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ABSTRACT

Context. The Mgy—0, relation is considered a result of coevolution between the host galaxies and their supermassive black holes.
For elliptical bulge hosting inactive galaxies, this relation is well established, but there is still discussion concerning whether active
galaxies follow the same relation.

Aims. In this paper, we estimate black hole masses for a sample of 19 local luminous active galactic nuclei (AGNs; LLAMA) to
test their location on the Mgy—o, relation. In addition, we test how robustly we can determine the stellar velocity dispersion in the
presence of an AGN continuum and AGN emission lines, and as a function of signal-to-noise ratio.

Methods. Supermassive black hole masses (Mpy) were derived from the broad-line-based relations for He, HB, and PaB emission
line profiles for Type 1 AGNs. We compared the bulge stellar velocity dispersion (o) as determined from the Ca II triplet (CaT)
with the dispersion measured from the near-infrared CO (2-0) absorption features for each AGN and find them to be consistent with
each other. We applied an extinction correction to the observed broad-line fluxes and we corrected the stellar velocity dispersion by
an average rotation contribution as determined from spatially resolved stellar kinematic maps.

Results. The Ha-based black hole masses of our sample of AGNs were estimated in the range 6.34 < log Mgy < 7.75 M and
the o xcar estimates range between 73 < o, < 227kms™!. From the so-constructed Mgy—0-, relation for our Type 1 AGNs, we
estimate the black hole masses for the Type 2 AGNs and the inactive galaxies in our sample.

Conclusions. We find that our sample of local luminous AGNss is consistent with the Mpy—o, relation of lower luminosity AGNs and
inactive galaxies, after correcting for dust extinction and the rotational contribution to the stellar velocity dispersion.

Key words. accretion, accretion disks — black hole physics — galaxies: active — galaxies: bulges — galaxies: evolution —
galaxies: Seyfert

1. Introduction

Theoretical and observational evidence in the last decade
has shown that supermassive black holes (SMBHs) reside in
the majority of galaxy nuclei and play a substantial role in
the evolution of galaxies. Lynden-Bell (1969) recognized that
SMBHs primarily grow via mass accretion, during which an
extreme amount of energy is released. Nowadays, it is widely

Article published by EDP Sciences

accepted that active galactic nuclei (AGNs) are powered by
mass accretion onto SMBHs via the conversion of gravi-
tational energy into radiation through accretion disks (e.g.,
Padovani et al. 2017, and references therein). The feeding
of SMBHs begins with materials accretion at extragalactic
scales, which subsequently passes through galactic and nuclear
scales to the broad-line region (BLR) and accretion disk before
falling into the black hole or being ejected by jets or winds
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(Storchi-Bergmann & Schnorr-Miiller 2019). The materials in
the host galaxy residing near the nucleus can be ionized by radi-
ation (e.g., Davidson 1972; Netzer et al. 1990). Spectral studies
have confirmed the existence of two distinct regions of excited
gas clouds near the nucleus, referred as the BLR and the narrow-
line region (NLR). The BLR gas resides at subparsec scales,
whereas NLR gas can be found up to a few kiloparsec from the
central black hole (Netzer 1990).

Detailed investigations of the BLR became possible in the
last few decades as a result of large dedicated observing cam-
paigns (e.g., Blandford & McKee 1982; Peterson 1993; Onken
& Peterson 2002; Denney et al. 2006, 2010; Bentz et al. 2006,
2009a, 2016; Grier et al. 2012, 2013a). These campaigns have
allowed the interaction between the SMBH and surrounding gas
clouds to be characterized in detail. Under virial equilibrium, it
is possible to use the BLR gas as an estimator for SMBH mass
using the line widths of rotation-broadened emission lines. Even
though virial black hole masses (Mpy) are roughly consistent
with masses derived from other methods (e.g., Peterson et al.
2004; Peterson 2007), there are a few complications, namely
the structure, kinematics, and orientation of the BLR. To obtain
accurate black hole masses, it is fundamental to know these BLR
properties. Application of the virial theorem allows us to use the
emission line width of the BLR gas as a tracer of BLR rota-
tional velocity. While the radius of the BLR is inferred from
reverberation mapping (RM), other efforts to resolve the struc-
ture, kinematics, and orientation of the BLR have been limited so
far (Pancoast et al. 2014; Grier et al. 2017); but new instrumen-
tation developments have facilitated recent progress to resolve
the BLR directly (GRAVITY Collaboration 2018). Correspond-
ingly, these parameters have been used for estimating black hole
masses of AGNS.

