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Abstract The sizes of the Broad Line Region (BLR) of some Seyfert 1 galax-
ies and nearby quasars can be determined by the reverberation mapping method.
Combining with the observed FWHM of Hf emission line and assuming that the
motion of BLR clouds is virialized, the black hole masses of these objects have been
estimated. However, this method strongly depends on the poorly-understood geom-
etry and inclination of the BLR. On the other hand, a tight correlation between the
black hole mass and the bulge velocity dispersion was recently found for both active
and nearby inactive galaxies. This may provide another method, independent of the
BLR geometry, for estimating the black hole mass. Using this method for estimating
the black hole mass and combining with the measured BLR size and FWHM of HS
emission line, we derived the BLR inclination angles for 20 Seyfert 1 galaxies under
the assumption that the BLR is disk-like. The derived inclination angles agree well
with those derived previously by fitting the UV continuum and HB emission line
profiles. Adopting a relation between the FWHMSs of [O111]A\5007 forbidden line and
the stellar velocity dispersion, we also estimated the BLR inclinations for 50 nar-
row line Seyfert 1 galaxies (NLS1s). We found that the inclinations of broad Line
Seyfert 1 galaxies (BLS1s) are systematically greater than those of NLS1s, which
seldom exceed 30°. This may be an important factor that leads to the differences
between NLS1s and BLS1s if the BLR of NLSIs is really disk-like.
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1 INTRODUCTION

Broad emission lines are prominent characters of active galactic nuclei (AGNs). These lines
are generally believed to be produced in a broad line region (BLR) where gas is contained in
many clouds and photoionized by the central extreme ultraviolet radiation. The emission line
profiles are significantly broadened by bulk motions of the clouds. However, beyond this there
is no general agreement on the physical conditions, geometry and kinematics of the BLR (see
Netzer 1990 for a review).
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BLR is not spatially resolved, therefore all the available information about its geometry was
obtained from analyses of the variations of emission lines. A major tool for studying BLR is
reverberation mapping (Blandford & Mckee 1982; Netzer & Peterson 1997). In this technique,
time delay between the variations of the continuum and broad emission line flux is interpreted
as the light travel time from the central region of AGN to the BLR. This provides an estimation
of the radial size of BLR. So far the sizes of the BLRs of about three dozen Seyfert 1 galaxies
and nearby quasars have been derived from this method. Wandel et al. (1999) and Ho (1999)
compiled 20 Seyfert 1 galaxies with reliable BLR sizes obtained by reverberation mapping.
Kaspi et al. (2000) after completing a 7.5 year monitoring observation, published the BLR sizes
of 17 nearby quasars from the Palomar-Green quasar sample (Boroson & Green 1992). If in
the BLR the dominating force is the gravitation of the central black hole, the kinematics of the
BLR clouds can be regarded as virialized (M ~ G~1V2R). This assumption was discussed and
justified by Peterson & Wandel (1999, 2000) for some Seyfert 1 galaxies. Then by combining
the radius of BLR and FWHM of H{ emission line which indicates the characteristic velocity
of BLR clouds, the black hole mass can be estimated for a number of AGNs.

However, so far we do not know clearly the distribution of clouds in the BLR, and this
prevents us from estimating the black hole mass more accurately (Krolik 2001). Usually the
FWHM of Hf line is adopted to estimate the velocity of BLR clouds, but the FWHM of HS
can only tell us the apparent velocity rather than the intrinsic velocity. If we assume that the
distribution of clouds is spherical and that the orbit of every cloud is random, we can easily
convert the apparent velocity to an equivalent intrinsic velocity by introducing a coefficient
to the mass function (Netzer 1990). However, if the actual distribution is not spherical but
something anisotropic, such as a disk, the difference between the apparent and the intrinsic
velocity will be determined by the inclination of the disk. In this case, the black hole mass
derived from a spherical assumption will have to be corrected. This is very important for the
estimation of black hole mass using the reverberation mapping technique (Mclure & Dunlop
2001; Wu & Han 2001).

