides unique information on the global mass distribution and dynamics of the
galactic disk at large radii and a long-term dynamical history of the galaxy via
kinematic features. Current H I imaging interferometers however cannot rou-
tinely image diffuse gas on scales smaller than ∼15′′.
Then, optical IFS and H I observations are complementary and allow to map
the kinematics and morphology of the large-scale gas disk properties as well
as the circumnuclear regions.

A project was therefore designed to conduct a comprehensive study of the
neutral gas, ionised gas and stellar kinematics of nearby active and inactive
galaxies using the VLA and the SAURON IFU on theWHT. Consequently, an in-
ternational collaboration, including Eric Emsellem, Pierre Ferruit and myself
at CRAL - Observatoire de Lyon (France), Carole Mundell at ARI, Liverpool
(UK) and Neil Nagar in the Astronomy Group, Concepciòn (Chile) initiated
the first statistically-significant investigation of the circumnuclear regions and
outer disks of galaxies in a well-defined distance-limited sample (Vsys <4000
km s−1): namely, 28 Seyfert galaxies selected from the RSA catalogue, paired
with 28 control inactive galaxies with carefully matched optical properties
(Mundell et al., 2007). This project aims to compare the morphological and
kinematic properties of active and inactive galaxies. We conducted the first
multi-wavelength observation campaign to investigate the host galaxy struc-



2.3. Two-dimensional kinematics of Seyfert galaxies 29

ture and kinematics on spatial scales from the outer disk to the inner regions
via two observational surveys:

1. The VHIKINGS survey (VLA Hydrogen Imaging and Kinematics of IN-
active Galaxies and Seyferts survey) aims at quantifying the properties of
the atomic gas in the Seyfert and inactive galaxies of the master sample.

2. The SAURON/Seyfert survey extends the study of structures and kine-
matics to the inner 1 kpc of a subsample of galaxies selected from the
VHIKINGS sample. In particular, the galactic potential of the host galaxy
is probed by comparing the properties of both the ionised gas and stellar
components in the circumnuclear regions of Seyfert and inactive galaxies,
with the ultimate aim of connecting the large-scale properties traced by
the neutral hydrogen with the circumnuclear regions. The SAURON IFS,
mounted on theWilliamHerschel Telescope (La Palma, Spain) has a large
enough FOV to observe ionised gas under the influence of the galaxy host
potential, and a high enough spatial sampling to still probe the AGN-
related emission in the inner parts. These data are then well suited to
study both the stellar and gaseous kinematics in the above-mentioned
context of fuelling. A number of key studies were recently performed
with SAURON providing unique datasets for a sample of nearby early-
type (de Zeeuw et al., 2002; Emsellem et al., 2004; Sarzi et al., 2006) and
spiral galaxies (Ganda et al., 2006; Falcón-Barroso et al., 2006). As a spin
off, the distribution and kinematics of the gas and stellar components
were also obtained and studied for some well known Seyfert (NGC1068,
Emsellem et al., 2006, NGC5448, Fathi et al., 2005) or spiral inactive
galaxies like M100 (Allard et al., 2006). These works provided evidence
for the existence of gaseous inward streaming in the inner few kpc, hint-
ing at a mechanism for transporting gas in the circumnuclear regions and
further.

In the following, Chapter 3 describes the sample selection, the observations
and the data reduction done during this work. The moments maps of our
optical and radio data are presented in Chapter 4 and kinematic analyses of
the velocity fields are discussed in Chapter 5. Then in Chapter 6, I discuss
the results of this work in the context of fuelling the AGN and present the
perspectives of this study.
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Chapter 3

Sample selection, observations and
data reduction

In Chapter 2, we discussed the need of a multi-wavelength study of Seyfert
and non-active galaxies to investigate the kinematic structures at all scales
and interpret them in the context of AGN fuelling. Such study requires two-
dimensional kinematic data, and a well-defined sample of active and non-
active galaxies in order to perform a comparative analysis.

In this chapter, I first focus on the selection of the sample made of nearby
Seyfert and non-active galaxies, with well-matched host galaxy properties.
Then I describe the observations of these galaxies and the corresponding data
reduction.

3.1 Sample selection

3.1.1 The parent sample

One important constraint in the comparative studies of active and non-active
galaxies is to avoid any sample-selection bias (e.g. morphological type, spatial
resolution, luminosity) which could invalidate the results. We selected galaxies
from the Revised Shapley Ames (RSA) Catalogue of Bright Galaxies with com-
plete nuclear spectroscopic classification provided by Ho et al. (1997). They
listed the nuclear spectroscopy properties of almost 500 galaxies from the RSA
catalogue, with a wide range of host galaxy properties such as Hubble type,
absolute magnitude or disk inclination and provided a robust nuclear activity
classification of these galaxies.

Our master sample comprises the 39 brightest Seyfert galaxies of the RSA
catalogue, with B-band magnitude BT < 12.5 mag, systemic velocity Vsys <
4000 km s−1, and disk inclination i between 20 and 70◦. The Seyfert galax-
ies are paired with 39 control galaxies with carefully matched optical proper-

31
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Galaxy Properties Seyfert Selection Control Galaxy
Criteria Selection Criteria

B-band apparent magnitude BT ≤ 12.5 -0.45 ≤ [BT (S)-BT (C)] ≤ +0.73
Systemic velocity (km/s) Vsys ≤ 4000 -900 ≤ [Vsys(S)-Vsys(C)] ≤ 1900
Disc inclination (optical) 20◦≤ i ≤ 70 ◦ -20 ◦≤ [i(S)-i(C)] ≤ +17◦
Declination limit δ > 20 ◦

Table 3.1: Sample selection criteria for the Seyfert and their control galaxies.
The constraints on the B-band magnitude, systemic velocity, disk inclination
and declination limits are listed for the Seyfert galaxies and the control non-
active galaxies. .

ties, such as BT , Vsys i and morphological type. For the latter, classification
from RC3 was used and confirmed by eye using Digital Sky Survey (DSS) im-
ages of each galaxies. Table 3.1 lists the selection criteria used to define this
sample of Seyfert and inactive galaxies. Seyfert and control galaxies are also
closely matched in optical morphological type. Fig. 3.1 shows the Hubble type
T, disc inclination, B-band magnitude and D25 for each pair of Seyfert/non-
active galaxies. The active and non-active galaxies in the master sample and
their properties are listed in Table A.1 (Appendix A).
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Figure 3.1: Properties of the master sample galaxies. Only the 28 brightest
Seyfert galaxies of the master sample and their control galaxies are shown Red
filled diamonds and blue filled circles correspond to the Seyfert and their asso-
ciated non-active galaxies, respectively. In each plot, the galaxies are displayed
in pairs Seyfert/control, on the X axis. The top left plot presents the Hubble
type of the Seyfert and non-active galaxies, the top right plot presents the disk
inclination of each galaxy, the bottom left plot presents the B magnitude of the
galaxies and the bottom right plot presents the D25 of the galaxies.
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Nuclear Types [O III]/Hβ [N II]/Hα [S II]/Hα [O I]/Hα
HII regions Any < 0.6 <0.4 <0.08
Seyfert nucleus >3 # 0.6 #0.4 #0.08
LINERs <3 #0.6 #0.4 #0.17
Transitions objects <3 # 0.6 #0.4 #0.08;<0.17

Table 3.2: Criteria for spectral classifications, taken from Ho et al. (1997).

3.1.2 The nuclear classification

As explained above, we used the nuclear spectroscopic classification of Ho
et al. (1997) to distinguish between the different classes of nuclear activity:
Seyfert, HII, LINER galaxies or transition objects. The transition objects are de-
fined as galaxies with emission lines properties intermediate between LINER
and H II nuclei. Table 3.2 lists the boundaries defined by Ho et al. (1997) be-
tween the different activity types. Our active galaxies sample is composed only
of Seyfert galaxies, while H II, LINER galaxies and transition objects, consid-
ered as non-active galaxies, form the control sample. The spectral classification
of each galaxy used throughout this study is listed in Column 12 of Table A.1.

Top row of Fig. 3.2 shows the [O III]/Hβ versus [N II]/Hα, [O III]/Hβ versus
[S II]/Hα and [O III]/Hβ versus [O I]/Hα diagnostic diagrams for our sample,
using lines ratio and limits between the different nuclear classes from Ho et al.
(1997). A comparison with more recent classifications can be made. Bottom
row of Fig. 3.2 presents the three same diagnostic diagrams (using the same
line ratios) with recent criteria from Kewley et al. (2001, 2006) to distinguish
between Seyfert, LINERs and normal galaxies. The Kewley et al. (2001) classi-
fication line (black line) provides an upper limit to the star-forming galaxies in
the three diagrams. In the second and third diagrams, the Kewley et al. (2006)
classification line (green line) separates the Seyfert galaxies from the LINERS
and transitional objects.

As shown in these diagrams most of the nuclear classifications derived with
simple criteria by Ho et al. (1997) and used in our study hold with the more
recent separation criteria of Kewley et al. (2001) and Kewley et al. (2006). How-
ever, 16 objects (about 20% of our sample) are ambiguous: classified as one
type of objects with the Ho et al. (1997) classifications and as another type with
the criteria of Kewley et al. (2001, 2006).
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Figure 3.2: The [O III]/Hβ versus [N II]/Hα [O III]/Hβ versus [S II]/Hα and
[O III]/Hβ versus [O I]/Hα diagnostic diagrams for our sample galaxies. The
red diamonds represent the galaxies considered as Seyfert in our studies and
the blue points correspond to their control non-active galaxies. In the top row,
the boundaries from Ho et al. (1997) are used to separate Seyferts, LINERs and
normal galaxies (see Table 3.2). In the bottom row, the Kewley et al. (2001) star
formation line (black line) and the Kewley et al. (2006) Seyfert-LINER separa-
tion line (green line) are used to separate our sample galaxies into HII, Seyferts
and LINERs/Transition objects types.
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The differences between Ho and Kewley nuclear classifications are mainly
due to the criteria they used to distinguish the different objects. Ho et al.
(1997) used simple criteria in term of emission line ratios to classify the galax-
ies as shown in table 3.2. Kewley et al. (2001) and Kewley et al. (2006) took
into account stellar population synthesis and photoionization models to dis-
tinguish H II region-like galaxies to active galaxies. To separate Seyfert from
LINER galaxies, they find the best-fit curve between the two AGN branches
in the [O III]/Hβ versus [S II]/Hα and [O III]/Hβ versus [O I]/Hα diagnostic
diagrams (Kewley et al., 2006). Therefore, the criteria used by Kewley et al.
(2001) and Kewley et al. (2006) to determine the spectral classification of the
galaxies are more physical and robust than the Ho et al. (1997) ones.

The second difference between the two classifications comes from the line
ratios used to define them. Kewley et al. (2006) used galaxies of redshift ! 0.04
in order to have at least 20% of the total flux of the galaxy enclosed within
the fiber, required to determine robust spectroscopic properties (Kewley et al.,
2005). They extracted then spectral properties in apertures from ∼ 2.3 kpc to
∼ 7 kpc in diameter. Ho et al. (1997) used a 2′′ × 4′′ aperture to extract the spec-
tral properties of their sample of galaxies. This aperture size is similar to the 3′′
fiber aperture of the SDSS used by Kewley et al. (2006) but the galaxies studied
by Ho et al. (1997) are closer to those in the Kewley et al. (2006) sample. There-
fore, Ho et al. (1997) apertures range from ∼ 7 pc × 14 pc to ∼ 1 kpc × 2 kpc.
The maximum aperture covering fraction of Ho et al. (1997) is then of about
10%.

Large apertures may include emission from extranuclear H II regions, there-
fore emission lines ratio used in diagnostic diagrams are smaller for larger
aperture sizes (Storchi-Bergmann, 1991, as shown for the [N II]/Hα ratio by).
An active galaxy may then be misclassified to H II region-like object if its spec-
tral properties are extracted from large aperture. Therefore, all the emission
lines ratio used by Ho et al. (1997) and in this study should be smaller.

Fig. 3.3 is similar to fig. 3.2 and shows the nuclear classifications of the 16
ambiguous objects. There are three categories of misclassified galaxies:

• Galaxies that are classified as H II galaxies under one classification and
as LINER or transition objects under the other. Four of the 16 ambiguous
objects fall into this category. In this case, the differences between the Ho
et al. (1997) and Kewley et al. (2001, 2006) classifications do not change
our sample definition: these four galaxies still remain in our control sam-
ple.

• The second category includes galaxies that are classified as LINER galax-
ies or transition objects under one classification and as Seyferts under the
other one. Half of the ambiguous objects (9/16) falls into this category.

• Finally three galaxies (NGC3655, 4698 and 4826) are classified as H II
galaxies under the Ho et al. (1997) criteria and as Seyferts under the Kew-
ley et al. (2001, 2006) criteria.
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The 12 objects in the last two categories would be classified as active galaxies
(Seyferts) or non-active (H II, LINER or transition objects) depending on the
chosen criteria. In the following I will describe the cases of these objects and
conclude on their chosen nuclear classification.

• Three of these objects (NGC3627, 3489 and 3655) are misclassified be-
cause of the simple criteria of Ho et al. (1997). They are all Seyfert galax-
ies, lying very close to the Ho et al. (1997) LINER/Seyfert or H II/Seyfert
limits, and indeed Ho et al. (1997) classified them between Seyfert and
H II or transition objects. When using the Kewley et al. (2001, 2006) crite-
ria (see bottom right panel of fig. 3.3), they are well located in the Seyfert
regions. They can finally remain in our sample of active galaxies.

• Four galaxies (IC 356, NGC2967, NGC2859 and NGC4826) seem to have
very uncertain nuclear classification with both the Ho et al. (1997) and
the Kewley et al. (2001, 2006) criteria. The three cases of IC 356, NGC2967
and NGC4826 are similar. These objects belong to our non-active galax-
ies sample. They are however classified as Seyferts in the [O III]/Hβ ver-
sus [O I]/Hα diagram by Kewley et al. (2001, 2006) and as H II or LINER
objects in the other diagram by Ho et al. (1997) and Kewley et al. (2001,
2006). These objects are located close to the Seyfert/LINER boundary of
Kewley et al. (2006) or to the Kewley et al. (2001) H II/Seyfert boundary
(fig.3.3 bottom right panel), therefore we consider them as transition or
H II objects and they remain in the non-active galaxies sample. In the
case of NGC2859, it seems more ambiguous. This galaxy is classified
as LINER by Ho et al. (1997) but lies not far from their LINER/Seyfert
boundaries and while it is located in the LINER region defined by Kew-
ley et al. (2006) in the [O III]/Hβ versus [S II]/Hα diagram, it is classified
as Seyfert with no ambiguity in the [O III]/Hβ versus [O I]/Hα diagram.
If we take into account the fact that the line ratios are extracted inside a
small aperture, this galaxy should lie in the bottom left side of its actual
position in all the diagrams. However since we have no data to extract
spectral information from larger aperture for this galaxy, we cannot con-
clude about its classification.

• The five remaining galaxies (NGC2655, 3031, 4579, 4639 and 7331) seem
to be misclassified by Ho et al. (1997). NGC3031 and NGC4639 are
located in the LINER region of the diagnostic diagrams with the Kew-
ley et al. (2001, 2006) criteria. They have been originally classified as
LINER galaxies (Heckman, 1980) and Chiaberge et al. (2005) reported
that NGC3031 and NGC4639 lie in the LINER region of their optical nu-
clear luminosity versus radio core luminosity diagram (see their Fig.7).
NGC4579 is classified as S1.9/L1.9 by Ho et al. (1997) and lies very close
to the LINER/Seyfert boundaries. This galaxy is classified as LINER
without ambiguity by Kewley et al. (2001, 2006). These three galaxies
(NGC3031, 4639 and 4579) seem then to be either low luminosity Seyfert
galaxies, or either high energy LINER galaxies. In the two cases, we can
consider them as active galaxies and place them in our active sample.
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NGC2655 is a well known Seyfert 2 galaxy but is classified as LINER
with the Kewley et al. (2001, 2006) criteria. Such classification may arise
because of the lines ratio used to construct the diagrams are divided from
small aperture size. Using a larger aperture size, covering 20% of the
galaxy light as required by Kewley et al. (2005) would shift NGC2655 in
the bottom left side of the diagnostic diagrams, putting it in the Seyfert
regions defined by Kewley et al. (2006). We then consider NGC2655 as a
Seyfert galaxy.
At last, NGC7331 seem to be truly misclassified as a transition object by
Ho et al. (1997). This galaxy lies very close to the Ho et al. (1997) limits
between Seyferts and LINERs and it is located well within the Seyfert re-
gions defined by the Kewley et al. (2001) and Kewley et al. (2006) bound-
aries. As for the case of NGC2859, if we take into account small aper-
ture used to extract the line rations, this galaxy may be a H II region-
like galaxy which has been misclassified as transition object by Ho et al.
(1997) and Seyfert by Kewley et al. (2006). However as for NGC2859, we
cannot conclude about its classification.

Finally, among the 16 objects with ambiguous classifications, only two
galaxies seem to have been truly misclassified in our study: NGC7331 and
NGC2859. This represents 2.5% of our total sample. We then conclude that
using the Ho et al. (1997) nuclear classification, rather than the more recent
Kewley et al. (2001, 2006) one, does not affect the definition of our active and
non-active samples. We can then consider that any properties of the active
sample that would be found in our study is representative of active galaxies
and can be compared to those of our inactive sample.

3.1.3 The VHIKINGS and SAURON/Seyfert samples

Two sub-samples were then constructed from our master sample, correspond-
ing to the VHIKINGS and the SAURON/Seyfert surveys:

• The VHIKINGS sample.
The VHIKINGS survey (VLA Hydrogen Imaging and Kinematics of IN-
active Galaxies and Seyferts) is a high angular resolution (20′′) HI syn-
thesis imaging spectroscopic survey of 56 Seyfert and inactive control
galaxies, selected from our master sample. They correspond to the 26
brightest Seyferts (absolute nuclear V-band magnitudes < -17.2) and
their associated inactive galaxies, plus two fainter Seyferts (NGC5194
andNGC3031) and their control galaxies. The VHIKINGS sample is then
composed of the 28 first pairs of Seyfert/non active galaxies listed in Ta-
ble A.1. Figs. B.1 to B.4 (Appendix B.1) show the R-band Digital Sky
Survey (DSS) images of the galaxies of the VHIKINGS sample.

• The SAURON/Seyfert sample
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Figure 3.3: The [O III]/Hβ versus [O I]/Hα (top panels) and [O III]/Hβ versus
[N II]/Hα (bottom panels) diagnostic diagrams for the 16 ambiguous galaxies.
The red diamonds represent the galaxies considered as Seyfert in our stud-
ies and the blue points correspond to their control non-active galaxies. Near
each point, lies the NGC name of the corresponding galaxy. As for fig.3.2,
the Kewley et al. (2001) star formation line (black line) and the Kewley et al.
(2006) Seyfert-LINER separation line (green line) are used to separate our sam-
ple galaxies into HII, Seyferts and LINERs/Transition objects types. in the two
left panels, while the boundaries from Ho et al. (1997) are used to separate
Seyferts, LINERs and normal galaxies in the right panels.
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For our optical study via the SAURON IFU, we selected a distance-limited
sub-sample of Seyfert/control galaxies from the master sample, which
forms then the SAURON/Seyfert sample. The galaxies of this sample
have Vsys < 1600 kms−1 to ensure that Fe stellar absorption lines lie
well within the spectral band for the full SAURON field-of-view. Measure-
ment of these Fe lines is critical in order to determine the stellar compo-
nent morphology and kinematics in the presence of emission lines from
ionised gas that contaminate Mg lines (see Sec. 3.2.2). In total, our sub-
sample comprises 15 pairs of Seyferts+inactive galaxies. So far, we com-
pleted observations of 7 pairs and two well-known Seyferts (NGC1068
and NGC3227) with no control galaxy data. NGC1068 has been studied
in detail by Emsellem et al. (2006) and is included here for completeness,
while weather constraints prevented observations of the control galaxy
for NGC3227. Table 3.3 lists the properties of the sample galaxies. The V-
band absolute magnitudes of the Seyfert nuclei in this sub-sample span
the full magnitude range of the 25 brightest Seyfert nuclei in the RSA cat-
alogue (−20.9 < MV < −16.0), thus offering a representative selection of
Seyfert activity. Fig. 3.4 presents the SAURON field-of-view overlaid on
R-band Digital Sky Survey (DSS) images of the 15 observed galaxies.
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Figure 3.4: R-band Digital Sky Survey images of the SAURON sample galaxies.
The ’(S)’ or ’(C)’ on the right of the object names stand for Seyfert or Control
galaxy, respectively. Each Seyfert galaxy is displayed on the left of its associ-
ated control galaxy, except for NGC1068 and NGC3227 (first two panels) for
which no control has been observed. The orientation is such that north is up
and east is left. The bar located at the bottom right corner of each panel corre-
sponds to the spatial length of 5 kpc. Overplotted on each image is the position
of the SAURON field of view for that galaxy.
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Figure 3.5: Zone of rejection of the null hypothesis as a function of the sample
size. The black dots correspond to the maximum value of the statistic U (see
Sec. 5.1.3) for which the null hypothesis can be rejected. The zone of rejection
of the null hypothesis corresponds to values of U below this curve.

The downsizing of our sample from 39 pairs in the parent sample to 7 pairs
in the SAURON sample implies certainly some consequences on the statistic of
our results. We are investigating the kinematics of the circumnuclear regions
of Seyfert and non-active galaxies, and in particular we are comparing a sam-
ple of Seyfert galaxies paired carefully with non-active galaxies in order to
detect any kinematic difference between these two population, in the stellar
and gaseous components. Considering the kinematic misalignment between
the stars and ionised gas (see Sec. 5.1.2 for details), we can plot the zone of
rejection of the null-hypothesis that these two samples are from the same dis-
tribution. The Mann Whitney U test is based on the statistic variable U (see
Sec. 5.1.3). The zone of rejection of the null-hypothesis via the U test at a cho-
sen level of significance depends on the sample size. The fig. 3.5 presents the
maximum values of U for which we can statistically distinguish the two sam-
ples at a level of significance of 5%. At a given sample size, for all values of
U below this maximum, we can conclude that the 2 samples are statistically
different with a probability higher than 95%. As we can see on this figure, this
zone is much smaller for 7 pairs than 28 pairs. Therefore, the error to accept a
wrong null-hypothesis is larger for small samples, as in our case. We will then
ought to interpret the result of any statistical test on our data with great care.
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3.2 Observation and data reduction

In this Section, the observations parameters of the VHIKINGS and
SAURON/Seyfert sample are presented. I develop then the reduction methods
specific to the VLA and SAURON data.

3.2.1 VHIKINGS survey

• Observations and archival data

The VHIKINGS survey aims at investigating the large-scale disk H I dy-
namics and detecting any gas-rich satellites with low surface brightness. The
C-array configuration was chosen as the optimal compromise between spatial
resolution (size of the synthesised beam, ∼ 20′′ in the case of the C-array con-
figuration) and the largest angular scale (LAS) which is the size of the largest
structure seen. Table 3.4 lists the different synthesised beam size and LAS for
the different array configurations in the L-Band (corresponding to wavelength
of 20 cm).

First of all, we checked whether suitable data were available within the VLA
on-line archives for our galaxies. We choose archival data in the L band and
with array configuration as close as possible to the C configuration. We used
archival data for 28 galaxies of the VHIKINGS sample and set up observations
for the remaining 28 galaxies with no suitable or compromised archival H I
data.

Between October 2002 and January 2007, 22 of these 28 galaxies have been
observed, using the VLA in C array configuration. Spectral line mode 4 has
been used with intermediate frequency (IF) bandwidth of 3.125 MHz and 32
channels per IF. On-line Hanning smoothing gave then an effective velocity
resolution of 25 km s−1. For maximum sensitivity and large spectral coverage,
IFs have been combined in 2 pairs, giving effective bandwidth per pair of ∼
1000 km s−1. This instrumental set-up ensures a sensitivity to column densities
NH > 1020 cm−2 and a bandwidth corresponding to ∆V = 1100 km s−1. Such
broad bandwidth and high sensitivity allows to detect gas-rich dwarf galaxies
with low optical surface brightness and associated with the targeted galaxies.

Finally we have data (from the archives or our specific observations) for all
but six galaxies of the VHIKINGS sample (NGC2950, 3245, 3504, 3516, 5204
and 5273), for which no suitable archival data are available and which could
not be observed as part of the VHIKINGS survey. Table B.1 lists the observa-
tion parameters for the available data.
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configuration
A B C D
synthesised beam

1.4′′ 3.9′′ 12.5′′ 44′′
LAS

38′′ 2′ 15′ 15′

Table 3.4: Configuration synthesised beam sizes and largest angular scales
(LAS) for the L band.

• Data Reduction

All data processing was performed using the NRAO Astronomical Image
Processing System (AIPS). Calibration and initial data editing were carried out
using the pseudo-continuum channel (channel 0) which is formed on-line by
averaging the central 75% of the bandwidth. The resulting phase and gain
calibration solutions were applied to the spectral line data and these data
were then Fourier transformed with natural weighting to optimise the surface
brightness sensitivity. A continuum image was formed by averaging several
channels free of line emission, then this continuum image was subtracted from
the corresponding spectral-line cube to form a continuum-free cube. Finally,
the continuum image and continuum free cube were deconvolved with the
AIPS task IMAGR.

The first three moments are then calculated from the continuum-free cube.
The zeroth moment corresponds to the integrated intensity over the channels,
the first moment to the intensity-weighted velocity and the second moment to
the intensity-weighted velocity dispersion. Several methods exist to derive the
moments map from spectral line cubes. In this work, the moment maps were
derived using automatic routine in AIPS such as XMOM or MOMNT.

3.2.2 SAURON/Seyfert survey

• Observations

Observations of the SAURON/Seyfert sub-sample were carried out between
2001 and 2004 using the integral-field spectrograph SAURON at the 4.2m
William Herschel Telescope (WHT) at La Palma, Spain. Table 3.5 summarises
the exposure time for each pointing.