A growing body of evidence suggests a tight connection
between the evolution and formation of SMBHs and host galax-
ies (e.g., Ferrarese & Merritt 2000; Tremaine et al. 2002;
Merritt & Ferrarese 2001; Gebhardt et al. 2000; Ferrarese & Ford
2005; Giiltekin et al. 2009; Beifiori et al. 2012; McConnell &
Ma 2013; Kormendy & Ho 2013). This tight connection suggests
that host galaxy properties, such as stellar velocity dispersion
and/or bulge mass, can be used a proxy for black hole mass. The
observational present-day black hole mass-galaxy comparisons,
i.e., black hole mass — stellar velocity dispersion (Mpy—0 ), show
very strong correlations for inactive galaxies, which are host-
ing elliptical bulges (e.g., McConnell & Ma 2013; Kormendy &
Ho 2013, hereafter MM 13, KH13, respectively). This tight rela-
tion is usually attributed to evidence that feedback mechanisms
must be responsible for linking the growth of galaxy bulges
to accretion, although the exact feedback mechanism is still
under debate. Using the observational data, the Mgy—o, rela-
tion has been parameterized as a power-law function with index
a (Mgy « 0%), where a was found to be between 3 and 6. From
a theoretical concept, the difference between the power-law
index is attributable to different feedback models: momentum-
driven or energy-driven winds, which expects an @ =4 (King
2003) and a@=5 (Silk & Rees 1998) relation, respectively. In
these models, shocked shells of matter are driven outward by
winds; correspondingly, the galaxy bulges grow via the central
star formation. In both models, AGN accretion must approach
the Eddington limit to form winds that can blow gas out of
the host galaxy. In case of major mergers, a larger amount of
gas can be driven onto the SMBH, and fueling of black holes
can lead to a coupled SMBH-bulge growth. But, coevolution
can occur relatively slowly in the case of secular evolution,
which results in the formation of pseudo-bulges. Even though the
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Mpy—0, correlation is very tight for the galaxies hosting ellipti-
cal bulges, galaxies with pseudo-bulges are reported to lie below
the Mgy—o 4 relation (e.g., Greene et al. 2010; Kormendy et al.
2011; Kormendy & Ho 2013).

The assumption that AGNs and inactive galaxies follow the
same Mpy—0, relation is still under debate. In previous stud-
ies, Nelson et al. (2004), Onken et al. (2004), and Yu & Lu
(2004) investigated the Mpy—o, relation of AGNs; unfortu-
nately, their measurements suffered from low-quality data and
an unreliable Myy—o, relation for inactive galaxies. Afterward,
Greene & Ho (2006a) found an intrinsic scatter of 0.61 dex from
the Mgy—o, relation for local AGNs using the RM and single-
epoch black hole masses. Accordingly, Woo et al. (2010, 2013,
2015), Graham et al. (2011), Park et al. (2012a) and Batiste et al.
(2017a) reported shallower Mgy—o, relations for reverberation-
mapped AGNs. But the resulting discrepancy between active
and inactive galaxies was assumed to be related to unreliable
o, calculations of AGNs and/or the lack of AGNs in the high
SMBH mass regime. Unfortunately, the number of high SMBH
masses (Mpy > 10% M) from reverberation-mapped AGNs
was too low to make a direct comparison with the inactive
sample. To increase the number of the AGNs, other studies
concentrated on single-epoch SMBH mass estimations, but a
few large offsets (>0.5 dex) from the inactive Mpy—0, relation
were also reported from the single-epoch based investigations
(Barth et al. 2005; Greene & Ho 2006a; Shen et al. 2008;
Subramanian et al. 2016; Koss et al. 2017). Thus, the intrinsic
scatter from inactive Mpy—o, relation remains highly uncertain
for AGNSs.