Another reason for our concern with disk-like BLRs is that they may be related with the
properties of NLS1s (Narrow Line Seyfert 1 Galaxies). NLSI is a subclass of AGNs identified
by Osterbrock & Pogge (1985), which have almost all properties of the Seyfert 1 nuclei but
the Balmer emission lines are significantly narrower (< 2000kms~1). As a class they also have
some other peculiar properties, such as strong optical Fell emission lines, strong soft X-ray
excess and high-amplitude X-ray variability (Boller et al. 1996). The nature of NLS1 aside,
we may simply imagine that a disk-like BLR is an intrinsically normal Seyfert 1 galaxy that
has narrower emission lines at low inclination angle. Then an interesting question arises: Are
NLS1s just normal Seyfert 1s at lower BLR inclinations? Or are only some NLS1s normal
Seyfert 1s at lower inclinations while some others are really physically different? The study of
BLR inclinations of NLS1s will be very helpful to answer these questions.

We will discuss the possibility and evidence of a disk-like BLR in the next section. In
Section 3 we will show our method of estimating the BLR inclinations and give a detailed
analysis of the reliability of the method. A discussion on the results will appear in Section 4.

2 POSSIBILITY OF A DISK-LIKE BLR

The broad emission lines of AGNs are believed to be emitted from the broad line region
which is about 0.1 to 1pc far away from the center of the AGN. Unfortunately there are no
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generally accepted theoretical models or observations that can tell us what the geometry of a
BLR really is. Reverberation mapping can only be used to measure the size of the BLR but
nothing about its configuration. The geometrical disposition and the pressure of the gas are
ultimately determined by the history of forces acting upon it but we know little about this
history for sure (Krolik 1999). A hopeful way to study the BLR configuration is to analyze
the emission line profiles, since the line broadening is due to the velocity dispersion of the
emitting gas. For a few AGNs there was an accurate determination of the disk geometry
possible by modeling the asymmetries of very broad (FWHM > 12000 kms~!) double-peaked
emission line profiles (Rokaki & Boisson 1999 and reference in). However, the observations show
a significant diversity in the shape and width of broad emission line profiles among different
AGNs, which implies that some fundamental dynamical parameters vary significantly among
the AGN population, or that the BLR undergoes secular evolution (Robinson 1995). Therefore,
we will not attempt a final word on the geometry of BLR here. It is better to compare different
assumptions with the observations and find out the most suitable one, since we often have to
take assumptions.

There are two major options for the configuration of BLR at present — disk-like BLR and
sphere-like BLR. Though recently a jet-like BLR with biconical configuration is implied by
the finding of blue wings in UV emission lines, namely, Lya and Civ A1549, with line widths
amounting to 5000km s~! in some NLS1s (Rodrfguez—Pascual et al. 1997), these NLS1s have
narrower optical BLR emission lines (e.g., Ha, HB) whose FWHMs are about 1000 km s~1. Tt
seems that these optical emission lines may not be produced in the same region as the UV
emission lines. Therefore, we will only compare the disk-like and sphere-like assumptions for
BLR configuration.

An obvious evidence supporting the disk-like BLR model is that for quasars there is a highly
significant correlation between the line widths (FWHM) of broad Hf lines and R, the ratio of
radio core flux density to the extended radio lobe flux density (Wills & Browne 1986). Among
the objects with higher R, there is clear absence of objects with broader emission lines. In
the relativistic beaming model for radio sources, R is related to the angle between the radio
axis and the line of sight. In other words, this correlation means that the widths of emission
lines are broader when the inclination angle is higher. Then, if the relativistic beaming model
is correct, this correlation will be consistent with the motion of the emission line gas being
confined predominantly to a plane perpendicular to the radio axis. Another evidence is from
observations of radio galaxies. Antonucci (1984) found that optical polarizations of quiescent
quasars are all or nearly all aligned with the associated radio structure axes. Polarizations of
Seyfert 1 galaxies tend to aligned with the radio axes, while those of Seyfert 2 galaxies are
perpendicular to the radio axes. Among radio galaxies there is a significant excess of parallel
objects. This indicates an axial symmetry for the broad line region. From these two lines of
evidence, it seems that spherical symmetry may not be realistic for the BLRs in quasars and
radio galaxies.

