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1. Introduction

Narrow-line Seyfert 1 (NLS1) galaxies are a population of active gialaaclei (AGN) which
are characterized by narrow Balmer lines from the broad-line regioR}B&trong Fe Il emission
and weak [OIll] emission. They stand out in the AGN correlation spacelbstering at one
extreme end (e.g., [1], [2]). They therefore provide us with constraintsodels of black hole
growth and AGN evolution (see [9] for a review).

Principal component analysis (PCA) is a useful tool to uncover the gegincorrelations
among a set of object properties. While not without shortcomings (seg,[& dor a critical
discussion), it provides some information on the underlying physica¢drigehind the observed
correlations. We have applied it to a sample of nearby NLS1 and broad&éytert 1 (BLS1)
galaxies, with the aim of uncovering the major drivers of their emission-lidecantinuum prop-
erties.

The galaxy sample was first introduced by [11], and consists1df0 narrow- and broad-line
AGN which have Sloan Digital Sky Survey (SDSS) spectra available. Our foeus was on the
NLS1 galaxies, while the BLS1 galaxies serve as a comparison sample rd@deelime widths of
our sample range between FWHMBH~ 1070 km s and 6200 kmst. We have set the “dividing
line” between NLS1 and BLS1 galaxies at 2000 knh,gollowing historical convention (e.g., [5]),
but any other FWHM value can in principle be imposed on our sample.

This work (see also [12]) is the fourth in a sequence, in a study devotéd3a galaxies. The
first paper reported on the difference in the density of the narrow-¢igen (NLR) of NLS1 and
BLS1 galaxies ([11]), the second focussed on the locus of NLS1 igalax the M & plane ([7]),
and the third addressed a subgroup of NLS1 galaxies which show ex¢raimsion-line outflows

(9.

2. Results

Our main results can be summarized as follows:

e As previously shown for other NLS1 samples (e.qg., [6]), and applyingtimemon scaling
relations (e.g., review by [10]), we confirm that NLS1 galaxies, as achas characterized
by smaller black hole masses, and higher Eddington ratios than their BLSiecparts.
Figure 1 shows the distribution of black hole masses and Eddington ratios shmple.

e We have run a PCA, based on the following parameters which were déaveur sample:
the SDSS band magnitude, the FWHM of the broad component @, the ratio of total
[O 1] A5007 over total KB emission, the ratio of Fe W4570 over total 8 emission, the
FWHM of [S1I], the velocity shift of the core of [OIll] (with respect tdS[ll]), and the
intensity ratio of [SIIN6716A6731. The latter directly provides a measurement of the NLR
density. Each parameter provides independent information. Based apghsach, we have
found, that the NLR density is a key parameter of the Eigenvector 1 ofasaple. It turns
out to be as important as the Eddington ratio (Figure 2).

e Eigenvector 2 is highly related to luminosity. NLS1 and BLS1 galaxies are vatihduished
in EV1 space, while they are merged in EV2 space.
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Figure 1. Distribution of black hole masses and Eddington ratiosiqdoie: NLS1 galaxies, dashed line:
BLS1 galaxies).

e Several NLS1 galaxies with extreme blueshifts of [Olll] (so called “bludiers”) fall into
the corner of high Eddington ratio and high luminosity in the EV1-EV2 diagf@gute 3).
They share this location with broad absorption line quasars (e.g., [2i3.fatt might hint
at possible links between these two subclasses of AGN, which both steamalional evi-
dence for the occurence of strong outflows, albeit at different scale

3. Discussion and implications

We have shown that the NLR density is a significant parameter in EV1 spadgein factas
important as the Eddington ratioThis finding establishes the density as a key ingredient, when
aiming at understanding the multi-wavelength correlation properties of Nafkigs.

Adding density to EV1 space was of particular importance, because theddhsity is rep-
resentative of the interstellar medium of the host galaxy. Our findingsftrerinply a close link
between the central engine properties and the host galaxies.
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Figure 2. Correlations of EV1 with the NLR densitye and the Eddington ratib/Lgqgq. (filled circles:
NLS1 galaxies, open circles: BLS1 galaxies).
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Figure 3: Distribution of NLS1 galaxies (filled circles) and BLS1 geiles (open circles) of our sample in
the EV1-EV2 space. [O Ill] blue outliers are marked with atr&open square.

Such a link is potentially expected, on the one hand, when winds or outfieast avork, or,
on the other hand, might also be caused by bar-driven inflows.

Winds and outflows are particularly strong in NLS1 galaxies (e.g.,[9]), raigiht be linked
to the high Eddington ratios in NLS1 galaxies. Whether accretion-drivitoas may propagate
up into the NLR is currently being explored. We also note that galaxy meigeitations predict
strong outflows, but so far, we do not see a strong excess of mengensg our NLS1 galaxies,
when compared to BLS1 galaxies (but note that few of the NLS1 galaxieshigh-quality host
images).
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Finally, we note that recent studies have shown that NLS1 galaxies laghexrbar fraction
than BLS1 galaxies (e.g., [4]). Since bars are efficient in transportasgigvard, they might
supply the NLR with (low-density) gas, thus providing another possibléaegtion for the NLR
properties of NLS1 galaxies. Bar-driven instabilities can also lead todaskulges by internal
secular processes; and several lines of evidence have beentpteserecent years, that secular
processes indeed play a role in NLS1 galaxies.

In summary, NLS1 galaxies are important targets for our understandibi@ci hole growth
and evolution, and of issues of feeding and feedback.

A number of future follow-up studies suggest themselves, including: éigcBon of larger
NLS1 samples from the latest SDSS data releases which, in particularahdteir classical
emission linesletected. This ensures that emission-line diagnostics can be perfornsadteevay
as it was done for our current sample (like, for instance, using th@{8TiL6A 6731 emission-line
ratio for density diagnostics). (2) Obtaining high-quality host images ofalhexges of our sample,
in order to measure their host type, and host properties, and ultimatelyoatigroperties to the
correlation analyses. (3) Nearest-neighbor analyses of larger B&@ples, in order to investigate
if NLS1 and BLS1 galaxies reside in similar large-scale environments.
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