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ABSTRACT

Type 2 active galactic nuclei (AGN) represent the majority of the AGN population. However,
due to the difficulties in measuring their black hole (BH) masses, it is still unknown whether
they follow the same BH mass-host galaxy scaling relations valid for quiescent galaxies and
type 1 AGN. Here we present the locus of type 2 AGN having virial BH mass estimates in
the MBH − σ⋆ plane. Our analysis shows that the BH masses of type 2 AGN are ∼ 0.9 dex
smaller than type 1 AGN at σ⋆ ∼ 185 km s−1, regardless of the (early/late) AGN host galaxy
morphology. Equivalently, type 2 AGN host galaxies have stellar velocity dispersions ∼ 0.2
dex higher than type 1 AGN hosts at MBH ∼ 107 M⊙.

Key words: galaxies: active — galaxies: nuclei — Xrays: galaxies — infrared: galaxies —
quasars: emission lines — quasars: supermassive black hole

1 INTRODUCTION

Supermassive black holes (SMBHs, MBH > 105 M⊙) are be-
lieved to be ubiquitous, sitting at the centres of the spheroid
of almost every galaxy. Co-evolutionary models that link the
growth of SMBHs and of their host galaxies are supported
by the observation of tight scaling relations between the black
hole (BH) mass MBH and the host bulge properties, e.g.
bulge stellar velocity dispersion σ⋆ (Ferrarese & Merritt 2000;
Gebhardt et al. 2000; Marconi & Hunt 2003; Häring & Rix 2004;
Gültekin et al. 2009; Graham & Scott 2013; McConnell & Ma
2013; Kormendy & Ho 2013; Savorgnan & Graham 2015); bulge
luminosity Lbul and mass Mbul (Dressler 1989; Magorrian et al.
1998; Kormendy & Richstone 1995; Sani et al. 2011). All these re-
lations are based on local samples of galaxies with dynamically
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measured BH masses. It is still debated whether or not these scal-
ing relations should depend on the morphology of the galaxy (e.g.
barred/unbarred Graham 2008, early/late McConnell & Ma 2013,
classical/pseudo-bulges Kormendy & Ho 2013). Furthermore, the
galaxy samples used for calibration could suffer from a selection
effect due to the resolution of the BH gravitational sphere of in-
fluence, in favour of the more massive BHs (Shankar et al. 2016,
2017).

Active galactic nuclei (AGN) are thought to follow the same
scaling relations observed in quiescent galaxies with dynami-
cally measured MBH. In particular, reverberation mapped (RM,
Blandford & McKee 1982; Peterson 1993) type 1 AGN (AGN1,
where broad, FWHM > 1000 km s−1, optical emission lines are
visible in their spectra) seem to reproduce the scaling relation
MBH − σ⋆ once the BH masses are scaled for the virial factor f

(Onken et al. 2004; Woo et al. 2010; Graham et al. 2011; Park et al.
2012; Grier et al. 2013; Ho & Kim 2014), MRM = f × Mvir, where
Mvir is the virial mass calculated from RM campaigns. Also low-
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Figure 1. Difference between the HyperLeda stellar velocity dispersion and
the one reported by Ho & Kim (2014), as a function of the latter. The dot-
ted line marks the zero offset. Galaxies are plotted according to the host
morphology (early type as cyan diamonds, late type as green triangles).

mass BHs (Baldassare et al. 2016) and narrow line Seyfert 1 galax-
ies (Woo et al. 2015, but see Rakshit et al. 2017) have MBH − σ⋆
relations consistent with that found in quiescent galaxies. How-
ever, recent works have found that AGN1 hosts reside signifi-
cantly below the MBH − Mbul (Ho & Kim 2014) and MBH − M⋆
(Reines & Volonteri 2015) relations of quiescent galaxies. Further-
more, there is evidence that the BH-host scaling relations become
less tight as soon as a broader range of BH masses (e.g. MBH < 107

M⊙, see the megamaser sample of Greene et al. 2016) and different
galaxy morphologies (i.e. disks and spirals, Kormendy et al. 2011)
are probed.