The low spatial resolution mode of SAURON was used, providing a FOV of
33′′ × 41′′ with a square sampling of 0.94 arcsec per spatial element (lens). This
delivers 1431 spectra simultaneously per object and 146 spectra of a region
about 2 arcmin away from the pointing, allowing to measure the sky back-
ground. Each spectrum covers the spectral range 4825-5380 Å, with a resolu-
tion of 4.2 Å (FWHM). This wavelength range includes a number of important
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Pairs Name dates Texp

NGC (s)
(1) (2) (3) (4)

1068 2002 January 300 + 3x1800
3227 2004 March 3x1800

1 2655 2004 March 6x1800
4459 2001 March 4x1800

2 3627 2004 March 4x1800
5806 2004 March 2x1800

3 4051 2004 March 6x1800
5248 2004 March 5x1800

4 4151 2004 March 3x1800
2985 2004 March 3x1800

5 4579 2004 March 4x1800
3351 2004 March 4x1800

6 5194 2004 March 4x1800
5055 2004 March 6x1800

7 6951 2003 August 3x1800
5248 2004 March 5x1800

Table 3.5: Details of the exposures of our sample. (1) Pairs identifier, (2) NGC
number, (3) date of observation (4) Exposure time in sec.

stellar absorption lines (Hβ, Fe5015, Mgb, Fe5270) and ionised gas emission
lines (Hβ, [O III] and [N I]). Table 3.6 lists the different characteristics of the
SAURON spectrograph. More details on SAURON can be found in Bacon et al.
(2001).

• Data reduction

This section focuses on the reduction of data obtained with the integral-
field spectrograph SAURON. The data of the 15 galaxies observed with SAURON
were reduced using the XSAURON software and an automatic pipeline avail-
able within the SAURON consortium (Bacon et al., 2001; de Zeeuw et al., 2002).
The main steps include: bias and dark subtraction, extraction of the spectra
using a mask, wavelength calibration, low-frequency flatfielding, cosmic rays
removal, homogenisation of the spectral resolution in the field, sky subtrac-
tion (using 146 sky spectra 1.9 arcmin away from the main field). Then the flux
calibration was applied as explained in detail by Kuntschner et al. (2006), and
the flux calibrated individual exposures are accurately centred with respect to
each others and merged. The final merged datacube is sampled onto a square
grid with 0.′′8 × 0.′′8 pixels.

Finally, the point spread function (PSF) of each merged exposure was de-
termined by comparing the SAURON intensity distribution, reconstructed by
integrating all wavelengths, with HST/WFPC2 images. The SAURON PSF is
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Characteristic Mode
LR HR

spatial characteristics
Spatial sampling 0.94′′ 0.27′′
Field-of-view 33′′ × 41′′ 11′′ × 9′′

spectral resolution (FWHM) 4.2 Å 3.6 Å
Spectral window 4810-5350 Å

spectral characteristics
Wavelength coverage 4500-7000 Å
Number of object lenslets 1431
Number of sky lenslets 146
Grism 514 lines mm−1

Spectral sampling 1.1 Å pix−1 0.9 Å pix−1

Instrumental dispersion (σ) 105 km s−1 90 km s−1

Spectra separation/PSF ratio 1.4 2.3
Important spectral features Hβ, [O III], Mgb, Fe I, [N I]

technical characteristics
Calibration lamps Ne, Ar, W
Telescope William Herschel 4.2m
Detector EEV 12 2148×4200
Pixel size 13.5µm
Efficiency (instrument/total) ≈ 35/15%

Table 3.6: SAURON instrumental characteristic. The LR and HR columns corre-
spond to the low resolution and high resolution modes, respectively.

modeled with a single two-dimensional Gaussian, whose parameters are de-
termined by minimising the differences between the HST/WFPC2 images,
convolved by this Gaussian, and the SAURON reconstructed images. The val-
ues of the FWHM of the PSF derived by this method seem to be dominated by
instrumental systematics
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1. Derivation of the stellar kinematics
In order to ensure the reliability of the stellar kinematics measurements,
the merged datacubes were spatially binned using the Voronoi 2D bin-
ning algorithm of Cappellari & Copin (2003), creating bins with a mini-
mum signal-to-noise ratio (S/N) = 60 per bin.
Observed spectra of galaxies G∗(λ) are usually assumed to be the convo-
lution of the spectrum resulting from the combination of stellar spectra
S(λ), and a broadening function, the line-of-sight velocity distribution
(LOSV D(v)):

G∗(λ) = S(λ) ⊗ LOSV D(v).

The LOSV D(v) corresponds to the distribution of the stars over line-of-
sight velocities and S(λ) is adjusted by a stellar template spectrum taken
from libraries of natural or artificial stellar spectra, using characteristic
absorptions features such as the Mgb blend. The LOSVD contains the
stellar kinematic parameters and is often considered to be Gaussian, pa-
rameterised by the stellar mean velocity V∗ and velocity dispersion σ∗. In
some cases, deviations from a pure Gaussian profile have to be taken into
account. Then another Gaussian is added or non-Gaussian components
are included in the fit.
Many different methods exist to determine the best-fitting LOSVD
model. Some of these methods use Fourier-based techniques to recover
the LOSVD from a deconvolution such as the Fourier correlation quotient
(Bender, 1990) or the cross correlation fitting methods (Statler, 1995). Di-
rect fitting techniques have also been used (Rix &White, 1992). The latter
involves a larger computational time but allows to easily exclude emis-
sion lines or bad pixels. Since the observed SAURON spectra are contam-
inated by ionised gas emission lines (Hβ λ4861, [O III]λλ4959,5007 and
[N I]λλ5198,5200), I used a direct pixel fitting (pPXF) method developed
by Cappellari & Emsellem (2004) to measure the stellar kinematics for
each spectrum. The implementation of this method for the SAURON data
is detailed by Emsellem et al. (2004). The spectral regions contaminated
by emission are first identified and correctly masked out as shown in
Fig. 3.6. The spectra are then rebinned in lnλ and the algorithm finds the
best fit to each galaxy spectrum by convolving a stellar template spec-
trum with the corresponding LOSVD, which is parameterised by Gauss-
Hermite series (Gerhard, 1993; van der Marel & Franx, 1993). In this con-
text, LOSV D(v) = GV∗,σ∗(v)[1 + h3H3 + h4H4]where the Hermite polyno-
mials H3 and H4 estimate the differences between the observed LOSVD
and a pure Gaussian profile GV∗,σ∗(v). Fig. 3.7 shows the effect of the ad-
dition of these Hermite components to the LOSVD profile.
This fit is performed via the three steps of an iterative process:

• A first estimate of the LOSVD is done using a single star spectrum
as template. Values of V∗, σ∗ h3 and h4 are computed from this first
iteration
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Figure 3.6: Central spectrum of NGC5194. The spectral windows in red corre-
spond to regions highly contaminated by ionised gas emission lines and they
have been masked during the recovery of the LOSVD.

• Fitting the stellar kinematic parameters in the pixels space is very
sensitive to mismatch between the template and the galaxy ob-
served spectrum. Therefore, a stellar template closely matched to
the galaxy spectrum is required. The second iteration of this process
consists then of computing the optimal stellar templates, as linear
combination of spectra from a stellar library, using the kinematic
parameter estimated in the first step.
We used then a large stellar library spanning a wide range of ages
andmetallicities in order to derive optimal stellar templates for each
individual spectrum. In this work, the library of single stellar pop-
ulation models of Vazdekis (1999) was chosen. A low-order poly-
nomial is also included to account for small differences between the
galaxy and the template spectra.

• Finally, the optimal template derived for each spectrum is used to
measure best-fitting values of the kinematic parameters V∗, σ∗, h3

and h4. The errors are estimated by aMonte-Carlo method, in which
the kinematic parameters are derived from several realisations of
the input spectrum obtained by adding Poissonian noise to a model
galactic spectrum.
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Figure 3.7: Contribution of the Hermite polynomials in the LOSVD profile. In
the left plot, h3 *= 0 and h4 = 0. The peak of the LOSVD occurs at negative
velocity for h3 > 0 and positive velocity for h3 < 0. This effect corresponds to
the skewness of the profile. In the right plot, h4 *= 0 and h3 = 0. The profile of
the LOSVD is more centrally peaked than a pure Gaussian profile for h4 > 0
and is broader for h4 < 0. This effect corresponds to the kurtosis of the profile.

The stellar kinematic parameters were determined for each individual
spectrum using this method automatically implemented in the SAURON
data reduction pipeline, for our whole sample except for the Seyfert 1
galaxies: NGC3227, NGC4051 and NGC4151. For these galaxies, the
automatic pipeline alone is inadequate due to the presence of a broad
Hβ emission line in the inner few arcseconds (see Fig. 3.8.c). The spectral
regions that are masked have to be carefully defined in order to exclude
this broad component, and then we fit the stellar kinematics of these 3
galaxies interactively, using the same pixel fitting method.
The AGN continuum is not separated from the stellar component using
this technique. The derivation of the stellar kinematics of the Seyfert 2s
is a priori not affected by the AGN continuum since the central engine
is hidden from direct view. This continuum would however affect the
derivation of the stellar velocity dispersion in the central regions of the
Seyfert 1s, where it is dominant. These regions have been excluded from
the following stellar kinematics analysis and subsequent discussions.
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Figure 3.8: Examples of spectra and their corresponding fits for 4 galaxies. (a):
NGC2985 (inactive), (b): NGC3227 (Seyfert 1.5), (c): NGC4151 (Seyfert 1.5),
(d): NGC4051 (Seyfert 1.2). In each panel, the black line on the top shows the
galaxy spectrum and the red line, its corresponding fit which is composed of
the best-fitting stellar template added to the emission line fit. Below this spec-
trum, the pure emission line spectrum is shown in black. The corresponding
emission lines fit is overplotted in red. The spectra were taken in the central
pixel of the FOV, except for NGC3227, for which the spectrum was taken at 4′′
North-East from the centre.

2. Derivation of the gaseous distribution and kinematics
The stellar continuum resulting from the stellar kinematic fit was sub-
tracted from the original data, providing pure emission line datacubes.
The wavelength range of our observations includes the Hβ λ4861,
[O III]λλ4959,5007 and [N I]λλ5198,5200 emission lines. The parameters
of these emission lines (intensity, mean velocity and FWHM) were de-
rived from Gaussian fitting using the fit/spec software developed
by Rousset (1992).
The fit was performed with two systems of emission lines: the first con-
sisting of the Hβ and [N I] lines, and the second, of the [O III] lines. The
Hβ and [O III] lines were fitted independently in order to detect differ-
ences in the kinematics of the two lines. Within each system, the lines
were assumed to share the same velocity and FWHM. Constraints were
applied on the parameters: the line ratio [O III]λ4959/[O III]λ5007 was
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Figure 3.9: Radial normalised profiles of the BLR for NGC3227, NGC4051
and NGC4151 (filled blue circles). The red solid line corresponds to the best-
fit seeing value for each of the three galaxies, derived independently with HST
images (see Table 3.5). The two red dashed curves correspond to the associated
upper and lower limits at 2σ.

assumed throughout to be equal to 2.88. Moreover the velocity V and
the velocity dispersion FWHM of the lines were bounded: V, around the
systemic velocity of the galaxy, and the FWHM by the spectral resolution
of SAURON FWHMSAURON = 4.2 Å. Usually the line profiles were simple
enough to be fitted automatically. A first fit was done using one single
Gaussian profile and this automated fit has been visually controlled for
each galaxy. An example of the emission lines fitting results is given
in Fig. 3.8.a. A small number of galaxies show complex emission lines
profiles and required a manual fit with additional emission line compo-
nents. Additional components for [O III] lines, Hβ line or both were re-
quired in the case of five active galaxies: NGC3227 (Fig. 3.8.b), 4051, 4151
and 5194. These additional components are certainly associated with the
NLR of these galaxies. An unresolved central Hβ broad component has
also been added in the case of the Seyfert 1 galaxies (NGC3227, 4051
and 4151) which corresponds to the BLR. The FWHM of this component
is 2600 km s−1, 1500 km s−1 and 3100 km s−1 for NGC3227, NGC4051
and NGC4151, respectively, and the spatial extent of the radial profile
of the BLRs (Fig. 3.9) is consistent with the PSF derived above, within
the derived uncertainties (Table 3.5). Finally, in the case of strong emis-
sion lines, a spectrum can be ’contaminated’ by the closest neighbour
spectrum. Therefore, extra emission lines are observed, at a wavelength
shifted of 62.4Å which corresponds to the distance between two lenses
in the detector plan. Fig. 3.10 shows a spectrum 2′′ west of the nucleus
of NGC4051. This spectrum presents Hβ and [O III] contamination lines
(corresponding to the green labels in the figure.)
In addition to Hβ and [O III] lines, the [N I]λλ5198,5200 doublet is present
in our SAURON spectra. Since the [N I] lines are significantly weaker than
the Hβ and [O III] lines, their kinematics can not be constrained indepen-
dently. Therefore this doublet is fitted together with the Hβ line system.
[N I] lines share then the same kinematics as Hβ and we constrained the
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Figure 3.10: Example of spectrum with contaminated emission lines from the
closest spectrum. The contaminated lines are shown with green labels, while
the ’true’ emission lines of this spectrum are labelled in red.

line ratio: 0.5 < [N I]λ5198/[N I]λ5200 < 1.5. However, it appears that al-
though the [N I] doublet is detected in most of our galaxies, it has a very
low signal-to-noise. Therefore it is not discussed further.
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Chapter 4

Results: the moment maps

This chapter is dedicated to the presentation of the moment maps of the neu-
tral, ionised gas and stars, for our sample of galaxies. The SAURONmaps con-
sist of the ionised gas and stellar distribution and kinematics within the cen-
tral kpc regions of the 15 galaxies of the SAURON/Seyfert sample (Sec. 4.1). I
present in Sec. 4.2 the H I moment maps corresponding to the 21 galaxies of
the VHIKINGS sample for which data reduction has already been completed.
Nine of these objects are also part of the SAURON/Seyfert sub-sample.
In this chapter, we discuss the general properties of the optical and radio maps.
Detailed description of the SAURON and H I moments maps, and a comparison
with previous published data for each galaxy can be found in Appendix E.

4.1 The central regions of active and inactive galax-
ies

In this Section, we present the distribution and kinematic maps of the stel-
lar and ionised gas components for our sample of galaxies. Figures C.1a to
C.1h (Appendix C) present our SAURON maps: stellar continuum, [O III] and
Hβ intensity distributions and emission line ratio [O III]/Hβ, as well as stel-
lar and gaseous kinematics (velocity and velocity dispersion). In the case of
the Seyfert 1 galaxies, the line ratio [O III]/Hβ is computed using the narrow
Hβ component. The galaxies are displayed by pair: the Seyfert on the top, its
control galaxy below, except for NGC1068 and NGC3227 which are shown
together (Fig. C.1a). All the maps are oriented so that the outer photometric
major-axis of the galaxy is on the horizontal axis. To display the gas maps, we
show only the reliable emission, i.e. when the ratio of the fitted amplitude to
the surrounding noise is larger than 3. The gaseous kinematic maps (veloc-
ity and dispersion) discussed in this section correspond to the [O III] emission
lines kinematics. The stellar h3 and h4 maps can be found in Fig C.2a and the
Hβ emission line velocity and velocity dispersion maps are shown in Fig C.3a.
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In the case of the inactive galaxy NGC4459 (Fig. C.1b), the Hβ line has
higher signal-to-noise ratio than [O III]. Hβ kinematics was then used as the
gaseous kinematics for this particular galaxy. Its [O III] kinematic maps are
presented in Fig C.3a

Finally, NGC4459 and NGC6951 were observed as part of other pro-
grammes (de Zeeuw et al., 2002) with multiple fields to provide a mosaic
(Fig. 3.4). For consistency with the other galaxies in our sample, we extracted
images corresponding to one single SAURON field of view (FOV) from the mo-
saiced exposures for these two galaxies.

4.1.1 Stellar and ionised gas distribution

For each galaxy, the stellar continuum maps (Figs. C.1a-C.1h, first panel for
each galaxy) were derived by integrating over the full wavelength window the
spectra corresponding to the optimal stellar template obtained as explained in
Sect. 1. We constructed the ionised gas intensity maps and the [O III]/Hβ lines
ratio maps directly from the fit of the emission lines spectra.

Stellar continuum distribution

Half of the galaxies in our sample present symmetric stellar continuum maps
with regular isophotes. NGC2985, 4151 (Fig. C.1e) and 4459 (Fig. C.1b)
show rather round central features while the isophotes are more flattened for
NGC3227 (Fig. C.1a), 4051 (Fig. C.1e), 5806 (Fig. C.1c) and 6951 (Fig. C.1h).
The latter four galaxies host a large scale stellar bar, their stellar continuum
reflecting the elongation of the bar in the central regions.

Five Seyfert 2 galaxies and one inactive galaxy present more complex stel-
lar distribution maps. Isophotal twists or irregular isophotes are observed in
five Seyfert 2 galaxies: NGC1068 (Fig. C.1a), 2655 (Fig. C.1b), 3627 (Fig. C.1c),
4579 (Fig. C.1f) and 5194 (Fig. C.1g). The inactive galaxy NGC5055 presents
an asymmetric structure (Fig. C.1g). The surface brightness is higher on the
North-West side of the FOV, the emission line flux being absorbed by the dust
on the South-East (see Fig. 3.4). The predominance of irregular isophotes and
twists in the circumnuclear regions of Seyfert 2 galaxies compared to Seyfert
1 or inactive galaxies has been described quantitatively by Hunt & Malkan
(2004).

Finally, two inactive galaxies, NGC3351 and 5248 exhibit a circumnuclear
ring at a radius of ∼ 5′′ which corresponds to 550 pc for NGC3351 and 200 pc
for NGC5248, respectively. These structures have been described by Devereux
et al. (1992) and Laine et al. (2001).
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Ionised gas distribution

Ionised gas is detected in all the galaxies of our sample, over the full SAURON
FOV except for NGC4459 (Fig. C.1b), where emission lines are very weak out-
side the inner 10′′. In this Section we describe the maps of the gas properties
mainly focusing on regions which are not dominated by non-gravitational mo-
tions driven by the active nucleus.

A variety of structures can be seen in the [O III] and Hβ intensity maps:

• Spiral-like structures are seen in two Seyfert galaxies: NGC1068
(Fig. C.1a, Hβ intensity map) and NGC4579 (Fig. C.1f). Such struc-
tures correspond well with the nuclear molecular spirals observed by
Schinnerer et al. (2000b) and Garcı́a-Burillo et al. (2005) in NGC1068 and
NGC4579, respectively.

• Circumnuclear rings are found in three inactive galaxies (NGC3351
Fig. C.1f, 5248 Fig. C.1d and 5806 Fig. C.1c) and the Seyfert 2 NGC6951
(Fig. C.1h), which correspond with known ring-like star forming struc-
tures in the central regions of these four galaxies (Devereux et al., 1992;
Laine et al., 2001; Carollo et al., 2002, respectively).

• In five other galaxies, asymmetric structures are observed. The emission
line distribution of NGC4151 is elongated from the centre to the South-
West side of the FOV (Fig. C.1e) in agreement with the high-excitation
emission line feature described by Perez et al. (1989), corresponding to
the Extended Narrow Line Regions (ENLR) of this galaxy. The Seyfert
2 galaxy NGC2655 (Fig. C.1b) presents a hot-spot 15′′ away from the
centre to the East and a lane 10′′ West of the centre elongated along the
South/North direction consistent with the polar ring observed by Keel
& Hummel (1988). Asymmetric and irregular structures observed in the
ionised gas intensity maps of NGC3627 (Fig. C.1c) or NGC5055 (C.1g)
are certainly due to the presence of dust in the circumnuclear regions.
In the case of NGC5194 both the stellar continuum and the Hβ emission
line intensity present irregularities consistent with the dusty nuclear spi-
ral (Peeples & Martini, 2006), while [O III] emission lines traces an out-
flow structure associated with the AGN.

• Finally three galaxies (two inactive NGC2985, Fig. C.1e, NGC4459,
Fig. C.1b and the Seyfert 1 NGC4051, Fig. C.1d) show regular round
gaseous distributions.

Ionised gas line ratios

[O III]/Hβ ratio is a good tracer of the ionisation mechanism. Low [O III]/Hβ
ratios are characteristic of star formation while high [O III]/Hβ ratios trace
high-ionisation processes. As expected, the Seyfert galaxies present higher
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[O III]/Hβ ratios than their associated inactive galaxies in the central kpc re-
gions. The maximummeasured ratio for the inactive galaxies is of the order of
2, while for Seyfert galaxies it can reach values up to 10 or 20. For the Seyfert
galaxies, the emission line ratio reaches its highest value in the central few
arcseconds associated with the active nucleus. Some regions away from the
central engine are also characterised by high [O III]/Hβ values (+ 1) corre-
sponding to high excitation regions, such as in the ionisation cone of NGC1068
(Fig. C.1a), the bubble of NGC5194 (Fig. C.1g) or the elongated gaseous feature
of NGC4151 (Fig. C.1e). Finally the ring-like structures seen in the gaseous
maps of NGC3351, NGC5248 and NGC5806 show low emission lines ratios
([O III]/Hβ " 0.1) consistent with star formation.

4.1.2 Stellar and ionised gas kinematics

Outside the regions dominated by non-gravitational motions associated with
AGN-driven outflows, all of our galaxies show stellar and gas velocity fields
with a global regular rotation pattern (second panel of each row in Figs. C.1a
to C.1h). More complex dynamical structures are observed in some cases, es-
pecially in the ionised gas velocity fields.

Stellar kinematics

Most of the galaxies in our sample present a regular stellar velocity field, the
orientation of their kinematic major-axis being constant over the FOV and their
minor-axis perpendicular to it (e.g. NGC2985 Fig. C.1e, 4459 Fig. C.1b, 5055
Fig. C.1g). A few active galaxies show some departures from axisymmetry e.g.
the S-shaped zero-velocity line in NGC1068 (Fig. C.1a) and twisted kinematic
major-axis in NGC3627 (Fig. C.1c). In all of our sample galaxies, the stellar
kinematic major-axis is rather well aligned with the outer disc photometric
major-axis (see Sect. 5.1.1). The observed stellar kinematics within the SAURON
field of view are also clearly dominated, in all cases, by rotational motion, as
evaluated via a global measurement of V/σ (Dumas et al., in preparation), con-
firming the disc-like nature of the galaxies in our sample.

For some of our galaxies, the stellar velocity dispersion decreases inwards.
These so-called σ-drops (Emsellem et al., 2001; Márquez et al., 2003) are ob-
served in at least five Seyfert galaxies NGC1068, 2655, 3227, 4051, 4151 and
NGC6951 and one inactive galaxy NGC5248. These central σ-drops have
been found to be common in S0 to Sb spiral galaxies (Emsellem et al., 2004;
Falcón-Barroso et al., 2006; Márquez et al., 2003) and recently Ganda et al.
(2006) showed that such structures are present in galaxies as late as Sd. Central
velocity dispersion drops are thought to be associated with dynamically cold
structure, like discs and star formation regions (Wozniak et al., 2003).
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Ionised gas kinematics

The ionised gas velocity maps are dominated by rotation and for all of the
galaxies the gas rotates faster than the stars (Figs. C.1a to C.1h second pan-
els of the second rows). Since stars follow collisionless orbits, their mean ve-
locities are indeed expected to be lower than the local circular velocity (see
Binney & Tremaine, 1987). The gas velocity fields are more distorted and
present richer structures than the stellar ones. Evidence for significant de-
viations from axial symmetry exists in almost all the galaxies: radial change
in the orientation of the major-axis (NGC3227, Fig. C.1a), wiggles along the
kinematic minor-axis (NGC2655, Fig. C.1b , 4579, Fig. C.1f), S-shaped fea-
ture (NGC1068, Fig. C.1a), or more complicated structures (e.g. NGC3627,
Fig. C.1c or NGC5194, Fig. C.1g ). For all of our galaxies, the Hβ and [O III] ve-
locity fields present very similar structure, though [O III] velocity fields have
generally better signal-to-noise ratio than the Hβ ones, except for NGC4459
(Figs. C.1a and C.3a). We also observe highly misaligned kinematic major-
axes of the ionised gas with respect to the stellar ones in some of our galaxies
such as NGC2655 (Fig. C.1b) and NGC4579 (Fig. C.1f). These misalignments
will be analysed in the following Section.

The gaseous velocity dispersion maps present no particular structure for
all of the inactive galaxies and two Seyferts (NGC3627, Fig. C.1c and 4051,
Fig. C.1d). For eight Seyfert galaxies (NGC1068, 2655, 3227, 3627, 4151, 4579,
5194 and 6951) and three inactive galaxies (NGC2985, 4459 and 5055) σ val-
ues increase inwards. In the inner 5′′, the dispersion can reach values 200
km s−1 higher than in the outer part of the FOV as in NGC1068 (Fig. C.1a).
NGC2655 (Fig. C.1b) and 4579 (Fig. C.1f) also present high dispersion values
(∼ 230 km s−1) associated with the gas distribution structures. For NGC4151,
gaseous dispersion velocity maps exhibit high values in the inner arcseconds
(about 280 km s−1). Outside the very inner part and inside the ENLR, the ve-
locity dispersion shows lower values (between 50 and 130 km s−1). Then, σ
increases in the outside parts of the map for this galaxy, corresponding to the
location of a dusty ring (Vila-Vilaro et al., 1995).