In principle we can also study the accuracy of the disk-like assumption with statistics. If
the intrinsic velocity of the BLR clouds have a typical distribution, such as a Gaussian form,
for the sphere-like BLR the clouds’ orbits are random, then the FWHM of Hf3 emission lines
which indicates the apparent velocity, will also have a Gaussian distribution, but the variance
is broader. However, for the disk-like BLR, if its three spatial rotation angles are random,
the possibility of observing an object with inclination angle € is proportional to sinf and
P(0 < 6 <i)=1-—cosi. Therefore, an object with a higher inclination angle is more likely to
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be observed than one with a lower inclination angle. Then the observed FWHM distribution
of HB lines will not be Gaussian but will be biased toward high inclination angles and will
have a broader variation. Theoretically, we can test the disk-like assumption by studying
the FWHM distribution of HF emission lines, but, in practice it is difficult if not impossible.
First, how to select the sample is a problem. If we examine the distribution of line widths,
we must select the sample by some criteria independent of line widths. However, there are
many correlations between line widths and other quantities. We must take care to avoid biases.
More difficult is that we do not know the intrinsic distribution of line widths for we do not
know clearly the kinematics of BLR. It may be Gaussian, random or something else. If the
central engines in different class AGNs are varied, there may be no uniform distribution at all.
Therefore, if someone wants to do this he will have to make an assumption on the intrinsic
velocity distribution of the BLR clouds, such as what McLure & Dunlop (2001, 2002) did in
their recent studies. One can use this method to calculate something but it is not advisable to
test an assumption by introducing new assumptions, at least not in this circumstance.

Maybe a more reliable method to test the disk-like BLR assumption is to calculate results
under this assumption and compare the results with those derived from other independent
method.

3 CALCULATION OF INCLINATION ANGLE OF BLR

3.1 The Method

The method we will use in this paper has been described by Wu & Han (2001), but it still
needs to be investigated in more detail. As we mentioned previously, if the dominant force in
the BLR is the gravitation of the central black hole, the motion of BLR clouds will be virialized
and the clouds will orbit the black hole with Keplerian velocities. Then the central black hole
mass is given by M = G~'V?2R, where V is the velocity of the clouds and R is the radius of
the BLR which can be obtained by the reverberation mapping method. If we also know the
velocity V', we can estimate the black hole mass. It is generally believed that the emission line
widths indicate the cloud velocities, so the next problem is how to convert the FWHM of HS
to V. In the sphere-like BLR model the orbits of clouds are random and V = /3 /2Vewnm,
where Vewnam is the FWHM of HS line, the factor \/§/ 2 is to account for velocities in three
dimensions and for using half of the FWHM (Kaspi et al. 2000). In the disk-like BLR model,
the Vewnwm is generally given as (Wills & Browne 1986):

_ 2 2 .2 1/2
Vewnwm = 2(V;2 + ViZsin® 0)1/2, (1)

here ¢ is the angle between the line of sight and the axis of the disk, V}, is the component in
the plane of the disk, and V; is a random isotropic component. Usually V; is believed to be
significantly smaller than V,,. Then, ignoring V; (we will discuss its effect on the results in
Section 3.2), the mass of the central black hole can be given as:

V2 R
Mr v = FWHM ; D)
¢ 4sin® G @)
where M,y is the black hole mass derived by considering the inclination of BLR. It is clear that

the inclination plays an important role in determining the black hole mass; however, usually
we do not have any information on the inclination angle of the AGN.
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Before further discussion, let us take a look at the relationship between the M., derived
from the two different models. In the sphere-like BLR model, we have

Myev = T (3)

Comparing Eq. (3) with Eq. (2) we can find that the black hole mass derived from the sphere-
like BLR model is equivalent to the black hole mass derived from the disk-like BLR when
sinf = +/3/3, or # = 35°. In the uniform model of Seyfert 1s and Seyfert 2s (Antonucci &
Miller 1985), Seyfert 1s and Seyfert 2s differ because of the viewing angle and the angle 35° is
approximately the critical angle of Seyfert 1s. Therefore, the black hole masses derived from
the sphere-like BLR model will, on average, be smaller than from the disk-like BLR model,
since there must be many Seyfert 1s with viewing angles smaller than the critical angle.

The reverberation mapping method is not the only method for deriving the black hole mass.
Recently, Gebhardt et al. (2000) and Ferrarese & Merritt (2000) reported a strong relationship
between the black hole mass M,, and the stellar velocity dispersion o., for nearby galaxies.
The relation is expressed as (Gebhardt et al. 2000):

Oc 3.75
200 kmsfl)

M, was determined from stellar or gas kinematics and o was obtained for a large aperture