To calibrate the Mpy—o, scaling relation, black hole masses
are mostly determined by modeling stellar kinematics or spa-
tially resolving gas for galaxies in the local universe. On the
other hand, black hole masses are determined via RM or mega-
maser disks for AGNs. In RM-based estimations, a dimension-
less scale factor f is required to convert the virial product into
black holes, and it is estimated assuming an average multiplica-
tive offset from the Mpy—o, relation for AGN-hosting galax-
ies (Onken et al. 2004). Although the Mpy—o, relation appears
to be tight, the slope of the relation remains uncertain (i.e., the
slope of both AGN and/or inactive samples). Previous studies
reported significantly different slopes of the Mpy—0o, relation for
AGNSs with respect to the Mgy—o relation for inactive galaxies
(Woo et al. 2010, 2013, 2015; Graham et al. 2011; Park et al.
2012a; van den Bosch et al. 2015; Shankar et al. 2016, 2019;
Batiste et al. 2017a). However, these authors noted that the dis-
crepancy between AGNs and inactive galaxies may be due to
sample selection bias.

The Local Luminous AGNs with Matched Analogues
(LLAMA) sample was created to overcome selection biases in
the studies of local AGNs (Davies et al. 2015). The AGNs in
this sample are selected in the ultra-hard X-rays, avoiding issues
with obscuration for all but the most Compton-thick galaxies. As
the name implies it comes with a sample of (stellar mass, dis-
tance, inclination, and Hubble type) matched inactive galaxies
to be able to compare galaxy properties among AGNs and sim-
ilar inactive host galaxies. Over the last five years, this sample
has been observed with VLT/X-shooter, VLT/SINFONI, APEX
and HST, and more observations are planned or proposed. These
observations have so far been used to study the environmental
dependence of AGN activity (Davies et al. 2017), nuclear stellar
kinematics (Lin et al. 2018), the gas content and star formation
efficiencies (Rosario et al. 2018), and the nuclear star formation
histories (Burtscher et al., in prep.). In addition several single-
object studies have been performed with this rich data set, for
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example, on NGC 2110 (Rosario et al. 2019) and NGC 5728
(Shimizu et al. 2019).

In this paper, we present stellar velocity dispersions (o) cal-
culated from the Ca II triplet (CaT) and the CO (2-0) absorption
features and the broad-line-based single-epoch black hole mass
estimates for the hard X-ray selected LLAMA sample using the
available X-shooter and SINFONI data. We present a compari-
son of our results with the Mgy—o, plane. We aim to understand
the physical properties of the LLAMA sample of AGNs, and we
also aim to test the robustness of the parameters that are used for
the AGN Mpy—0 4 relation. The paper is organized as follows:
Section 2 reviews sample selection, observation, and data reduc-
tion processes. Section 3 describes our estimation methods and
the tests we performed for studying the robustness of Mpy—0
parameters. In Sect. 4, we discuss our results. Finally, we con-
clude the paper in Sect. 5.

2. Sample selection, observation, and data
reduction

2.1. Sample selection

A complete volume-limited sample of the most luminous

X-ray-selected local AGNs in the southern hemisphere was

compiled by Davies et al. (2015) as the LLAMA project. The

AGN sample was selected from the Swift-BAT 58-month survey

(Baumgartner et al. 2010) using the following three criteria:

1. High X-ray luminosity (logLi4_joskey = 42.5ergs™), to
select bona-fide AGNs

2. Low-redshift AGNs (z < 0.01) to spatially resolve the
nuclear regions

3. Observable from VLT (6 < 15°)

The LLAMA AGN sample comprises ten Type 1 and ten
Type 2 AGNs (Davies et al. 2015). These AGNs were selected to
be the most luminous local AGNs and are sufficiently powerful
to sustain a BLR.

