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In this contribution we show that the host galaxies of NLS1s differ dramatically from those of
Broad-Line Seyfert 1s (BLS1s). This leads us to propose that NLS1s represent a class of AGN in
which the black hole growth is, and has always been, dominated by secular evolution. Our line
of argument is as follows. Firstly, by looking at the properties of NLS1 hosts in the literature, we
show that the evolution of NLS1s is currently mainly driven by secular processes, in contrast to
BLS1s. Secondly, we study the bulges of NLS1 and BLS1 galaxies, and we find that statistically
NLS1s have lower Sérsic indices (< n, >~ 1.5) and less prominent bulges (bulge-to-total light
ratio, < B/T >~ 0.2) than BLS1s (< n, >~ 2.5 and < B/T >~ 0.4). This result indicates that
NLS1 host bulges are pseudo-bulges and distinct from BLS1 bulges. The direct consequence of
this result is that internal secular evolution must have dominated the past evolution of NLS1 hosts,
possibly explaining their particular AGN properties.
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1. Introduction

While the main defining criteria of NLS1s with respect to BLS1s is the empirical threshold
at FWHM(Hg) ~ 2000 km s~!, the NLS1s have particular properties throughout the wavelength
range. Trends and correlations have been identified using, first, small samples and, later, corrob-
orated by larger surveys (e.g. [32, 33]). Many scenarios have been considered to explain these
properties. The current, generally accepted, paradigm is that NLS1s have high accretion rates
(L/Lggq ~ 1, e.g. [2, 11] and reference therein) and low black hole masses (typically of order
106M@, e.g. [1, 33, 28]). While these scenarios can elucidate the nuclear properties of NLS1s, they
hardly explain the origin of the fundamental differences between NLS1s and BLS1s and, in par-
ticular, that NLS1s appear to be more than just Seyfert 1s with narrow lines. A few key questions
could be formulated as follows: which particular mechanisms would lead to the Eddington accre-
tion rates commonly seen in NLS1s but observed less often in BLS1s? What causes the difference
in black hole growth of NLS1s and BLS1s that results in low mass black holes in the former case?
Could differing host galaxy evolution explain the differences between NLS1 and BLS1 galaxies?

In this contribution, rather than studying the active nuclei, we investigate the host galaxies
of NLS1s and contrast their properties to those of BLS1s, pursuing the hypothesis that different
host galaxy evolution could explain the differences between NLS1s and BLS1s. In particular,
we explore the relative role of secular processes in the evolution of NLS1 and BLS1 galaxies.
Reviewing the literature on the morphology and the star formation in NLS1 and BLS1 hosts, we
emphasize, in section 2, the present-day differences in their respective host galaxies. We then
explore, in section 3, the past evolution of NLS1 and BLS1 galaxies by studying their respective
bulges. Indeed, this enables us to determine the main processes that have driven the evolution of
NLS1 and BLS1 hosts, i.e. hierachical assembly or internal secular evolution. We therefore present
here the results of a bulge-disk decomposition of samples of NLS1 and BLS1 galaxies, in particular
their Sérsic indices and bulge-to-total light ratios. Using previously established criteria ([14, 7, 8]),
we conclude that NLS1 hosts possess pseudo-bulges and, hence, have always been dominated by
secular evolution. Finally, we shortly discuss in section 4 the implications of this result on our
understanding of the NLS1 phenomenon.

