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We present and discuss the properties of a complete and efilled sample of X-ray selected
type 1 AGNs including 26 Narrow-Line Seyfert 1 and 129 Brdade Seyfert 1 galaxies derived
from the XMM-Newton Bright Serendipitous Survey (XBS). Weidy the differences between
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We find a significant dependence of the photon-index with ttdigton ratio and a weaker
(possibly secondary) correlation between the photon irshekthe Black-Hole Mass.
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1. Introduction

Narrow-Line Seyfert 1 (NLS1s) Galaxies have been identifieé peculiar AGN sub-class on
the basis of their relatively narrow Balmer lines ([14]) amdsome cases, strong optical Fe Il lines
(e.g. [19]). Subsequently, it has been shown that NLS1 atesstally different from Broad-Line
Seyfert 1 (BLS1) galaxies also for what concerns their X+{pagperties, having - on average -
steeper photon indices and a stronger soft-excess (e.d. [F12[8], [1]), [9]). Considering the
global class of type 1 AGN (NLS1+BLS1) a strict anti-cortaa between the X-ray photon-index
and the H8 width has been observed, with NLS1 occupying one extrembeotiistribution ([2],
[11], [8], [18], [17], [9]). The current interpretation ohis result is that the physical driver of the
correlation is the normalized accretion-rate, i.e. theigglmn ratio (L/Lzq4), although it cannot be
excluded that other parameters (like the Black-Hole Masg,)Man play an important role ([16],
[15]). Clearly, the study of these correlations can sheltlan the physical mechanisms at work in
the inner part of an AGN, like the disk-corona connectiog.(§L0]).

Statistically complete and well-defined samples of type IN&@re instrumental to study these
fundamental correlations and their physical implicatiofise critical requirement of these samples,
however, is to contain enough information, both in the @gitand in the X-rays, to allow the
computation of the main physical parameters{VIL/L g44), from the one hand, and to carry out a
reliable X-ray spectral analysis for all the sources, ondtier hand. The joint availability of hard
X-ray data, from XMMNewtonand Chandra, and of statistical relations that allow théesyatic
computation of My on large numbers of AGNs, has produced in the very recentsyadrig
leap forward on this kind of study, allowing to extend thelgsia on significantly larger samples,
including up to a few hundreds of sources. Some of theseestadle based on the exploitation of the
large XMM-Newtondatabase, concentrating either on the targets of the XN#Aonobservations
(e.g. [1], [21], [18]) or on the serendipitous XMMewtondetections of AGN included in the SDSS
DR5 spectroscopic database ([17]). Usually, these stuatiesot based on purely flux-limited
samples so the selection effects cannot be fully controlled

We present here the analysis of the type 1 AGNs selected XNté- NewtonBright Serendip-
itous (XBS) survey ([6]). The XBS is a flux-limited survey Wit very high identification (spec-
troscopic) level, something that makes its statisticall@iation highly reliable. Thanks to the
relatively high flux limit of the survey all the sources ardat#ed with a number of net-counts that
is reasonably large to perform a reliable X-ray spectralymis The analysis of all the 300 AGN
has been already concluded and published ([5]) and we carstumly the statistical dependences
of the photon index (computed in the XMMewton0.5-12 keV energy range) with other physical
parameters. In Section 2 we present the sample and thefidassh criteria adopted to separate
NLS1 from BLS1. We also briefly outline the procedure usedstineate of the physical param-
eters (Msy and L/Lgqq). In Section 3 we study the statistical correlations obséroetween the
computed photon-index and both the Black-Hole Mass and tlinigton ratio. The conclusions
are summarized in Section 4.

2. NLS1 and BLS1 in the XBS survey

The XMM-NewtonBright Serendipitous Survey (XBS survey, [6]) is a wide-ln@~28 sq.
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Figure 1. Diagnostic plot used to separate NLS1 from BLS1 in the XBSeybased on the strength of
the Fe4570A in respect to the@total flux (R4570) and the width of thefHbroad component. Arrows
represent upper limits (iron lines not clearly detectedhe ™ividing line is taken from [19]. Given the
wavelength coverage of our spectra, this classificatiohdaon be applied only to the AGNs with.8.