The matching inactive galaxy sample was selected by Davies
et al. (2015) based on the following criteria: H-band luminos-
ity (as a proxy of stellar mass), redshift, distance, inclination,
and host galaxy morphology. Based on these criteria, 19 inactive
galaxies comprise the LLAMA inactive galaxy sample.

In this work, we compare the physical properties of both sam-
ple. The mean H-band luminosities are log Ly[Ly] = 10.3 + 0.3
for AGN sample and log Ly[Ls] = 10.2 £ 0.4 for inactive galaxy
sample. The LLAMA inactive galaxies are also selected within
the same redshift cutoff as active galaxy sample, whichis z < 0.01.
The active and inactive galaxy samples have redshift-independent
mean distances 31 and 24 Mpc, respectively. The average inclina-
tions for each sample are found to be ~45°. Both active and inac-
tive samples have a wide variety of galaxy morphologies with a
peak distribution around early-disk types (SO and Sa). Finally, also
the presence/absence of a bar is also matched for both samples
where possible.

2.2. Observations and data reduction

The medium-resolution spectrograph X-shooter on the Very
Large Telescope (VLT), covering 0.3—-2.3 um, was used to
observe the LLAMA sample. The X-shooter observations were
performed between November 2013 and June 2015, using
the IFU-offset mode with a field of view (FOV) of 178 x4"”
Spectroscopic standard star observations were performed on the
same nights with similar atmospheric conditions, and telluric
standard stars were observed before and after the target. Data

were obtained with resolution R ~ 8400, 13200, 8300 for the
ultraviolet (UVB), visual (VIS) and near-infrared (NIR) arms,
respectively. The X-shooter data cubes were obtained using the
ESO X-shooter pipeline v2.6.0 (Modigliani et al. 2010) within
the ESO Reflex environment (Freudling et al. 2013). Finally,
the spectra were corrected for telluric absorption using telluric
standard stars. The data analysis of the X-shooter observations
was performed by Schnorr-Miiller et al. (2016) and included
most notably a correction for the [Fe II] multiplets in the
4000-5600 A wavelength range. A more detailed description of
the X-shooter data processing will be given in Burtscher et al.
(in prep.).

The SINFONI observations were performed between 2014
April and 2018 March with the H+K grating at a spectral resolu-
tion R ~ 1500 for each 0705 x 0”1 spatial pixel leading to a total
FOV of 370 x 3"/0. The observations were performed in adaptive
optics (AO) mode and a standard NIR nodding technique was
used. The telluric standard stars were observed before and after
the target observations to obtain similar atmospheric conditions.
The SINFONI data were reduced using the SINFONI custom
reduction package SPRED (Abuter et al. 2006). Further details
about observation and data reduction are described by Lin et al.
(2018).

We note that the majority of X-shooter and SINFONI obser-
vations were performed for both active and inactive galaxy sam-
ple and the same data reduction approach was used for them. In
Table 1, we present the observation lists and basic properties of
the LLAMA AGN and inactive galaxy sample.

3. Methods and models

We performed the spectral analysis for 20 AGNs in our sam-
ple. In the first step, the AGN continuum was modeled and
extracted from the spectra using additive polynomials in the
form of power-law functions. We fit the spectra of each AGN
using stellar templates to determine stellar velocity dispersions
(see Sect. 3.1). The resulting stellar velocity dispersion estimates
are presented in Table 2. The emission lines from BLR and
NLR were fit by applying multiple Gaussian models (Sect. 3.3).
Finally, black hole masses were obtained through virial “single-
epoch” empirical correlations (Sect. 3.4). The results are pre-
sented in Table 3.