2. Present secular evolution

The morphological differences between NLS1 and BLS1 galaxies can be summarized as fol-
low: NLSI host galaxies are likely to be strongly barred, much more than BLSI ones, and their
nuclear dust morphology is likely to be a grand-design spiral. Indeed, the results from [4, 25]
both indicate that NLS1s are more likely to be strongly barred than BLS1s and that the fraction of
barred Seyfert type 1 galaxies decreases with an increasing full width at half maximum of the broad
component of the Hg emission line (from ~ 65% to ~ 25% between 500 and ~2000 km s™h). In
another study, [5] show that NLS1s usually have grand-design nuclear dust morphologies and are
always associated with the presence of large-scale bars (see also [17]). But bars are also expected
to drive gas inwards, e.g. [31]. Therefore, we also expect the presence of such asymmetries in the
host galaxies to result in an enhanced star formation in the central kiloparsecs.
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In a recent paper and contribution to this conference, [30] specifically study the link between
star formation in the central kiloparsecs versus the FWHM(Hpg) in NLS1 and BLST host galaxies.
After discussing carefully possible luminosity and distance effects, they conclude that NLS1s are
associated with more intense star formation than BLS1s (with on average a star formation to AGN
ratio > 2 times larger in NLS15s).

Therefore, we can conclude that the current morphology and the central star formation of
NLST1 host galaxies are distinguishable from other Seyfert galaxies. Indeed, in contrast to BLS1s,
NLS1 galaxies are likely to be strongly barred and to show more intense central star formation.
This is in line with the fact that bars are known to drive gas into the central kiloparsecs [29, 31],
and that nuclear star formation is enhanced in barred galaxies, [13]. Hence, NLS1 galaxies show
uninterrupted asymmetries able to drive the gas inwards from a few kiloparsecs to a few tens of
parsecs. The particular strength of secular processes in NLS1s could therefore account for the high
central star formation and presumably to the large Eddington rates observed in most of NLSTs.

3. Past secular evolution

One usually distinguishes two classes of bulges: pseudo- and classical bulges'. Pseudo-bulges
are formed by internal secular processes such as bar instabilities, spiral structures, etc. (see [14],
for a review), as opposed to galaxy mergers or external secular evolution (minor mergers, pro-
longed gas infall, etc.). As such, pseudo-bulges differ from classical bulges in that they were made
slowly out of disk material while classical bulges are “‘merger-built” bulges. As pseudo-bulge retain
memory of their disky origin, it is also possible to disentangle them from classical bulges.

Among the bulge properties, the Sérsic index of the bulge light profile is an established crite-
rion to distinguish on average pseudo- from classical bulges (e.g., [14], [7]). Indeed, pseudo-bulges
tend to have a lower Sérsic index similar to that of the outer disk and therefore would have a Sérsic
index nj, ~ 1 — 2. Statistically, as shown by [7], pseudo-bulges have Sérsic indices of n;, < 2 while
classical bulges have n;, > 2.

In addition to having low Sérsic index, pseudo-bulges are also found to be less prominent than
classical bulges, in particular they tend to have a low bulge-to-total light ratio ([7, 8]).

Based on these criteria for the bulge classification of inactive galaxies, we perform a bulge-
disk decomposition of a sample of NLS1s and BLS1s, and study the Sérsic index and the bulge
prominence. We select NLS1 and BLS1 galaxies from an HST imaging survey of AGN, see [16].
Our final sample is composed of 9 genuine NLS1s and 18 BLS1s.

We compare in Fig. 1 the result obtained for our NLS1 and BLS1 samples with the distribution
found by [7]. According to their mean Sérsic index, NLS1 host bulges (< n, >~ 1.48) are pseudo-
bulges (< np ~ 1.69 > from [7]). BLS1 host bulges, on their side, are on average different from
NLS1s but they also tend to have lower Sérsic indices (< n, >~ 2.54) than classical bulges (<
np >~ 3.49 from [7]). However, the mean bulge Sérsic index of inactive galaxies across the Hubble
sequence have been found to be ~ 2.5, [15]. Therefore, the bulges of BLS1 hosts are likely to
represent the overall bulge “population”, while the bulges of NLS1 hosts are likely to be “pure”
pseudo-bulges.

'Note however that bulges can have both a pseudo- and a classical component, see e.g. [24].



Secular Evolution in NLS1 Galaxies G. Orban de Xivry

0 :)0 T T T T T I T I T
C Z 2 Pseudo-bulges, F&D08
C Z 2 Classical bulges, F&D08
NLS1 bulges, this paper
0.40F oot

—__ T T T 7T T T T T T T T T T T T 1T 74

a) T NLS1 bulges : b)
=] BLS1 bulges .