M, =12 x 108M@( (4)

extending to the galaxy’s effective radius, thus insensitive to the influence of the black hole.
More recent studies indicated that some Seyfert galaxies also follow the same M,-o relation
(Ferrarese et al. 2001). Nelson (2000) examined this relation for AGNs with black hole masses
derived from the reverberation mapping method, adopting the stellar velocity dispersion values
derived from the FWHMSs of [O111] A5007 line based on a relation o = FWHM ([O111])/2.35
(Nelson & Whittle 1996). He found that the M,-o relation for the AGN sample is very similar
to that for nearby galaxies; however, for the AGN sample there is a little change of the relation
to smaller black hole masses for a given velocity dispersion o, and it is more scattered. There
may be some other explanations for these differences. However, as we mentioned above, the
black hole mass derived in a sphere-like BLR model will be, on average, smaller than that in a
disk-like BLR model. If the disk-like BLR model is correct, the black hole masses derived for
the sphere-like BLR model would be too small and a larger scatter would be very natural.

In the present paper we assume that the relation of the black hole mass and the stellar
velocity dispersion is exactly the same for normal galaxies and AGNs, that any difference is
only due to a bad assumption — the sphere-like BLR. Extending Eq. (4) to AGNs, we can derive
the black hole mass from the stellar velocity dispersion. The most important advantage of such
a method is that it is independent of the BLR geometry. Then from Eq. (2) we can determine
the inclination angle of the disk-like BLR from:

Vi
FWHM R (5)

0 —
sin 5 X LG

where M, is the black hole mass derived directly from the velocity dispersion o,.

3.2 The Reliability of the Method

In our method of calculation we have made certain assumptions with their attendant un-
certainties. Therefore, we must demonstrate the reliability of our method before giving our
results.
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First, we assumed that the motion of BLR clouds is virialized. This assumption is the basis
of the measurement of black hole mass by the reverberation mapping method, and it has been
extensively discussed and verified by some authors, e.g., Peterson & Wandel (1999, 2000). It
is known that the BLR may be stratified, with different emission lines emitting from different
distances from the central source. Typically, different lines have different widths. Then if the
motion of the BLR clouds is Keplerian, the black hole masses derived from different emission
lines will be the same. With many analyses, Peterson & Wandel (1999, 2000) derived a result
supporting the virial assumption. For our work, we think it is better to estimate the effect
of non-virial motions on our results. If the motion of the BLR clouds is not merely virial
but contains inflow or outflow, the variable Vewpn should be changed to \/VFQWHM —4V2 in
Eq. (5). Then Eq. (5) will be changed to:

VViwiy — 4V72 « \/ R
2 M,G"

sinf = (6)
It is difficult to measure the value of V;, but we can make a rough estimation. If the disk-like
BLR model is correct, the object that has a zero inclination angle will have a zero line width.
In the sample of 20 Seyfert 1 galaxies with BLR sizes measured by reverberation mapping, the
smallest measured FWHM of Hf3 is the 1170km s~! belonging to NGC 4051. If we suppose
that NGC 4051 has a zero inclination angle and the line width is from V;, then we can derive
an approximate V; = 500 km s~!. If the intrinsic velocity of BLR clouds in different AGNs are
approximately the same (though they may have a certain spread), then different AGNs should
have approximately the values of /R/M,G. Then we check that the object NGC 5548, which
has a second largest FWHM of H(3 line among the 20 Seyfert 1 galaxies, has an inclination
angle of 90°, combining with V; we can give approximately 1/ R/M,G = 0.0003. Therefore, for
an object with a real inclination angle # we obtain an estimated inclination angle when ignoring
V. The result is shown in Fig. 1, where 6 is the intrinsic angle and 6’ is the estimated angle.

90 T r . . . . T -

¥, =500 kms '

' (deg)

6 (deg)

Fig.1 Solid curve is the relation between the intrinsic angle # and the calculated angle ¢’ for
Vi = 500kms™!. The dash line is the reference line 6’ = 6.
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In this figure we can see that the effect of ignoring V; on the results is only significant when the
angle is smaller than 10° or greater than 80°, that for intermediate angles the error is less than
ten percent. Therefore, we can derive a reliable inclination angle even when the real motion of
BLR clouds has a significant deviation (V; = 1/7V},) from Keplerian motion. Note that in this
rough estimation we assumed that all AGNs in our sample have the same intrinsic BLR cloud
velocity, but the dispersion may be larger in practice. Even though there is a slight effect on
the error estimation of V;, it has nearly no effect on our inclination angle.