3.1. Velocity dispersion calculations

We obtained stellar velocity dispersions from the Ca II triplet
(8498, 8552, 8662 A), where the AGN contamination is typically
weaker than in the Mg b triplet (5069, 5154, 5160 A) (Greene &
Ho 2006b; Harris et al. 2012). We also estimated stellar veloc-
ity dispersions from the CO (2-0) absorption at 2.2935 um, since
it is less affected by dust extinction. Riffel et al. (2015) report
that giant and super-giant stars are the dominant contributor for
CaT and CO regions, respectively. To estimate stellar velocity
dispersions, we used the penalized pixel-fitting (pPXF) method
(Cappellari & Emsellem 2004; Cappellari 2017) adopting the X-
shooter G, M, K stellar population spectral library (127 stars) of
Chen et al. (2014) to fit the CaT absorption lines and the GEM-
INI NIR stellar library with spectral types ranging from F7 III to
MS5 III (60 stars) (Winge et al. 2009) to fit the CO (2-0) absorp-
tion lines.

The pPXF method adopts the Gauss-Hermite parametriza-
tion for the line-of-sight velocity distribution in the pixel space,
where bad pixels and emission lines can be easily excluded
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Table 1. Galaxy properties: X-shooter, and SINFONI observation lists of our sample of galaxies.

Properties X-shooter SINFONI

Object name Dist Morph log L Obs. Date AirM  Seeing Obs. Date AirM  Seeing

(Mpc) (ergs™") (DD/MM/YY) (") (DD/MM/YY) ™)
1 2 3 4A 5 6 7 8 9 10
ESO 137-G034 35 S0Oa(AB) 42.76 19/05/19 1.2 0.78 18/04/14 1.2 0.75
ESO 021-G004 39 SA(s)0/a 42.70 02/08/16 1.8 0.83 - - -
MCG-05-14-12 41 SO 42.65 11/12/13 1.0 0.61 - - -
MCG-05-23-16 35 SO 43.50 22/01/14 1.1 1.21 14/01/17 1.1 1.00
MCG-06-30-15 27 S? 4291 16/01/15 1.1 0.83 04/06/14 1.1 1.08
NCG 1365 18 Sb (B) 42.60 10/12/13 1.0 1.34 18/11/10 1.1 0.78
NGC2110 27 S? (AB) 43.63 16/01/15 1.1 0.59 15/01/11 1.1 0.83
NGC2992 36 Sa 42.52 26/02/14 1.3 0.72 05/02/17 1.0 0.85
NGC 3081 34 (R)SAB(r)0/a 43.29 20/02/14 1.2 0.82 14/03/17 1.2 0.76
NGC3783 38 Sb (B) 43.58 11/03/14 1.4 0.81 16/02/15 1.2 1.04
NGC 4235 37 Sa 42.64 13/05/15 1.2 0.73 - - -
NGC 4388 39 SA(s)b (B) 43.70 - - - 24/02/15 1.5 0.35
NGC 4593 37 Sb (B) 43.20 10/03/14 1.3 0.80 23/01/15 1.1 0.88
NGC5128 3.8 SO0 p 43.02 21/05/15 1.1 0.76 - - -
NGC 5506 27 Sap 43.30 03/03/16 1.1 0.64 12/03/15 1.098  0.72
NGC 5728 39 SAB(r)a: 43.36 13/05/15 1.0 0.81 25/06/15 1.3 0.75
NGC 6814 23 SAB(rs)bc 42.75 13/05/15 1.1 0.86 05/06/14 1.0 0.83
NGC7172 37 Sa 43.32 12/08/15 1.0 1.6 20/07/14 1.0 0.77
NGC 7213 22 Sa(s) 42.49 13/07/16 1.3 0.47 16/07/14 1.1 0.83
NGC 7582 22 (R’)SB(s)ab (B)  43.29 27/07/17 1.2 0.69 14/07/14 1.1 0.91
1 2 3 4B 5 6 7 8 9 10
ESO 093-G003 22 SAB(r)0/a? 9.86 22/01/14 1.3 0.98 06/04/17 1.4 0.86
ESO208-G021 17 SABO 10.88 12/12/13 1.1 0.95 14/03/17 1.2 1.02
NGC718 23 SAB(s)a 9.89 05/12/15 1.2 0.61 13/08/14 1.2 0.82
NGC 1079 19 (R)SAB(rs)0/a 9.91 23/11/13 1.0 1.12 17/11/051 1.1 0.88
NGC 1315 21 SB0? 10.07 11/12/13 1.0 0.83 - - -
NGC 1947 19 SO0 p 10.45 23/12/13 1.4 0.77 - - -
NGC2775 21 SA(r)ab 9.84 15/11/15 1.5 0.74 - - -
NGC3175 14 SAB(s)a? 10.07 09/03/14 1.2 1.13 06/04/17 1.0 0.88
NGC3351 11 SB(r)b 10.39 21/02/14 1.3 1.04 27/01/15 1.3 0.89
NGC3717 24 SAb 10.40 22/03/14 1.2 1.34 - - -
NGC 3749 42 SA(s)a 10.48 22/03/14 1.0 0.93 - - -
NGC4224 41 SA(s)a 10.22 13/05/15 1.2 0.66 24/02/15 1.2 0.91
NGC 4254 15 SA(s)c 10.22 02/06/16 1.3 0.77 09/03/15 1.5 0.84
NGC 4260 31 SB(s)a 10.25 - - - - - -
NGC 5037 35 SA(s)a 10.30 13/05/15 1.0 0.70 - - -
NGC 5845 25 E 10.46 16/03/16 1.2 0.69 14/03/17 1.2 0.61
NGC 5921 21 SB(r)bc 10.08 16/06/15 1.2 0.71 - - -
NGC 7727 26 SAB(s)ap 10.41 25/08/15 1.0 0.68 21/07/14 1.0 0.89
IC4653 26 SBO/a(r) p 9.48 19/05/2015 1.2 0.79 25/07/2017 1.6 1.11