0.45

=]

w

Ut
T

]
i
{
4
+
i
t
]
i
{
L
3

1 5\ N

\

el F

1 [
6 1 2 3 4 5 6
ny U

DO e e

Figure 1: Histogram of bulge Sérsic indices, n,. a) NLS1 host bulges (9 objects) from our sample compared
to pseudo-bulges (53) and classical bulges (26, we do not include their sample of elliptical galaxies) from
[7], F&DO0S. b) NLS1 host bulges compared to BLS1s host bulges (18 objects). See also [26].

Building on our bulge-disk decomposition, we compute the bulge-to-total (B/T) light ratio us-
ing our fit parameters. We obtain respectively a median B/T of 0.39 for BLS1s and 0.17 for NLS1s.
These median values and the distributions of B/T are consistent with NLS1s having pseudo-bulges
and BLS1s having composite or classical bulges, see [7, 8]. Since the mean B/T ratio tends to de-
crease with the Hubble type, NLS1 galaxies tend to be of later type than BLS1 galaxies, typically
Sbc versus Sa-Sab respectively, based on [18].

A few other studies support our conclusion about the bulges of NLS1s : [28, 10, 22]. When
estimating the black hole masses of NLS1 galaxies, [28] performed a bulge-disk decomposition of
several NLS1s and also find a low Sérsic index, < n, >~ 1.5. In studying low black hole mass
systems, [10] find that a large fraction of them have pseudo-bulges. And in fact, these objects are
essentially NLS1s, [9]. Finally, in a recent paper, [22] also perform a bulge-disk decomposition of
NLS1 and conclude that they have pseudo-bulges.

The consequence of NLS1 hosts having “pure” pseudo-bulges is that internal secular processes
must have dominated the past evolution of NLS1 hosts. And therefore it is from this perspective
that one should attempt to explain the particular AGN properties observed in NLS1 galaxies.
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4. Conclusion and Implications

From a review of the literature, we show that secular evolution in NLS1 galaxies is a powerful
and on-going process on all scales, in contrast to BLS1 galaxies. To assess the role of secular
processes in the past evolution of NLS1 galaxies, we examine their bulge properties by performing
bulge-disk decompositions on NLS1 and BLS1 galaxies with archival HST images. The Sérsic
index distribution and the prominence of the bulge that we found both indicate that, on average,
NLS1 hosts have “pure” pseudo-bulges, in contrast to BLS1 galaxies. The consequence of this
result is that internal secular processes must have dominated the past evolution of NLS1 hosts. We
therefore conclude that NLS1s represent a class of AGN in which the black hole growth is, and has
always been, dominated by secular evolution.

That NLS1s have been driven by such an evolutionary mode has several implications that can
help our understanding of the NLS1 phenomenon.

One question concerning NLS1s that has received much attention is their location on the Mpg-
o relation (e.g. [19, 12, 20, 21]). Our results suggests that NLS1s lie in the same region as inactive
galaxies with pseudo-bulges, that is scattered around and below the Mpy-o. We should note,
however, that this relation is not yet understood when secular processes drive the evolution of the
bulge and the black hole. Therefore, while it is clear that the NLS1 black holes are still growing,
we cannot predict where they will end up on the relation.

Finally, being driven by secular evolution, the prolonged disk accretion in NLS1s is likely
to spin-up their central black hole. Indeed, by having a favoured direction related to the host
structure, the angular momentum transferred to the black hole will eventually lead it to spin in the
same direction and then spin up. But highly spinning BHs also lead to high radiative efficiency
(because the last stable orbit is closer to the horizon of the BH). Therefore, secular evolution — as
a plausible efficient way to spin up BHs — can explain the high Eddington ratio and the low black
hole masses usually attributed to NLS1s. While there are a few high spin measurements of NLS1
BHs (see [3, 6, 23, 27]), this picture is only suggestive and future X-ray missions may be able to
test this.

The content of this contribution and its implications are thoroughly presented in [26].
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