Secondly, we assumed that AGNs have the same relation between the black hole mass and
the velocity dispersion as normal galaxies. Though there exists such a relation Eq.(4), its
meaning is largely statistical. Moreover, there are only a few Seyfert 1 galaxies with available
velocity dispersion data. For others the velocity dispersion values were converted from the
FWHM of [O111] A 5007 line, which involved another uncertainty. All these uncertainties impact
on the estimated black hole mass M,. However, it is difficult to evaluate these uncertainties in
individual cases: we can only estimate a reasonable error for all the objects and see whether it
will lead to unreasonable results.

In their paper, Gebhardt et al. (2000) gave a measured scatter of 0.30 dex in their black
hole mass in Eq. (4) at a fixed dispersion. Given the likely measurement errors, they thought
that the intrinsic scatter is probably < 0.15dex. Combining the potential error of FWHM of
[O111] A 5007 line, we estimate an error of 100 percent is a reasonable maximal estimation for M, .
Then assuming an intrinsic black hole mass M and an inclination angle 8, let us see what results
Eq. (6) will lead to when the calculated black hole mass M’ is 2M and 1/2M, respectively. The
results are shown in Fig.2. We can see that the error is acceptable when the angle is smaller
than 40°, but it grows rapidly with increasing inclination angle: when 6 > 50° the results are
completely uncertain. However, according to the unified model of AGNs, Seyfert 1s are AGNs

90 T T T
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701

60+

sof  M=2M
V; =500 km s

' (deg)

40

30 M=12M .
|

20 : .
|
|

10 | .
// !
// |

0 1 1 1 Il 1 1 1 1
0 10 20 30 40 50 60 70 80 90
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Fig.2 The 6 ~ 0’ relation for taking twice the intrinsic black hole mass (upper) and half the
intrinsic mass (lower).
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at a low inclination angle and a credible critical angle is 40°. Then, the probability of encoun-
tering a Seyfert 1 at a large inclination angle is small. There is another variable R, which may
lead to errors in the same way as does M,, but as its error was much smaller than that of
M, (20-30% on average), it was ignored. Note that what we do here is not error analysis, but
reliability analysis. The main uncertainties of our method are given their maximum values,
they may be not so large in practice. We only want to show that even if we allow maximum
uncertainties, our method will not give totally unreasonable results.

3.3 BLR Inclinations of BLS1s and NLS1s

We collected 20 Seyfert 1 galaxies with BLR sizes derived by reverberation mapping, 11 of
them have measured stellar velocity dispersions and their BLR inclinations have been estimated
in Wu & Han (2001). For the rest nine objects, we estimated their stellar velocity dispersions
from the FWHMs of [O111]A 5007 emission line (Nelson & Whittle 1995). The BLR sizes and
FWHMSs of H and [O111] A5007 lines for these 20 Seyfert 1 galaxies were compiled by Nelson
(2000). From Egs. (4) and (5) we can estimate the black hole masses and BLR inclinations
for these objects. The results are summarized in Table 1. Note that we are unable to derive
the inclination for 3C 390.3 because its FWHM of HJ is too large, leading to an unreasonable
value of sinf. One possibility for the failure of our method in this case may be that the BLR
structure of this kind of radio-loud objects is probably quite different from other radio-quiet
Seyfert 1s.

Table 1 BLR Inclination Angles for 20 BLS1s

Name R (BLR) FWHM (HB) AFWHM(HB) FWHM(HB) o FWHM ([Om]) I’ M, (BH) 6 6

rms rms mean Rosat rms mean

light day ~ kms~1! kms~! kms~! kms™! kms~1! 10"Mg deg deg
3C 120 42 2210 120 1910 162 230 2.15 5.45 25 22
NGC 4051 6.5 1230 60 1170 80 190 2.58 0.39 21 20
NGC4151 3 5230 920 5910 93 425 2.06 0.68 50 60
NGC 4593 4 s s 3720 124 255 2.08 2.00 s 22
NGC5548 21.2 5500 400 6300 183 410 2.3 8.60 37 44
Mrk 590 20 2170 120 2470 169 400 2.41 6.38 16 18
Mrk 817 15 4010 180 4490 142 330 2.9 3.32 37 42
NGC3227 109 5530 490 4920 144 485 1.19 3.50 43 37
NGC 3516 7 s s 4760 124 250 2.15 2.00 ... 38
Mrk 110 18.8 1670 120 1430 86 290 2.4 0.51 45 37
Mrk 79 17.7 6280 850 4470 130 350 2.57 2.39 ... 58
3C390.3 22.9 10500 800 10000 cee 410 1.86 7.12 s e
Akn 120 37.4 5850 480 5800 cee 490 2.61 13.90 42 42
F9 16.3 5900 650 5780 cee 425 2.42 8.25 35 35
IC 4329A 1.4 5960 2070 5050 cee 550 1.71 21.6 6 5
Mrk 279 10 s s 5360 cee 580 2.15 26.1 -o- 13
Mrk 335 16.4 1260 120 1620 cee 280 2.92 1.71 15 20
Mrk 509 76.7 2860 120 2270 cee 520 2.58 17.45 24 19
NGC 3783 4.5 4100 1160 3790 cee 230 2.45 0.83 41 38
NGC 7469 4.9 3220 1580 3000 cee 360 2.38 4.40 13 13