4.2 H Imoment maps

As explained in Sec 3.2.1, radio data are available for 50 of the 56 galaxies of the
VHIKINGS survey, via archival data or dedicated VLA observations. For two
of the observed galaxies, NGC4459 and NGC7743, neutral hydrogen has not
been detected. Regarding NGC1068, the moment maps are contaminated by
strong H I absorption from the nucleus and were then discarded. Overall H I
data of 47 galaxies of the VHIKINGS sample are available. The data reduction
and construction of the moment maps of these galaxies are on-going: in this
section I present the H I distribution (zeroth moment, Sec. 4.2.1) and velocity
field (first moment, Sec. 4.2.2) for the 21 galaxies for which data reduction has
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already been completed. The detailed analysis of the H I moment maps (e.g.
H I mass and extent) and environment (distribution of low surface brightness
companions) for the galaxies of the VHIKINGS sample and the connection of
their H I properties and their activity state, will be found in Mundell et al. (in
prep) and Haan et al (in prep).

4.2.1 H I morphology and environment

Figs. D.1a to D.1f (Appendix D) present the H I first two moment maps of the
Seyfert and non active galaxies of the VHIKINGS sample for which data re-
duction has been completed so far. The optical DSS image is also shown for
comparison, on the left for each galaxy. The H I intensity distribution is shown
in the middle panel, and the H I velocity field on the right. The extent of the
neutral hydrogen is much larger than the optical image for the majority of
the galaxies presented here (e.g. NGC2655, 2985, 5055 and 5383). Near the
centre there is generally a depression in the H I distribution (e.g. NGC3351,
4051 and 4548). Some galaxies present companions (NGC2655, 3169, 3227,
3963, 4041, 4593, 4639 and 5383) and tidal or interaction structures are seen for
these galaxies: elongated structure towards the companion (NGC3169, 3227,
3963) or loops (NGC2655, 4593). In the case of NGC3227, no H I emission
is associated with the companion NGC3226 and the southern plum is much
more elongated and narrower than the plum on the North pointing towards
NGC3226. These two features are associated with the interaction between
these two galaxies (Mundell et al., 1995b). H I is not detected in the central re-
gions, corresponding the optical emission, in NGC5395. This galaxy presents
an outer H I ring, broken in the southern part. For NGC4151, the central H I
distribution traces the large scale stellar bar. Then outer H I spiral arms are
seen (Mundell et al., 1999; Mundell & Shone, 1999). These spiral arms are very
weak in the optical counterpart, as shown in the SDSS image on Fig. 4.2.1.
The majority of galaxies without any companion shows regular H I distribu-
tion, tracing the stellar structures such as spiral arms (e.g NGC4051, 6951) or
bars (e.g. NGC5383) in the central regions and with usually an H I outer disk
(e.g. NGC5383, 6951). Finally, some galaxies present an outer warp in the H I
distribution, e.g. NGC3705 or 4258.

4.2.2 HI kinematics

The H I velocity fields are shown in Figs. D.1a to D.1f. All the galaxies pre-
sented here show H I velocity field dominated by global rotation. Some de-
viations to pure rotational motions are seen though. Some galaxies present
irregular isovelocity contours, with twists or wiggles (e.g. NGC2655, 4941,
6951) and in some cases the orientation of the kinematics major axis changes
with a great amplitude as in the case of NGC3169 or NGC2967 for which the
central arcminute seems almost decoupled from the outer parts.
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Figure 4.1: SDSS image of NGC4151. The outer spiral arms are visible though
very weak.
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The H I velocity fields of these galaxies will be analysed and discussed in
details, along with the optical stellar and gaseous velocity fields, in Chapter 5.

4.3 Summary

In this chapter, the moment maps of our galaxies were presented for the stel-
lar, ionised gas and H I components. In the circumnuclear regions, the stellar
kinematics present very regular rotation patterns for both Seyfert and non-
active galaxies in agreement with previous studies (Barbosa et al., 2006). The
ionised gas is generally o-rotating with respect to the stars. The gaseous kine-
matic maps in the circumnuclear regions reveal some irregular and complex
features. These perturbations in the gaseous velocity fields may hint for the
presence of streaming or radial flows, which could be related to the fuelling
mechanisms. This will be further examined in the next chapter.



Chapter 5

Kinematic analysis of the velocity
fields

In the previous Chapter, we described the maps of the stellar, ionised gas and
neutral gas components. For all of our galaxies, the stellar velocity fields are
dominated by rotation, showing regular isovelocity contours and their photo-
metric and kinematic major-axes seem globally aligned. The neutral gas kine-
matics show regular isovelocity contours as well, in agreement with global
rotation motions. In comparison with the stellar and H I maps, however, the
gaseous distributions are more complex and the kinematics more perturbed
with this effect appearing more pronounced for the Seyferts compared to
their control galaxies. The identification of this qualitative difference between
gaseous and stellar distributions and kinematics in the inner kpc of active and
inactive galaxies has important implications for the triggering and nuclear fu-
elling. In this Chapter, we therefore provide a more quantitative analysis of
the velocity fields of the stars, ionised and neutral gas. We first compare the
major-axis orientation of the stellar velocity field in the central regions to that
of the outer galactic disk. Then we quantify the differences between stars and
gas in Seyfert and inactive galaxies as seen in our SAURONmaps. We compare
the global orientation of the stellar and ionised gas kinematic maps to probe
any significant differences between the two components. Then we analyse the
kinematic maps in the central regions (stars and ionised gas) and outer disk
(neutral gas) in more detail, by computing the kinematic parameters (systemic
velocity, dynamical centre, PA, rotational velocity) as a function of radius, us-
ing a simple representation of a two-dimensional thin disk in rotation.

5.1 global kinematic major-axis orientation in the
central regions

The stellar and ionised gas velocity fields can be first simply parametrised by
their major-axes. Misalignments between the kinematic major-axes of the stel-
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Figure 5.1: Comparison of stellar and gaseous observed (right panels) and bi-
antisymmetric (left panels) velocity fields for NGC2655, at the best fitting PA.
Contours correspond to the stellar continuum.
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lar and ionised gas components may reveal the presence of non-axisymmetric
structures or decoupled components such as central disks. Here, we compare
such misalignments in our sample of Seyfert and control galaxies, to charac-
terise global kinematic differences in their central kpc.

The kinematic axis orientations were determined for both the stellar and
ionised gas velocity fields. The global position angles (PAs) of the kinematic
major-axis were obtained by minimising the differences between our SAURON
velocity fields (stars and [O III]) and a bi-antisymmetric representation of these
fields. Such bi-antisymmetric velocities V ′(x, y) correspond to the average of
the velocities in the four quadrants defined by the major and minor kinematic
axes:

V ′(x, y) =
V (x, y) + V (x,−y) − V (−x, y) − V (−x,−y)

4
,

where the x-axis and y-axis are along the major and minor axes, respectively.
This method is described in more details by Krajnović et al. (2006) in their
Appendix C and we used a specific implementation written by Michele Cap-
pellari. Fig. 5.1 shows the stellar and gaseous velocity fields for NGC2655
(right panels) and their corresponding bi-antisymmetric velocity maps (right
panels).
We applied this method to the SAURON maps described in Chap. 4. In or-
der to compute the kinematics PA due to motions in the gravitational field
of the host galaxy, regions contaminated by the AGN were masked out, in
the case of the Seyfert galaxies. The [O III]/Hβ line ratio was used to deter-
mined these regions, following criteria defined by Ho et al. (1997): regions for
which [O III]/Hβ>3 are considered typical of photoionization regions from the
AGN, and then were masked out to compute the kinematic PA. In the case of
NGC4151, the ENLR is very extended, and [O III]/Hβ>3 in 95% of the FOV.
Therefore for this galaxy, we masked out regions of line ratio [O III]/Hβ>7.
The values for the measured kinematics PAs and misalignments between the
stars and ionised gas are listed in Table 5.1.

5.1.1 Stellar kinematics and the orientations of the line of
nodes

In the case of an axisymmetric mass distribution, the direction of the stel-
lar kinematic major-axis should coincide with the line-of-nodes (LON) of the
galaxy, while in the case of a triaxial potential the kinematic and photomet-
ric major-axes can depart from each other due to projection effects. There-
fore, we first check if the stellar kinematic major-axis in the central regions
and the outer photometric major-axis are aligned. The photometric major-axis
position angle is computed from ellipse fitting on the R-band DSS images for
each of our galaxies. These derived values are then compared with published
ones. For most of our galaxies, the PAs values found in the literature are in
good agreement with those derived from the ellipse fit, within the error bars,
in which case we took our measured values as the photometric PAs. How-
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Figure 5.2: Distribution of the differences between the photometric and the
global stellar kinematics PAs PAstars−PAphot for each pair of galaxies, Seyferts
(red diamonds) and inactive galaxy (blue circles). The dashed black horizontal
line corresponds to a difference of 10◦.

ever, a few galaxies present significant discrepancies between our fitted values
and the published ones. This is the case for NGC1068 and NGC4151 which
present a weak oval bar and a faint, almost circular outer disk, respectively.
The measurement of the photometric PA of NGC5194 is uncertain given that
this galaxy is nearly face-on (i=20◦). We therefore used reliable values derived
from HI kinematics for NGC4151 (Pedlar et al., 1992) and optical kinematics
for NGC5194 (Tully, 1974), as the photometric PAs. Table 5.1 lists the resultant
photometric PA values for the sample galaxies. The differences between the
global stellar kinematic and the photometric PAs are plotted in Fig. 5.2.

Our first qualitative impression is confirmed: the stellar kinematic PAs are
parallel to the photometric ones within 10◦ for all of our galaxies except for
NGC5194 and NGC1068 which present a difference of about 25◦ and 12◦, re-
spectively. In the case of NGC1068, the stellar kinematic major-axis PA corre-
sponds to the average PA of the kinematic axis as fitted on the large-scale HI
data by Bland-Hawthorn et al. (1997), while the outer photometric major-axis
lies at a PA of about 80◦(Emsellem et al., 2006). Besides the two specific cases of
NGC5194 and NGC1068, for all of our galaxies the major-axis orientation of
the central part of the stellar velocity field is therefore a reliable measurement
of the line-of-nodes of the galaxy.
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Figure 5.3: Distribution of differences of global kinematics PAs of stars and
gas PAstars − PAgas for each pair of galaxies, Seyfert (red diamonds) and inac-
tive galaxies (blue circles). The dashed black horizontal line corresponds to a
kinematic misalignment of 20◦.

5.1.2 Global kinematic misalignments between stars and
ionised gas

Fig. 5.3 presents the global gaseous versus stellar kinematic PAs and the dis-
tribution of kinematic misalignments between the stellar and gaseous com-
ponents in our sample. All the inactive galaxies present a misalignment be-
tween gaseous and stellar kinematic major-axes less than 20◦ while five Seyfert
galaxies show an absolute misalignment larger than 20◦. A horizontal line at
a kinematic misalignment of 20◦ is drawn in the Fig. 5.3 to enhance this re-
sult. This arbitrary value of 20◦ has been chosen since it is a maximum limit
of misalignments for all the non-active galaxies, while some Seyfert galaxies
present higher kinematic misalignments. Among the five Seyfert galaxies with
strong kinematic misalignments, two are Seyfert 1 galaxies: NGC3227 and
NGC4051 (pair 3) for which the BLR is detected and one is NGC5194 (pair 6)
which presents an outflow structure in the gaseous maps on the Northern side
(Fig C.1g). The other two galaxies are NGC2655 (pair 1) and NGC4579 (pair
5). NGC2655 is known to host off-planar gas in the central regions (Erwin &
Sparke, 2003). An inner molecular spiral is present in the nuclear region of
NGC4579 (Garcı́a-Burillo et al., 2005) and a spiral-like structure is observed in
our ionised gas distribution maps (Fig. C.1f).
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5.1.3 Statistical tests

About half of our Seyferts sample presents strong misalignments between stel-
lar and gaseous kinematics while none of the inactive galaxies shows such dif-
ferences. In order to determine whether the two distributions are statistically-
significant different, we applied statistical tests. Since NGC1068 and 3227 do
not have associated control non-active galaxies, we only take the 7 pairs of ac-
tive/inactive galaxies into consideration. Therefore we considered samples of
7 Seyfert galaxies and 6 inactive galaxies. For such small samples, only non-
parametric statistical tests can be applied and we then used two well suited
tests: the Kolmogorov-Smirnov test and the Mann-Whitney U test. In the fol-
lowing, I will describe these two tests and their results on the kinematic mis-
alignments distributions. For both of these tests, our null-hypothesisH0 is that
the kinematic misalignments of the Seyfert and inactive galaxies come from
the same distribution, while our alternative hypothesis H1 would be that the
two distributions are different (two-tailed test). We will consider that the two
populations are statistically different, and hence reject H0, if the significance
level is 5% or less. At this level of significance, the probability that the two
populations are different would be of 95% or more.

• The Kolmogorov-Smirnov test.
The Kolmogorov-Smirnov test (KS test) is a powerful non-parametric
test. It considers the maximum deviation D between the cumulative
distribution functions of the two samples. The cumulative distribution
function, Z, describes the probability that a variable X takes on a value
less than or equal to a number x. In our case, it is defined as the num-
bers of galaxies for which |PAstars-PAgas| = ∆PA is less than a considered
value, divided by the total number of galaxies in the sample. Fig. 5.4
presents the cumulative distribution functions of the Seyfert (red curve)
and non-active galaxies (blue dashed curve) populations.
The maximum deviation between these two functions is D = 0.57. The
critical values of D for our sample sizes at a significance level of 5% is Dc

= 0.714. Therefore D<Dc and the null-hypothesis cannot be rejected at
the chosen degree of significance.

• The Mann-Whitney U test
The KS test is a very powerful statistic test, however, for samples of small
sizes like ours, the error to accept a false null-hypothesis may occur. Since
we cannot reject H0 via the KS test on our data, we run another statisti-
cal test, to check whether the first statistical result is due to our small
samples sizes. We then used the Mann-Whitney test, or U-test. This test
considers the ranks of the values of the variables (∆PA in our case) for
the two populations. The two samples are combined and sorted. Then,
taking each value of ∆PA in the sample of inactive galaxies, we count
the number of ∆PA of Seyfert galaxies that are smaller than it, and we
count a half for any that are equal to it. The statistic variable U is finally
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Figure 5.4: Cumulative distribution functions of the Seyfert (red solid curve)
and the non-active galaxies (blue dashed curve). The KS statistic D is shown
as the green line. A log scale has been used to enhance the difference between
the two distributions.

computed by summing all these counts. In the case of totally separated
sample, e.g. ∆PA of Seyfert galaxies always larger than those of non-
active galaxies, the statistic U for the non-active galaxies sample would
be 0 while U of the Seyfert galaxies would be 42 (e.g. the product of
the sample sizes). For small size samples, critical values of U are tabu-
lated, at the considered level of significance. The null-hypothesis can be
rejected if the value of U, computed from our data is less than the corre-
sponding critical value. In the case of our sample size, the critical value
is Uc = 8 at a significance level of 5%, while the computed value is U =
13 for the non-active galaxies sample (for the Seyfert galaxies, U = 28.5).
Therefore, the distributions of the kinematic misalignments of two pop-
ulations are the same at our chosen degree of significance. This result is
in good agreement with the KS test. However, the U-test shows that the
null-hypothesis can be rejected at a degree of significance of 1.5σ ∼ 15%.
The fact that H0 cannot be rejected with a higher probability is certainly
due to the small sizes of our samples.

• Results
Finally, no statistically-significant difference is found between Seyfert
and control-galaxies at a level of significance of 5%. The Mann-Whitney
U test showed however that the two distributions can be considered
different with a probability of about 85%, which shows that the Seyfert
galaxies tend to present higher kinematic misalignments than the
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non-active galaxies in our samples.

In this section, we symmetrized the velocity fields in order to look for global
differences in disk orientation. This zeroth order analysis shows that half of the
Seyfert galaxies present kinematic misalignments between the ionised gas and
the stars larger than 38◦ while such misalignments are less than 20◦ in the case
of all the non-active galaxies. However, our samples are too small to be able
to statistically separate the two distributions of active and inactive galaxies in
term of kinematic misalignments.

5.2 Modelling the velocity fields

In the above analysis, global parameters (independent of radius) were ex-
tracted from the two-dimensional SAURON data, and therefore details of the
observed kinematic structures and small-scales variations of the PA are not ac-
counted for. Analysis of the radial variations of the kinematic parameters of
the galaxies is essential to study the galactic dynamical structure, and allows
therefore to constrain any dynamical processes which may be responsible for
the transport of material in the disk of galaxies. The velocity curves of galax-
ies, which give the circular orbital velocity as a function of radius, were first
extracted from long-slit spectroscopic observations. In this case however, the
kinematic information is only available along the direction of the slit, and mis-
alignment of the slit with respect to the major-axis or deviations from pure
circular motions may change the shape of the derived rotation curve and thus
the results of such analysis may be difficult to interpret (Whitmore et al., 1988).

The analysis of two-dimensional velocity maps of galactic disks, obtained
with a variety of instruments (Radio and Fabry-Perot interferometers, IFS) pro-
vides much more kinematic information. It allows to derive more robustly the
velocity curve of the galaxies, and also to reconstruct a projected velocity field
model, corresponding to purely circular orbits. The subtraction of this model
from the observed velocity map gives the residual velocity field. Assuming
that the model corresponds to the circular components, these residual veloci-
ties correspond then to the non-circular motions, and careful analysis of such
residual velocity maps allows to constrain the dynamics of the galactic disk.
Many methods were developed in order to robustly determine the galactic
kinematic parameters from two-dimensional velocity fields. In the well used
’tilted-ring’ method (Rogstad et al., 1974), motions in galactic disks are sup-
posed to be dominated by circular rotation, with potentially small non-circular
components. The galactic disk is divided into concentric rings. The figure 5.5
presents the stellar velocity fields of NGC5055, divided in 15 concentric rings
of width of 1′′.5 running from 2′′.75 to 23′′.75. Each rings is defined by the an-
gles i and PA and are centred on the dynamical centre. The kinematic and
geometrical parameters are then assumed to be constant within a ring and are
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Pairs Name Activity PAphot Ref PAstars PAgas ∆PAphot−kin ∆PAkin

NGC (deg) (deg) (deg) (deg) (deg)
(1) (2) (3) (4) (5) (6) (7) (8) (9)

1068 S2 -100±5 1 -89±1 -89±1 11±6 0±2
3227 S1 158±2 2 161±4 192±6 3±6 31±10

1 2655 S2 -95±5 3 -94±1 -174±1 1±6 80±2
4459 inactive -77±2 3 -80±1 -81±1 3±3 1±2

2 3627 S2 -175±5 3 -167±1 -167±1 8±6 0±2
5806 inactive 172±2 3 171±2 157±1 1±4 14±3

3 4051 S1 -45 4 -49±4 -6±1 4±4 43±9
5248 inactive 110±2 3 115±2 130±1 5±4 15±3

4 4151 S1 22 5 25±5 34±5 3±5 9±10
2985 inactive -3±1 3 -2±2 -3±1 1±3 1±3

5 4579 S2 96±2 3 99±1 155±1 3±5 56±2
3351 inactive -168±2 3 -164±1 -154±1 6±3 10±2

6 5194 S2 -190 6 -173±1 -135±1 17±1 38±2
5055 inactive 102±2 3 99±1 106±1 3±4 7±2

7 6951 S2 137 7 144±2 142±1 7±2 3±3
5248 inactive 110±2 3 115±2 130±1 5±4 15±3

Table 5.1: Results of the kinematic analysis of the stellar and gaseous compo-
nents in the central regions. (1): Pair identifier; (2): NGC number; (3): Activ-
ity; (4): Photometric position angle (PA) in degrees. The values for NGC4151
and NGC5194 correspond to the line of nodes PA. (5): Origin of the values
for the photometric PA: 1: Emsellem et al. (2006), 2: Mundell et al. (1995b),
3: R-Band DSS images ellipse fitting, 4: Christopoulou et al. (1997), 5: Pedlar
et al. (1992), 6: Tully (1974), 7: Rozas et al. (2002); (6): Stellar Kinematic posi-
tion angle (PA), in degrees; (7): Gas Kinematic position angle (PA), in degrees;
(8): Difference between the photometric and the stellar kinematic PAs, in de-
grees ∆PAphot−kin = |PAphot−PAstars|; (9): Difference between the stars and gas
kinematic PAs, in degrees ∆PAkin = |PAstars−PAgas|.
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Figure 5.5: NGC5055 stellar velocity field divided in concentric rings. The
width of each ring is 1′′.5, and the mean radii run from 2′′.75 to 23′′.75.

then fitted. Such ’tilted-ring’ fit have been implemented in several data analy-
sis softwares, such as the ROTCUR (Begeman, 1987) routine in GIPSY (Gronin-
gen Image Processing System) and its extension RESWRI (Schoenmakers et al.,
1997).

Considering an infinitesimally thin two-dimensional galactic disk , there-
fore with no vertical velocities, the line-of-sight (LOS) velocity can be written
as a function of the polar coordinates in the galactic disk (R, Φ) and the disk
inclination i, in the most general case:

Vlos(R, Φ, i) = Vsys + VΦ(R, Φ) cos Φ sin i

+ VR(R, Φ) sin Φ sin i (5.1)

where Vsys is the systemic velocity of the galaxy and (VR(R, Φ), VΦ(R, Φ)) is
the velocity vector in the plane of the galaxy. The disk inclination i ranges from
0◦ (face-on) to 90◦ (edge-on). Finally, the polar coordinates in the plane of the
galaxy (R, Φ) are related to the observable coordinates (x, y) on the sky plane
by: 





cos Φ =
−(x − xc) sin Φ0 + (y − yc) cos Φ0

R

sin Φ =
−(x − xc) cos Φ0 − (y − yc) sin Φ0

R cos i

(5.2)

(xc, yc) are the coordinates of the dynamic centre and Φ0 is the PA of the
projected major-axis of the disk measured with respect to North (counter-
clockwise). The angle Φ is defined from the x-axis as shown in the bottom
panel of Fig. 5.6. This figure presents the projection of the galactic disk on the
sky plane (top left panel). The x-axis of the galactic plane is chosen so that it is
common to the galactic and sky plane. The projection on the sky is then done
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Figure 5.6: Projection of the galactic disk on the sky. Top left: view of the
projection of the galactic disk on the sky plane (light blue ellipse and axes).
The z-axis is the axis perpendicular to the galactic plane. The disk inclination
i is the angle between the z-axis and the line-of-sight (LOS). Top right: View
of the projected galactic disk. MA corresponds to the major-axis of the ellipse.
The position angle (PA) of the galaxy is defined from the North to the major-
axis on the receding side (red line), counter-clockwise. In this figure PA is
therefore negative. The blue line corresponds to the approaching side. Then,
the bottom figure shows the velocity vector V decomposed as VR and VΦ at the
position (R,Φ) in the galactic plane.
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via a rotation of angle i around the x-axis. Therefore, the disk inclination does
not take place in the expression of the cos Φ term.

In the simplest case of pure rotation motions in an axisymmetric potential
with rotation velocity Vc, Eq. 5.1 becomes:

Vlos = Vsys + Vc(R) cos Φ sin i (5.3)

However, this simple modelling does not take into account the complex non
circular motions that occur in most observed velocity fields. As shown in the
stellar and ionised gas velocity fields of a number of Seyfert and non active
galaxies (Chap. 4), complex kinematic structures are observed. The kinematic
PA may change as a function of radius, isovelocity contours are not regular
and the zero-velocity line (kinematic minor-axis) can be twisted. Therefore,
many studies have been made to investigate these complex kinematic struc-
tures (Schoenmakers et al., 1997; Wong et al., 2004). Following these previous
works, we then express the LOS velocity fields in terms of a Fourier series:

Vlos = c0 +
k∑

n=1

[cn(R) cos(nΦ) + sn(R) sin(nΦ)], (5.4)

where k is the number of harmonics, cn and sn are the harmonic coefficients,
depending only on R and which contain the kinematic information. Hence, c0

is immediately related to Vsys as c0 = Vsys and in the simple case of pure circu-
lar rotation motions, c1 = Vc sin i and all the other coefficients are zero. For any
observed velocity field, the different harmonic coefficients are connected to the
kinematic parameters and hence to the gravitational potential and the dynam-
ical perturbations, sources of observed non-circular motions. Extension of the
simple tilted-ring model were implemented to take into account non-circular
motions and to perform harmonic expansion of the velocities along the rings,
such as the GIPSY routine RESWRI (Schoenmakers et al., 1997). These first
works were dedicated to the analysis of radio interferometric data. More re-
cently, routines were developed to perform tilted-ring fits on velocity fields
obtained with optical IFS, such as for the SAURON data. Fathi et al. (2005)
analysed the SAURON velocity field of NGC5448 via harmonic decomposition,
and modelled the underlying gravitational potential using the harmonic co-
efficients. The Kinemetry tool developed by Krajnović et al. (2006) perform
high order harmonic analysis of two-dimensional velocity maps without any
assumption on the structure of the observed system (e.g. motions confined in
a thin disk).

In this work, we have the full two-dimensional dynamical information. We
can then analyse the stellar and ionised gas and neutral gas velocity fields
quantitatively over the FOV and study the kinematic properties as a func-
tion of radius, using such tools . Our radio imaging resolution gives access
to the H I disk dynamics down to about 20′′ (i.e. r" 700 pc for the VHIKINGS
sample). Then the inner 20′′ are mapped via the optical stellar and gaseous
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data, providing the missing link between the large-scale H I disk and the nu-
clear regions kinematic properties. Therefore, for the 7 pairs of Seyfert/control
galaxies and the two single Seyfert galaxies NGC1068 and NGC3227 of the
SAURON/Seyfert survey, for which H I data are also available via the VHIK-
INGS survey, full recovery of the kinematic parameters, from the outskirts of
the galactic disk (via H I data) down to the inner regions (via optical data) is
possible.

