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3 Dipartimento

Narrow-line Seyfert 1s (NLSy1s) are an ill-defined class. Work done over the past 20 years as
well as recent analyses show a continuity in properties (e.g., Balmer line profiles, blueshifts of
high-ionization lines) between sources with FWHM above and below 2000 km s−1 , the defining
boundary of NLSy1s. This finding alone suggests that comparisons between samples of NLSy1s
and rest of broad-line AGNs are most likely biased. NLSy1s can be properly contextualized by
their location on the quasar main sequence originally defined by Sulentic et al [1]. At one end,
NLSy1s encompass sources with strong FeII emission and associated with high Eddington ratio
that hold the promise of becoming useful distance indicators; at the other end, at least some of
them are sources with broad profiles seen face-on. Any rigid FWHM limit gives rise to some
physical ambiguity, as the FWHM of low-ionization lines depends in a complex way on mass,
Eddington ratio, orientation, and luminosity. In addition, if the scaling derived from luminosity
and virial dynamics applies to the broad line regions, NLSy1s at luminosity higher than 1047 erg
s−1 become physically impossible. Therefore, in a broader context, a proper subdivision of two
distinct classes of AGNs and quasars may be achieved by the distinction between Pop. A and
B with boundary at ≈ 4000 km s−1 in samples at z < 1, or on the basis of spectrophotometric
properties which may ultimately be related to differences in accretion modes if high-luminosity
quasars are considered.
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1. Introduction

We might ask whether the distinction between Population A (FWHM(Hβ ) ≤ 4000 km s−1 at
log L . 1046.5 erg s−1 which encompasses wind-affected [3] sources of moderate-to-high L/LEdd )
and B [1] is more meaningful. In the following we will test the possibility that NLSy1s are a part
of Population A, and show that this is indeed the case. We will compare NLSy1s vs. the rest of
Population A quasars (hereafter RPopA), i.e., sources with 2000 < FWHM(Hβ ) ≤ 4000 km s−1 .

2. NLSy1s as part of Population A
NLSy1s are part of the type-1 quasar “Eigenvector 1” Main Sequence (MS), and are the
“drivers” of the E1 correlations in low-z samples since they have the narrowest Hβ line along
the sequence, and, are most frequent among the strong FeII emitters. If we subdivide the MS in
spectral type in bins of FeII prominence (measured by the RFeII parameter, the ratio between the
flux of the FeII blend at λ 4570 Å and Hβ ) as suggested by [4], NLSy1s span a broad range of
spectral types, the RFeII parameter being between almost 0 and 2 in the quasi-totality of sources.
NLSy1s seamlessly occupy the low-end of the distribution of FWHM(Hβ ) in the samples of [5, 6].
The RFeII occupation of NLSy1s and RPopAs is in the same range, although a larger fraction of
strong FeII emitters is found among NLSy1s. The ratio of the number of sources with RFeII in the
range 1-2 with respect to the one with RFeII in the range 0-1 is consistently higher in three different
samples [7, 8, 5], being 0.90 and 0.33 for NLSy1s and RPopA in the SDSS DR7 sample of [5], 0.21
and 0.04 in the type-1 AGN sample of [7], and 8.0 and 1.13 in a sample of soft-X ray bright sources
[8]. The last result may appear less surprising if one considers that [8] sources were selected at one
extreme of the quasar MS where high value of the photon index ΓS are frequently found, and that
they are often associated with the most extreme FeII emitters. NLSy1s and RPopA show no apparent discontinuity as far as line profiles are concerned [9]. Composite Hβ profiles of spectral types
along the MS are consistent with a Lorentzian as do the RPopA sources. A recent analysis of composite line profiles in narrow FWHM(Hβ ) ranges (∆ FWHM = 1000 km s−1 ) confirms that there
is no discontinuity at 2000 km s−1 ; best fits of profiles remain Lorentzian up to at least 4000 km
s−1 . A change in shape occurs around FWHM(Hβ ) = 4000 km s−1 at the Population A limit, not at
the one of NLSy1s [4]. No significant difference between CIVλ 1549 centroids at half-maximum
of NLSy1s and rest of Pop. A is detected using the HST/FOS data of the [10] sample.
1
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The question of the title is, of course, rhetorical. There is nothing wrong: it is perfectly
legitimate to restrict to type-1 AGN with FWHM Hβ ≤ 2000 km s−1 . Several slightly different
definitions were proposed since the original paper of [2]. We will adopt here the definition based
on the FWHM limit, without consideration of FeII and OIII properties. However, the limit at
FWHM(Hβ ) = 2000 km s−1 immediately raises several questions: 1) does this limit have a welldefined observational meaning? Or, in other words, is there any discontinuity between NLSy1s and
broad-line Sy1s (BLSy1s i.e., the rest of type-1 AGN with FWHM(Hβ ) > 2000 km s−1 ) ? 2) Are
NLSy1s a homogeneous class? 3) Can they be present in high-luminosity samples? 4) What is the
physical meaning of a fixed FWHM(Hβ ) limit?
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3. Dis-homogeneity of NLSy1s
The parameter RFeII has emerged as an important Eddington ratio correlate [8, 11, 12]. CIV
blueshift amplitudes among NLSy1s depend on the spectral type along the MS, i.e., they increase
with RFeII . If RFeII is larger than 1, the average blueshift in the objects of [10] exceeds -1000 km
s−1 , but is almost 0 if RFeII .0.5. Eddington ratio is correlated with RFeII [12] in the sense that
higher RFeII corresponds to higher L/LEdd and spans a broad range in NLSy1s and RPopA as well
(0.1 − 0.2 . L/LEdd . 1).