Although type 2 AGN (AGN2)1 represent the majority of
the AGN population (La Franca et al. 2005), it is still unsettled
whether they do follow the same scaling relations defined by
quiescent galaxies. This is because MBH are difficult to mea-
sure in type 2 AGN which lack optical broad emission lines.
These virialized lines are used in single epoch virial estima-
tors (McLure & Jarvis 2002; Vestergaard & Peterson 2006) to di-
rectly measure BH masses. According to the unified AGN model
(Antonucci 1993), orientation is responsible for the appearance of
broad emission lines coming from the broad line region (BLR) and
hence for the AGN1/AGN2 classification, due to the presence of
a dusty structure along the line of sight (e.g. the torus, but see
e.g. Mezcua et al. 2016). In this scenario, AGN1 and AGN2 are
expected to follow the same scaling relations, and therefore BH
masses of AGN2 are usually estimated with (indirect) proxies, such
as σ⋆, Lbul and Mbul. These indirect estimates are often also used to
evaluate the AGN BH mass function (BHMF; e.g. Heckman et al.
2004).

In order to directly measure the BH masses of AGN2, we have
calibrated virial relations based on the hard X-ray luminosity and
on the width of the most relevant near-infrared (NIR; 0.8-2.5 µm)
and optical emission lines (La Franca et al. 2015, 2016; Ricci et al.
2017).

We have then carried out a systematic search to detect faint
virialized broad line components in the NIR spectra of hard X-
ray selected obscured and intermediate class AGN. We have ob-
served the NIR spectra of 41 AGN2 at redshift z 6 0.1, randomly
drawn from the Swift/BAT 70-month catalogue (Baumgartner et al.
2013). Data reduction, spectral analysis and line fitting parameters
have been published in the first paper of the series (Onori et al.

1 By saying AGN2 we refer to those X-ray selected AGN where there
is no (Seyfert 2) or weak (intermediate 1.8 - 1.9) evidence of BLR, or
even no lines at all (X-ray Bright Optically Normal Galaxies, XBONG;
Comastri et al. 2002) in their optical spectra.

2017a, Paper I). Broad virialized components in the NIR emis-
sion lines (i.e. Paβ and He I λ 10830 Å) have been measured in
13 out of 41 (∼30%) of the selected AGN2. This starting sample
has been extended with four AGN2 included in the Swift/BAT 70-
month catalogue whose FWHM NIR lines, or spectra, were already
published. These 17 AGN2 have been used in a companion paper
(Onori et al. 2017b, Paper II) to derive the first direct virial MBH in
AGN2. The AGN2 virial MBH have been computed using the virial
estimators calibrated in Ricci et al. (2017) which are based on the
broad NIR FWHM and on the hard X-ray 14-195 keV luminosity.
We found that when comparing AGN1 and AGN2 of the same X-
ray luminosity, log L14−195 keV ∼ 43.5 erg s−1, the average FWHM
of the BLR in AGN2 is ∼0.25 dex smaller than measured in the
control sample of RM AGN1. As a consequence, AGN2 have 0.5
dex smaller MBH and higher Eddington ratios than RM AGN1 with
the same intrinsic X-ray luminosity. These findings do not support
a ”pure” orientation-based unified model, possibly indicating that
AGN2 could be associated with an earlier evolutionary stage or
may comprise different physical configurations or mechanisms for
BH growth.

In this paper, we present for the first time the local MBH −

σ⋆ plane for AGN2 with virial BH masses in order to understand
whether AGN2 share the same properties of AGN1.

Throughout the paper we assume a flat ΛCDM cosmology
with cosmological parameters ΩΛ = 0.7, ΩM = 0.3 and H0 = 70
km s−1 Mpc−1. Unless otherwise stated, all the quoted uncertainties
are at 68% (1σ) confidence level.

2 DATA

2.1 Sample selection

Stellar velocity dispersion measurements σ⋆ are available on Hy-
perLeda2 for 8 out of the 17 AGN2 with NIR broad lines presented
in Paper II. Using the optical long slit spectra published in Pa-
per I we have measured σ⋆ for three additional AGN2. We fitted
with Gaussian profiles the Ca II triplet λ 8500.36, 8544.44, 8664.52
Å absorption lines extracted with a 1′′ aperture, corresponding
to 397, 192, and 92 pc for 2MASX J18305065+0928414, ESO
234-G050, and NGC 6221, respectively. The HyperLeda database
(Paturel et al. 2003) presents measurements which have been ho-
mogenized to a common aperture rHL = 0.595 kpc. In order to
convert our σ⋆ measurements to the common radius rHL we cor-
rected for the aperture effects using the relation σ⋆(r) ∝ r−0.066 of
Cappellari et al. (2006).