As reviewed above, numerous tools are available to derive the kinematic
parameters via tilted-ring fits of the velocity fields. However, many of these
tools, such as ROTCUR, are dedicated to radio interferometers data and re-
quired the installation of the entire softwares suite (e.g. GIPSY). In our study,
we needed a small and handy tool to perform robust automated tilted-ring fits
on either our radio or optical velocity fields and for which the characteristics
of the fit are known. We developed then the PyRing tool using Python, taking
into account the significant advantages of this language. Python is a dynamic
object-oriented and portable programming language. It offers strong support
for integration with other languages and tools and comes with extensive stan-
dard libraries. Moreover, Python codes are more maintainable (relative e.g. to
C codes) and can be updated easily.
In the following, I present this tool and the first results we obtained by apply-
ing PyRing on our velocity fields.

5.2.1 The PyRing tool

We use the expression of the velocity (Eq. 5.4) with the tilted-ring method in
order to derive the stellar and gaseous kinematic parameters. Our technique
is inspired from ROTCUR (GIPSY). We assume the galactic disk to be geomet-
rically thin, dominated by circular rotation, the deviation from axisymmetry
being small. The galactic disk is divided into concentric ellipses determined
by five parameters : the centre (xc, yc), position angle Φ0, inclination i and the
offset velocity Vsys.

The velocity harmonic coefficients cn and sn are assumed to be constant
within the rings width and they are then fitted on each ring, following Eq. 5.4.
The tilted-ring method allows therefore to determine the harmonic coefficient
of the velocity fields (related to the kinematic parameters) as a function of ra-
dius. Model velocity fields can then be constructed from the fitted values of
the kinematic harmonic coefficients and then residual velocity fields can be
derived.

The algorithm of PyRing is the same as the ROTCUR one. For each ring,
we first determine the pixels belonging to the ring. The model velocities are
computed for these pixels using the values of the input kinematic and geo-
metrical parameters. Then these parameters are adjusted via a least-squares
minimisation. A Levenberg-Marquardt least-squares minimisation routine im-
plemented in python is used. It is based on the lmfit Fortran routine (part of
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the MINPACK-1 package). The χ2 is evaluated as

χ2 =
∑

k

(Ok − Mk)2

wk
,

where k runs on all the pixels of the two-dimensional velocity map, O and
M are the observed and model maps, respectively. w is the weight map, gen-
erally assimilated with the rms noise of the original map: w = σ2

rms. In our
approach, we assumed the noise in our velocity maps to be dominated by the
photon noise. We assimilated then the weight mapw to the total intensity map.
The expression of the χ2 computed in ROTCUR is slightly different since the
weighting w is not the same.

The χ2 minimisation computes formal errors. In order to take into account
the correlation between the pixels of the velocity maps, these errors were mul-
tiplied by a factor

β =

√
4πσxσy

δxδy
,

where δx, δy are the size of a pixel and σx, σy are the dispersion of the beam,
in arcseconds (Schoenmakers et al., 1997). For the optical data, σx, σy were
assumed to be the dispersion of the PSF of the images (σPSF = 1.22×seeing,
where seeing is listed in Table 3.5).

In this work we chose a constant ring width at all radii, such that rings are
large enough to have a sufficiently high number of pixels inside each ring so
the fit is good, and small enough to assume that the harmonic coefficients are
constant within a ring. Then the kinematic parameters are fitted interactively
within each ring. First, the geometrical parameters (PA, i, dynamical centre),
the systemic velocity Vsys and the circular velocity Vc are adjusted, under the
simple assumption of pure circular motions, defined by Eq. 5.3. This fit allows
to construct the velocity curve and it is done following several iterations:

1. Initial values for Vsys, Φ0 and iwere taken from previous published stud-
ies or the NASA Extragalactic Database (NED). We fixed the dynamical
centre to coincide with the photometric centre, or with the location of the
central radio continuum peak for the Seyfert galaxies.

2. A first fit is done, by fixing Φ0 and i while allowing Vsys, (xc, yc) and Vc

(the circular velocity) to vary as a function of R. The mean values of Vsys,
xc and yc are taken as improved estimates for the systemic velocity and
the dynamical centre of the galaxy.

3. Then, we fit the position angle Φ0 and Vc with Vsys and (xc, yc) fixed at the
values derived from the previous step, and the disk inclination fixed at
its initial guess



5.2. Modelling the velocity fields 77

These three steps were followed for the stellar velocity fields and the H I ve-
locity fields. For the SAURON velocity fields of the ionised gas, we imported
the values of Vsys and (xc, yc) derived from the first step of the fit applied on
the stellar components. Then we fitted the PA and the rotational velocity as
for the stars. For the Seyfert galaxies, the regions dominated by the AGNwere
excluded as it has been done in Section 5.1.

5.2.2 Testing PyRing

In this section, I compare the results of our Python code PyRing with two well
known velocity fit packages: GAL (in AIPS) and RESWRI (in GIPSY). In the
case of the AIPS task GAL, a tilted-ring fit is not performed automatically.
Therefore we interactively applied GAL in the tilted-ringway: we fit the veloc-
ity field with GAL in a set of rings, with the assumption of a constant rotation
velocity within each ring.
Three tests were carried out. First I fitted a modeled velocity field, in pure
circular rotation, with known parameters, with these three methods and com-
pared the results of each fit with the initial parameters, and between each oth-
ers. Then I applied GAL, RESWRI and PyRing on an H I observed velocity
field and then on a SAURON velocity field and I compared the results of the
three fits.

In the following I describe these three tests in details. A conclusion of these
tests can be found in the Section 5.2.3.

• Test on a model velocity field.

In order to construct such a pure rotational velocity field, I run ROTCUR
once on the observedH I velocity map of NGC5364 (see Fig. D.1e) to derive the
kinematic parameters as a function of radius. Then the VELFI routine (GIPSY)
allows to re-construct a model velocity field with pure circular rotation from
the initial kinematics parameters:

• Systemic velocity: Vsys=1234 km s−1

• Dynamical centre: RA=13h56m12s.07, DEC=5o0′50.65′′

• Disk inclination: i=43◦

23 rings were used from 25 to 245′′ to construct the velocity field of a
pure circular rotation with VELFI, using values of Vc and PA determined via
ROTCUR. Fig. 5.7 shows the observed (left panel) and model (right panel) ve-
locity fields of NGC5364.

Then, we fit this circular velocity field with GAL, RESWRI and PyRing. The
means and standard deviations over the radii of the best fitting values of the
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Figure 5.7: Observed H I velocity field (left panel) and circular velocity field
(right panel) of NGC5364. The circular velocity field has been constructed
with the GIPSY routine VELFI, using the best fitting kinematic parameters de-
termined via ROTCUR.

NGC5364 model circular velocity field
Initial GAL RESWRI PyRing

Vsys (km s−1)
1234 1233.8 ± 0.1 1233.92± 0.06 1234.8 ± 0.1

dynamical centre
RA 13h56m12s.07 13h56m12s.04 ±0s.01 13h56m12s.089 ±0s.002 13h56m12s.00 ±0s.02
DEC 5o0′50.7′′ 5o0′50.0′′ ±0′′.4 5o0′44.4′′ ±0′′.07 5o0′49.3′′ ±0′′.4

i (deg)
43 42.8 ± 0.5 42.7 ± 0.7 42.9± 0.1

Table 5.2: Estimation of the dynamical parameters of the H I modeled velocity
field of NGC5364, using three different fit routines : the GAL task of the AIPS
package (second column), the RESWRI task of GIPSY (third column) and our
PyRing code (fourth column). The first column lists the parameters of the input
velocity field. .
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Figure 5.8: Comparison between AIPS, GIPSY and Python tilted-ring fits on
the modeled velocity field of NGC5364. The blue squares, black circles and
red diamonds correspond to the Python, AIPS and GIPSY tilted ring fits, re-
spectively for the systemic velocity (upper left figure), dynamical centre (up-
per right figure), disk inclination (lower left figure) and position angle (lower
right figure). The systemic velocity, centre and inclination values are relative
to the initial values taken to construct the modeled velocity field. The green
line in the PA plot corresponds to the initial values of the PA. In each figure,
the black, red and blue solid lines correspond to the mean value of the corre-
sponding parameter determined by Python, GIPSY and AIPS fit, respectively.
.
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Figure 5.9: Comparison of AIPS, GIPSY and Python tilted ring fits on the mod-
eled velocity field of NGC5364. In the left panel are shown the rotational
velocities and in the right panel, the residuals expressed as : Vc(fit)−Vc(initial)

Vc(initial) ,
where Vc(initial) correspond to the initial values of Vc and Vc(fit) to the fit-
ted ones. The blue squares,blue circles and red diamonds correspond to the
Python, AIPS and GIPSY estimation of the rotation velocity, respectively. The
green line corresponds to the initial values of Vc. In the left panel, error bars are
too small to be seen, compared to the symbol size. Typical values of those error
bars are shown in the bottom right corner, for RESWRI (red line) and PyRing
(blue line). These vertical lines correspond to 50 times the mean values of the
error bars computed in each fit. In the case of GAL (AIPS) no error bars are
available.
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systemic velocity, dynamical centre, disk inclination and PA for the threemeth-
ods are listed in Tab. 5.2. This table shows the initial values of these parameters
for comparison (first column). Fig. 5.8 shows the radial variations of the sys-
temic velocity Vsys, dynamical centre (xc, yc), disk inclination i and kinematic
position angle PA, derived from the three methods. The average values over
the radii of Vsys, (xc, yc) and i are shown as horizontal lines in the first three
figures. All the values are relative to the initial values of these dynamical pa-
rameters. In the plot of PA, the initial PA values are plotted as a green line.

The larger deviations between the fitted and initial values occur at small
radii (R<50′′, especially for the PyRing fit), essentially for Vsys (top left plot),
and only for GAL and PyRing. This may be a bias from the test, since the cir-
cular velocity field was constructed using parameters derived with ROTCUR.
In the case of Vsys, the variations of the PyRing and GAL fitted values are very
similar, the PyRing values being always larger than GAL values by about 0.5
km s−1. The amplitude of these variations is about 3.5 km s−1 for both GAL
and PyRing and the average value of the systemic velocity fitted by these too
method is about 1 km s−1 too high then the initial value.

Considering the determination of the dynamical centre (Fig. 5.8, top right
plot), the radial variations remain very small (less than 2.5′′ for all the fitting
tools) and the mean values of xc and yc are equal to the initial values within 1′′,
for all fitting methods. Similarly, despite some accidents at few radii, the fitted
values of i and PA (Fig. 5.8, left and right bottom plot, respectively) are very
close to the initial values, especially for PA, for which the points obtained from
the three tools almost overlap perfectly. These radial variations and the devia-
tions from the initial values are very small compared to the spatial resolution
of our optical and radio data.

Finally, Fig. 5.9 presents the velocity curve of NGC5364 determined using
the three methods, with the geometric parameters and Vsys kept at their mean
values (Tab. 5.2). We notice that except for the two first radii, the estimations of
the three methods are in very good agreement with the initial rotation curve,
and with each others.

• Test on an observed H I velocity field.

The test on a circular rotation velocity field, shows that the three fitting
methods GAL, RESWRI and PyRing can robustly adjust the geometric and
kinematic parameters, and that there is no systematic error between the three
fits. This test was repeated on the observed H I velocity field of NGC5364,
which could contain non-circular motions. This second test allows to compare
the behaviour of the three methods when non-circular motions are present.
Fig. 5.10 shows the radial variations of the systemic velocity, dynamical cen-
tre, disk inclination and PA values estimated by GAL, RESWRI and PyRing,
and Fig. 5.11 presents the rotation curve of NGC5364 derived using either
RESWRI, GIPSY or PyRing, with the mean values of Vsys, xc, yc and i listed
in Table 5.3.
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Figure 5.10: Comparison of GAL (black circles), RESWRI (red diamonds) and
PyRing (blue squares) tilted-ring fits on the observed H I velocity field of
NGC5364 for the systemic velocity (upper left figure), dynamical centre (up-
per right figure), disk inclination (lower left figure) and position angle (lower
right figure). In each figure, the black, red and blue solid lines correspond to
the mean value of the corresponding parameter determined by Python, GIPSY
and AIPS fit, respectively. The two corresponding dashed lines represent the
associated upper and lower limits at 1σ. For the dynamical centre (top right
panel), the origin (xc,yc)=(0,0) corresponds to the coordinates of the centre of
NGC5364 (13h56m12s.0, +05o00′52′′, from NED). .
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NGC5364 H I velocity field
GAL RESWRI PyRing

Vsys (km s−1)
1238.9 ± 1.8 1234.0 ± 1.4 1235.3± 1.2

dynamical centre
RA 13h56m12s.19 ±0s.07 13h56m12s.3 ±0s.1 13h56m11s.7 ±0s.1
DEC 5o0′44′′ ±3′′ 5o0′45′′ ±3′′ 5o0′45′′ ±3′′

i (deg)
45.7 ± 2.2 42.9 ± 1.9 43.2± 2.7

PA (deg)
-147.4 ± 0.5 -146.7 ± 0.5 -147.0 ± 0.5

Table 5.3: Estimation of the dynamical parameters of the observed H I velocity
field of NGC5364 using three different fitting routines : GAL task of the AIPS
package (first column), RESWRI task of GIPSY (second column) and PyRing
(third column).

Figure 5.11: Comparison of the velocity curves of NGC5364 estimated via GAL
(black circles), RESWRI (red diamonds) and PyRing (blue squares)
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Figure 5.12: Comparison of the projected velocity curves of NGC5364 esti-
mated via GAL (black circles), RESWRI (red diamonds) and PyRing (blue
squares). Disk inclinations are 45.7◦, 42.9◦and 43.2◦for GAL, RESWRI and
PyRing, respectively (see Tab. 5.3)

We can notice that the three methods are in good agreement, the mean val-
ues of the geometric and kinematic parameters are equal, within their error
bars, except for xc (Tab. 5.3). There is a significant but small difference be-
tween the values of xc found using PyRing and those determined with GAL
and RESWRI. Indeed for radii larger than 180′′, GAL and RESWRI find values
of xc about 15′′ above the estimated values for R<180′′, while PyRing fits values
of xc 15′′ below the previous values. For R<180′′, GAL, RESWRI and PyRing
are in very good agreement, finding similar values within ∼7′′, well below the
beam size (20.′′5x16.′′7). Except for the case of xc, the radial variations of the
fitted values of Vsys, (xc, yc), i and PA derived with the three methods are very
similar. The larger deviations between the three fitting routines occur for the
estimations of the disk inclinations. The three fitted rotation curves Vc derived
by GAL, RESWRI or PyRing (Fig. 5.11) have the same shape, with a scatter
less than 10 km s−1 between the different methods. GAL finds systematically
lower values of Vc. This effect is due to the larger value of the disk inclination
for GAL relatively to RESWRI or PyRing. When we plot the projected velocity
curve Vc sin(i), the three curves estimated by PyRing, RESWRI and GALmerge
(Fig. 5.12)
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• Test on an observed SAURON velocity field.

Finally, a last test was carried out on an SAURON velocity field. For this test,
we applied PyRing and RESWRI on the stellar and gaseous velocity fields of
NGC5055 (Fig. C.1b).

The systemic velocity, dynamical centre and disk inclination are first esti-
mated from the stellar velocity field. Fig. 5.13 presents the radial variations
of the Vsys (top left panel), Xc, Yc (top right panel) and i. In the bottom right
panel of this figure is also shown the position angle of the stellar velocity field
and Fig.5.14 shows the fitted stellar rotation curves (left panel) as well as the
residuals between the PyRing and RESWRI fits (right panel). The RESWRI fit
stops at smaller radii than the PyRing, since RESWRI cannot execute the fit
on the rings which go out of the velocity field, even if only a small part of
the ring is outside the field-of-view. The velocity field of NGC5055 is divided
into concentric rings as shown in Fig. 5.5. As one can see in this figure, some
parts of the last three rings are outside of the velocity field, then RESWRI fit
the kinematic parameters everywhere but in these rings, while PyRing can be
applied in all the field-of-view. In the range of radii common to the RESWRI
and PyRing fits, the RESWRI and PyRing estimations of the kinematic and
geometrical parameters are in good agreement.

Table 5.4 lists the average values estimated by RESWRI (first column) and
PyRing (second column) of the systemic velocity, dynamical centre, inclination
and stellar kinematic position angle. The differences between the two methods
are of the same order as those observed in the fits of H I velocity fields (see
Table 5.3). The rotation curves fitted by PyRing and RESWRI are shown in
the left panel of fig. 5.14. The two methods are in very good agreement, the
differences (right panel of fig. 5.14) being less than 5 km s−1.

Finally PyRing and RESWRIwere applied on the velocity field of the ionised
gas of NGC5055, using the value of the kinematic parameters estimated from
fits on the stellar velocity field. Fig. 5.15 presents the results of these two fits:
the gaseous kinematic PAs in the left panel and the gaseous rotation curves
derived by PyRing (blue squares) and RESWRI (red diamonds). Like for the
stellar component, the estimations of the PA and the rotation velocity via the
two fits are in very good agreement.
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Figure 5.13: Comparison between GIPSY and Python tilted-ring fits on the
stellar velocity field of NGC5055. The blue squares and red circles diamonds
correspond to the Python and GIPSY tilted ring fits, respectively for the sys-
temic velocity (upper left figure), dynamical centre (upper right figure), disk
inclination (lower left figure) and position angle (lower right figure). The sys-
temic velocity, centre and inclination values are relative to the initial values
taken to construct the modeled velocity field. The green line in the PA plot
corresponds to the initial values of the PA. In each figure, the red and blue
solid lines correspond to the mean value of the corresponding parameter de-
termined by PyRing and RESWRI respectively. The two corresponding dashed
lines represent the associated upper and lower limits at 1σ. .
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NGC5055 stellar velocity field
RESWRI PyRing

Vsys (km s−1)
503.4 ± 0.8 505.7 ± 0.4

dynamical centre
RA 13h15m49s.25 ±0s.003 13h15m49s.27 ±0s.004
DEC 42o01′45.87′′ ±0′′.07 42o01′45.6′′ ±0′′.1

i (deg)
50.8 ± 1.1 49.6± 1.0

PA (deg)
97.8± 0.9 98.0 ± 0.5

Table 5.4: Estimation of the dynamical parameters of the observed stellar ve-
locity field of NGC5364 using tow fitting routines : RESWRI task of GIPSY
(first column) and PyRing (second column).

Figure 5.14: Comparison of the velocity curves of the stellar component of
NGC5055 estimated with RESWRI (red diamonds) and PyRing (blue squares).
The rotation velocities are shown in left panel. The right panel presents the
differences between the circular velocities estimated by PyRing and RESWRI.
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Figure 5.15: Comparison of kinematic PA and the velocity curves of the
gaseous component of NGC5055 estimated with RESWRI (red diamonds) and
PyRing (blue squares). The kinematic PAs are shown in the left panel. The
red and blue solid lines correspond to the mean PA determined by PyRing and
RESWRI respectively. The two corresponding dashed lines represent the asso-
ciated upper and lower limits at 1σ. Rotation velocities are shown in the right
panel.
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5.2.3 Conclusion from these tests.

These two tests, performed to compare our PyRing tilted-ring fit with the well-
used methods GAL (AIPS) and RESWRI (GIPSY), show that:

• When fitting a pure rotation velocity field, PyRing finds best-fitting ge-
ometrical and kinematic parameters similar to the initial values and to
the fitted values determined using GAL and RESWRI (Figs. 5.8, 5.9 and
Table 5.2).

• The larger differences between the fitted PyRing values and the initial
values on the kinematic parameter for the pure rotation velocity field
occur in the very central regions where the fit may be the less robust due
to too few pixels within a ring (Figs. 5.8 and 5.9).

• In the case of an observedH I or optical velocity field fit, PyRing is in very
good agreement with RESWRI and GAL (in the case of the H I velocity
fields) (Figs. 5.10, 5.11, 5.13 and 5.14 and Tables 5.3 and 5.4).

• For the fit of the H I velocity field, the largest differences between the
PyRing, GAL and RESWRI values occur in the innermost regions, in par-
ticular for Vsys, PA and Vc (Figs. 5.10 and 5.11).

• The error bars of the fits of the optical data are greater than those of the
fit of the H I velocity fields, for both PyRing and RESWRI.

Therefore, these three tests show that our kinematic tool PyRing can ro-
bustly fit the parameters of the two-dimensional H I and optical velocity fields.

5.3 Radial Variations of Kinematic Properties

In this section we present the results of the PyRing fit performed on our
SAURON (Sec. 5.3.1) and H I (Sec. 5.3.2) velocity fields, assuming first a pure
circular rotation. The global rotation curve for the galaxies with both radio and
optical data available are presented in Sec. 5.3.3

5.3.1 PA and rotation curve in the central regions

The results of this first analysis on the SAURON velocity fields are presented in
this section. For each galaxy, the stellar and gaseous kinematic PAs (Figs. 5.16a
and 5.16b) and rotation curves (Figs. 5.18a, 5.18b) are plotted as a function of
radius. The values of the global stellar and gaseous kinematic PAs derived in
Sec. 5.1 are indicated on each plot of Figs. 5.16a and 5.16b, as a dotted red and
dashed blue lines, respectively. All angles are given relative to the photometric
major-axis PA.



5.3. Radial Variations of Kinematic Properties 90

Pairs Name Re

NGC kpc
(1) (2) (3)

1068 3.1
3227 4.3

1 2655 3.7
4459 3.1

2 3627 2.3
5806 2.9

3 4051 5.0
5249 5.9

4 4151 2.9
2985 3.1

5 4579 3.9
3351 2.1

6 5194 3.6
5055 2.8

7 6951 6.3
5248 5.9

Table 5.5: Effective radius (Re) of the SAURON/Seyfert sample. The values of
Re are measured in the J-band 2MASS images (taken from Jarrett et al., 2003),
except for NGC4459 for whichwe used the valuemeasured by Cappellari et al.
(2006).

• Radial variations of the kinematic PA

The radial variations of the stellar and gaseous kinematic PA, shown in the
top plots of Figs 5.16a and 5.16b reveal the change of orientation of the stellar
and gaseous kinematic major-axis orientation as a function of radius, a poten-
tial hint for the presence of non-circular components. The global values of the
kinematic PAs derived in Sec 5.1 only correspond to a small part of the FOV
over which the kinematic orientation is globally constant. For NGC3627, the
global stellar and gaseous kinematic PAs derived in the previous Section cor-
respond to values outside r! 10′′ ≈ 300 pc (Fig. 5.16a), and for NGC5806,
our first method is not sensitive to the variations of PAs between 10 and 15′′
(Fig. 5.16a). In the case of NGC2655, the kinematic PA of the ionised gas rises
abruptly for r< 10′′ =1.2 kpc from the value found by our global method to a
value which tends to the stellar kinematic PA.

In order to quantify the variations in the radial profiles of the kinematic PAs,
we have used the difference between the maximum and minimum values of
the kinematic PAs. For each galaxy, the quantity ∆PA=PAmax-PAmin is com-
puted for the gaseous and stellar components. To compare the Seyfert hosts
to their associated inactive galaxies, the maximum and minimum values of
the kinematic PAs were derived on regions of r < Re/3, where Re is the ef-
fective (half-light) radius. This radius is usually determined from NIR images
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Figure 5.16a: Kinematic position angles as a function of radius of the stars (red
diamonds) and of the gas (blue circles) components. The first row shows the
Seyfert galaxies NGC1068, and NGC3227. Each subsequent row presents a
pair of galaxies: the Seyfert on the left, and the inactive galaxy on the right. The
regions related to the BLR of the Seyfert 1 galaxies (NGC3227, NGC4051 and
NGC4151) and to the NLR of NGC1068 have been excluded from the fit. The
dotted red and dashed blue horizontal lines represent the values of the global
position angle of the kinematic major-axis for the stars and gas respectively.
These values were derived from the velocity field symmetrization method (see
Section 5.1). The values of the kinematic PA are relative to the photometric
PA (see Table 5.1). The errorbars of each point are smaller than the size of the
symbol, and then are not visible. The red and blue error bars drawn in the top
right corner of each plot represent 20 times the typical errorbar of the stellar
and gaseous PAs, respectively.
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Figure 5.16b: Fig. 5.16a continued.
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Figure 5.17: Distribution of the amplitude of variations of the stellar (left panel)
and the gaseous (right panel) kinematic PAs for R < Re/3 (see text for de-
tails). Active galaxies and inactive galaxies are shown as filled red diamonds
and filled blue circles respectively. The dotted blue and dashed red lines cor-
respond to the average of PAmax-PAmin for the inactive and Seyfert galaxies
respectively, for the stellar (left panel) or gaseous (right panel) components.
NGC1068 and NGC3227 have been excluded to compute the average values
corresponding to the Seyfert galaxies, since they do not have an associated
inactive galaxy.

which trace the older stellar population and which are less contaminated by
star formation regions. Jarrett et al. (2003) determine the Re of galaxies from
the 2MASS survey from a fit of a de Vaucouleurs luminosity function to the
NIR radial luminosity. Twelve of our galaxies (80% of the SAURON/Seyfert
sample) are include in their sample. We adopt then Re determined from the
J-band 2MASS images (Jarrett et al., 2003) for these twelve galaxies.

NGC4459, 5806 and 6951 are not in their sample. For NGC4459we used the
value of Re determined by Cappellari et al. (2006) and for NGC5806 and 6951
we computed the half-light radius as the radius for which the growth curve
of the J-band luminosity is divided by two. A fit of a de Vaucouleurs growth
curve to the J-band 2MASS image has been also done. This fit gives a similar
value of Re in the case of NGC5806. This is not the case of NGC6951 because of
the spiral arms which are still predominant in the NIR image of this galaxy. For
these two galaxies, we then used the effective radius Re determined directly
from the growth curve. Table 5.5 lists the values of Re used in our study.

For each velocity field, ∆PA is derived inside Re/3 if the FOV extends
beyond this radius. Otherwise, we measured ∆PA inside the whole extent
of the velocity field. In the case of the Seyfert galaxies, the regions which
could present residual AGN-induced perturbations are excluded using the
[O III]/Hβ line ratios, as it has been done for the determination of the global
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kinematic PA in the previous section (Sec. 5.1). The resulting ∆PA values for
both the gaseous and stellar components, and for all galaxies in our sample are
provided in Fig. 5.17. Also shown are the average ∆PA of each component for
the inactive galaxies (blue lines) and the Seyfert galaxies (red lines). For the
latter, the averages are made excluding NGC1068 and NGC3227 since these
two Seyferts do not have associated control galaxies.

