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Abstract

There is growing evidence to suggest that the black hole mass has been previously underesti-
mated with the Hf line width for certain Active Galactic Nuclei (AGN). With the assumption of the
flatter rather than isotropic velocity distribution of gases in the broad-line region of AGN, we in-
vestigated the properties of Narrow Line Seyfert 1 (NLS1) galaxies, like the black hole mass and
the Eddington ratio, and compared with Broad Line Seyfert 1 (BLS1) galaxies. Since gamma-rays
detected in a few NLS1s which favored a smaller viewing angle in NLS1s than BLS1s, with the pro-
jection effect, we estimated the relative black hole mass and Eddington ratio for NLS1s and BLS1s.
The result implies that the NLS1s and BLS1s have similar black hole masses and Eddington ratios,
peaked at a larger black hole mass and lower Eddington ratio for the NLS1s than thought before.
Furthermore, with applying the correction factor 6 of average black hole mass as derived from the
modeling of both optical and UV data in radio-loud NLS1s by Calderone et al., to the Xu et al. sam-
ple, we find that the NLS1s and BLS1s also show similar black hole masses and Eddington ratios,
peaked at 2.0 x 107 solar masses and 0.12 (Eddington ratio) for the NLS1s. The M,, — o relation

due to the enhanced black hole masses of NLS1s is discussed. In addition, there seems to show a
linear correlation between jet power and disk luminosity for the flat spectrum radio-loud NLS1
sample, which implies an accretion dominated rather than black hole spin dominated jet.
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1. Introduction

Since the detection of GeV gamma-ray emission in some of narrow line Seyfert 1 (NLS1) galaxies with the
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Fermi-LAT, this kind of AGN becomes a hot topic in the AGN research field. The “narrow line Seyfert 1” was
first denoted by Osterbrock and Pogge [1], who found that the NLS1s had properties that different to normal
Seyfert 1 galaxies, as quantified by Goodrich [2]: 1) unusually narrower HI lines, i.e. the Balmer lines are only
slightly broader than forbidden lines such as [O I11], [N 1] and [S 1], with a quantified criterion of

FWHM (H ) <2000 km/s; 2) the line ratio [OI11]45007/H 3 < 3, a level found discriminated well between
Seyfert 1 s and 2 s; 3) there are often present emission lines from Fell or higher ionization iron lines. The first
criterion, as noted by Goodrich [2], that of line width is similar to that used by Khachikian and Weedman [3] in
their original definition of the Seyfert 1 and 2 classes and hence many of the narrow line 1s have been classified
at times as Seyfert 2s. The last criterion indicates a closer relationship to Seyfert 1s, since Seyfert 2s do not
show strong Fe Il and in general do not show strong high-ionization iron lines [2].

Because gamma-rays are detected in a few NLS1s with the Fermi-LAT, and some of the radio-loud NLS1s
have shown blazar’s properties [4], it is possible that the radio-loud NLS1s are mostly pole-on type 1 AGN.
However, the question which arises about the unusually narrow Balmer lines is still not well understood. It is
proposed that the Broad Line Region (BLR) is likely more “flat” than a spherical/isotropic structure [5] [6],
which would shed light on the issue of “unusually narrow H S line” in the NLS1s. Recently, it is suggested
that the black hole mass of some NLS1s could be much larger than estimated before [7] [8], this will have sig-
nificant implications on the properties of NLS1s we thought before such as: small black hole (around 10%* solar
mass) and very high Eddington ratio (close to 1), see [9]-[11]. We intend to revisit the properties of NLS1s with
the flat BLR model and new findings of black hole mass in this paper.

2. The “Flat” BLR of AGN and Its Implications

It is reasonable to assume that the AGN in NLS1s are more face-on to us than in the broad line Seyfert 1 galax-
ies (BLS1s), because the former has a higher gamma-ray detection rate than the latter [12]. The radio-loud and/
or the gamma-ray loud NLS1s are likely pole-on to us like blazars with the jet viewing angle of less than few
degrees, and the radio-loud NLS1s (RL-NLS1s) could be the low-mass/high-accretion tail of blazars distribution
[13]. The pole-on RL-NLS1s will naturally lead to the “narrower” broad emission lines, assuming that the broad
line region is flatter than spherical/isotropic geometry as suggested in [5]. Recently, with the gamma-ray absorp-
tion studies through the » — y pair creation and breaks in the GeV gamma-ray spectra, the high energy gam-
ma-rays of blazars are thought to come from a flat disk-like BLR [6] [14] [15]. The flatter BLR structure will
have less opacity for gamma-rays, and causes the narrower width of broad emission lines of NLS1s, this is at-
tributed to a viewing angle effect in which most of the motion of the BLR clouds is constrained to a disk like
structure which perpendicular to our line of sight [16] [17].