deg) high Galactic latitudellf] >20 deg) survey based on the XMMewtonarchival data. It is
composed of two samples both flux-limited{x10"1* erg cnT? s~1) in two separate energy
bands: the 0.5-4.5 keV band (the Bright Serendipitous Sang$S) and the “hard” 4.5-7.5 keV
band (the Hard Bright Serendipitous Sample, HBSS). A tot&3y (211 for the HBSS sample)
independent fields have been used to select 400 sourceseR#fyimg to the BSS sample and 67
to the HBSS sample (56 sources are in common). The detailseofieids selection strategy, the
source selection criteria and the general properties of@feobjects are discussed in [6]. To date,
the spectroscopic identification level has reached 92%ftwtyhat concerns the type 1 AGN, the
identification level is close to 100%. The results of the §@scopic campaigns are discussed in
[4], 3]

In total, the XBS sample contains about 300 AGN out of whi¢h70 have a redshift low
enough (below~0.8) to allow the sampling of the spectral region around tlfelide. This re-
gion is important to correctly classify an AGN as NLS1. We pidbere the classification crite-
rion suggested by [19] which is based on the strenght of tHGF@A in respect to the Bl total
(broad+narrow) flux (the R4570 parameter) and the width e broad component. According
to the authors, this classification criterion is physicatipre meaningful to separate NLS1 from
BLS1 in respect to a method based on th@ Width alone. In any case, it is clear also from the
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analysis of the XBS sample that type 1 AGN are uniformly distied in the R4570/8 FWHM
parameter space so a separation between NLS1 and BLS1 igsadwmewhat arbitrary. To com-
pute these quantities we have first subtracted from the gpecin iron template and fitted the
resulting data with a model composed by 4 Gaussians plus aRiinaum. Two Gaussians are
used to model the narrow and the broafl khe and two are used to model the 2 narrow [Olll]
lines. In Fig. 1 we report the R4570 and thg Width for all the type 1 AGN of the sample together
with the dividing line proposed by [19] to separate NLS1 frBinS1. Using these criteria, we have
found 26 NLS1 (26 in the BSS and 7 in the HBSS) and 129 BLS1. Neffesent about 17% ¢1
range [14%-20%]) of the AGNL1 in the XBS for which the classifion can be applied (i.e. with
z<0.8). No significant difference in terms of fraction of NLSétltveen BSS and HBSS has been
found, considering the statistical errors.

For all the NLS1 and BLS1 of the survey we have determined HwHundamental physical
parameters (Black-Hole Masses and Eddington ratios) am& tfay properties. A few details are
given below.

Black-Hole Mass We have estimated the Black-Hole Masses using the brgaddmponent
and applying the recipes discussed in [20]. No correctiortie radiation pressure has been ap-
plied. As expected, the M distribution of NLS1 and BLS1 (Fig. 2, top-left) are signdittly (KS
D=0.71, probabilitx1%) different.

Eddington-ratio- To compute the Eddington-ratios we have used the bolomileiminosities
calculated by [13] by fitting the optical/lUV Spectral Enem@istributions built using the available
UV (GALEX) and optical data. Again, the two distributionsddington-ratio of NLS1 and BLS1
are statistically different (K-S test D=0.47, probabiit{%, Fig. 2, top-right).

Photon-index A systematic X-ray analysis has been carried out on all t&&/f the XBS
survey. The X-ray spectra have been fitted using, as basielnaa absorbed power-law plus, in
some cases, additional components like a soft excess, asiemiine or a reflected component
(see [5] for details). In Fig. 2 (bottom) we show the disttibn of the photon indices computed
for the BLS1 and NLS1 (with 20.8) separately. The two distributions are statisticaiffecent
(K-S test D=0.32, probability = 2.7%) although we clearlysetve a large spread of values in both
samples: even if the NLS1 preferentially have steef)(spectral indices, we still observe a small
number of flat indices. At the same time, many BLS1 show stedijgeés similar to those observed
in NLS1. The presence of relatively “flat” NLS1s has beenadgepointed out in the literature

(e.g. [21]).