The first result of this analysis comes from a comparison between the
gaseous and stellar components: for both the Seyfert and inactive sub-samples,
∆PA is almost always higher for the gas than for the stars. While the stellar
kinematic PAs radial variations are restrained within about 20◦ and 15◦ for re-
spectively the Seyfert and inactive galaxies, such variations of the gaseous PAs
reach more than 50◦ in the case of three Seyfert galaxies (NGC2655, NGC3627,
NGC4051). The average ∆PA of the gaseous component is about 4 times
greater than the average ∆PA of the stars for the Seyfert galaxies as well as
for the inactive galaxies.

The second result is obtained when comparing the Seyfert and inactive
galaxies: for both gas and stars, ∆PA is almost always larger for the Seyferts
than for their control inactive galaxies. The average ∆PA for the Seyferts is
about 2.5 times greater than the average∆PA for the inactive galaxies, consid-
ering either the stellar or the ionised gas components.

• The stellar and gaseous rotation curves.

The top plots of Figs. 5.18a and 5.18b show the rotation curve of the stars and
ionised gas in the central regions of our Seyfert and non-active galaxies. For
all the galaxies, the stellar velocity curves are very regular and the maximum
velocity seem not to be reached in the inner ∼20′′ except for NGC4151. We
observe several shapes for the stellar velocity curves:

1. For three Seyferts and three non-active galaxies, the stellar velocity curve
rises regularly over the FOV (NGC2655, 2985, 4051, 5055, 5194 and 5248).
NGC3227 can be classified in this category. Its stellar velocity curve
keeps a value of about 65 km s−1 for R<10′′ (∼1 kpc) then rises continu-
ously outwards.

2. For NGC1068, the velocity curve presents a steep rise up to about 10′′
(∼700 pc) and then remains constant between 180 and 200 km s−1 for
larger radii.

3. For the Seyfert 1 galaxy NGC4151, Vc rises for R<11′′ (∼1 kpc) reaching
a maximum value at 140 km s−1 and then decreases for larger radii.

4. In contrast, the stellar velocity curve of NGC4579 decreases very
smoothly for R<10′′ (∼820 pc)and rises steeply for R<15′′corresponding
to about 1.2 kpc.
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5. Finally, five galaxies (NGC3351, 3627, 4459, 5806 and 6951) present more
complicated rotation curves. For the two Seyfert galaxies NGC3627 and
6951, the rotation curve may present a rise for R< 160 pc and R< 600 pc,
respectively. Vc reaches a maximum at 80 and 169 km s−1 for NGC3627
and 6951. A decline is observed up to 7′′ for these two galaxies, which
corresponds to about 230 pc for NGC3627 and 800 pc for NGC6951.
Then Vc rises steeply for larger radii larger. The rotation curve of the
three non-active galaxies NGC3351, 4459 and 5806 present a rise in the
inner 5′′, steep for NGC3351 (R< 200 pc) and 5806 (R< 700 pc), less pro-
nounced in the case of NGC4459 (R< 400 pc). Then Vc decreases up to
470 pc, 800 pc and 1.1 kpc for NGC3351, 4459 and 5806, respectively, and
rises again for larger radii.

The gaseous velocity curves present much more complex shapes than the
stellar ones, with variations on small scales (wiggles). As for the stellar compo-
nents, the maximum gaseous circular velocity seems not to be reached within
the SAURON FOV for all the galaxies except three: NGC4579, 5806 and 6951. In
the case of NGC4459, it seems that Vc reaches a maximum and then declines,
but since no more information is available, this cannot be confirmed. We can
divide the gaseous rotation curves in three categories, depending on their be-
haviour in the innermost regions:

1. First the gaseous velocity curves decrease in the inner 5 to 10′′. This is
the case for six Seyfert galaxies. This decline is very steep for NGC3227
(100 km s−1 in 3′′= 300 pc) and probably for NGC2655 (50 km s−1 in 2′′≈
240 pc). It is smoother in the case of NGC4151 (20 km s−1 in ∼6′′= 590
pc), 3627 (15 km s−1 in 10′′) and 5194 (50 km s−1 in 8′′= 300 pc). None
non-active galaxies present such a decrease of Vc in the more central re-
gions. For larger radii, the rotation curve may present several different
radial variations. It rises with wiggles in the cases of NGC2655 and 5194,
and declines with wiggles for NGC3227. The gaseous velocity curve of
3627 rises regularly for R>13′′ (400 pc) and in the case for NGC1068, Vc

presents a steep rise for R>6′′ (420 pc) and then remains constant around
170 km s−1 for larger radii. The velocity curve of NGC4151 remains also
constant, around 180 km s−1 at all radii, with a wave shape of about 20
km s−1 in amplitude.

2. The gaseous velocity curve can also present a rise in the inner regions,
as for five non-active (NGC2985, 3351, 5055, 5248, 5806) and two Seyfert
galaxies (NGC4579 and NGC6952). Outwards, the shapes of Vc can be
very different. In the cases of NGC5806, 5248, 3351, and 6951, after reach-
ing a local velocity maximum, Vc presents a decline and reaches a mini-
mum velocity. It then experiences a second rise outwards. For NGC2985,
Vc rises at all radii, with wiggles, and for NGC4579, a maximum ve-
locity of 350 km s−1 is reached at 13′′ (about 1 kpc), then a decline is
observed. In the case of NGC5055, ionised gas velocity curve remains
constant around 170 km s−1 for radii larger than 12′′= 420 pc.
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3. Finally for two galaxies, the ionised gas velocity curve keeps a constant
value in the innermost regions. A rise is observed for R>410pc and R>1.2
kpc in the case of NGC4459, and 4051, respectively. Vc rises regularly in
the case of NGC4051, while for NGC4459 it rises and reaches a max-
imum velocity ( 300 km s−1) at 8′′=650 pc and then seems to decline.
However, this last feature observed in the gaseous rotational curve of
NGC4459 may be due to the low signal-to-noise of the velocity maps of
this galaxy (see Fig. C.1b).

In general, the amplitudes of the gaseous velocity curves are higher than
those of the stellar velocity curves. This is the case at all radii for eight of
our galaxies, four Seyfert (NGC2655, 4051, 4151 and 4579) and four non-active
galaxies (NGC4459, 5248, 2985 and 5055). For the remaining seven galaxies,
six of them present higher gaseous Vc than stellar ones in a part of the FOV
(NGC6951, 5194, 3627, 1068, 5806 and 3227), and the stellar and ionised gas
velocity curves reach similar values in the other part. Finally, for NGC3351,
gaseous velocity field is alternatively higher and lower than the stellar one.
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Figure 5.18a: Rotation curve as a function of radius of the stars (red diamonds)
and of the gas (blue circles) components. The first row shows the Seyfert galax-
ies NGC1068, and NGC3227. Each subsequent row presents a pair of galaxies:
the Seyfert on the left, and the inactive galaxy on the right. The errorbars of
each point are smaller than the size of the symbol, and then are not visible. The
red and blue error bars drawn in the top right corner of each plot represent 20
times the typical errorbar of the stellar and gaseous PAs, respectively.
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Figure 5.18b: Fig. 5.18a continued.
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5.3.2 H I velocity curves and position angles.

The PyRing tilted-ring fit was also performed on the H I velocity fields. H I
data for four pairs have been reduced so far (NGC3227 and 3169, NGC4151
and 2985, NGC4593 and 5383 and NGC4941 and 3705). The velocity curves
and radial variations of the H I PA are shown in Fig. 5.19a. Figs. 5.19b and 5.19c
present the H I velocity curves and PA of the remaining five Seyfert and eight
non-active galaxies, respectively.

• Radial variations of the kinematic PA.

For all the galaxies, the average H I kinematic PA over the radius are in good
agreement with the orientation of the optical outer disk PA. In some cases the
H I PA corresponds to the LON orientation only in the outer parts. This is the
case for NGC2655. As shown in Fig. 5.20, the orientation of the H I kinematic
PA in the outer disk of this galaxy corresponds with the orientation of the
stellar PA in the circumnuclear regions. Then the H I kinematic PA change
orientation inwards, being in good agreement with the ionised gas PA in the
innermost regions.

• Rotation curves.

In general, the H I rotation curves of our galaxies present a rise in the inner
regions, except for NGC2655, for which Vc declines for R<14 kpc. Beyond the
innermost regions, the velocity curves present complex shapes:

• For three Seyfert (NGC3227, 4151, and 4593) and five non-active galax-
ies (NGC2985, 4041, 5364, 5383 and 5806), Vc declines after reaching a
maximum velocity. For the latter four galaxies (NGC4593, 5364, 5806),
Vc remains roughly constant at its maximum before declining for larger
radii.

• The velocity curves rises continuously outwards in the case of five Seyfert
(NGC4051, 4639, 5364, 4941 and 6951) and three non-active galaxies
(NGC3351, 3705 and 5364). This rise is very regular for NGC4639. It
is steep in the inner regions, then smoother at larger radii for four of
these galaxies (NGC4051, 3351, 5364, 6951). For NGC4941 and 3705, the
velocity curve presents a more complex behaviour with successive rises
and declines, still with an overall rise.

• The H I velocity curve may present also a complex behaviour. For
NGC2655, Vc rises steeply for R>14 kpc, at which it reaches a minimum
velocity of 50 km s−1. The velocity curve of NGC4258 presents a very
steep rise in the inner 3 kpc reaching a maximum velocity of about 240
km s−1. It then declines reaching a minimum of 160 km s−1 at R∼ 10 kpc,
and rises smoothly for larger radii. NGC3169 presents a similar rotation
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curve, with more wiggles. For the remaining three galaxies (NGC2967,
3963, 4548), the velocity curves present several successive rises and de-
clines after a first rise in the inner part. They reach a maximum velocity
in the second rise, and rise in the outer part of the FOV.
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Figure 5.19a: Rotation curve (top panels) and kinematic position angles as a
function of radius of neutral gas components. The ’S’ and ’C’ on the right of
the galaxy name stand for Seyfert or Control galaxy, respectively. In each rows,
the Seyfert galaxy is shown on the left, and its associated inactive galaxy on the
right for the four pairs with H I maps available at this time. The errorbars of
each point are smaller than the size of the symbol, and then are not visible. The
black error bars drawn in the top right corner of each plot represent 50 times
the typical errorbar of the PAs and circular velocity.
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Figure 5.19b: Rotation curve and kinematic position angles of the neutral gas
components for the remaining five Seyfert galaxies.
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Figure 5.19c: Rotation curve and kinematic position angles of the neutral gas
components for the remaining eight non active galaxies.
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Figure 5.20: Comparison of H I stellar and ionised gas kinematics of NGC2655.
The H I distribution (in contour on the DSS image) and velocity fields are
shown in the top left and right panels, respectively. The black square over-
laid on the H I velocity maps correspond to the SAURON FOV. The SAURON
gaseous and stellar velocity fields are presented in the bottom left and right
panels, respectively.
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5.3.3 Global variation of the kinematic parameters.

Five Seyfert (NGC2655, 3227, 4051, 4151, 6951) and four non-active galaxies
(NGC2985, 3351, 5055, 5806) of the master sample have available optical and
radio data. Comparison of the kinematic in the central (optical data) and outer
regions (radio data) is then possible. Figs. 5.21a and 5.21b present the veloc-
ity curves (top panels) and the kinematic PA (bottom panels) of the stars (red
diamonds), ionised gas (blue circles) and neutral gas (black squares) for these
nine galaxies, in semi-log plots, in order to emphasise the overlap regions of
the H I and SAURON data.

We notice that for all of the four non-active galaxies (Fig. 5.21b), the ionised
gas and neutral gas velocity curves present a good continuity at radii where
the SAURON and VLA FOV overlap. For NGC2985 and 5055 the stellar velocity
curves is well below the gaseous ones. This shift is less obvious for the over
two non-active galaxies. For the five Seyfert galaxies (Fig. 5.21a) the situation
is more complicated. The overlap between ionised and neutral gas velocity
curves is less clear. For NGC4151, the continuity between H I and ionised
gas velocity curves is very likely, with an obvious shift between stellar and
gaseous velocities. Surprisingly, in the case of NGC2655 and 4051, it seems
that the stellar velocity curve is the continuity of the H I one in the inner part,
with the ionised gas velocity curves well above.

Regarding the radial variations of the kinematic PAs, the stellar and H I
kinematic PAs are in good agreement for most of the galaxies (NGC3227, 4151,
4051, 2985, 3351, 5055, and 5806). For NGC2655, the stellar kinematic PA cor-
responds to the H I PA at radii larger than 20 kpc while in the inner regions,
the H I PA reaches similar values than the ionised gas kinematic PA.
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Figure 5.21a: Rotation curve (top panels) and kinematic position angles (bot-
tom panels) as a function of radius of neutral gas (black squares), ionised gas
(blue circles) and stellar components (red diamonds), for the Seyfert galaxies
with available SAURON andH I maps. The red, blue and black error bars drawn
in the top right corner of each panel represent 30 times the typical errorbar of
the circular velocity (top panels) and the PAs (bottom panels) for the stars,
ionised gas and atomic gas, respectively.
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Figure 5.21b: Rotation curve (top panels) and kinematic position angles as a
function of radius of neutral gas (black squares), ionised gas (blue circles) and
stellar components (red diamonds), for the non-active galaxies with available
SAURON and H I maps. The red, blue and black error bars drawn in the top
right corner of each panel represent 30 times the typical errorbar of the circular
velocity (top panels) and the PAs (bottom panels) for the stars, ionised gas and
atomic gas, respectively.
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5.4 Summary and main results

In this chapter we have investigated the two-dimensional kinematics of the
Seyfert and non-active galaxies, in the large-scale H I disk and in the circum-
nuclear regions, via the stellar and gaseous components. We first determined
the global orientation of the kinematic major-axis of the stars and ionised gas,
in the central regions. We found that:

• The stellar global kinematic major-axes are aligned within 10◦ with the
outer galactic disk major-axes for all the galaxies of the SAURON/Seyfert
sample, except for two Seyfert 2 galaxies: NGC1068 and NGC5194, for
which the determination of the photometric major-axis is quite uncer-
tain. Therefore, except for these two particular galaxies, the circumnu-
clear stellar kinematic major-axis is a robust determination of the line-of-
nodes for both Seyfert and non-active galaxies.

• The ionised gas co-rotates with the stars, the global stellar stellar and
gaseous PAs being aligned for all the galaxies observed with SAURON
within 20◦, except for two Seyferts: NGC2655 and NGC4579.

We then focused on the radial variations of the kinematic parameters. We
developed the PyRing tool, using the tilted-ring method to derive the param-
eters of the H I stellar and ionised gas velocity fields. We compared this tool
with the AIPS task GAL and the GIPSY routine ROTCUR, andwe showed that
PyRing can fit robustly the kinematic and geometrical parameters of our two-
dimensional kinematic maps. We performed then a first fit, assuming purely
rotation motions in a thin disk, in order to derive the velocity curves and the
kinematic PAs as a function of radius for the stars, ionised gas and neutral gas.
The results of this analysis are:

• In the circumnuclear regions, the gaseous kinematic PAs have radial vari-
ations∼ 3.5 times greater than the stellar ones, for the Seyfert. In the case
of the inactive galaxies, the radial variations of the ionised gas PAs are 2
times greater than the stellar ones.

• The variations of the stellar PAs in the central kpc of the Seyfert galaxies
are 2 times greater than those of the non-active galaxies, while those of
the ionised gas PAs are ∼ 3 times greater for the Seyferts than for the
corresponding non-active galaxies.

• Regarding the large-scale disk, for all galaxies with H I data, the large-
scale H I kinematic PAs correspond to the LON orientations and indeed
for the galaxies both in the VHIKINGS and SAURON/Seyfert surveys, the
outer H I PA and the circumnuclear stellar PA are in good agreement with
each other.
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• In the circumnuclear regions, the gaseous velocity curves reach higher
values than the stellar ones for the majority of our galaxies. In gen-
eral, the stellar component presents more regular velocity curves than
the ionised gas, and the stellar maximum velocity is not reached within
the SAURON FOV, except for the Seyfert 1 galaxy NGC4151. The gaseous
velocity curve reaches its maximum velocity for three galaxies NGC4579,
5806 and 6951.

• The H I rotation curves are overall regular. They all rise in the innermost
regions, except for NGC2655.

• Comparison of the rotation curve shapes between the large-scale disk
and the circumnuclear regions has been done for 9 of our galaxies. For
all four non-active galaxies and three Seyferts there is a good continu-
ity between the large-scale and circumnuclear kinematic information.
The situation is less clear for the remaining two Seyferts NGC2655 and
NGC4051.
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Chapter 6

Discussion and Perspectives

In this thesis, we presented the first results of the VHIKINGS and
SAURON/Seyfert surveys. These two surveys aim at a comprehensive compar-
ative study of the distribution and kinematics of neutral gas in the large-scale
disk, and stars and ionised gas in the circumnuclear regions of Seyfert and
inactive galaxies.

Moment maps have been derived for all the galaxies of the SAURON/Seyfert
survey and for 21 galaxies of the VHIKINGS survey (Chap. 4) and a prelim-
inary kinematic analysis has been conducted in Chap. 5, using our PyRing
tilted-ring tool, dedicated to our multiwavelengths and multi-scale data. In
this chapter, I discuss the results of this study in the context of AGN fuelling.

6.1 Feeding the AGN and time-scales.

In this study, we investigated the stellar and ionised gas kinematics of a well-
defined sample of nearby active and inactive galaxies, in order to probe the
galactic potential in the central kpc regions. In Sec. 4.1.1, we described the
SAURON stellar distribution maps. Five Seyfert 2 galaxies present disturbed
stellar morphology in the circumnuclear regions (NGC1068, 2655, 3627, 4579
and 5194). Three of these galaxies (NGC2655, 4579 and 5194) show strong
kinematic misalignments between the stellar and gaseous components. For the
remaining two galaxies (NGC1068 and 3627), gas is globally co-rotating with
the stars. However, the stellar velocity fields of these galaxies present complex
features (Sec. 4.1.2) with S-shaped zero-velocity curves or twisted major-axes,
whereas all the others galaxies present overall regular stellar velocity fields.
The only other galaxy which presents complex stellar morphology is the con-
trol galaxy NGC5055. For this galaxy, the perturbation in the stellar isophotes
is certainly due to dust absorption. This contrasts with the five Seyfert galax-
ies (NGC1068, 2655, 3627, 4579 and 5194) for which stellar morphology and
stellar or gaseous kinematic perturbations seem to be intimately related. This
result is in good agreement with the study of Hunt & Malkan (2004). They
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found an excess of isophotal twists in the circumnuclear regions of Seyfert 2
galaxies relative to normal and Seyfert 1 galaxies.

The distribution of kinematic misalignments has often been used to con-
strain the origin of the ionised gas in early-type galaxies (Bertola et al., 1992;
Sarzi et al., 2006). If the gas is produced internally (e.g. stellar mass loss)
and comes from the galactic disc, the bulk of the gaseous component in the
central region is expected to co-rotate with the stars. The angular momenta of
the stellar and gaseous components would therefore be globally aligned. Some
mild misalignments may exist due to the effect of non-axisymmetric structures
(bars, spirals), or the presence of decoupled stellar components. Gas acquired
from an external source, e.g. via interaction with galaxies or the intergalac-
tic medium, should eventually settle in the existing principal planes of the
gravitational potential. In a triaxial potential hosting a large-scale disc, the gas
would thus preferentially fall onto either the disc equatorial plane or in a plane
perpendicular to it, giving rise to a polar ring. Polar rings are observed in a
few nearby early-type galaxies (see e.g. Bertola et al., 1992). The distribution
of kinematic misalignments, measured as position angle differences between
kinematic major-axes, around the reference values of 0, 90 and 180◦, should
therefore be closely linked with the origin of the accreted gas.

So far, there seems to be no trend for the kinematic misalignments of early-
type galaxies with respect to Hubble type, galactic environment and galaxy
luminosity (Sarzi et al., 2006). In our sample, five Seyfert galaxies (NGC1068,
2655, 3227, 4579, 5195) present significant kinematic misalignments (>20◦). For
all the other Seyferts (NGC3627, 4051, 4151, 6951) and all the inactive galax-
ies, the ionised gas co-rotates with the stars (kinematic misalignments smaller
than 20◦). This follows the results of Sarzi et al. (2006) for a sample of later-
type galaxies and therefore suggests that the presently observed ionised gas
in the circumnuclear regions does not have a purely external origin for both
the Seyfert and the inactive galaxies. The only clear exception is NGC2655, a
galaxy known to host a polar ring (Keel &Hummel, 1988). It is interacting with
a companion and had presumably suffered a minor merger in the past (Hucht-
meier & Richter, 1982). Interactions between galaxies is an efficient way to
transport gas towards the central parts and to trigger nuclear star formation
(Barnes & Hernquist, 1991), but it seems neither a necessary nor a sufficient
mechanism for most Seyfert activity (De Robertis et al., 1998; Schmitt, 2001;
Ho et al., 2003).

A more refined analysis of our sample revealed that the radial variations
of the kinematic PAs of the ionised gas are three times greater for the Seyfert
than for their associated inactive galaxies, in the central 1.5 kpc. Although our
sample is small, this trend hints for the presence of non-axisymmetric pertur-
bations of the gravitational potential in the inner kpc of the Seyfert galaxies.
Since the observed stellar velocity fields of these active galaxies are very regu-
lar with major axes rather well aligned with the outer photometric ones, theses
dynamical perturbations must be small. The gas, being more sensitive to small
deviations from axisymmetry, responds better to non-axisymmetric structures
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such as weak bars or spirals. This would be in fact in agreement with previ-
ous imaging studies which found no strong excess of bars or nuclear spirals
in Seyfert galaxies. If strong deviations from axial symmetric were present,
the gaseous kinematics would have been extremely disturbed and easily de-
tectable with standard (long-slit) spectroscopic techniques. The presence of
weak deviations from axial symmetry in Seyfert galaxies seems to be in good
agreement with the refined imaging study of Hunt & Malkan (2004). They
found an excess of NIR isophotal twists in Seyfert 2 hosts compared to in-
active galaxies, and discussed the non-axisymmetric instabilities (nuclear disc,
nestedmisaligned bars, triaxial structures) which could be responsible for such
morphological perturbations. This excess of isophotal twist is not observed for
the Seyfert 1 galaxies. Hunt & Malkan (2004) interpreted this difference be-
tween Seyfert 1 and Seyfert 2 galaxies as an evolutionary effect, the Seyfert 1
hosts being ’older’ than the Seyfert 2 ones in their scenario. We would need a
larger sample to investigate statistical differences in the ionised gas properties
of Seyfert 1 and 2 galaxies. A larger study of active vs. inactive galaxies in the
SDSS with IMACS is now in progress within our group, the active and inactive
galaxies drawn from the same parent sample, thus hopefully reducing any un-
derlying selection biases and also offering more controls per Seyfert (Westoby
et al. in preparation).

In addition to a ready supply of fuel and a transportation mechanism,
timescales are important. Galaxies are thought to experience recurrent
episodes of nuclear activity in their lifetime, with instabilities in the fuelling
rate possibly regulating the activity cycles (Saripalli &Mack, 2007). Dynamical
instabilities in the inner kpc regions and nuclear activity can evolve in parallel.
However, due to the time required to set up sufficient gas inflow, the non-
axisymmetric perturbations may be observed while not enough gas has been
driven in the vicinity of the SMBH and the galaxy is inactive. Similarly such
gravitational instabilities may have disappeared when the nuclear activity is
still underway. Observationally, it is therefore reasonable to hypothesise that
a snapshot of active and inactive galaxies might show equal degrees of host
galaxy disturbance. However, while disturbed gas observed in a host galaxy is
not the gas that is simultaneously fuelling the nuclear activity, the dynamical
time scale in the circumnuclear regions is similar to the AGN lifetime. There-
fore, the correlation between the presence of perturbation in the ionised gas
in the central kpc regions and the nuclear activity suggested by our study is
striking and supports a close link between the AGN, host dynamics on scales
of hundreds to tens of parsecs and relevant dynamical and activity timescales.

Another dynamical signature of past accretion of gas in the central regions
can be found in the stellar kinematics: central low stellar velocity dispersions
or the so-called σ-drops. Wozniak et al. (2003) interpreted such structures as
the result of star formation following the accretion of gas in the central few
hundred parsecs. More recently, Wozniak & Champavert (2006) showed that
these dynamical structures can be formed on relatively short timescales (∼300
Myr) and that a star formation rate as low as 1 M% yr−1 in the nuclear regions
is enough to sustain a long-lived σ-drop.
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Figure 6.1: Diagnostic diagram for the galaxies of our sample,
Log([O III]λ5007/Hβ) vs Log([N II]λ6583/Hα). The emission line ratios
are from Ho et al. (1997). Active galaxies are shown as filled red diamonds
and inactive galaxies as filled blue circles. The classification boundaries from
Ho et al. (1997) are shown as black dashed lines.

Such σ-drops seem to be very common in nearby spiral galaxies and the list of
observed σ-drops is growing (e.g. Emsellem et al., 2001; Márquez et al., 2003;
Ganda et al., 2006; Emsellem, 2006). At least one third of spiral galaxies are ex-
pected to host a σ-drop (Ganda et al., 2006). Most of the galaxies with a σ-drop
are active nuclei, but this is certainly an observational bias since they are well-
studied and luminous galaxies, where reliable stellar kinematics has been ob-
tained. In our sample, σ-drops are observed in five Seyfert galaxies (NGC1068,
2655, 3227, 4051, 4151, 6951) and one non-active galaxy (NGC5248). High res-
olution follow-up IFU mapping of the central few arcseconds, using e.g. the
OASIS or FLAMES IFU, could reveal direct evidence for these discs as shown
by Emsellem (2006). Such data on a relatively small FOV are rather difficult to
interpret. However, these data, associated with our larger scale SAURONmaps,
could extend our understanding of fuel delivery closer to the AGN.