Notes. Sector 1 (top): the LLAMA AGNSs; Sector 2 (bottom): the LLAMA inactive galaxies. (1) Object name, (2) distance, (3) Galaxy morphology,
(4) (a) logarithmic X-ray luminosity, (b) integrated H-band luminosity in logarithm in solar unit, (5) X-shooter observation date, (6) air mass during
the observation, (7) seeing, (8) SINFONI observation date, (9) air mass during the observation, and (10) seeing. Galaxy morphologies and distances
are taken from the NASA Extragalactic database. B and AB indicates the existence and absence of bar, respectively. The hard X-ray luminosities
(14-195keV) are taken from the Swift-BAT 70 months survey (Baumgartner et al. 2010), where X-ray luminosities were corrected for absorption
based on X-ray fittings by Ricci et al. (2017a). The list of abbreviations: distance (Dist) observation (Obs), morphology (Morph), air mass (AirM),
and peculiar (p). Seyfert types of the LLAMA AGNs are presented in Table 2.

from the spectra, and continuum matching can be performed
directly using additive polynomials. The pPXF measures stel-
lar velocity dispersions by making initial guesses using a broad-
ening function for stellar templates. The fit parameters (V, o,
hs, ..., hy), where h; is the Hermite polynomial for the ith
parameter, are fitted simultaneously using pPXF, but it adds an
adjustable penalty term to the y? to optimize the fit. In this way,
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the best-fitting parameters of the Gauss-Hermite series can be
estimated and the lowest y? are provided by the definition of
this method (e.g., van der Marel & Franx 1993, and references
therein). The uncertainties of stellar velocity dispersion esti-
mates were obtained via bootstrapping by randomly resampling
the residuals of the best fit of pPXF, and repeating pPXF fitting
100 times.