We added to this sample the sources NGC 5506 and
2MASX J07595347+2323241 that have broad Paβ lines mea-
sured by Lamperti et al. (2017). For NGC 5506 a σ⋆ measurement
is available on HyperLeda. For 2MASX J07595347+2323241,
Lamperti et al. (2017) fitted the CO band-heads in the H-band
(1.570 - 1.720 µm) from a long slit spectrum (aperture 0.8′′, cor-
responding to 480 pc). As done previously, σ⋆ was corrected for
aperture effects. Table 1 lists the general properties of the final sam-
ple of 13 AGN2 with measured σ⋆ and virial BH masses, which
have all been calculated with solution a3 of Table 4 of Ricci et al.
(2017) assuming an average virial factor 〈 f 〉 = 4.31. This virial
factor has been derived by Grier et al. (2013) by requiring that RM
AGN1 reproduce the MBH − σ⋆ relation found in quiescent galax-
ies by Woo et al. (2013). In all the following analyses, we excluded

2 http://leda.univ-lyon1.fr/
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Table 1. General properties of the AGN2 sample. Columns are: (1) galaxy name; (2) redshift from NED; (3) activity type; (4) logarithm of MBH , computed
with the solution a3 of Table 4 from Ricci et al. (2017, based on optical-NIR broad lines and L14−195keV luminosity); uncertainties on MBH are only statistical,
i.e. do not take into account the population spread (∼ 0.5 dex); (5) reference of the BH mass; (6) bulge stellar velocity dispersions σ⋆; (7) reference for σ⋆,
L17=Lamperti et al. (2017), HL=HyperLeda; (8) morphological type retrieved from HyperLeda. †Classified after visual inspection of a DSS blue image.

Galaxy z activity log MBH ref MBH σ⋆ ref σ⋆ morphological
type [M⊙] [km s−1] type

(1) (2) (3) (4) (5) (6) (7) (8)

2MASX J07595347+2323241 0.0292 2 7.78 ± 0.09 This work 230 ± 21 L17 Late
2MASX J18305065+0928414 0.0190 2 7.04 ± 0.09 Paper II 196 ± 19 This work Late†

ESO 234-G050 0.0088 2 6.00 ± 0.10 Paper II 69 ± 1 This work Early
MCG -05-23-016 0.0850 2 7.22 ± 0.06 Paper II 172 ± 20 HL Early
Mrk 348 0.0150 2/FSRQ 7.23 ± 0.08 Paper II 141 ± 29 HL Early
NGC 1052 0.0050 2 6.63 ± 0.09 Paper II 209 ± 4 HL Early
NGC 1275 0.0176 2 7.46 ± 0.06 Paper II 243 ± 13 HL Early
NGC 1365 0.0055 1.8 6.65 ± 0.09 Paper II 143 ± 19 HL Late
NGC 2992 0.0077 2 6.72 ± 0.08 Paper II 160 ± 17 HL Late
NGC 4395 0.0013 1.9 5.14 ± 0.07 Paper II 27 ± 5 HL Late
NGC 5506 0.0062 1.9 6.86 ± 0.09 This work 174 ± 19 HL Late
NGC 6221 0.0050 2 6.46 ± 0.06 Paper II 64 ± 2 This work Late
NGC 7465 0.0065 2 6.54 ± 0.10 Paper II 95 ± 4 HL Early

the most deviating late-type AGN2, NGC 4395 which is one of the
least massive active BH known. It is a Sd bulge-less galaxy whose
stellar velocity dispersion seems to be rotation-dominated also in
the inner-part of the host galaxy (den Brok et al. 2015).

As control sample of AGN1 we adopted the RM sample of 43
AGN1 presented in Ho & Kim (2014), who list ∼90% of the RM
sample along with available bulge morphology, classified as ellip-
tical, classical, or pseudo-bulges. Reliable measurements of central
stellar velocity dispersion are available for a total of 31 sources. We
considered also one additional RM AGN1, Fairall 9, classified as a
classical bulge by Ho & Kim (2014), whose stellar velocity disper-
sion is available on HyperLeda. The final control sample of RM
AGN1 lists 32 sources. The BH masses adopted for RM AGN1 are
MBH = f ×Mvir, where Mvir are the updated virial masses also used
in the calibrating sample by Ricci et al. (2017) and 〈 f 〉 = 4.31.