Extreme Pop. A (xA; RFeII>1) show a broad range of FWHM beyond 2000 km s−1 for virialized lines such as Hβ . In other words, there are high FWHM and high luminosity equivalents
of NLSy1 with strong FeII emission. In addition, there is a minimum FWHM(Hβ ) that is consistent with the virial assumption. The minimum FWHM(Hβ ) increases with luminosity. Assuming
a virial relation MBH = f rBLR FWHM2 /G, where BLR radius rBLR ∝ La , with a ≈ 0.5-0.7, the
minimum FWHM(Hβ ) is well defined if there is a limiting Eddington ratio (∼ 1; [13]). Higher
luminosity implies a displacement of the MS toward larger FWHM(Hβ ) i.e., larger masses at fixed
Eddington ratio. For example, Fig. 9 of [14] shows that all sources with L & 1047 erg s−1 exceed
FWHM(Hβ )≈ 2000 km s−1 .
4.1 Weak-lined quasars and NLSy1s
It is interesting to note that 70%-80% of weak-lined quasars [WLQ, W(CIVλ 1549) ≤10 Å,
[15]] belong to extreme Pop. A [16, 17]. WLQs and Pop. xA show continuity in CIV shifts
and equivalent widths WLQs appear as extremes of extreme Population A. At low-L this means
FeII-strong NLSy1s. However, since WLQs are high-luminosity sources, they show larger FWHM
than NLSy1s; in the sample considered by [17] only 1 source fully meets the defining criterion of
NLSy1s.

5. On the physical meaning of a fixed FWHM limit in the 4DE1 context
The interpretation of the optical MS plane at low-z is still debated [11, 18, 19, 20]. Eddington
ratio and viewing angle may be the main factor if samples do not cover very large range of luminosity and redshift [11]. This suggestion has been recently repeated [18] by an examination of the MS
trends in a large SDSS sample. We propose here a toy scheme that explains in a qualitative way
the occupation of the MS plane under the assumptions that Eddington ratio, mass and an aspect
angle θ (i.e., the angle between the line-of-sight and the accretion disk axis) are the parameters
setting the location of quasar along the MS. Under the standard virial assumption, we expect that
1