Due to the selection effect by definition, the NLS1s have narrow broad line width of H /S <2000 km/s than
the BLS1s (H 8 > 2000 km/s), so that the NLS1s will have smaller viewing angles than the BLS1s in the light
of the flat BLR scenario. In this explanation of the unusually narrow broad line of NLS1s, the real virial velocity
of the BLR clouds should be much larger than the observed narrow broad lines, i.e. the observed velocity of
narrow broad line is actually a fraction of the real velocity of the BLR clouds due to projection effect. This will
have important implications, for instance, on the black hole mass and the Eddington ratio estimated with H S
line. The black hole mass would be underestimated with the narrow broad line velocity and the Eddington ratio
then is overestimated (Eddington luminosity is proportional to the black hole mass) for the NLS1s.

3. BH Mass and Eddington Ratio of NLS1s

The black hole mass at the center of NLS1s is usually estimated using the velocity of H S which is assumed to
be the virial velocity of the BLR clouds, e.g. in [11] [18], but as noted in the previous section the black hole
mass measured with the H A for NLS1s is most likely underestimated, because the observed FWHM of the
H g is dependent on the orientation of the line of sight to the gas of BLR. Black hole mass estimation with
other emission lines or methods has to be tried and compared with the result of using HZ .

Reference [19] finds the black hole mass of NLS1s estimated with [O 1] is about 10 times larger than that
estimated with H A, the [O I11] could be less affected by the viewing angle than the Hj}g, although they
thought the result from the [O I11] was less reliable from their samples. Reference [19] also used the soft X-ray
excess as a prominent character of NLS1s to estimate the black hole masses, the resulted black hole mass of
NLS1s are also larger on average than that from H /. Reference [20] generalized the mass determination me-
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thod based on the X-ray excess variance, find that the black hole mass is about 2 times larger than that from
H g . Reference [7] used a new method to estimate black hole masses which relies on the modeling of both opt-
ical and UV data with a Shakura-Sunyaev disc spectrum, to a sample of 23 radio-loud NLS1 galaxies, find that
the black hole masses are consistently larger than 10® solar masses at least a factor of 6 above previous results
based on single epoch virial methods, while the Eddington ratios are correspondingly lower. Reference [5] con-
sidered the geometrical factor relating the observed width (FWHM) of broad lines to the virial mass of black
hole, assuming a flat BLR in NLS1s, they show that the geometrical factor can fully account for the “black hole
mass deficit” observed in NLS1s, and that Eddington ratio is (on average) comparable to the value of the more
common broad-line Seyfert 1 galaxies. Recently, reference [8] find that for RL-NLS1 PKS 2004-447, a pola-
rized Ha line with a width of 9000 km/s, 6 times broader than the width seen in direct light, this corresponds
to a revised estimate of black hole mass 6x10° solar masses, much higher than the 5x10° solar masses es-
timated with Hg .

The growing evidence suggests that the H S line could be not good to be used for the estimate of black hole
mass in NLS1s, but it may be a good indicator of the viewing angle of radio jet axis [21]. If we re-scale for the
black hole masses in [11] with the correction factor of 6 as derived from 23 radio-loud NLS1s in [7], we can see
that the NLS1s and BLS1s have similar range of black hole masses as well as the Eddington ratios in Figure 1
and Figure 2, which peaks at ~2.0x10" solar masses and 0.12 (Eddington ratio) respectively for the NLS1s,
and peaks at ~1.4x10" solar masses and 0.18 (Eddington ratio) for the BLS1s. There is no significant differ-
ence found for the BH mass distributions, but different distributions found for the Eddington ratios from the K-S
test. The remaining differences of the result between the NLS1s and BLS1s could be due to that the mass cor-
rection has been made only for the NLS1s but not for the BLS1s.

We could further study this issue with the data from the sample in [11] and assuming a “flat” BLR structure
that a typical BLR cloud is moving in a longitudinal direction of the flat BLR with a virialized velocity of V =
6220 km/s taken from the maximum value in [11]. With the median velocity (H ) of 1460 km/s and 2890 km/s
in [11], the derived median viewing angle (@) is 13.6 and 27.7 degrees for the NLS1s and BLS1s respectively,
where the observed H g velocity Vv, =V sin@. We try to re-scale the black hole mass in [11] with the viri-
al-based scaling relationship as follows, and the resulted distributions are shown in Figure 3 and Figure 4.