2.2 Stellar velocity dispersion measurements

As described in the previous section, the AGN2 stellar velocity dis-
persions were retrieved from HyperLeda and are extracted at 0.595
kpc, while the stellar velocity dispersions of the RM AGN1 sam-
ple are calculated at the effective radius Re. In order to evaluate
whether there are systematic offsets among the two databases, we
compare the HyperLeda stellar velocity dispersion σ⋆,HL and the
stellar velocity dispersion measurements collected by Ho & Kim
(2014), σ⋆,HK , for the sample of 22 RM AGN1 that have both.
Figure 1 shows the offset between the two measurements ∆σ⋆ =
σ⋆,HL − σ⋆,HK as a function of σ⋆,HK. The dotted line in Figure 1
marks the zero offset. The majority of the sources shows negligible
offsets |∆σ⋆ | < 10 km s−1, and the average is consistent with zero
(1 ± 4 km s−1).

We divided RM AGN1 in early and late-type galaxies, as
shown in Figure 1 (cyan diamonds are early-type and green tri-
angles are late-type galaxies). Indeed it is known that in late-type
galaxies with a rotating stellar disk, the line-of-sight velocity dis-
persion could be broadened due to the disk rotation (Bennert et al.
2011; Har et al. 2012; Kang et al. 2013). However, as shown in Fig-
ure 1, this seems not to be the case for RM AGN1 because the most

deviating measurements |∆σ⋆ | > 30 km s−1 are equally late- and
early-type AGN1. The average offset in both early-type (7 ± 6 km
s−1) and late-type (−6 ± 7 km s−1) are again almost consistent with
zero.

We also checked whether in our sample of AGN2 the Hyper-
Leda values have been extracted at r significantly larger than Re.
Indeed the disk rotational broadening in late-type galaxies should
be higher outside the spheroid. Oohama et al. (2009) reported that
the average Re in SDSS late-type galaxies (Sa, Sb, Sc) is ∼ 2.7
kpc, hence the σ⋆ retrieved from HyperLeda (r =0.595 kpc) should
not contain substantial rotational velocity contamination since the
extraction is located well inside this average value.

3 RESULTS

Figure 2 shows the MBH−σ⋆ plane for local samples of RM AGN1
(blue open squares) and AGN2 (red filled circles), together with
the average BH masses of RM AGN1 (dark blue filled squares)
and AGN2 (dark red filled circles) computed in logarithmic bins
of stellar velocity dispersion. Average MBH are plotted at the aver-
age logσ⋆ of the AGN within each velocity dispersion bin. Given
the relatively small size of the samples, qualitative trends are better
seen if the data are shown in not independent, 0.6 dex wide logarith-
mic σ⋆ bin. The black open square (circle) in Figure 2 shows the re-
sulting average MBH value of the RM AGN1 (AGN2) sample in the
135 < σ⋆ < 250 km s−1 stellar velocity bin where most of the two
populations overlap and has been plotted at the position of the av-
erage σ⋆. The average BH masses in this bin are: log(MBH/M⊙) =
7.06 ± 0.13 for AGN2 and log(MBH/M⊙) = 7.93 ± 0.15 for RM
AGN1. Hence at fixed σ⋆ ≃ 184 km s−1, BH masses of AGN2 are
0.87 dex smaller than in RM AGN1, even though the same virial
f -factor has been adopted in their derivation. Equivalently, in the
overlapping BH mass bin 4 × 106 < MBH < 2 × 107 M⊙, AGN2
show higher stellar velocity dispersions: σ⋆ = 169 ± 10 km s−1 for
AGN2 and σ⋆ = 106 ± 7 km s−1 for RM AGN1. This means that
at fixed MBH ≃ 107 M⊙, the stellar velocity dispersion in AGN2
hosts is ∼0.2 dex higher than RM AGN1. The bottom and right

MNRAS 000, 1–6 (2017)