Two columns of angle correspond to two columns of FWHM of [O111]A5007 which are derived from rms and
mean statistical method separately.
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Fig.3 Derived BLR inclinations of BLS1s (solid symbols) and NLS1s (open symbols) plotted
against black hole mass, apparent HS velocity and X-ray photon index. Objects with black
hole masses derived from measured central velocity dispersions are shown as squares; from
[O11] A5007 velocities, as triangles.

Recently Véron et al. (2001) carefully measured the emission line properties of about 60
NLS1s. The FWHMs of the HF and [O111] A5007 lines were obtained for 50 NLS1s. Therefore,
we estimate the black hole mass for these 50 NLS1s by deriving the central velocity dispersions
from the FWHMs of [O111] A5007 line (Nelson & Whittle 1995). Using the empirical method
of Kaspi et al. (1999), we can also estimate the BLR size of these NLS1s from their optical
luminosities (Wang & Lu 2001). Their apparent H/3 velocities have been measured by Véron et
al. (2001). Adopting the same method as we described above, we can derive the BLR inclinations
of these NLS1s. Note that for several NLS1s, the measured velocities of [O111] A5007 line are
smaller than 200kms—', which corresponds to the 3.4A FWHM resolution of detector used
by Véron et al. (2001). These small values of FWHM of [O111] A5007 line are quite uncertain
and therefore we did not derive the black hole masses for these objects. On the other hand,
we also did not give estimations of black hole masses for several NLS1s with extremely high
(> 800kms~1) FWHM values of the [O111] A5007 line because most of these objects are radio
loud. The results are summarized in Table 2.
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Table 2 BLR Inclination Angles for 50 NLS1s

Name r AT  FWHM (H3) FWHM ([Om]) R (BLR) M (BH) 0
kms~1! kms~! light day ~ 107Mg  deg
Mark 335 3.1 0.05 1620 245 16.4 1.04 27
TonS 180 3.04 0.01 1085 435 89.8 8.98 14
Mark 359 2.4 0.1 900 180 19 0.33 29
MS 01442-0055 2.7 0.2 1100 240 63.7 0.97 39
Mark 1044 3.08  0.09 1010 335 15 3.37 9
HS 03280528 - .. 1590 220 18.9 0.7 35
IRAS04312+4008 2.8 0.6 860 380 52.2 5.41 11
TRAS 04416+1215  2.96 0.5 1470 650 92.8 40.48
IRAS04576+0912 - . 1210 380 18.5 5.41 1
IRAS05262+4432 - . 740 365 342.3 4.65 26
RXJ 0752742617 3 0.26 1185 400 29.9 6.55 10
Mark 382 3.09 0.23 1280 155 23 0.19 82
Mark 705 2.33  0.09 1790 365 23.6 4.65 16
Mark 707 2.4 0 1295 315 23.2 2.68 15
Mark 124 e . 1840 380 43 5.41 21
Mark 1239 2,94 0.14 1075 400 18.9 6.55 7
IRAS095714+8435 1.39 0.4 1185 240 33.4 0.97 29
PG 1011-040 e .. 1455 400 46.3 6.55 16
PG 1016+336 e . 1590 315 8.9 2.68 12
Mark 142 3.15  0.11 1370 260 22.7 1.3 24
KUG 1031+398 415 0.1 935 315 23.6 2.68 11
RXJ 10407+3300 213 015 1985 460 35.3 11.07 14
Mark 734 3.63  0.19 1825 180 59.6 0.33 -
Mark 739E 243 0.14 1615 380 39.9 5.41 17
MCG 06.26.012 277 0.08 1145 220 18.6 0.7 24
Mark 42 2.76  0.23 865 220 12.4 0.7 14
NGC 4051 2.84  0.04 1120 200 6.5 0.49 17
PG 12114143 3.03 0.15 1975 410 101 7.19 31
Mark 766 279 0.11 1630 220 14.8 0.7 32
MS 1217040700 - .. 1765 365 39.4 4.65 21
MS 1223542522 3.9 0.3 800 240 29.9 0.97 18
PG 12444026 3.26  0.13 740 330 21.2 3.19 8
NGC 4748 246  0.15 1565 295 15.5 2.09 17
Mark 783 e e 1655 430 47.4 8.6 16
R14.01 e .. 1605 430 60.5 8.6 17
Mark 69 e .. 1925 315 44.9 2.68 33
Mark 478 3.06  0.03 1270 365 105.3 4.65 25
PG 14484273 3.17  0.32 1050 155 69.1 0.19 -
Mark 486 e . 1680 400 34.9 6.55 16
Mark 493 2.84 0.14 740 315 21.7 2.68 8
EX 01652443930 2.7 0.2 1355 400 24 6.55 10
B31702+457 2.37  0.18 975 295 56.4 2.09 21
RXJ 174504802 264 013 1355 400 30.2 6.55 12
Kaz 163 276 0.03 1875 480 T1.7 12.99 18
HS 1817+5342 e e 1615 570 91.2 24.74 13
HS 1831+5338 e - 1555 240 20.7 0.97 30
Mark 896 3.38  0.05 1135 315 27.1 2.68 15
Akn 564 3.47  0.07 865 220 35.4 0.7 26
HS 22471044 o, e 1790 710 69.6 56.37 8