My, = f x RBLRVZ/G

where R, . is the broad-line region scale radius, and V is the typical velocity of BLR clouds, G is the gravita-
tional constant, f is a general geometrical function which correct for the unknown structure and inclination to the
line of sight [22], while it is often set as a constant [5] [18], but here the projection effect is considered as
Vs =Vsing.
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Figure 1. The distributions of the black hole masses of the NLS1s and BLS1s from [11], in
which the black hole mass of NLS1s has been multiplied by a factor of 6 taken from [7], and the

corresponding Gaussian fittings.
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Figure 2. The distributions of the Eddington ratios of the NLS1s and BLS1s from [11], in which
the Eddington ratio of NLS1s has been divided by a factor of 6 taken from [7], and the corres-

ponding Gaussian fittings.
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Figure 3. The distributions of the black hole masses of the NLS1s and BLS1s from [11] with
considering the effect of inclination angle, with the corresponding Gaussian fittings.
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Figure 4. The distributions of the Eddington ratios of the NLS1s and BLS1s from [11] with con-
sidering the effect of inclination angle, with the corresponding Gaussian fittings.
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The relative black hole mass and Eddington ratio distribution illustrated in Figure 3 and Figure 4 have simi-
lar peaks for the NLS1s and BLS1s (with no significant difference found for the BH mass distributions, although
different distributions found for the Eddington ratios, from the K-S test), with the peak values of 5.6x10” solar
masses and 0.04 (Eddington ratio) for the NLS1s. However, this estimation is depending on the assumed real
velocity of the BLR clouds that the maximum observed value is used here.

4. Density of Narrow-Line Region and y-Rays

The BLR clouds have higher density than that of the narrow line region (NLR) clouds, with the electron density
increasing inward as n, oc r™?, r is the distance from the central black hole, and the dispersion velocity of
clouds in the BLR increases either with increasing n,, or with increasing the ionization parameter which in-
creases inward also oc r? [23]. Reference [11] [24] have discussed that the widths of [S 11] doublet trace the
stellar velocity dispersion of galaxy bulge better than that of [O I11], and they used the intensity ratio of the [S II]
doublet (16716/46731) to derive the density of NLR (in the range of n, ~10-10* cm™). Their result suggests
that the BLS1s avoid low density, while the NLS1s show a wider distribution in the NLR density, including a
significant number of objects with low densities. There is tentative anti-correlation between the ratio of the [S I1]
doublet and the [S I1] line velocity in the NLS1s and BLS1s from [11], as the linear fitting shown in Figure 5. It
is not clear the place of the emission region of [S 1] clouds. If it is in the NLR, the projection effect could be not
significant; if it is in the BLR, the [S I1] line velocity of NLS1s could be affected by the projection effect, i.e. the
[S 1] line velocity would be underestimated for the NLS1s. In the latter case, the resultant NLR density of the
NLS1s could be different than thought before, considering the anti-correlation between the ratio of the [S I1]
doublet and the [S I1] line velocity of the NLS1s and BLS1s in Figure 5.

From the GeV gamma-ray breaks due to photon-photon pair production, the GeV gamma-rays are considered
to come mainly from the BLR of blazars [6]. However, not all known blazars have been detected in gamma-rays,
some well known blazars still have no gamma-ray detection, e.g. the quasar 3C345, probably in these blazars
their BLR density or opacity is so high that gamma-rays are largely absorbed through the photon-photon pair
production and so become too faint to be detected by the Fermi-LAT threshold. The third catalog of active ga-
lactic nuclei detected by the Fermi-LAT contains 1563 AGN at high galactic latitude (|b| >10"), of them 98%
are blazars, and 35 are non-blazar or misaligned AGN, including a few radio-loud NLS1 galaxies [12] [25].
Apart from the small viewing angles and relativistic jets the most important factors for the gamma-ray AGN, the
BLR density may take a role for the opacity effect, the misaligned gamma-ray AGN may have smaller opacity in
their BLR and NLR, so that the gamma-rays could go farther out the BLR to be detectable at larger viewing an-
gles [26]. In [11], there are some outliers of NLS1s with much lower NLR density than the BLS1s, they would
have a lower opacity for gamma-rays.
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Figure 5. The ratio of [S 11] doublet versus the FWHM ([S 11]) of the NLS1 and BLS1 galaxies
for the data in [11], with the best linear fit.
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5. Radio, X-Ray Properties and Black Hole Spin

Radio properties of NLS1s as summarized in [9], a fraction of radio-loud NLS1s is 7%, about a half of that for
radio-loud quasars. A few NLS1s have shown very high radio loudness (>100), implying strong relativistic jets
[4] [27], and later some of them are detected by Fermi-LAT in gamma-ray band. However, not all NLS1s have
strong relativistic jets. Reference [28] finds mild relativistic jets in NLS1s through multiwavelength flux varia-
bility. Reference [29] finds that six NLS1s show kpc scale radio structure, including two gamma-ray sources
with core-dominated, and the detection rate of extended radio emissions in NLS1s is lower than that in the
broad-line AGN. Reference [30] finds from 14 NLS1s that 50% have flat radio spectra, and another half shows
steep spectra, implying some of NLS1s may have relatively larger jet viewing angles. Reference [13] presents
the multiwavelength results of 42 flat spectrum radio-loud NLS1s, with 17% having gamma-ray detection, and
90% of the NLS1s are detected in X-rays, in which the X-ray spectral indices of the RL-NLS1s are similar to
those of BLS1s comparable to the result in [31], and with usually harder spectra than those of radio quiet NLS1s.
From X-ray FeK, line, there are tentative indications that black holes in NLS1s may not spin very fast with the
dimensionless spin parameter a < 0.85 on average [32].