4 F. Ricci et al.

Figure 2. The MBH − σ⋆ plane for local samples of RM AGN1 (blue open
squares) and AGN2 (red filled circles), together with average MBH of the
RM AGN1 (dark blue) and AGN2 (dark red), computed in (not indepen-
dent) bins of stellar velocity dispersion. The black open square (circle)
shows the MBH average value of the RM AGN1 (AGN2) sample in the
135 < σ⋆ < 250 km s−1 stellar velocity bin and has been plotted at the posi-
tion of the average σ⋆. Some relations from literature are also reported (see
text for details). Bottom: residuals of MBH with respect to the relations of
Woo et al. (2013, dotted grey line) and Kormendy & Ho (2013, solid line).
Right: same as bottom panel but for σ⋆.

panels of Figure 2 report the residuals in BH masses ∆ log MBH

and stellar velocity dispersions ∆ logσ⋆. The BH masses residu-
als are computed as the logarithmic difference between the viri-
ally measured MBH and that expected from the scaling relation of
Woo et al. (2013). For comparison, the residual of the relation of
Kormendy & Ho (2013, solid grey line) is also reported. As the re-
lation of Woo et al. (2013) is the reference for the calibration of the
f -factor 4.31 that we are using, the average residual in BH mass
(0.00 ± 0.09) and stellar velocity dispersions (0.00 ± 0.02) in the
RM AGN1 are, as expected, consistent with zero. On the contrary,
the average residual for AGN2 is ∆ log MBH = −0.99 ± 0.37 or
equivalently ∆ logσ⋆ = 0.14 ± 0.04.

If RM AGN1 are compared to the relation from
Kormendy & Ho (2013), the resulting average residuals are
∆ log MBH = −0.27 ± 0.08 and ∆ logσ⋆ = 0.06 ± 0.02. These
differences roughly correspond to changing the average f -factor
from 4.31 to 6.2, which is the value needed for RM AGN1
(calibrated by Ho & Kim 2014) to reproduce the relation found in
quiescent galaxies by Kormendy & Ho (2013). The same analysis
applied to AGN2 confirms that AGN2 show smaller BH masses
at fixed σ⋆, having average ∆ log MBH = −1.01 ± 0.16 (and
∆ logσ⋆ = 0.23 ± 0.04). Thus our analysis suggests that AGN2
have smaller BH masses than AGN1 at fixed σ⋆ or equivalently
that the AGN2 host galaxies have higher bulge stellar velocity
dispersions at fixed MBH.

Figure 3. The MBH − σ⋆ plane for local samples of RM AGN1 (blue)
and AGN2 (red). Galaxies are further divided into early-type (cyan di-
amonds) and late-type (green triangles). The MBH − σ⋆ calibrated by
McConnell & Ma (2013) for early-type (solid line) and late type (dotted
line) are also shown. Bottom: residuals of MBH versus the MBH expected
from the relations of McConnell & Ma (2013). Residuals are calculated
separately for late and early type using the pertaining scaling relations.
Right: same as bottom panel but for σ⋆ versus MBH .

We have investigated whether these differences can be at-
tributed to the host galaxy morphologies. The central panel of Fig-
ure 3 shows the distribution of AGN2 (red) and RM AGN1 (blue)
in the MBH − σ⋆ plane, where the host galaxies are divided into
early- (cyan diamonds) and late-type (green triangles). AGN2 hosts
are divided into 6 early-type and 6 late-type, while among the RM
AGN1 17 are early-type and 15 are late-type galaxies. The scaling
relations derived by McConnell & Ma (2013) separately for early-
type (solid black line) and late-type (dotted black line) quiescent
galaxies are also shown for comparison. While the RM AGN1 are
distributed around each of the two scaling relations obtained from
quiescent galaxies, the AGN2 lie below them, independently of the
AGN host morphology. The BH masses (stellar velocities) residu-
als are computed as the logarithmic difference between the virially
measured MBH (σ⋆) and the values expected for the same morpho-
logical class using the correlations by McConnell & Ma (2013).
Residuals are reported in the bottom and right panels of Figure
3. The average ∆ log MBH of early-type (late-type) RM AGN1 is
−0.09 ± 0.10 (0.32 ± 0.14), while for early-type (late-type) AGN2
is −0.77 ± 0.30 (−0.52 ± 0.29). This analysis confirms that AGN2
have lower BH masses than expected, regardless of the host galaxy
morphology. For the late-type sample of RM AGN1 the ∆ log MBH

is not consistent with zero. However, these residuals are dependent
on the choice of the scaling relation used for comparison. The re-
lation for late-type galaxies from McConnell & Ma (2013), which
is rather steep (slope of ∼ 5), systematically under-predicts the BH

MNRAS 000, 1–6 (2017)
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masses at low stellar velocity dispersion (σ⋆ . 150 km s−1), where
most of the late-type RM AGN1 are located.