−1

1

4
FWHM(Hβ ) ∝ MBH
L/LEdd4 f (θ )− 2 , RFeII ∝ RFeII L/LEdd cos θ /(1 + b cos θ ), where RFeII (L/LEdd )
is a relation that needs to be established either empirically or theoretically between RFeII and Eddington ratio, f is the form factor and b a limb darkening constant. For illustrative purposes, we
considered the relations derived by [12, 21]. The relation between RFeII and L/LEdd is especially
uncertain at low RFeII (and L/LEdd ) because low RFeII values are difficult to measure with good
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4. Luminosity effects
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precision but also because the [12] relation has been tested on sources that are FeII-strong. In addition, we ignore the fact that there are systematic differences in chemical composition along the
MS, with the FeII-strong emitter indicating highly-solar abundances [22]. Figure 1 shows grids of
lines as a function of Eddington ratio and orientation assuming the RFeII - L/LEdd relation of [12].
As expected, θ and L/LEdd predominantly (but not exclusively) affect FWHM and RFeII , respectively. In this intriguing that, under the assumptions of the toy scheme, and also following [11]
the FWHM limit at 4000 km s−1 should include mainly sources with L/LEdd & 0.1 − 0.2, but also
radiators at lower Eddington ratio. However, they are expected to be rare because they should be
observed almost pole-on (P(θ ) ∝ sin θ ). NLSy1s preferentially sample face-on sources along the
MS.

6. Conclusion
NLSy1s do not show a clear discontinuity with broader sources (BLSy1s) at least up to
FWHM(Hβ ) = 4000 km s−1 in low-z samples. It is apparently more meaningful to talk of Population A and B since the distinction is more closely associated to a critical L/LEdd . The caveats
previously analyzed imply that only few pole-on Population B sources should “enter” into the
FWHM domain of Pop. A, at low RFeII .
Meaning of inter-comparison NLSy1s – BLSy1s is difficult to assess. Increasing luminosity
implies an increase in the minimum FWHM(Hβ ); at log L & 47 [erg s−1 ] NLSy1s are not anymore
possible. Sources with RFeII > 1 (xA) show fairly constant properties, with small dispersion around
3
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Figure 1: The optical plane of the Eigenvector 1, FWHM(Hβ ) vs. RFeII , with grids representing the source
locations for MBH = 108 M (left) and for MBH = 108 M and MBH = 109 M , respectively. Eddington
ratio increases with increasing RFeII from 0 to a few (in linear scale). In the left panel, the two grids are
meant to show the effect of increasing the mass from MBH = 108 M to MBH = 109 M (blue).
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properties but they may properly considered as the face-on sources along the MS.
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RL quasars [26].

P. Marziani1

Narrow-line Seyfert 1s: what is wrong in a name?

[8] D. Grupe, K. Beuermann, K. Mannheim and H.-C. Thomas, New bright soft X-ray selected ROSAT
AGN. II. Optical emission line properties, Astron. Astroph. 350 (1999) 805
[arXiv:astro-ph/9908347].
[9] V. Cracco, S. Ciroi, M. Berton, F. Di Mille, L. Foschini, G. La Mura et al., A spectroscopic analysis of
a sample of narrow-line Seyfert 1 galaxies selected from the Sloan Digital Sky Survey, Mon. Not. R.
Astron. Soc. 462 (2016) 1256 [1607.03438].
[10] J. W. Sulentic, R. Bachev, P. Marziani, C. A. Negrete and D. Dultzin, C IV λ 1549 as an Eigenvector 1
Parameter for Active Galactic Nuclei, ApJ 666 (2007) 757 [0705.1895].