Kaz 320 ce- .o 1470 260 9.5 1.3 16
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In Figure 3 we plot the derived sini values for both BLS1s and NLS1s against their black
hole masses, observed H3 FWHMs and X-ray photon indices. If the black hole mass can be
estimated by the FWHMs of [O111] A5007 line, we see that the black hole masses of NLS1s are
comparable to those of BLS1s. This is contrary to some previous claims that the black hole
masses of NLS1s are significantly smaller than those of BLS1s (Mathur et al. 2001; Wang & Lu
2001). Our result, however, is probably consistent with the recent finding that the properties
of narrow emission line region are almost the same for both BLS1s and NLS1s (Nagao et al.
2001). From Figure 3 we can clearly see that the derived inclinations of BLR for NLS1s are
systematically smaller than those for BLS1s. The BLR inclinations of most NLS1s are smaller
than 30°, while those of most BLS1s lie in the range of 20°to 60°(see also Wu & Han 2001).
This may indicate that the BLR inclinations of NLS1s are significantly smaller than those of
BLS1s. Indeed, some theoretical ideas inferred from the X-ray observations of NLS1s have
suggested that NLS1s may be systems viewed face-on. (Boller et al. 1996; Puchnarewicz et al.
1992). The smaller BLR inclinations can also satisfactorily explain the relative narrower Hf3
lines in observed NLSl1s if their BLRs are disk-like. A positive correlation between sini and
FWHMs of HS line can be clearly observed for both NLS1s and BLS1s in the middle panel of
Figure 3. In addition, Figure 3 shows that there is also a negative correlation between sin< and
the X-ray photon index. This is expected because the observed FWHMs of Hf line are closely
related to the X-ray photon index (Boller et al. 1996).

4 DISCUSSION

4.1 An Independent Check of Our Results

Though we derived the BLR inclination angle of both broad line and narrow line Seyfert 1s,
we would like to mention that the disk-like BLR is still an assumption. In order to check our
results we must compare them with those obtained by some independent methods. Fitting
the profiles of broad emission lines is another possible method to derive the BLR inclination,
since characteristic asymmetries in the apparent line profiles depend on the orientation of the
BLR. However, as we mentioned above, only for a few objects with extremely larger FWHMs
(FWHM > 12000kms~!) has the BLR geometry been so assessed. For objects where the
BLR clouds have lower Keplerian velocities, the line profiles are not significantly asymmetric,
and the inclination angle cannot be determined accurately. In order to increase the precision
of estimating the black hole and disk parameters, Rokaki & Boisson (1999) fitted the UV
continuum, the broad Balmer line fluxes and the line profiles consistently for a carefully selected
sample of AGNs, with the effects of general relativity taken into consideration. They showed
that a consistent line and continuum fitting gives a unique solution for estimating the black
hole mass and the inclination angle of the disk.