4 DISCUSSION

According to our analysis, AGN2 have smaller BH masses than RM
AGN1 at fixed bulge stellar velocity dispersion or, alternatively,
larger velocity dispersions at fixed BH masses. This result nicely
complements our previous findings in Paper II, where we showed
that AGN2 have smaller BH masses than RM AGN1 at fixed in-
trinsic hard X-ray luminosity. The AGN2 BH masses have been de-
rived using the virial estimator calibrated by Ricci et al. (2017), that
is based on the measurement of the NIR broad FWHM and on the
hard X-ray 14-195 keV luminosity. These quantities are most suit-
able for estimating the virial BH masses of low-luminosity AGN1
and in AGN2 because both the NIR and X-ray bands are less de-
pendent on obscuration or reddening than the optical.

In Paper I we analysed possible biases on the detection of
NIR broad emission lines in our AGN2 sample. No connection was
found between the NIR broad line detectability and NIR flux, X-
ray flux and luminosity, EW, FWHM, S/N, galaxy orientation and
NH as measured in the X-rays. No BLR was found for the most
(heavily, log NH > 23.7 cm−2) X-ray obscured sources. In Paper II
we further tested possible biases on the subsample of AGN2 that
showed NIR virialized broad lines. Our previous analysis suggests
that the NIR FWHMs are not probing only the outer (slower ro-
tating) part of the BLR as we do not find any evidence of cor-
relation between the FWHM and obscuration (NH) or extinction
(AV ). Therefore the subsample of AGN2 with NIR broad lines has
no clear difference with the AGN2 for which we did not find NIR
broad lines, and thus our sample of AGN2 with virial MBH could
be considered as a representative sample of Compton thin X-ray se-
lected type 2 AGN. There could be several reasons why we did not
detect NIR broad lines in the whole sample of AGN2: i) they could
be “true” Seyfert 2, i.e. truly lack a BLR (Tran 2001; Elitzur & Ho
2009); ii) as the AGN emission is variable, it could be that we ob-
served the source in a low state; iii) in clumpy torus models, the
type 1-2 classification is probabilistic and depends on whether there
or not there is a clump along the line of sight, and so stochastic vari-
ations in the dust distribution in any given source could be a reason
for non-detection; iv) in particular for the more obscured sources it
could be that the NIR did not allow us to completely penetrate the
strong obscuration of the central engine. Regardless of the possible
biases of the NIR detectability, it seems unlikely that the missed
NIR BLR are hosted in AGN2 having significantly different MBH

than the measured ones. A possible observational strategy to super-
sede or test these hypotheses is moving to longer wavelengths that
would be even less affected by dust absorption. Also, the detection
of broad lines would benefit of IFU observations with high spa-
tial resolution. Alternatively, our NIR campaign could be comple-
mented by spectropolarimetric observations. However, spectropo-
larimetry requires high S/N to detect the low linear polarization sig-
nal typically observed in AGN (∼1-5%; Antonucci & Miller 1985).
While spectropolarimetry relies on the presence of a scattering re-
gion with sufficient covering factor and optical depth to allow scat-
tered light to be observed and provide a “periscope” view of the
inner part of the AGN, infrared spectroscopy offers a direct view of
the BLR, as soon as it penetrates the dust.