[12] P. Du, J.-M. Wang, C. Hu, L. C. Ho, Y.-R. Li and J.-M. Bai, The Fundamental Plane of the Broad-line
Region in Active Galactic Nuclei, Astroph. J. Lett. 818 (2016) L14 [1601.01391].
[13] P. Marziani, J. W. Sulentic, G. M. Stirpe, S. Zamfir and M. Calvani, VLT/ISAAC spectra of the Hβ
region in intermediate-redshift quasars. III. Hβ broad-line profile analysis and inferences about BLR
structure, A&Ap 495 (2009) 83 [0812.0251].
[14] J. W. Sulentic, A. del Olmo, P. Marziani, M. A. Martínez-Carballo, M. D’Onofrio, D. Dultzin et al.,
What does Civ{\lambda}1549 tell us about the physical driver of the Eigenvector Quasar Sequence?,
ArXiv e-prints (2017) [1708.03187].
[15] A. M. Diamond-Stanic, X. Fan, W. N. Brandt, O. Shemmer, M. A. Strauss, S. F. Anderson et al.,
High-redshift SDSS Quasars with Weak Emission Lines, Astroph. J. 699 (2009) 782 [0904.2181].
[16] B. Luo, W. N. Brandt, P. B. Hall, J. Wu, S. F. Anderson, G. P. Garmire et al., X-ray Insights into the
Nature of PHL 1811 Analogs and Weak Emission-line Quasars: Unification with a Geometrically
Thick Accretion Disk?, Astroph. J. 805 (2015) 122 [1503.02085].
[17] P. Marziani, M. A. Martínez Carballo, J. W. Sulentic, A. Del Olmo, G. M. Stirpe and D. Dultzin, The
most powerful quasar outflows as revealed by the Civ λ 1549 resonance line, ApSS 361 (2016) 29
[1512.00381].
[18] Y. Shen and L. C. Ho, The diversity of quasars unified by accretion and orientation, Nature 513
(2014) 210 [1409.2887].
[19] S. Panda, B. Czerny and C. Wildy, The physical driver of the optical Eigenvector 1 in Quasar Main
Sequence, Frontiers in Astronomy and Space Sciences 4 (2017) 33 [1710.10180].
[20] S. Panda, B. Czerny, T. Prasad Adhikari, K. Hryniewicz, C. Wildy, J. Kuraszkiewicz et al., Modelling
of the quasar main sequence in the optical plane, ArXiv e-prints (2018) [1806.08571].
[21] S. Rakshit, C. S. Stalin, H. Chand and X.-G. Zhang, A Catalog of Narrow Line Seyfert 1 Galaxies
from the Sloan Digital Sky Survey Data Release 12, Astroph. J. Supp. 229 (2017) 39 [1704.07700].
[22] A. Negrete, D. Dultzin, P. Marziani and J. Sulentic, BLR Physical Conditions in Extreme Population A
Quasars: a Method to Estimate Central Black Hole Mass at High Redshift, ApJ 757 (2012) 62
[1107.3188].
[23] S. Mathur, Narrow-line Seyfert 1 galaxies and the evolution of galaxies and active galaxies, Mon.
Not. R. Astron. Soc. 314 (2000) L17 [arXiv:astro-ph/0003111].
[24] D. Fraix-Burnet, P. Marziani, M. D’Onofrio and D. Dultzin, The phylogeny of quasars and the
ontogeny of their central black holes, Frontiers in Astronomy and Space Sciences 4 (2017) 1.

5

PoS(NLS1-2018)002

[11] P. Marziani, J. W. Sulentic, T. Zwitter, D. Dultzin-Hacyan and M. Calvani, Searching for the Physical
Drivers of the Eigenvector 1 Correlation Space, ApJ 558 (2001) 553
[arXiv:astro-ph/0105343].

P. Marziani1

Narrow-line Seyfert 1s: what is wrong in a name?

[25] S. Komossa, W. Voges, D. Xu, S. Mathur, H.-M. Adorf, G. Lemson et al., Radio-loud Narrow-Line
Type 1 Quasars, Astron. J. 132 (2006) 531 [astro-ph/0603680].
[26] M. L. Lister, Radio Properties of Narrow-Line Seyfert 1 Galaxies, ArXiv e-prints (2018)
[1805.05258].

PoS(NLS1-2018)002

6