All the dynamical structures discussed above (e.g. kinematic misalign-
ments, σ-drops) may probe accretion of material in the central 100 pc or so.
However, studying such structures do not carry direct information on how
the gas is funnelled inwards, within the parsec and sub-parsec scales nuclear
regions.
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Figure 6.2: Distribution of the differences between the global kinematic PAs of
the stars and gas (left panel) and the amplitude of variations of the gaseous
kinematic PAs in the inner 1.5kpc (right panel) as a function of the mass accre-
tion rate (see Table 6.1). Active galaxies are shown as filled red diamonds and
inactive galaxies as filled blue circles. For reference, a line is drawn at∆PA=20◦
and mass accretion rate = 10−4.5 M%/yr in each of the panels. NGC3627 and
6951 are the only Seyfert galaxies with accretion rate lower than 10−4.5 M%/yr.
The other galaxies named in these plots correspond to the Seyferts which do
not follow the same trend in the first and second plot (see text).
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6.2 Accretion rates and kinematic misalignments

In this section we highlight the relationship between kinematic disturbances
in the circumnuclear regions of the galaxy and the accretion rate of the nuclear
black hole. Throughout this study we used the nuclear type classification of
Ho et al. (1997). Figure 6.1 presents our galaxies in the diagnostic diagram
Log([O III]/Hβ) vs Log([N II]/Hα), as well as the boundaries between the dif-
ferent excitation classes adopted by Ho et al. (1997). The separation between
Seyfert and LINERS objects is not as sharp as depicted by this diagnostic di-
agram. We can notice that NGC5055 is close to be a Seyfert while NGC3627
and NGC4579 are Seyferts and close to the LINERS and Transition objects.
The activity classification of the sample nuclei therefore does not necessarily
accurately represent the nuclear black hole accretion rate.

We have then estimated the Eddington rates and the corresponding mass
accretion rates of the individual nuclei from four relatively independent meth-
ods, assuming even our non-active galaxies contain an accretion disk around
a SMBH, at very low activity level, and then that the central luminosity con-
sidered in the calculus of mass accretion come from this accretion disk. The
results are summarised in Table 6.1. The black hole masses in this Table (col-
umn 3) are from direct dynamic measurements (e.g. NGC1068), from rever-
beration mapping results (e.g. NGC4051, NGC4151), or estimated from the
central stellar velocity dispersion in our SAURON maps via the well-studied
M-σ relationship (e.g. Tremaine et al., 2002, see Chap. 2). We have used four
observational estimates for the Eddington ratio of the nuclei. The first is the op-
tical continuum luminosity of the galaxy nucleus from HST images (column 4
of Table 6.1), interpreted as optical synchrotron radiation from the base of the
jet (Chiaberge et al., 2005). No bolometric correction is applied so the result
should be considered a lower limit to the Eddington ratio. Of course, contam-
ination of the nuclear optical continuum from star formation could cause the
AGN-related luminosity value to be lower. We have also used the hard (2–10
keV) X-ray luminosity, the nuclear [O III] luminosity (from Panessa et al. 2006
and Ho et al. 1997) and the nuclear radio power to estimate the bolometric lu-
minosity of the nucleus (columns 5 to 7 of Table 6.1). In the case of the [O III]
luminosity, we tested the estimator used for active galaxies in the SDSS – Lbol

= 3500× L[O III] (Heckman et al., 2004). This formula resulted in too high val-
ues of Lbol for our sample. The factor 3500 derived by Heckman et al. (2004)
was based on the empirically derived ratios L5000/L[O III] = 320, where L5000 is
the monochromatic continuum luminosity λPλ at 5000Åand Lbol/L5000 = 10.9.
Heckman et al. (2004) based and tested this relationship mainly on AGN with
Log [O III] luminosities of 6.5 and above. Our sample has much lower Log
[O III] luminosities, ranging from 3.8 to 8.3, with median value 5.1. We find
that a factor of 90, instead of 3500, gives a more reasonable value for the bolo-
metric luminosity within our sample. This lower factor could reflect a higher
[O III] emission relative to L5000 from our lower luminosity, gas rich systems
as compared to the SDSS Seyferts. In the case of nuclear radio luminosities,
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we used the sub-arcsecond AGN-related radio flux to calculate the implied jet
mechanical power (see Nagar et al. 2005 for details). Nagar et al. (2005) have
demonstrated that this method to calculate the bolometric luminosity works
well in low luminosity AGN. For each nucleus, we then adopted a value of
lEdd = Lbol/LEdd (column 8 of Table 6.1) from the previous four values, keep-
ing in mind their relative uncertainties and the paradigm that low luminosity
AGN in the low (high) state are more likely to produce radio (X-ray) emission.
This adopted value of the Eddington ratio was used to calculate the estimated
mass accretion rate (column 9). The inactive galaxies NGC3351, NGC5248, and
NGC5806, all three with HII-type nuclei, have not been detected in the hard X-
ray nor radio. Their Eddington ratios are likely lower than the value adopted
in Table 6.1, since a significant part of their nuclear [O III] luminosity could
come from HII regions. Note that while the overall Seyfert and inactive sam-
ples show expected different Eddington ratios, there is some overlap; two of
the Seyferts, NGC3627 and NGC6951, have Eddington ratios similar to the in-
active nuclei (see Fig. 6.2). From the diagnostic diagram, NGC3627 is close to
be classified as LINER and NGC6951 has been previously classified as LINER,
or composite object between high excitation LINER and Seyfert 2 (Marquez &
Moles, 1993; Pérez-Ramı́rez et al., 2000).

The relationship between mass accretion rate and the kinematic of the gas
and stars is illustrated in Fig. 6.2. The result is rather striking: black holes
with low accretion rates reside in galaxies in which the stellar and gas kine-
matic axes are closely aligned and in which the gas kinematic axis is least dis-
turbed, while black holes with accretion rates higher than 10−4.5 M%/yr re-
side in galaxies with either a large misalignment between gas and stellar axes,
or a large twist in their gas kinematic axes. Two Seyfert galaxies (NGC4151
and 4579) have high accretion rate, large kinematic misalignment and present
relatively undisturbed gaseous kinematics, while NGC1068 and 4051 present
no significant misalignment but large perturbations in the gaseous kinemat-
ics. Except for the two Seyfert galaxies with low accretion rate (NGC3627 and
6951), these plots show the same trend discussed above, Seyfert galaxies dis-
play higher kinematics misalignment and more perturbed gaseous kinematics
than the no-active galaxies.

This result does not show, however, any direct correlation between the ac-
cretion rate and observed kinematic misalignment. Recent numerical studies
(King & Pringle, 2007, 2006; Hopkins & Hernquist, 2006) suggest that low-
luminosity AGN can be efficiently triggered and fuelled via series of stochas-
tic accretion events on small-scale (from ∼100 pc to sub-parsec regions). Then,
dynamics of the host galaxy seem to play an important role in the accretion
of gas from the outskirt of the galactic disk to the inner ∼ 100 pc, and physics
of the gas, viscous processes become predominant in the accretion disk, and
funnel the material closer to the central black holes, sustaining the nuclear
activity. Observed accretion rates, and in particular time-scale and high vari-
ability involved in accretion onto SMBH, are constrained by the physics inside
the accretion disk itself.
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Figure 6.3: Several important fuelling mechanisms are represented on the
galactic spatial scales where they are predominant, for a SMBH of mass 107
M%. The different AGN components (accretion disk, BLR, dusty torus and
NLR) are also shown for comparison. The distances from the central black
hole are displayed in log.

Fig. 6.3 provides an idea of several possible mechanisms which can remove
angular momentum of the gas and are predominant relative to other processes
at different spatial scales in the galactic disks. Dynamical structures in the
host galaxy (bars, spiral arms, gravitational torques due to galaxy interactions)
seem to play an important role in funnelling gas within 10 pc. Then, viscous
processes, hydrodynamic instabilities take over and transport the gas closer to
the SMBH.

6.3 Perspectives

Why a fraction of nearby galaxies host an active nucleus remains an unsolved
question. As presented in Chapter 2, several mechanisms may be involved
in the fuelling of the central regions of galaxies, and subsequently activating
and sustaining nuclear activity. What mechanism is dominant in the case of
nearby low-luminosity AGN and what is the influence of the galaxy host on
the fuelling are still elusive.

In this thesis, I presented an ambitious and comprehensive multiwave-
length study of the two-dimensional kinematics and morphology of a sample
of Seyfert and non-active galaxies. The active and non-active galaxies have
well-matched optical host properties (total luminosity, morphological type,
disk inclination) and therefore form pairs on which comparative analyses are
done. One goal of this study is to investigate the kinematics of Seyfert and
non-active galaxies, in order to reveal any difference between the two sam-
ples, which could be signatures of the underlying fuelling mechanisms. The
first results of the study presented here are the following:

• In the circumnuclear regions, the stellar velocity maps present regular
rotation patterns for both Seyfert and non-active galaxies. The stellar
kinematic major-axis is a robust determination of the LON of the galaxy
in our sample, except for two Seyfert 2 galaxies: NGC1068 and 5194. The
outer H I kinematic PA is also similar to the stellar kinematic PA in the
circumnuclear regions.
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• The ionised gas co-rotates generally with the stars in the circumnuclear
regions. Only two Seyfert galaxies NGC2655 and 4579 present unam-
biguous large kinematic misalignments between stars and gas.

• The gaseous kinematic is more perturbed than the stellar one for both
Seyfert and non-active galaxies. However the Seyfert galaxies present
higher variations of stellar and gaseous kinematic PA than non-active
galaxies. This trend may indicate a link between the galactic host dy-
namics in the circumnuclear regions and the nuclear activity.

The next step of this study is to investigate the galactic kinematics withmore
refinement, in order to identify and eliminate any possible triggering and fu-
elling mechanisms of the nuclear activity in the Seyfert galaxies.

6.3.1 Harmonic analysis of velocity fields

As presented in Chapter 5, harmonic analysis of large-scale neutral gas disk,
circumnuclear stellar and ionised gas velocity fields can be performed. Once
the rotational velocity has been estimated with PyRing (see Sec. 5.3), Vsys,
(xc, yc), i and the PA are fixed to their best-fitting values and the cn and sn

coefficients are adjusted iteratively for each ring, by fitting the expression of
the line-of-sight velocity of Eq. 5.4 up to the third harmonic order.

Radial variations of the harmonic coefficients can be interpreted as signa-
tures of the dynamical structures responsible for non-circular motions. This
analysis has been detailed by Schoenmakers et al. (1997). The simplest case of
non-circular motions is an axisymmetric radial flow. Then all the harmonic co-
efficients are zero, except c0 = Vsys, c1 = VΦ sin i and s1 = VR sin i, following the
notation of Sec. 5.2. Considering now a general perturbation of an axisymmet-
ric potential, of harmonicm, Schoenmakers et al. (1997) showed that signatures
of such dynamical perturbations occur in the (m−1)th and (m−1)th harmonic
coefficients of the velocity field. These coefficients can then be expressed as a
function of the parameters of the dynamical perturbation. For example, in the
case of a m = 2 instability, such as a bar or spiral, the c1, s1, c3 and s3 can be
expressed with the parameters of the perturbations, e.g. pattern speed Ωp, PA
of the bar or pitch angle of the spiral. Hence, investigating the variations of the
harmonic coefficients of the velocity fields allows to constrain the underlying
potential of the galactic disk.

Wong et al. (2004) discussed the influence on the Fourier harmonic coeffi-
cients of several simple cases of dynamical structures: a pure radial streaming,
motions in a m = 2 instability such as a barred potential or a spiral wave. Fi-
nally, Wong et al. (2004) showed that the first and third even coefficients (s1

and s3) variations are a good indicator for e.g. a warp, streaming in a barred
potential and pure radial inflows:
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• A bar is the predominant structure if the s1 and s3 coefficients are anti-
correlated, with ds1/ds3 < 0

• A pure radial inflow is occurring if the s1 coefficients is significant in
some regions and ds3 ≈ 0

• A warp is the predominant structure if the s1 and s3 coefficients are cor-
related, with ds1/ds3 > 0

The last point mentions the trend in the s1-s3 relation in the case of a warp
in the galactic disk. Although a warp is not directly related to gaseous stream-
ing, the inclination and PA of the galactic disk may change. It implies that a
warp will affect the harmonic coefficients of the velocity fields as if wrong val-
ues of i and PA were used. Schoenmakers et al. (1997) investigated in details
how errors in the geometrical parameters (dynamical centre, i, PA) affect the
harmonic coefficients. Effects of a warp should be negligible in the case of our
optical data since only the circumnuclear regions are mapped. It is not the case
for the radio data, since warps are common in the H I outer disks. Such effect
must be kept in mind when the interpretation of the non-circular velocity com-
ponents of the H I data is performed. In this case, we expect the s1 and s3 to lie
along a line refer as the warped line of slope : ds1

ds3
= 1−q2

3q3+1 , where q = cos i (Wong
et al., 2004).

In our study, we assume the s1 coefficient to be interpreted as radial in-
flow or outflow, depending on the sign of s1 and on the sense of rotation of
the galaxy. If the galaxy rotates counter-clockwise, positive values of s1 corre-
spond to radial outflow, otherwise, they correspond to radial inflow. In order
to determine the sense of rotation of the galaxy, we consider that spirals arms
are always trailing and/or investigate by eye the dust absorption to identify
the nearest side.

Figs. 6.4 to 6.5 present the results of the tilted ring fit with harmonic coeffi-
cients up to the third order for three of our galaxies: NGC2967, 4041 and 5055.
The observed, model and residual velocity fields are displayed, as well as the
radial variations of the c1, s1 and s3 coefficients and the s3 vs s1 diagrams. For
each plot the relative values s1/c1 and s3/c1 are computed. The warped line
(Wong et al., 2004) is also displayed in the s1-s3 plane.

For NGC2967, 5383 and 5055, the behaviour of the harmonic coefficients are
good examples of the three models pointed out by Wong et al. (2004):

• NGC2967 is a clear candidate for radial flows, with strong s1 coefficient
and s3 ≈ 0 up to 200′′.

• NGC5055 H I kinematics presents s3 and s1 variations characteristic of
motions in a warped disk (Fig. 6.4). Indeed, this galaxy presents an ex-
tended warped H I disk (Battaglia et al., 2006). In contrast, s3 and s1 are
anti-correlated for the innermost regions, as shown in the figures corre-
sponding to the ionised gas kinematics. This result suggests streaming
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motions in a barred or oval potential (Wong et al., 2004) and is in very
good agreement with those of Wong et al. (2004) who analysed the H I
kinematics in the large-scale disk and the CO kinematics in the circum-
nuclear regions.

• Finally, the slope of the s1-s3 relation is negative in the case of NGC2967,
indicating streaming in a bar potential. Indeed this galaxy hosts a large-
scale stellar bar (see Fig. B.1).

6.3.2 Other directions for further works.

• Connecting the large-scale disk and circumnuclear regions.

The simple criteria ofWong et al. (2004) discussed in the previous section are
good indicators for signatures of radial flows in the galactic disk and allow to
disentangle errors in the viewing angles values (i and PA) and warps from real
non-circular components. They cannot however fully constrain all the dynam-
ical structures. One needs to model the underlying potential and constrain the
parameters of this model via fits of the harmonic coefficients to predict what
are the predominant dynamical mechanisms at work and to quantify them, as
done by e.g. Fathi et al. (2005). The results of such quantitative analysis on
the circumnuclear regions, e.g. mapped with SAURON, are however difficult to
interpret without information on the larger spatial scales. Similarly, constrain-
ing the dynamics of the large-scale disk, with no data in the innermost regions
cannot probe the mechanisms which transport the gas close to the SMBH.

Therefore, this quantitative Fourier analysis of our multi-scale velocity
fields will allow to constrain the galactic gravitational potential from the out-
skirts of the galaxy down to the circumnuclear regions, then identify or elimi-
nate potential AGN fuelling mechanisms.

• Probing the angular momentum.

Another way to analyse the galactic stellar velocity fields has been devel-
oped recently by Emsellem et al. (2007) and Cappellari et al. (2007). Emsellem
et al. (2007) presented a new kinematic parameter λR =< R|V | > /

√
V 2 + σ2

which quantifies the projected stellar angular momentum per unit mass, V and
σ being the stellar velocity and velocity dispersion. In particular the radial
variations of λR may characterise the regions of low and high angular momen-
tum, and Emsellem et al. (2007) define two classes, namely low of fast rotators,
depending on the values of λR within the effective radius of the galaxy (for
early-type galaxies observed with SAURON). Cappellari et al. (2007) showed
that this classification can be related to the merger tree followed by the galaxy.
For galaxies in our sample, probing the central baryonic angular momentum
could lead to interesting clues regarding their dynamical histories.
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Figure 6.4: Harmonic analysis of NGC5055 H I(bottom plots) and ionised gas
(top plots) velocity fields. For each component, the top panel presents the ob-
served velocity field, modeled velocity field and the residual map. Then, in
the bottom left panel the radial variations of the c1, s1 and s3 coefficients are
shown. Finally the s3 coefficient is plotted as a function of s1 in the bottom
right panel. The s1 and s3 coefficients are normalised to the c1 coefficient, as-
suming it represents the projected rotational velocity. The green and blue lines
correspond to the warp line (expected relation between s3 and s1 for a pure
warp model) and a linear least-squares fit to the data points, respectively. The
slope of the least-squares fit is given in the top right corner of the figure.
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Figure 6.5: Harmonic analysis of the non active galaxies NGC2967 (top plots)
and NGC5383 (bottom plots) H I velocity fields. For each component, the
top panel presents the observed velocity field, modeled velocity field and the
residual map. Then, in the bottom left panel the radial variations of the c1, s1

and s3 coefficients are shown. Finally the s3 coefficient is plotted as a function
of s1 in the bottom right panel. The s1 and s3 coefficients are normalised to
the c1 coefficient, assuming it represents the projected rotational velocity. The
green and blue lines correspond to the warp line (expected relation between s3

and s1 for a pure warp model) and a linear least-squares fit to the data points,
respectively. The slope of the least-squares fit is given in the top right corner
of the figure.
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• Physics of the gas

Finally, the physics of the gas in the innermost regions must play an important
role in the fuelling of the AGN. Therefore, investigating the physical condition
of the gas and the hydrodynamical processes at work in these regions would
probe the fuelling mechanisms. Our neutral and ionised gas data, combined
with molecular gas data from the NUGA survey would provide for the first
time unique information of the gaseous component at different spatial scales
and in different phases.
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Appendix A

The master sample

Table A.1 lists the properties of the galaxies in our master sample. The last two
columns noticed whether radio (Column 13) or optical (Column 14) data are
available. ”1” or ”0” mean that corresponding data are available or unavail-
able, respectively.
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Appendix B

The VHIKINGS sample

B.1 The DSS images

Figs. B.1 to B.4 display the R-band Digital Sky Survey (DSS) images of the 56
galaxies of the VHIKINGS sample. Each Seyfert galaxy is shown on the left of
its associated non-active galaxy. Galaxies are listed from the brightest to the
faintest nuclear magnitude. An horizontal bar at the bottom right corner of
each image shows the comparative spatial resolution for each galaxy.
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B.1. The DSS images 134

Figure B.1: R-band Digital Sky Survey images of the master sample galaxies.
The ’(S)’ or ’(C)’ on the right of the object names stand for Seyfert or Control
galaxy respectively. Each Seyfert galaxy is displayed on the left of its associ-
ated non-active galaxy. The orientation is such that north is up and east is left,
each image is 10′×10′. The horizontal bar located at the bottom right of each
panel corresponds to the spatial length of 5 kpc.
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Figure B.2: R-band DSS images of the master sample galaxies, continued. See
caption of Fig. B.1 for details.



B.1. The DSS images 136

Figure B.3: R-band DSS images of the master sample galaxies, continued. See
caption of Fig. B.1 for details.
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Figure B.4: R-band DSS images of the master sample galaxies, continued. See
caption of Fig. B.1 for details.
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B.2 The radio data

Table B.1 lists the observations parameters of the radio data available for the
galaxies of the VHIKINGS survey.
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Appendix C

SAURON

moment maps

C.1 Stellar and ionised gas distribution and kine-
matic

Figs. C.1a to C.1h present the stellar and ionised distribution maps, velocity
fields and velocity dispersion, as well as the emission line ratio [O III]/Hβ
for the galaxies of the SAURON/Seyfert survey. Each figure presents a pair
Seyfert/control galaxies, except for Fig. C.1a which shows NGC1068 and
NGC3227. The ionised gaseous kinematic maps correspond to the [O III] com-
ponent, except for NGC4459, for which Hβ (see Sec. 4.1).
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C.1. Stellar and ionised gas distribution and kinematic 144

Figure C.1a: SAURONmaps for the Seyfert galaxies NGC1068 (top panels) and
NGC3227 (bottom panels). For each galaxy the first row shows (from left to
right) the reconstructed continuum map, the stellar velocity field, the stellar
velocity dispersion map and Hβ intensity distribution. The second row con-
sists of the [O III] intensity velocity and velocity dispersion maps and the line
ratio [O III]/Hβ map. All the intensity maps are in units of 10−16 erg s−1 cm−2.
The stellar and emission lines intensity maps are overlaid on the stellar and
ionised gas kinematics. Velocities and velocity dispersions are in km s−1. The
colour scale is shown on the right hand side and the cut levels are indicated
in the top right corner of each map. All the maps are orientated so that the
photometric major-axis of the galaxy is on the x-axis. The long and short ar-
rows on the right of each galaxy name show the north and the east directions,
respectively.
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Figure C.1b: SAURON maps for NGC2655 (top panels) and its control
NGC4459 (bottom panels). See caption of Fig. C.1a for details.
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Figure C.1c: SAURONmaps for NGC3627 (top panels) and its control NGC5806
(bottom panels). See caption of Fig. C.1a for details.
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Figure C.1d: SAURON maps for NGC4051 (top panels) and its control
NGC5248 (bottom panels). See caption of Fig. C.1a for details.
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Figure C.1e: SAURONmaps for NGC4151 (top panels) and its control NGC2985
(bottom panels). See caption of Fig. C.1a for details.
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Figure C.1f: SAURONmaps for NGC4579 (top panels) and its control NGC3351
(bottom panels). See caption of Fig. C.1a for details.
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Figure C.1g: SAURON maps for NGC5194 (top panels) and its control
NGC5055 (bottom panels). See caption of Fig. C.1a for details.
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Figure C.1h: SAURON maps for NGC6951 (top panels) and its control
NGC5248 (bottom panels). See caption of Fig. C.1a for details.
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C.2 h3 and h4 maps

Figs. C.2a and C.2b present the two-dimensional maps of the h3 and h4 coeffi-
cients, corresponding to the stellar kinematics fit (see Sec. 3.2.2).
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Figure C.2a: h3 and h4 maps. Each row presents a pair : Seyfert on the left,
Control on the right, except for NGC1068 and NGC3227 which are shown
together in the first row. The colour scale is shown on the right hand side and
the cut levels are indicated in the top right corner of each map.The long and
short arrows on the right of each galaxy name show the north and the east
directions, respectively.
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Figure C.2b: Fig. C.2a continued.
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C.3 Hβ kinematic maps

Figs. C.3a and C.3b present the velocity and velocity dispersion maps of our
galaxies observed with SAURON. For NGC4459, the maps corresponding to
[O III] are presented (see Sec. 4.1).
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Figure C.3a: Velocity and velocity dispersion of Hβ emission lines. Each row
presents a pair : Seyfert on the left, Control on the right, except for NGC1068
and NGC3227 which are shown together in the first row. For NGC4459, the
[O III] velocity and velocity dispersion maps are shown. All the maps are ori-
entated so that the photometric major-axis of the galaxy is on the x-axis. The
units are in km s−1. The colour scale is shown on the right hand side and the
cut levels are indicated in the top right corner of each map. The long and short
arrows on the right of each galaxy name show the north and the east directions,
respectively.
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Figure C.3b: Fig. C.3a continued.
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Appendix D

HI moment maps

Figs. D.1a to D.1f present the H I moment maps (distribution and velocity
fields) along with the R-band DSS image at the same spatial scales for the
galaxies of the VHIKINGS survey, for which data reduction has already been
completed. The ’(S)’ or ’(C)’ on the right of the galaxy name correspond to
Seyfert and Control, non-active galaxy, respectively. Like the optical data (Ap-
pendix C), the galaxies are presented following the pairs Seyfert/non-active
galaxies. When H I data is missing for a galaxy, a blank space is left for that
galaxy.
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Appendix E

Notes on individual galaxies.

This chapter presents a description of the galaxies of our sample for which
radio and/or optical data have been presented in this thesis. The galax-
ies are ordered following the order of the figures of Appendices C and D.
Therefore the first nine sections present the galaxies of the VHIKINGS and
SAURON/Seyfert projects, while the remaining sections concern only the galax-
ies from the VHIKINGS survey.

E.1 NGC1068/NGC4548 pair

E.1.1 NGC1068 (M77)

NGC1068 is one of the most nearby Seyfert 2 galaxies (D = 14.4 Mpc), and it
has been well studied at different wavelengths. Ho et al. (1997) classified this
active galaxy as a Seyfert of type 1.8, but a dusty torus hides a Seyfert 1 nucleus
(Antonucci & Miller, 1985; Jourdain et al., 1994). NGC1068’s nucleus hosts a
radio jet and an ionised cone at PA ∼10◦ (Muxlow et al., 1996). Schinnerer
et al. (2000b) summarised the different observed morphological structures :
the outer disk and the outer oval, the latter being interpreted as a primary bar,
a HI ring at its Outer Lindblad Resonance and the two-arms inner spiral at its
Inner Lindblad Resonance. A secondary Near-Infrared (NIR) bar extends up
to about 16′′. The SAURON data we presented here have been already published
by Emsellem et al. (2006), and we refer the reader to this paper for a detailed
analysis. We here only provide a brief description of the revealed structures.