Reference [33] [34] studied the correlation between radio jet power and disk luminosity of AGN with the
power-law correlation index of ., and there is a linear correlation for FRII quasars ( « ~1) [35] while the low
luminosity AGN have flatter correlation indices (< 0.7). They interpreted that the jet power is accretion
dominated for the linear correlation and the black hole spin may play an important role in the flatter correlation.
For the flat spectrum radio-loud NLS1s in [13], there seems to have a linear correlation between the jet power
and disk luminosity after excluding few outliers in the low and high accretion luminosity. The result as shown in
Figure 6, illustrates a slope of 0.97 + 0.32 for the radiative jet power (and a slope of 1.09 + 0.36 for the total jet
power including kinetic power, not shown here), this is similar to the linear correlation of the gamma-ray loud
blazars in [36], but with a larger scatter of fitting residuals. From the views in [34] [37], this result implies that
the jet power in the RL-NLS1s could be dominated by the accretion disk rather than by the black hole spin.

6. Discussion and Summary

It is reasonable to assume a flatter BLR to explain the different H S line width, as also pointed out in [38] for
quasars in which orientation plays a significant role in determining the observed kinematics of the gas, implying
a flattened, disk-like geometry for the fast-moving clouds close to the black hole. The orientation angle could be
correlated with the spectral index or radio core dominance for radio-loud NLS1s, it is found that the FWHM of
H g correlates significantly with radio core dominance and biases black hole mass determinations that use it,
but that this is not the case for velocity dispersion o based on [O I1I] 25007, by comparing the black hole
mass estimated using Hg and [Olll] 45007 which tracks mass via the M, —o relation [39]. However,
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Figure 6. Radiative radio-core power at 15 GHz versus disk luminosity for the flat spectrum ra-
dio-loud NLS1 galaxies in [13], with the best linear fit.
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whether the NLS1s follow the same M, —o relation built with bright AGN/quasars is still controversial, e.g.
see [40]-[43]. Reference [44] has showed results that the NLS1 galaxies are below the M, —L,,,. relation,
and this scaling relation can be caused by a combination of factors such as the galaxy morphology, orientation
and evolution. If we take account of a flat BLR and the different orientation between NLS1s and BLS1s, as we
analyzed above, the mass of NLS1s can be heavier than that estimated with H ', so that the NLS1s could be-
come closer to the M, —L,,,. relation for their enhanced black hole masses.

As corrected with the orientation effect, the NLS1s and BLS1s may have similar black hole masses and com-
parable Eddington ratios. The detection of gamma-rays from some of radio-loud NLS1s favors their smaller jet
viewing angles than that of BLS1s. But other intrinsic factors may also play a role, e.g. the density of BLR and
NLR of NLS1s, which could determine the gamma-ray opacity. Assuming a continuity of scaling as n, oc r?,
some of the NLS1s in [11] have much lower NLR density than that in BLS1s, and they would have less gamma-
ray opacity. In addition, it is found that some “blue outliers” occur in the NLS1 galaxies with a fraction of 5%-
16% (depending on the [O 111] blue wing’s velocity from 250 to 150 km/s by definition), but not found in the
BLS1s [45], suggesting that the outflows could be seen more often in the pole-on NLS1s than in the BLS1s, but
the physical outflow in the NLR should be driven mainly by the accretion rate [46].

The possible linear correlation between the jet power and accretion luminosity of RL-NLS1s implies that the
jet is the mass accretion dominated, as interpreted in [34], and note that the Doppler beaming effect has been
considered with the SED fitting program in [47]. The black hole seems not to spin very fast in the RL-NLS1s as
estimated from the X-ray data [32], favoring the accretion dominated jet in the RL-NLS1s. The disk luminosities
of the RL-NLS1s are largely above 10* erg/s, greater than that of Seyfert galaxies and low luminosity AGN in
[33] whose disk luminosity is mostly less than 10* erg/s, and the correlation index between the jet power and
disk luminosity is steeper in the RL-NLS1s than that in the Seyferts and low luminosity AGN. However, the
present sample of the RL-NLS1s is still quite small, we may need a larger sample of RL-NLS1s to confirm the
result of linear correlation, and further multi-wavelength observation and model fitting are also required to study
whether the black hole spins of radio-loud NLS1s are indeed low/intermediate or not.
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