We compared our estimated inclination angles for nine objects in common with Rokaki &
Boisson (1999). The results obtained by them and us are remarkably consistent. Except two
objects that have relatively larger differences (= 20°), all the others have differences less than
10°. The comparison is shown in Fig. 4. Note that there are two groups of inclination angles in
Rokaki & Boisson’s results, fitted for Schwarzschild black hole and Kerr black hole respectively.
The comparison above is for the former case, the inclination angles estimated by Rokaki &
Boisson (1999) for the later case are on average systematically smaller than ours, but they still
have a significant correlation with ours.

The inclination angles derived by them and by us were based on very different methods, one
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on the UV continuum and the HJ profile, the other on the FWHM of HJ line, the radius of BLR
from reverberation mapping and the stellar velocity dispersion or the FWHM of [O111] A5007.
The agreement between them and us, if not by chance, would be an indication of the self-
consistency of the essential assumption of a disk-like BLR in AGNs. From the list of inclination
angles in our sample 1, we note that there is only one object for which we did not derive this
angle (sinf > 1), for all others the largest angle is 60° and most of the angles are smaller than
40°; this is consistent with the unified model of AGN.
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Fig.4 A plot of the BLR inclination angles derived by us and by Rokaki & Boisson (1999).
The dash line marks exact equality.

Our results support the possibility that the NLS1s are objects with lower BLR inclinations
and viewed nearly face-on if their BLR is of disk-like configuration. This has been inferred from
their narrower emission line widths (Boller et al. 1996). Positive evidence for this scenario has
been also given by Boller et al. (1997) to explain the persistent giant and rapid X-ray variability
in the radio-quiet, ultrasoft, strong Fe II, narrow-line Seyfert 1 galaxy TRAS 13224-3809. They
suggested that the relativistic boosting effects may be relevant to understanding the strong
X-ray variability of some X-ray steep-spectrum Seyfert galaxies more generally. Therefore,
our results seem to be consistent with these previous arguments. However, we must keep in
mind that the physics of both the BLR and NLR of AGNs is not well understood at present.
NLS1s are also likely to be intrinsically different objects from BLS1s. More observations and
theoretical efforts are still needed before a clearer conclusion is reached.

4.2 The Uncertainties of the Results

Although we have proved the reliability of our method in Section 3.2, more discussion should
be made here because of the complexity of the problem. The problem is that our sample is
not a uniform sample. There are three different classes of objects in our sample — BLS1s with
measurements of o, BLS1s without direct measurements of o, but derived from the FWHM of
[O111] A5007, and NLS1s without direct measurements of o or the size of BLR.
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For the first class, the BLS1s with measurements of o, the average uncertainty of these
objects is 10% and as we have discussed in Section 3.2, when this uncertainty is combined
with the scatter in the Mpp—o relation (0.15dex) and the uncertainty in the size of the BLR
(R), we arrive at a total maximum uncertainty of a factor of two. For these objects our
method works well. For the second class, BLS1s without direct measurements of o, we use
the correlation between o and the FWHM of [O111] A5007 to convert the measurements of the
FWHM of [O111] A5007 to o (Nelson & Whittle 1996). This means an additional uncertainty.
It is difficult to find out how large this uncertainty is, but Nelson (2000) has shown that the
black hole masses in the central of AGNs derived from the reverberation mapping method, with
the velocity dispersion converted from the FWHM of [O111] A5007, agree well with the Mpg—c
relation defined by nearby hot galaxies. This may convince us that the uncertainties of the o
derived from the width of [O111] A5007 are not very large. The most uncertain class of objects
is the NLS1s. For these objects, we did not have direct measurements of ¢, and we also did not
make direct measurements of the size of the BLR: we derived the BLR size using the empirical
method of Kaspi et al. (1999). Though Kaspi’s method is derived mainly from the statistics
of BLS1s, and there is no proof that the relation is valid for NLS1s, several NLS1s with direct
measurements of the size of the BLR did not prove the relation to be invalid for NLS1s. But
this will lead to another uncertainty in the results derived from these objects.

In sum, of the three classes of objects, the most accurate inclination angles are derived from
the BLS1s with measurements of o, and we can estimate their uncertainties. The least results
are derived from the sample of NLS1s and we do not even know how large their uncertainties are.
However, all the difficulties mainly come from the fact that we do not have enough observational
data rather than from the method itself. In the future, when we have more observations on
these objects we shall be able to derive more accurate results.
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