The stellar continuum map (Fig. C.1a) shows elliptical isophotes, elongated
along the PA of the NIR bar. The stellar velocity field (Fig. C.1a) shows
strong departures from axisymmetry, with an S-shaped zero velocity line, and
a slightly varying orientation of the kinematics major-axis. The velocity dis-
persion rises towards the centre, reaching 200 km s−1 at R∼10′′ and presents a
drop in the inner 5′′ with values down to about 100 km s−1. The h3 (Fig. C.2a)
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component shows a structure elongated along the PA of the NIR bar. The sign
of h3 is changing from the south-east (positive values) to the north-west (neg-
ative values). The h4 (Fig. C.2a) map presents a ring-like structure of positive
values between 8 and 12′′. Inside this ring, h4 values decrease and become
slightly negative. Gerssen et al. (2006) observed this galaxy with the Gemini
Multi-Object Spectrograph (GMOS) IFU, covering the central 10 × 8 arcsec.
Our stellar kinematics properties are in good agreement with theirs although
they found a kinematic PA offset by about 13◦ from ours, their FOV being too
small to detect the change of orientation of the kinematic major-axis.

Hβ and [O III] distributions are quite different (Fig. C.1a). Hβ emission is
very high in the inner 5′′, and traces the spiral arms outside this region. As
for Hβ , [O III] emission peaks in the central parts, with the distribution of
[O III] becoming very asymmetric outwards. It is found predominantly in the
north-east side, tracing the northern ionisation cone. Despite the significant
differences between the distribution of the Hβ and [O III] line emission, their
velocity fields and velocity dispersion maps are very similar (Figs. C.1a and
C.3a). The velocity fields of Hβ and [O III] both display a prominent S-shaped
zero velocity curve, evidence for strong deviations from circular motions. The
velocity dispersion maps of Hβ and [O III] show a peak in the central 5′′ parts
and then reach lower values outside. As expected, the [O III]/Hβ is high in the
region of ionisation cone (∼10), and lower in the spiral arms ([O III]/Hβ < 1),
the latter being dominated by star formation regions (Figs. C.1a).

E.1.2 NGC4548 (M91)

NGC4548 is a non-active spiral galaxy classified as SBb, in the Virgo cluster.
It hosts a large-scale stellar bar of PA ∼80◦ while the outer disk PA is around
−30◦.

The H I distribution is elongated along the optical photometric PA and
traces the outer spiral arms (Fig. D.1d, first row). It presents a depression in
the central regions. North and west of the H I disk, two parallel lanes are ob-
served elongated along the north-west direction. These features are not seen in
previous H I observations (Vollmer et al., 1999). However, they conclude that
their results are consistent with ongoing ram pressure stripping on the neutral
gas disk. The off-disk features observed in our radio maps may correspond to
gas removed via this scenario.
The H I kinematics displays regular rotation patterns. The kinematic PA is con-
stant over the FOV at 135◦ in agreement with previous studies (Guhathakurta
et al., 1988; Vollmer et al., 1999).
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E.2 NGC3227/NGC3169 pair

E.2.1 NGC3227

NGC3227 is a well studied barred galaxy, interacting with the elliptical galaxy
NGC3326, and with an associated dwarf galaxy (Mundell et al., 2004). The
galactic disc has an inclination of 56◦, with an outer photometric major-axis at
a position angle PA = 158◦ (Mundell et al., 1995a), coincident with the major-
axis of the stellar bar. It is hosting a type 1.5 Seyfert nucleus (Ho et al., 1997).

Our H I moment maps are presented in the first row of Fig. D.1b. No H I
emission is associated with the companion NGC3226 and the southern plum
is much more elongated and narrower than the plum on the north pointing
towards NGC3226. These two features are associated with the interaction be-
tween these two galaxies (Mundell et al., 1995b)

The central region has been mapped in 12CO(1-0) and 12CO(2-1) by Schin-
nerer et al. (2000a), who detect molecular gas very close to the nucleus
(∼13 pc). The inner kpc regions host several complex features: a radio jet
(PA ∼ −10◦; Mundell et al. (1995b)), a conical NLR outflow at a PA of about
15◦ (Mundell et al., 1995a), an Hα outflow at PA ∼50◦ (Arribas & Mediavilla,
1994), and a molecular nuclear ring (Schinnerer et al., 2000a).

Our SAURON stellar continuummap (Fig. C.1a) presents an elongated struc-
ture (PA= 153◦), alignedwith the stellar bar. The stellar velocity field is regular
(Fig. C.1a), the major-axis being parallel to the galactic disc orientation. Out-
side r > 5′′, the stars rotate rigidly (isovelocity contours parallel to each others).
The stellar velocity dispersion rises towards the centre, reaching 200 km s−1 in
the inner 5′′. The h3 and h4 maps are featureless (Fig. C.2a).

Fig. C.1a presents the [O III] and the narrow component of Hβ emission
lines. The central broad component for the Hβ line corresponding to nuclear
emission (BLR) has been removed. [O III] distribution is rather asymmetric,
elongated on the north side of the field and Hβ emission lines extends from
south-east to east. The [O III] and Hβ velocity fields are similar: they show
strong deviations from axisymmetry with a PA of the major-axis changing
from ∼30◦ in the central regions, to about 170◦, close to the stellar kinematic
major-axis orientation. The velocity dispersion of both Hβ and [O III] rise to-
wards the nucleus, reaching 310 km s−1 and 360 km s−1, respectively in the
centre. Finally, the [O III]/Hβ lines ratio map shows an elongated structure of
high values (> 7) along the global kinematic major-axis (north-south).

The atomic gas in the outer disk (R>∼1.5 kpc) and the ionised gas and stars
in the circumnuclear regions (R<∼1.5 kpc) present globally the same kinematic
orientation, as seen in fig 5.21a. The kinematic PAs of the H I component in the
outer disk (beyond 2.5 kpc) and of the stellar component in the inner regions
are in very good agreement, at a constant value of about 160◦ at all observed
spatial scales. In the central regions, the kinematic PA of the ionised gas re-
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mains roughly constant for radii larger than 10′′, but with an offset of about
20◦ with respect to the stellar and H I PA.

Since this galaxy presents evidence of strong interaction with a companion,
this interaction and the nuclear activity are likely to be linked.

E.2.2 NGC3169

NGC3169 is a LINER galaxy, classified as Sa. It is interacting with NGC3166
lying at about 8′ west of NGC3169. Another smaller galaxy, NGC3165 is sit-
uated ∼12′ south west of NGC3169. The H I moment maps (Fig. D.1b, fourth
row) display complex distribution and kinematics. No H I emission from the
companion NGC3166 is detected, but large spiral-like features arise from the
disk of NGC3169 towards NGC3166, certainly due to tidal interaction. Our H I
maps are in good agreement with the lower resolution data of Haynes (1981).
In our maps, H I emission is detected, clearly associated with the second com-
panion (NGC3165) of NGC3169. Haynes (1981) observed this component but
could not disentangle it from the emission of NGC3169 and 3166.

E.3 NGC2655/NGC4459 pair

E.3.1 NGC2655

NGC2655 is an early-type spiral galaxy, hosting a Seyfert 2 nucleus. Optical
and radio spectroscopic data exhibit off-plane gas in the central part (Erwin
& Sparke, 2003), and a dusty polar ring seen in Hα (Keel & Hummel, 1988).
This galaxy is interacting with its companion NGC2715 and presents remnant
signatures of a past merger (Huchtmeier & Richter, 1982). Our H I moment
maps (Fig. D.1c, first row) show the companion at the east and the west tidal
loop as shown by Huchtmeier & Richter (1982). The H I velocity field presents
a change of orientation in the central arcmin, from PA∼ −90◦ in the outer disk,
aligned with the LON of the galaxies and the stellar circumnuclear kinematics
PA (see Table. 5.1), to PA ≈ −180◦ in the innermost region.

The stellar continuum map (Fig. C.1b) shows an elongated feature, along
the east-west direction, which corresponds well with the PA of the line of max-
imum stellar velocity. The stellar velocity field (Fig. C.1b) is remarkably regu-
lar, with a PA around −90◦. The velocity dispersion map shows a drop in the
inner 3′′. The h3 and h4 maps show no specific structures (Fig. C.2a).

Hβ and [O III] emission lines distribution and kinematics are similar
(Figs. C.1b and C.3a). The emission lines are very bright in the inner 5′′. Away
from the centre, the distribution maps show a bright knot to the south-east
side, 15′′ away from the nucleus, and a lane at 10′′ on the west side: both fea-
tures have been reported by Keel & Hummel (1988). The SE knot corresponds
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to high [O III]/Hβ ratio values (∼4) similar to the ones observed in the nu-
clear region. This feature could be driven by the radio jet (Keel & Hummel,
1988). The emission lines ratio is smaller in the west lane (around 2-3). The
emission lines velocity fields show strong departures from axisymmetry, with
an S-shaped zero velocity curve, the kinematic major-axis having a changing
PA, from ∼90◦ in the inner 5′′ to near 180◦ in the outer parts. As hinted by
Sil’chenko & Afanasiev (2004), the ionised gas rotates together with the stars
in the inner 5′′, but follows the dust polar ring at radii > 5′′ − 6′′, rotating
perpendicularly to the galactic plane. [O III] and Hβ velocity dispersion maps
show the same features: a rise in the inner 5′′ (∼220 km s−1) and in the western
feature (305 km s−1), and a roughly constant value outside (between 100 and
150 km s−1).

The kinematic PA of the atomic gas in the outer disk (beyond ∼2′ ≈ 14 kpc)
and the one of the stellar component in the circumnuclear regions are in good
agreement, as seen in fig. 5.21a, while the ionised gas rotates almost perpen-
dicularly to the stars in the central regions (Fig. 5.3) with a PA corresponding
well with the orientation of the H I kinematic between 3.5 and 11 kpc. The H I
rotation axis changes from a value similar to the PA of the kinematic major
axis of the stars (in the central regions), which can be associated with the line
of nodes of the galaxy (see Sec. 5.1.1), to a value perpendicular to the line of
nodes and alignedwith the ionised kinematic orientation, in the circumnuclear
regions (R<2.5 kpc).
These kinematic features can be explained by a past encounter with the com-
panion NGC2715. Hence, the tidal interaction between NGC2655 and its
companion may have triggered large gas inflows towards the central parts of
NGC2655. In the case of this galaxy, the encounter with a nearby companion
is likely to be the cause of the nuclear activity.

E.3.2 NGC4459

This S0 galaxy is in the Virgo cluster. It is the control non-active galaxy for
NGC2655. The SAURON data presented here (Fig. C.1b) are part of the SAURON
project (de Zeeuw et al., 2002) and were therefore already published elsewhere
(Emsellem et al., 2004; Sarzi et al., 2006).

The stellar component of NGC4459 shows roundish isophotes, and its stel-
lar velocity field presents a very regular rotation pattern the major-axis of
which is parallel to the line-of-nodes (PA ∼77◦). The velocity dispersion rises
towards the centre, reaching 200 km s−1 (Fig. C.1b). The h3 and h4 coefficients
maps are presented in Fig. C.2a. h3 is anticorrelated with the stellar velocity V .
The h4 map is rather featureless.

There is almost no ionised gas emission (our maps have been clipped at 3σ),
except for the very centre (R < 3′′).The emission lines velocity field seems to be
dominated by rotation, and the velocity dispersion rises from about 80 km s−1



E.4. NGC3627/NGC5806 pair 182

forR > 3′′ to 160 km s−1 for Hβ (200 km s−1 for [O III]) inside 3′′. The [O III]/Hβ
line ratio rises regularly towards the centre.

E.4 NGC3627/NGC5806 pair

E.4.1 NGC3627 (M66)

NGC3627 is an SAB spiral galaxy hosting a Seyfert 2 nucleus. It is part of
the Leo Triplet system, interacting with NGC3623 and with evidence for a
past interaction with NGC3628 (Zhang et al., 1993). Previous radio and opti-
cal observations show asymmetric structures in the velocity field, non-circular
gaseous motions and a molecular CO inner ring (Chemin et al., 2003). More
recently, IFS data obtained by Afanasiev & Sil’chenko (2005) showed evidence
for strong gaseous radial motions.

The SAURON stellar continuummap shows an elongated structure along the
photometric PA∼170◦ (Fig. C.1c). The velocity field presents a regular rotation
pattern, with a slight twist of the zero-velocity line in the very central parts
(r < 3′′). The stellar rotation follows the orientation of the photometric major-
axis. The stellar velocity dispersion rises towards the central regions up to
120 km s−1. Finally, h3 map shows a structure in the inner 5′′ anticorrelated
with the stellar velocity, and h4 rises towards the centre (Fig. C.2a).

The [O III] emission is concentrated in the inner 5′′, with some emission in
an elongated structure, along the photometric PA (Fig. C.1c). As for [O III], Hβ
emission is preponderantly observed in the central parts, with an additional
bright spot about 15′′ south of the nucleus. The [O III] and Hβ kinematics are
quite similar (Figs. C.1c and C.3a). Their velocity fields show strong deviations
from axisymmetry: the orientation of the kinematic major-axis changes from
the external regions where it is aligned with the stellar kinematics, toward the
nucleus where the ionised gas kinematic major-axis deviates by ∼40◦ from the
stellar one. Afanasiev & Sil’chenko (2005) suggested that strong radial motions
may exist in the central parts of this galaxy. Both [O III] andHβ velocity disper-
sion maps are almost featureless, with a slight depression in the very centre.
Finally, the [O III]]/Hβ lines ratio reaches its highest values in the inner 2′′.

E.4.2 NGC5806

This non-active galaxy is the control for NGC3627. Carollo et al. (2002) ob-
served this galaxy with the HST/NICMOS2 camera in the near-infrared. They
detect a prominent bulge and a stellar bar structure in the circumnuclear re-
gions. They classified NGC5806 as a galaxy with a concentrated nuclear star
formation mixed with dust.
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The H I distribution traces well the optical disk (Fig. D.1d, fourth row) and
is fairly asymmetric: weaker H I emission is detected in a south elongated
structure. A central depression is observed. A companion is detected at about
140 kpc South-East of NGC5806 (this companion is not seen in the Fig. D.1d
since it is a zoom of the central ∼17 kpc). The H I elongation in the south may
be evidence of a weak tidal interaction with this companion. The H I kinemat-
ics is very regular, consistent with global rotation aligned with the outer disk
major-axis.

Our SAURON data is presented in Figs. C.1c, C.3b and C.2b. The stellar mor-
phology and kinematics are quite regular. The stellar continuum within the
SAURON field of view is elongated along the outer photometric major-axis of
the galaxy (PA = 170◦). The stellar velocity field shows a regular rotation pat-
tern with the kinematic-major axis aligned with the photometric major-axis.
The velocity dispersion is rising toward the nucleus reaching about 120 km s−1

in the centre. h3 presents a symmetric structure aligned and anticorrelated
with the stellar velocities. h4 is slightly rising towards the centre.

The [O III] and Hβ emission line distribution show elongated features along
the photometric PA. That feature exhibits a ring-like structure in Hβ, broken
in the north-east part, at a radius ∼3′′. The [O III]/Hβ ratio shows rather low
values in the Hβ ring (∼0.3), consistent with star formation. The gas velocity
maps are dominated by rotation, and resemble the stellar velocity field, though
with a higher amplitude. The ionised gas velocity dispersion maps show no
particular structures.

The kinematic of the central regions (stars) and of the outer disk (H I)
present regular rotation patterns, with the same orientation. The radial val-
ues of the kinematic PAs of the stars and those of the atomic gas are in very
good agreement, especially in the regions of overlap of the two observations,
at a radius of about 4 kpc (see Fig. 5.21b). The velocity curves of the atomic and
ionised gas present a good continuation between the central regions (R<4 kpc)
and the outer disk (R>4 kpc).

E.5 NGC4051/NGC5248 pair

E.5.1 NGC4051

NGC4051 is an SAB galaxy classified as S1.2 by Ho et al. (1997). The stellar bar
extends up to∼50′′ along a PA≈ 135◦. Radio-observations show a triple source
at a PA ∼73◦ (Christopoulou et al., 1997), and the [O III] emission line distri-
bution in the inner 3′′ is aligned with this radio component. The narrow-line
profiles of NGC4051 present strong blue wings. This blue-shifted component
is also detected with SAURON in the Hβ and [O III] lines, and has therefore been
fitted (see Sect. 2). Christopoulou et al. (1997) found evidence for a conical out-
flow, at 1.′′5 from the nucleus.
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Our H I zeroth moment map (Fig. D.1e, second row) displays a symmet-
ric distribution: an outer ring-like feature traces the optical spiral arms and
a depression in the central arcmin is observed. The H I velocity fields is very
regular with constant major-axis orientation, at a PA of ∼ −45◦, similar to the
photometric outer disk PA. Our H I distribution and kinematics maps are in
good agreement with themoment maps of Liszt &Dickey (1995) obtained with
the VLA in D-array configuration.

Our SAURON stellar continuum map (C.1d) shows regular isophotes elon-
gated along the PA of the large-scale bar. The stellar velocity field presents a
regular and symmetric rotation pattern, the rotation axis being aligned with
the photometric major-axis (PA ∼135◦). The stellar velocity dispersion de-
creases in the inner 5′′ down to ∼50 km s−1.

The emission line intensity is slightly extended towards the north-east, con-
sistent with the ionised [O III] outflow cone observed by Christopoulou et al.
(1997). The orientation of the ionised gas kinematic major-axis varies with ra-
dius: it is aligned with the stellar one in the outer part of the SAURON FOV, and
then deviates by about 30◦ from the line-of-nodes of the galaxy. The Hβ emis-
sion line velocity dispersion reaches its highest values in the inner 5′′, while
a decrease of dispersion is observed in these central regions for [O III]. The
[O III]/Hβ lines ratio peaks at about 3′′ north-east from the nucleus, within the
outflow region (Christopoulou et al., 1997).

The kinematics of the stars in the central regions and of the atomic gas in
the outer disk present similar regular rotation patterns. The kinematic PAs of
these two components are in good agreement (see fig. 5.21a). No companion
is detected in H I at a radial distance of about 6′ (which corresponds to ∼30
kpc) and the H I morphology maps present no sign of past merger, hence the
nuclear activity of NGC4151 does not seem have been triggered by an external
mechanisms. Dynamical perturbations due to secular processes, such as stellar
bars and spiral arms, seem to be a more sensible hypothesis to explain the
nuclear activity of this galaxy.

E.5.2 NGC5248

NGC5248 is a nearby inactive spiral galaxy, control for both NGC4051 and
NGC6951. It harbours two prominent circumnuclear rings (Laine et al., 2001)
and an inner molecular spiral within 1.5 kpc driven by the large scale bar (Jo-
gee et al., 2002b). The arms of the spiral connect with the inner circumnuclear
ring. Jogee et al. (2002b) also mention the presence of streaming motions in
this galaxy.

The stellar continuum shows an elongated structure along the global disk
orientation at PA ∼150◦ (Fig. C.1d). The velocity field presents a regular rota-
tion pattern, the major-axis of which is oriented at a PA of 115◦, aligned with
the photometric major-axis (PA = 105◦, Jogee et al., 2002b). A σ-drop is re-
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vealed by our velocity dispersion map in the inner 3′′ with an amplitude of
∼60 km s−1. The h3 and h4 coefficients are shown in Fig. C.2b. h3 is anticorre-
lated with the stellar velocity. h4 is rising toward the centre, and presents an
elongated structure following the stellar continuum.

The Hβ emission line distribution shows a ring-like structure with a ra-
dius of ∼5′′. The [O III] distribution is concentrated within the central few
arcseconds, and in the two brightest peaks of the ring. This ring-like struc-
ture corresponds to the known ring of HII region described by Laine et al.
(2001). The [O III]/Hβ emission line ratio is lower inside the ring (0.15), consis-
tently with the presence of star formation, and rises slightly towards the very
centre (0.7). The ionised gas velocity field is dominated by rotation with its
major-axis aligned with the stellar kinematic one. The Hβ velocity dispersion
map shows a depression in the star formation ring (50 km s−1), and slightly
rises towards the very centre (80 km s−1, Fig. C.3b). The [O III] velocity dis-
persion map shows not specific features, with roughly constant values around
50 km s−1.

E.6 NGC4151/NGC2985 pair

E.6.1 NGC4151

NGC4151 is one of the most well-studied galaxies of our sample. For a review
on this galaxy and the AGN properties, see Ulrich (2000). It is an almost face-
on barred spiral galaxy hosting a Seyfert type 1.5 active nucleus (Ho et al.,
1997). The large-scale weak bar is elongated along a PA of about 130◦ and the
photometric major-axis orientation is close to 20◦ (Mundell & Shone, 1999). Its
nuclear continuum and BLR emission are highly variable. It contains a radio
jet along a PA of 77◦ and its Narrow Line Region (NLR) is extending over∼10′′,
and is aligned with the jet (Mundell et al., 2003).

The H I archive data of NGC4151 used in this thesis have been already pub-
lished by Mundell et al. (1999) and Mundell & Shone (1999). The central H I
distribution (Fig. D.1f, third row) shows a central ring-like structure which
traces the large scale stellar bar. Then outer H I spiral arms are seen (Mundell
et al., 1999; Mundell & Shone, 1999). These spiral arms are detected in optical
wavelengths but are very weak (Fig. 4.2.1). The H I kinematics presents regular
patterns consistent with global rotation. Non-circular motions are observed,
associated with the large-scale stellar bar as shown byMundell & Shone (1999).

Our stellar continuummap (Fig. C.1e) presents rather round isophotes. The
stellar velocity field shows a twist of the zero-velocity line in the inner 5 ′′

which corresponds to the region where the BLR dominates the spectral fea-
tures. A σ-drop is observed in the central part of the velocity dispersion map,
but could be due to the BLR contamination. The [O III] and Hβ emission lines
distributions are elongated on the south-west direction at a PA of about 50◦
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associated with the NLR and the Extended NLR (ENLR, R > 5′′ Asif et al.,
2005). The emission lines ratio reaches very high values (∼12) in this region.
The ionised gas kinematics is dominated by rotation, but with some distur-
bances on the north-west side. [O III] emission line velocity dispersions peak
in the inner few arcsec (∼280 km s−1). Outside the very central parts, the ve-
locity dispersion is between 50 and 130 km s−1. It increases at the edges of our
map, corresponding to the location of a dusty ring (Vila-Vilaro et al., 1995).
Asif et al. (1998) revealed the presence of streaming motions along this dust
structure, which may be associated with the high [O III] velocity dispersion
observed in our SAURONmaps. Hβ velocity dispersion is flat in the outer parts
(R > 10′′, with σ between 80 and 130 km s−1) and rises regularly towards the
centre, reaching 200 km s−1 in the inner 3′′. The maximum velocity dispersion
(∼350 km s−1) is reached at about 3.′′5 north-east of the centre.

No companion of NGC4151 is detected at a maximum distance of about
50 kpc with similar velocities and the H I distribution map shows no evidence
of a past merger (see fig. D.1f). The nuclear activity of NGC4151 seems then
not due to external triggering. Despite some kinematic perturbations from
the spiral arms and the bar, the H I and stellar velocity fields are in good
agreement, with similar global orientations, as shown in fig. 5.21a. This fig-
ures shows as well that the velocity curves of the atomic gas in the outer
disk (R>∼1.5 kpc) and of the ionised gas in the central regions (R<∼1.5 kpc)
present similar values and shape in the overlap region of the radio and optical
data, between 1.2 and 2 kpc.

In the case of NGC4151, the origin of the nuclear activity is then to be sought
in the dynamical structures of the galaxy, and in the perturbations due to e.g.
the stellar bars of the spiral arms.

E.6.2 NGC2985

NGC2985 is an early-type spiral galaxy, with regular gas and stellar distribu-
tions. It is the control for NGC4151. The disk orientation is determined by
an inclination of i = 40◦ and a major-axis position angle of PA = 180◦. The
H I distribution and kinematic of NGC2985 is regular in the central 5′, then a
large one-armed spiral-like feature is observed (Fig. D.1f, third row). This spi-
ral arm is certainly due to the tidal interaction with the companion NGC3027
as reported by Noordermeer et al. (2005). NGC3027 lies at about 130 kpc west
of NGC2985 and is not seen in the presented FOV of Fig. D.1f. In addition to
this companion, a H I cloud is detected ∼12′ (corresponding to about 80 kpc)
south east of NGC2985.

The stellar velocity field of NGC2985 shows a regular and symmetric
pattern, consistent with motions in an axisymmetric gravitational potential
(Fig. C.1e). The PA of the kinematic major-axis (-2◦) is aligned with the pho-
tometric major-axis of the outer disc. The velocity dispersion rises inwards,
with 100 km s−1 at 15′′ from the centre and 150 km s−1 in the inner 5′′. The h3
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map displays a change of sign from the south (positive values) to the north
(negative values) (Fig. C.2b), following the kinematic major-axis. The h4 map
is featureless (Fig C.2b), with a slightly positive value everywhere in the FOV.

There is very little emission from the ionised gas Hβ and [O III] in NGC2985
(Fig. C.1e). The emission lines flux peaks in the inner 2′′ with very little flux
outside. The Hβ (Fig. C.3b) and [O III] (Fig. C.1e) kinematics are similar: the
velocity fields are regular, showing the same overall symmetry as the stellar
velocity field. The gaseous velocity dispersion maps show no specific features,
with values rising towards the centre (200 km s−1 for [O III], 160 km s−1 for
Hβ). Finally, the [O III]/Hβ line ratio reaches values up to 1.5-2 in the centre
and decreases outwards (for R > 10 ′′).

Despite showing large radial variations, the stellar and H I kinematic PAs
are in very good agreement, in particular in the overlap region of the radio
and optical observations (at a radius of ∼2 kpc) as shown in fig. 5.21b. The
velocity curves in the central parts (ionised gas) and in the outer disk present
similar shapes and values around 2 kpc.