In this letter we discussed how the difference in BH masses
can not be ascribed to biases in the measurement of the bulge stel-
lar velocity dispersion due to rotation in the host galaxy. As a mat-

ter of fact, both early and late-type AGN2 host galaxies lie below
the scaling relations defined by RM AGN1 and quiescent galaxies.
Our analysis is rather conservative as we assumed that both RM
AGN1 and AGN2 share the same average virial factor, 〈 f 〉 = 4.31.
In order to have the same BH masses at fixed σ⋆ ∼ 185 km s−1,
the AGN2 should have a virial factor ∼7 times higher than the
RM AGN1. However, as also discussed in Paper II, according to
the AGN unified model, AGN2 are viewed at larger inclinations
(more edge-on) than AGN1, and there are indications that the f -
factor decreases with increasing inclination (Risaliti et al. 2011;
Pancoast et al. 2014; Bisogni et al. 2017). This would imply that
an even smaller f -factor would probably be more appropriate for
AGN2. This argument is also supported by the recent finding of
Du et al. (2017) who performed a spectropolarimetric study of six
Seyfert 2 having dynamically measured MBH, and found a f -factor
consistent with that of pseudo-bulges.

At face value, our sample of AGN2 do not follow the scal-
ing relation determined for RM AGN1 (Woo et al. 2013), as they
seem to follow a shallower relation with σ⋆. Indeed this can be
also seen in the bottom panel of Figure 2, where the residuals from
the scaling relation have a dependence on σ⋆. The AGN2 lie be-
low all the scaling relations presented in Figure 2, which have been
calibrated on quiescent galaxies (Woo et al. 2013; Kormendy & Ho
2013; Ho & Kim 2014; Savorgnan & Graham 2015). In particular,
the scaling relations of Kormendy & Ho (2013) is valid for ellipti-
cal and classical bulges, whereas the relation of Ho & Kim (2014)
is calibrated on pseudo-bulges. However, the determination of a
different MBH − σ⋆ relation for AGN2 is beyond the scope of this
letter.

Recently, Shankar et al. (2016, triple-dot-dashed line in Fig-
ure 2) discussed how the presence of selection effects in favour of
the more massive BHs could be important in determining the un-
derlying MBH − σ⋆ relation. In this framework our AGN2 dataset,
where faint broad virialized emission lines have been detected, sug-
gests that the whole AGN population could indeed follow a scaling
relation with a lower normalization and a broader spread than pre-
viously measured. As more dynamically measured MBH are col-
lected also for low-massive BHs, MBH < 107 M⊙, the full distri-
bution of BH masses at fixed galaxy properties is now starting to
be explored. Indeed our results on the AGN2 MBH − σ⋆ are also in
agreement with the MBH−σ⋆ relation measured in megamaser disks
galaxies (Greene et al. 2016). As discussed in Reines & Volonteri
(2015), there is the possibility that if BH seeds are massive (e.g.
MBH = 105 M⊙) the low-mass end of the relation between BHs and
galaxies flattens toward an asymptotic value, creating a character-
istic “plume” of less grown BHs (see also Barausse et al. 2017).

The observed difference in BH masses in type 1 and 2 AGN
sharing the same luminosity (Paper II) and velocity dispersion does
not comply with the standard AGN unified model where the type
1 and 2 classification is only the product of line-of-sight orien-
tation. Also the modified AGN unification scenario in which the
torus inner radius (and then the opening angle) increases with the
AGN luminosity (Lawrence 1991) is not able to reproduce our ob-
servations, as we see a difference in BH masses at fixed intrinsic
AGN luminosity and host galaxy properties. Evolutionary models
(Hopkins et al. 2005) that predict AGN2 as the preceding buried
accreting phase of an AGN1 are instead favoured by our results.
However, given our current understanding of the growth of BHs
in low- and moderate-luminosity AGN (and in particular the im-
portance of stochastic accretion and variability, e.g. Hickox et al.
2014; Schawinski et al. 2015), this explanation could probably be
incomplete. If the BH growth in type 1 and 2 AGN is driven mainly
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by galaxy mergers, it will result in different bulge properties than
if the evolution is mainly driven by internal secular processes. This
issue will be further discussed in a forthcoming paper (Ricci et al.
in prep).

As the BH-host galaxy scaling relations are the fundamental
ingredients to derive the BHMF and its evolution, it is mandatory
to better quantify the observed BH mass differences in type 1 and 2
AGN. As discussed in the introduction, the scaling relations could
be different according to the bulge host morphology. This translates
into different f -factors and potentially different MBH. It is thus im-
portant to analyse the AGN host bulge morphology to better un-
derstand which are the main drivers of the observed differences be-
tween type 1 and 2 AGN.
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