3. X-ray spectral index vs. physical parameters: therole of NL S1s

In Fig. 3 we show the values &f versus the estimated values ogMand L/Lgq4q While, in
Tab. 3, we report the significance of the correlations. Fonalsnumber of objects the computation
of L/L gqq Was not possible because of the lack of UV data. A significa@506)/highly significant
(>99%) anti-correlation/correlation is found betwerand Mgy and L/Lgqq respectively. We
have tested the importance of the NLS1 in the observed ediwak, by excluding them from the
analysis. If we consider just the BLS1 the only existing etation is the one betwednand L/Legq
although the significance is marginal90%). The fact thalt /Mgy correlation disappears when we
consider only the BLS1 is probably related to the fact thatilthwest values of My (<5x10’ M®)
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Figure 2: Comparison between BLS1 and NLS1 in the XBs survey in termsirafle epoch Black-Hole
Mass (op-left), Eddington-ratiotop-right) andl” (bottom).

are covered almost exclusively by the NLS1 and, thereftwey £xclusion limits significantly the
dynamic range of the distribution. This is not the case foatndoncerns the Likgq ratio whose
dynamic range is not significantly affected by the exclu©ibhLS1s.

Since Mgy and L/Lgqyq are clearly coupled, it is possible that the two observedetations
are not independent. In order to establish if this is the @agkin order to assess which is the
primary correlation, we have run the Spearman rank testdmtw and one of the two parameters,
by excluding the dependence of the third one (see Tab. 3)leiliel—L/L¢qq cOrrelation remains
significant even after the exclusion of the dependence gpn,Nhe '-Mgy correlation strongly
weakens when the dependence ondyflis considered. We conclude that thel/L¢qq correlation
is probably the primary dependence while frdMgy could be just a secondary one. These results
are consistent with recent studies based on XMM-Newton aftSURT data ([18], [17], [9]).
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Figure 3: Photon index versus My (left) and vs L/Lgqq (right). Black points are BLS1 while red points
are NLS1 (open circles represent uncertain classificatidiypical error bars are indicated.

I vs MgH I vs L/LEqgg " vs Mgy I vs L/LEqg
(excluding L/Lggqq) (excluding Msy)
1) (2) 3) 4)
BLS1+NLS1  significant highly significant no correlation sificant
(>95%) (>99%) (>95%)
BLS1 no correlation marginal no correlation marginal
(>90%) (>90%)

Table 1: Results of the correlation analysis (Spearman rank testlurns 3 and 4 report the results of the
partial correlation analysis used to exclude from the datien between 2 quantities the hidden dependence
on a third variable

A similar correlation between the soft {&£.4 keV)I" and L/Lgq4q has been found a few years
ago by [11] and [8] using ROSAT data. Since the soft X-rayspartentially contaminated by the
soft-excess a possible interpretation of the observectladion was that the soft-excess, and not
the intrinsic slope of the X-ray spectrum, was related toHEdgglington ratio. The fact that this
correlation is now confirmed also using hard (0.5-12 keV)ay-data, where the contamination
from the soft-excess is lower, supports the idea that itesitkrinsic spectral slope that correlates
with the Eddington ratio. The physical implications of tmesult are many. It is possible, for
instance, that the large number of seeds photons from thetawt disk, connected to a high
accretion rate, are responsible for a more efficient coadintpe corona electrons thus producing a
steeper X-ray spectrum, as recently suggested by [10].

4. Summary and conclusions

We have presented the properties of a sample of 26 NLS1 an®[L32 extracted from the
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XBS survey that has a complete optical and X-ray spectralacierization. We have compared
the X-ray photon-indices, derived from the XMMewtondata, of NLS1 and BLS1 and searched
for possible correlations betweé&nand the fundamental physical parameters, like the Blacle Ho
Mass and the Eddington ratio. The conclusions can be sumeabais follows:

e The NLS1/AGNL1 fraction in our X-ray selected sample is 17%%]14%-20%]), taking
into account the limit of applicability of the classificati@riteria (z<0.8). We do not observe
any significant dependence of this fraction with the X-ralesiion band (0.5-4.5 keV vs.
4.5-7.5 keV);

e The NLS1 are characterized by a photon-index which is (oneg& steeper when compared
to BLS1, by a higher Eddington ratio and by a smaller BlackeHdass;

e We find that the X-ray spectral index significantly corretateith the Eddington ratio. This
result is in line with recent studies based on XMM-NewtonfSXRT data ([18], [17], [9])
and with similar results based on the analysis of the softkg€V) photon index ([11], [8]).
The fact that NLS1s have, on average, steeper X-ray spéutliaes than BLS1 is probably
the consequence of their (on-average) high values of §4L

¢ We find another possible correlation [ofwith Mgy although the partial correlation analysis
shows that this is likely a secondary correlation inducedhey -L/L 44 dependence.
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