E.7 NGC4579/NGC3351 pair

E.7.1 NGC4579 (M58)

NGC4579 is an active galaxy classified as S1.9/L1.9 (Ho et al., 1997). It hosts
a NIR stellar bar of 9 kpc of diameter, oriented along PA =58◦. Garcı́a-Burillo
et al. (2005) observed this galaxy with the Plateau de Bure Interferometer (CO)
as part of the NUGA survey. They found a nuclear molecular spiral from
R ∼1 kpc down to ∼200 pc, driven by the stellar bar and detected highly non-
circular motions over the spiral arms. They interpreted these perturbations as
outflow motions.

Fig. C.1f presents our SAURON maps for this galaxy. The stellar continuum
isophotes are rather round in the centre and slightly elongated along a PA of
∼60◦ corresponding to the orientation of the stellar bar. The stellar velocity
field presents a very regular rotation pattern, with a kinematic major-axis ori-
ented at a PA of 95◦. The stellar velocity dispersion rises regularly towards the
centre. The h3 map exhibits a small structure within 5′′ anticorrelated with the
stellar velocity. h4 is rather constant except in the very centre (r < 2′′) where it
drops (Fig. C.2b).

[O III] and Hβ distributions and kinematics are very similar (Figs. C.1f and
C.3b). The ionised gas intensity maps show a spiral-like structure which cor-
responds to the nuclear molecular structure observed by Garcı́a-Burillo et al.
(2005). The [O III]/Hβ ratio presents lower values in the spiral arms than out-
side. The ionised gas kinematics is complex and shows strong departures from
axisymmetry. The gas kinematic major-axis (PA = 100◦) is almost perpendic-
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ular to the stellar bar, and varies within the SAURON field of view. Despite
the similarities between Hβ and [O III] distributions and velocity fields, their
velocity dispersions are significantly different. The σ[OIII] map presents an
elongated structure of high values along the stellar bar (Fig. C.1f), while σHβ
decreases in the central parts Fig. C.3b.

E.7.2 NGC3351 (M95)

NGC3351 is a barred inactive spiral galaxy. It is the control object for
NGC4579. NGC3351 hosts a large-scale stellar bar and an inner molecular
bar-like feature in the centre (Devereux et al., 1992). The latter molecular struc-
ture is aligned with the major-axis of the galaxy (PA ∼10◦) and perpendicular
to the large scale bar. Two rings of HII regions associated with resonances due
to the stellar bar exist: one inner ring with a radius of 10′′ and another at 70′′
from the centre. Recent CO observations (Jogee et al., 2005) show evidence of
non-circular streaming motions in the inner region.

Our H I moment maps reveal regular distribution and kinematics (Fig. D.1g,
second row). H I emission is weaker in the central arcmin, and the H I velocity
field is very regular, aligned with the outer disk PA. No companion is detected
within a distance of ∼80 kpc.

The SAURON stellar continuum map (Fig. C.1f) shows a ring-like structure
with 6′′ <∼R <

∼ 10′′, which corresponds well with the HII ring at the presumed
ILR of the large scale bar. The stellar velocity field is regular throughout the
field of view. Stellar velocity dispersions are slightly lower (by ∼20 km s−1)
inside the ring than outside. h3 values are anticorrelated with stellar velocities.
h4 rises regularly towards the centre (Fig. C.2b).

[O III] and Hβ distributions and kinematics do not differ much from each
others. The intensity maps clearly show the known HII ring at∼10′′ (Fig. C.1f),
and there is very little emission outside that structure. The gas velocity maps
are regular, following the orientation observed in the stellar velocity field. The
[O III] velocity dispersion map is almost featureless, with only a slight gradient
from north-east (100 km s−1) to south-west (140 km s−1). There is a velocity
dispersion drop (∼50 km s−1) for Hβ in the ring (Fig. C.3b). The [O III]/Hβ
lines ratio map show low values in the inner regions (" 0.1), as expected from
star formation. [O III]/Hβ ratio is significantly higher outside the ring (∼1),
probably mostly due to the uncertainty in the emission line flux there.

The kinematics of NGC3351 are very regular and consistent with global
rotation motions at all spatial scales. The stellar and atomic gas kinematic
PAs present similar values around -179◦, and the velocity curves in the inner
regions (R<∼800 pc) and in the outer disk (R>∼800 pc) are in good agreement
in shape and values, as seen in the fig. 5.21b.
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E.8 NGC5194/NGC5055 pair

E.8.1 NGC5194 (M51)

NGC5194 is an almost face-on spiral galaxy in interaction with NGC5195. Its
nucleus is classified as a Seyfert type 2 (Ho et al., 1997). Many studies have
been made on the structure and the nucleus of this nearby galaxy. A large
outflow bubble extends up to ∼9′′ (∼42 pc) north of the nucleus and a bright
cloud is located about 3′′ south of the nucleus. These structures have been
observed at different wavelengths (Ford et al., 1985), and they are found to
trace the biconical NLR along a PA of 163◦. NGC5194 is hosting a radio-jet
which interacts with the surrounding interstellar medium (Ford et al., 1985;
Crane & van der Hulst, 1992).

The SAURON stellar continuum map (Fig. C.1f) shows the presence of dust
lanes. The stellar velocity field has a regular rotation patternwith its major-axis
at a PA ∼ −165◦, deviating by ∼25◦ from the presumed line of nodes orienta-
tions (PA = 170◦, Tully, 1974). The stellar velocity dispersion is featureless. h3

is anticorrelated with the stellar velocities and the h4 map shows no particular
feature (Fig C.2b)

Hβ emission line flux is very high in the centre and for R > 5′′ it traces the
spiral arms of the galaxy. The [O III] emission line flux traces the ionisation
cone of NGC5194. The [O III] intensity map shows the outflow bubble in the
north and the bright cloud in the south of the nucleus corresponding to the
end of the radio-jet. The emission line ratio [O III]/Hβ peaks in the centre
(with values up to 8) and in the southern cloud (values between 3 and 5). The
ionised gas velocity field seems to be dominated by regular galactic rotation,
but presents some distortions very probably due to the outflow observed in
the inner 10′′. The ionised gas velocity dispersion rises towards the centre.

E.8.2 NGC5055 (M63)

NGC5055 is a spiral non-active galaxy, control for NGC5194. Previous radio
and optical studies show an overall remarkable regularity and symmetry in its
morphology and kinematics (Thornley & Mundy, 1997; Battaglia et al., 2006).
There are evidence for a tidal interaction with a companion (UGC8313), and
the outer disk of NGC5055 is warped. Blais-Ouellette et al. (2004) studied
the Hα emission of NGC5055 with a Fabry-Perot: they found two velocity
components in the inner 8′′ of this galaxy. One component is consistent with
the global disk kinematics while the second one exhibits a pattern compatible
with a bipolar outflow or a counter-rotating disk.

Our H I moments maps present regular distribution and kinematics
(Fig. D.1h, first row). The H I intensity traces the optical disk and presents
an outer large-scale ring-like or spiral-like pattern. These features have been
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previously reported by Battaglia et al. (2006). Although, slight wiggles of the
zero-velocity line are observed in the H I velocity field map, the H I kinematics
presents regular global rotation patterns.

Our SAURON stellar continuum map presents an asymmetry towards the
north-west (Fig. C.1g). The stellar velocity field shows very regular rotation
pattern with the kinematic major-axis aligned with the photometric one at a
PA of 100◦. The velocity dispersion rises in the very centre (r < 2′′). h3 is
anticorrelated with the stellar velocities, and the h4 map shows no particular
feature (Fig C.2b).

The ionised gas Hβ and [O III] are mainly concentrated in the inner 5′′. The
[O III] distribution shows a V-shaped structure towards the north, while theHβ
intensity map shows a number of hot spots broadly distributed over the FOV.
The [O III] and Hβ velocity fields are very regular and similar to the stellar
velocity field (except for their higher amplitudes). [O III] velocity dispersion
maps is featureless but Hβ velocity dispersion map shows an elongated struc-
ture of high dispersion roughly aligned with the kinematic major-axis. Finally,
the [O III]/Hβ lines ratio reaches its highest values in the region of high [O III]
emission line flux.

E.9 NGC6951/NGC5248 pair

E.9.1 NGC6951

NGC6951 is a spiral galaxy which has a large stellar bar (PA∼90◦). Its nucleus
is classified as Seyfert 2 (Ho et al., 1997), but Pérez et al. (2000) suggest that
it could be considered as a transition object, between a very high excitation
LINER and a Seyfert 2. The ionised gas (Hα) is mainly concentrated in the
nuclear region and form an annulus of radius ∼5′′, in which massive star for-
mation is taking place. Pérez et al. (2000) interpreted the Hα kinematics in the
circumnuclear zone as a series of nested disks, decoupled from one another.

Fig. D.1i presents our H I moment maps for NGC6951. The H I emission
traces the optical features (stellar bar and spiral arms) and extends well beyond
the optical disk. AH I depression is observed between the bar and the northern
spiral arm. The H I kinematics is consistent with global rotation, with a PA
of about 140◦, aligned with the outer (H I and optical) disk PA. The zero-line
velocity is twisted in the central regions, certainly due to the barred potential.

The stellar continuum presents isophotes elongated along a PA consistent
with the galactic disk major-axis (PA ∼138◦ Rozas et al., 2002). The stellar ve-
locity field shows regular rotation pattern with the major-axis aligned with the
line-of-nodes of the galaxy. The stellar velocity dispersion shows a drop in the
inner 5′′. h3 is anticorrelated with the stellar velocities, and h4 rises regularly
towards the centre (Fig. C.2b).
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The Hβ emission line distribution map shows a inner broken ring elongated
along themajor-axis of the galaxy (PA = 137◦) while [O III] is dominated by the
AGN contribution, its intensity maps showing a compact central peak in the
inner 3′′, with no particular feature outside. The emission line ratio [O III]/Hβ
reaches very low values in the ring (0.2), consistent with the presence of on-
going star formation in the annulus, and rises towards the centre (values of up
to 6) where the effect of the AGN is prominent. The velocity fields are quite
regular, dominated by the global rotation, and aligned with the stellar kine-
matics. The emission line velocity dispersion rises rapidly towards the centre
reaching about 100 km s−1 close to the nucleus for both the Hβ and [O III] emis-
sion lines. These values are in good agreement with those found by Pérez et al.
(2000).

NGC6951 presents regular H I stellar and ionised gas kinematics, with kine-
matic PAs of these three components in very good agreement (see Fig. 5.21a).
Moreover, the H I distribution map presents no evidence of recent tidal per-
turbation or merger (Fig. D.1i), and no companion is detected within about
120 kpc. Therefore the nuclear activity seems not to have been fuelled via ex-
ternal perturbations for this galaxy. The kinematic PAs radial variations from
∼3 kpc to a few hundreds of parsecs can be explained by dynamical structures
such as the stellar bar and the spiral arms. Such structures are to be investi-
gated to constrain the different fuelling mechanisms in work in NGC6951.

The control inactive galaxy of NGC6951 is NGC5248 described in the sec-
tion E.5.2.

E.10 NGC3147/NGC4041 pair

E.10.1 NGC3147

This SA spiral galaxy is hosting an active nucleus of type 2. The H I moment
maps of this galaxy used in our study are presented and described in details
by Haan et al. (2007).

E.10.2 NGC4041

NGC4041 is a non-active spiral galaxy,s classified as SAbc. It is hosting a small
stellar bar, as revealed by K-band observation (Elmegreen et al., 1999). The H I
distribution displays large outer spiral arms in the north and south (Fig. D.1j,
first row). Three other galaxies are detected in the FOV. The H I velocity field
presents a change of orientation with kinematic PA ∼ −150◦ in the outer re-
gions and PA∼-90◦ in the inner 15′′. The H I kinematics in the central regions
is similar to the molecular gas kinematics observed by Sakamoto et al. (1999).



E.11. NGC4593/NGC5383 pair 192

E.11 NGC4593/NGC5383 pair

E.11.1 NGC4593

NGC4593 is a Seyfert 1 galaxy hosting a large-scale bar. NGC4593 has two
close companions: MGC-01-32-033 at about 4′ east and SVEN314 at 2′ north-
west. Radio continuum observations reveal faint radio lobes extending up to
26′′ (4.9 kpc) along a PA of ∼90◦ (Gallimore et al., 2006).

Our H I zeroth and first moment maps are displayed in the second row of
Fig. D.1k. NGC4593 presents an outer ring of neutral hydrogen, broken in
its southern part. This H I distribution traces the optical spiral arms. H I is
also detected for the companionMGC-01-32-033 but not for SVEN314. The H I
kinematics map presents regular rotation patterns, with a constant PA at about
−90◦. The stellar kinematics in the central few arcsec observed by Barbosa
et al. (2006) with the IFU GMOS presents a kinematic PA around 130◦. Change
of orientation of the axis of rotation must then occur between the large-scale
disk traced by our radio data and the innermost regions.

E.11.2 NGC5383

NGC5364 is a non-active spiral galaxy, hosting a large-scale stellar bar. H I mo-
ment maps are presented in Fig. D.1k, second row. The H I distribution traces
very well the central regions (bulge and bar) and the outer spiral arms. Weaker
H I intensity is observed beyond the optical image, in the continuity of the spi-
ral arms. The H I velocity field presents a regular rotation pattern with slight
wiggles in the zero-velocity line, maybe due to streaming in the bar potential.
The H I kinematic andH I disk major-axes are aligned and perpendicular to the
orientation of the stellar bar. Neutral hydrogen is also detected from the com-
panion UGC8877 located 3′ south of NGC5383. Sancisi et al. (1979) observed
this galaxy with the Westerbrook array. They did not have enough sensitivity
to detect the H I emission in the bar and in the outer regions. Apart from this,
their moment maps are very similar to ours.

E.12 NGC4939/NGC5364 pair

E.12.1 NGC4939

This Seyfert 2 galaxy has available archive VLA data, which have not been
reduced yet.
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E.12.2 NGC5364

NGC5364 is a non-active spiral galaxy. The H I distribution traces the spiral
arms of the galaxy (Fig. D.1l, second row). It is slightly asymmetric, the south
side being more elongated that the north side. This elongation corresponds to
the south spiral arm which is fainter and more extended than the north one.
The H I kinematics is regular, with a constant PA aligned with the optical and
neutral gas disk PA.

E.13 NGC5427/NGC2967 pair

E.13.1 NGC5427

NGC5427 is a SA spiral galaxy, hosting a Seyfert 2 nucleus. It is interacting
with the spiral galaxy NGC5426. This galaxy has been observed as part of the
VHIKINGS project. The data reduction has not been done yet.

E.13.2 NGC2967

NGC2967 is an almost face-on (i = 24 ◦) SA spiral galaxy. It is a non-active
galaxy, with regular H I distribution tracing the spiral arms (Fig. D.1m, second
row). The H I velocity field presents a change of orientation of the major-axis,
from a PA of about −90◦ in the outer disk, to PA ≈ −50◦ in the inner arcmin.

E.14 NGC4941/NGC3705 pair

E.14.1 NGC4941

NGC4941 is a Seyfert 2 galaxy hosting a stellar bar. Our H I zeroth moment
map (Fig. D.1n, fourth row) presents a patchy neutral gas distribution and the
H I disk seemed to be truncated on the east side. The H I kinematics shows
regular rotation patterns, aligned with the outer disk of the galaxy. The stellar
kinematics in the innermost regions mapped by Barbosa et al. (2006) is in good
agreement with the outer H I velocity fields.

E.14.2 NGC3705

NGC3705 is a barred spiral galaxy, classified as LINER. The galaxy disk is
inclined at 68◦. The H I moment maps display regular distribution and kine-
matics (Fig. D.1n, third row). The H I galactic disk is slightly warped at large
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scale (> 3′) and a central depression is observed. H I kinematics displays a
regular rotation pattern, orientated along the PA of the galaxy.

E.15 NGC4639/NGC3162 pair

E.15.1 NGC4639

NGC4639 is a barred spiral galaxy, hosting a Seyfert 1 active nucleus (Ho
et al., 1997), located in the Virgo cluster. It has certainly experienced a close
encounter with the companion NGC4654 at 18′ south east (Vollmer, 2003).

The H I distribution of NGC4639 (Fig. D.1o, third row) is elongated along
the optical photometric PA and seems undisturbed despite the presence of
NGC4654. A central depression is observed, also noted by Cayatte et al. (1990)
and Phookun & Mundy (1995). H I emission from a small companion situated
∼2′ west of NGC4639 is also detected. The H I kinematics is very regular with
a kinematic PA aligned with the H I and optical photometric PA.

E.15.2 NGC3162

NGC3162 is a Sbc spiral galaxy, this is the control for NGC4639. H I data are
available in the VLA archives. We have not reduced these data yet.

E.16 NGC4258/NGC4527 pair

E.16.1 NGC4258 (M106)

NGC4258 is a well-studied active galaxy, classified as S1.9 by Ho et al. (1997).
It is highly inclined with i = 64◦. Extensive observations at all wavelengths
have been done to study this galaxy. Radio observations display spiral-arms
in the central 30′′ (van der Kruit et al., 1972). Such features can be interpreted
as the presence of a subparsec jet, close to the plane of the galaxy (Cecil et al.,
2000) or to gaseous flows in a bar potential (Cox & Downes, 1996) .

Our H I distribution map (Fig. D.1p, fourth row) shows two ring-like fea-
tures, in agreement with the WSRT observations of van Albada (1980). The
inner one corresponds to the optical spiral arms connected to the disk. The
outer H I ring traces larger and fainter spiral arms, and extends beyond the op-
tical component of the galaxy. The spiral arms observed in radio continuum in
the inner regions can hardly be discerned on our emission line intensity map.
Neutral gas from a companion at ∼10′ west of NGC4258 is also detected. The
H I velocity map displays regular rotation patterns, with a constant major-axis
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orientation, at a PA of about −40◦. In the central regions, some disturbance
of the H I kinematics can be observed though, where the major-axis orienta-
tion change. van Albada (1980) claimed that in these regions, H I kinematics is
aligned with a bar (van Albada, 1980; Cox & Downes, 1996).

E.16.2 NGC4527

NGC4527 is a Sb spiral galaxy, it is the control for NGC4258.

NGC4527 has been observed as part of the VHIKINGS survey, and the cor-
responding data have not been reduced yet.

E.17 NGC6814/NGC3963 pair

E.17.1 NGC6814

NGC6814 is an almost face on spiral galaxy. It is hosting a type 1.5 active
nucleus (Ho et al., 1997). Liszt & Dickey (1995) presents VLA-D configuration
H I maps of NGC6814. They found that the neutral gas distribution present an
outer ring structure, beyond the spiral arms of the galaxy, and a depression in
the central regions, corresponding to the optical image. Their H I velocity field
is regular, with a S-shape feature of the kinematic major axis, which could be
evidence of the presence of outer spiral arms.

NGC6814 has been observed as part of the VHIKINGS survey. This object
has not been reduced yet.

E.17.2 NGC3963

NGC3963 is a non-active galaxy, hosting a large scale bar. It is dynamically
associated with NGC3958 which lies 8′ away to the south west. The H I distri-
bution of NGC3963 disk is regular, tracing the optical spiral arms (Fig. D.1q,
fourth row). An extension of neutral gas towards the companion NGC3958
is observed in the south west. Both galaxies have central H I depression. The
H I velocity field presents complex patterns, with twists of the isovelocity con-
tours. The global kinematic major-axes of the two galaxies NGC3963 and 3958
are aligned. NGC3958 displays receding velocities higher than NGC3963.
Nordgren et al. (1997) interpreted this result as NGC6958 undergoing a direct
encounter.
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galaxies using Fourier analysis. Application to the Frei sample’, A&A, 415,
849–861.

Barbosa, F. K. B., Storchi-Bergmann, T., Cid Fernandes, R., Winge, C., Schmitt,
H., 2006, ‘Gemini/GMOS Integral Field Unit stellar kinematics of the nu-
clear region of six nearby active galaxies’, MNRAS, 371, 170–184.

Barnes, J. E., Hernquist, L. E., 1991, ‘Fueling starburst galaxies with gas-rich
mergers’, ApJ, 370, L65–L68.

Battaglia, G., Fraternali, F., Oosterloo, T., Sancisi, R., 2006, ‘ion{H} {i} study of
the warped spiral galaxy NGC 5055: a disk/dark matter halo offset?’, A&A,
447, 49–62.

Begeman, K. G., 1987. Ph.D. thesis, , Kapteyn Institute, (1987).

Bender, R., 1990, ‘Unraveling the kinematics of early-type galaxies - Presenta-
tion of a new method and its application to NGC4621’, A&A, 229, 441–451.

Bertola, F., Buson, L. M., Zeilinger, W. W., 1992, ‘The external origin of the gas
in S0 galaxies’, ApJ, 401, L79–L81.

Binney, J., Tremaine, S., 1987, ‘Galactic dynamics’, Princeton, NJ, Princeton Uni-
versity Press, 1987, 747 p.

Blais-Ouellette, S., Amram, P., Carignan, C., Swaters, R., 2004, ‘Accurate deter-
mination of the mass distribution in spiral galaxies. III. Fabry-Perot imaging
spectroscopy of 6 spiral galaxies’, A&A, 420, 147–161.

Bland-Hawthorn, J., Gallimore, J. F., Tacconi, L. J., Brinks, E., Baum, S. A., An-
tonucci, R. R. J., Cecil, G. N., 1997, ‘The Ringberg Standards for NGC 1068’,
Ap&SS, 248, 9–19.

Blandford, R. D., McKee, C. F., 1982, ‘Reverberation mapping of the emission
line regions of Seyfert galaxies and quasars’, ApJ, 255, 419–439.

Blandford, R. D., Netzer, H., Woltjer, L., Courvoisier, T. J.-L., Mayor,
M., 1990, ‘Active Galactic Nuclei’, Saas-Fee Advanced Course 20. Lecture
Notes 1990. Swiss Society for Astrophysics and Astronomy, XII, 280 pp. 97
figs.. Springer-Verlag Berlin Heidelberg New York.

Boyle, B. J., Shanks, T., Croom, S. M., Smith, R. J., Miller, L., Loaring, N., Hey-
mans, C., 2000, ‘The 2dF QSO Redshift Survey - I. The optical luminosity
function of quasi-stellar objects’, MNRAS, 317, 1014–1022.

Cappellari, M., Bacon, R., Bureau, M., Damen, M. C., Davies, R. L., de Zeeuw,
P. T., Emsellem, E., Falcón-Barroso, J., Krajnović, D., Kuntschner, H., McDer-
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Ferrarese, L., Côté, P., Dalla Bontà, E., Peng, E. W., Merritt, D., Jordán, A.,
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bution of HII regions in external galaxies. IV. The new galaxy sample. Posi-
tion and inclination angles’, A&A, 389, 68–83.

Garcia-Lorenzo, B., Mediavilla, E., Arribas, S., del Burgo, C., 1997, ‘Evidence of
Two Kinematically Different Stellar Systems in NGC 1068’, ApJ, 483, L99+.



Bibliography 203

Gebhardt, K., Bender, R., Bower, G., Dressler, A., Faber, S. M., Filippenko,
A. V., Green, R., Grillmair, C., Ho, L. C., Kormendy, J., Lauer, T. R., Magor-
rian, J., Pinkney, J., Richstone, D., Tremaine, S., 2000, ‘A Relationship be-
tween Nuclear Black Hole Mass and Galaxy Velocity Dispersion’, ApJ, 539,
L13–L16.

Genzel, R., Pichon, C., Eckart, A., Gerhard, O. E., Ott, T., 2000, ‘Stellar dynam-
ics in the Galactic Centre: proper motions and anisotropy’, MNRAS, 317,
348–374.

Gerhard, O. E., 1993, ‘Line-of-sight velocity profiles in spherical galaxies:
breaking the degeneracy between anisotropy and mass.’, MNRAS, 265, 213–
+.

Gerssen, J., Allington-Smith, J., Miller, B. W., Turner, J. E. H., Walker, A., 2006,
‘GMOS IFU observations of the stellar and gaseous kinematics in the centre
of NGC 1068’, MNRAS, 365, 29–36.
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Abstract

This thesis work investigates two main points on the researches on active galactic

nuclei : the mechanisms which transport gas and the role of the host galaxy on nuclear

activity. We conducted an observational comprehensive and statistical study of the gas and

stars on a sample of active and inactive galaxies, on different spatial scales. We obtained

then radio and optical spectroscopic data, using the Very Large Array (VLA) and the

Integral Field Spectrograph (IFS) SAURON. Our results show that the stellar kinematics

is regular while the gas is perturbed, in the central regions of active galaxies. Those per-

turbations suggest a link between the dynamics in centre of galaxies and the mechanisms

which fuel the active nuclei. Finally, we combine the radio and optical data and analyse

the kinematics from the outskirts to the central regions of the galaxies. Such study allows

investigating the perturbations related to the feeding of the nuclear activity at different

spatial scales.

Résumé

Ce travail de thèse s’articule autour de deux questions scientifiques importantes à pro-

pos des galaxies actives : quels sont les mécanismes transportant le gaz et quel est le

rôle de la galaxie sur l’activité nucléaire ? Nous avons donc mené une étude observation-

nelle approfondie et statistique du gaz et des étoiles, pour comparer la morphologie et

cinématique des galaxies actives et non-actives sur différentes échelles spatiales, en utili-

sant des données spectroscopiques optique et radio. Nos résultats montrent que dans les

régions centrales des galaxies actives la cinématique des étoiles est régulière alors que le gaz

est perturbé. Ces perturbations suggèrent un lien entre la dynamique au centre des galaxies

et les mécanismes d’alimentation du noyau actif. Enfin les données radio et optique sont

combinées pour analyser la cinématique galactique dans son ensemble. Cette étude nous

permet de sonder à différentes échelles spatiales les perturbations liées à l’alimentation du

noyau actif.
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