T. Caglar et al.: LLAMA: The Mpy—0, relation of the most luminous local AGNs

Table 2. Stellar velocity dispersion comparison between the estimates from CaT and CO (2-0) absorption lines.

Object Te O «CaT OxC0n, Correction  Sérsic index B/T Bulge type  Seyfert activity
(arcsec) (kms~!) (kms™) (%)
1 2 3 4 5 6 7 8
ESO 137-G034 694 (a) 128+4 1307 0™ 2.13 (a) 0.22 (a) PB? Sy 2 (II)
ESO021-G004  16.7(r) 178+3 - 10 ™ - - - Sy 2 (0)
MCG-05-14-12  441(@) 73+5 - 10™ - - - Sy 1.0 (0n)
MCG-05-23-16  9.37(c) 135+4 1407 11.8 3.20 (c) - CB? Sy 1.9 ()
MCG-06-30-15 0.63(d) 95+5 1016 10 ™ 1.29 (d) 0.06 (d) PB Sy 1.2 (0 n)
NGC 1365 128 () 121+5 1206 20 0.86 (e) 0.25 (e) PB Sy 1.8 (I)
NGC2110 6.80 () 227+3 2315 10 ™ 2.70 (f) 0.39 (f) CB Sy 2 (IN)
NGC 2992 142 (@) 1543 1565 12.2 - - - Sy 1.8 (I)
NGC 3081 1.34(g) 132+4 135+7 10 ™ 2.10 (g) 0.10 (g) PB? Sy 2(II)
NGC 3783 145 @) 125+5 134+8 10 ™ 1.24 (a) 0.21 (a) PB Sy 1.2 (1)
NGC 4235 270 (0) 1425 - 10 ™ 6.00 (h) 0.50 (i) CB Sy 1.2 (1)
NGC 4388 5.62 (p) - 117+6 18.8 0.50 (j) - - Sy 2 (IN)
NGC 4593 6.21(b) 1395 145+4 1.4 1.37 (b) 0.18 (b) PB Sy 1.2 (1)
NGC 5128 8.62(k) 199+8 - 10 ™ 2.63 (k) 1.00 (1) CB Sy 2 (11I)
NGC 5506 2.06 (m) - 118 +47 10 ™ 0.50 (m)  0.06 (m) PB Sy 1i (IV)
NGC 5728 402(a) 168+7 169+9 2.8 1.10 (a) 0.23 (a) PB? Sy 2 (II)
NGC 6814 1.08(a) 99+4  110+4 0 1.08 (a) 0.09 (a) PB Sy 1.2 (I)
NGC7172 1.16 (a) 1455 1466 10 ™ 1.16 (a) 0.25 (a) PB? Sy 2 (II)
NGC 7213 13.7(a 209+7 211+10 0 2.57 (a) 0.70 (a) CB Sy 1.0(V L)
NGC 7582 1.99(a) 129+4 1306 10 ™ 2.72 (a) 0.28 (a) PB? Sy 2 (II)
ESO093-G003  11.5(r) 87+5 85+8 - - - - -
ESO208-G021 7.47(g) 214+6 2139 - 4.20 (g) 0.97 (g) CB -
NGC718 2.09(a) 104+5 118x7 - 1.32 (a) 0.28 (a) PB -
NGC 1079 494 (g) 114+2  123+7 - 2.20 (g) 0.25 () PB? -
NGC 1315 16.1 (r)  77+3 - - - - -
NGC 1947 30.1 (b) 147+3 - - 2.51 (b) 0.68 (b) CB -
NGC 2775 632 () 175+6 - - 3.49 (h) 0.75 (i) CB -
NGC 3175 40.1 r)  73+5 72+7 - - - - -
NGC 3351 6.95(a) 91+4 91+7 - 0.80 (a) 0.22 (a) PB -
NGC3717 325(@) 1375 - - - - - -
NGC 4224 501 (a) 146+3 145+8 - 2.53 (a) 0.29 (a) CB? -
NGC 4254 1259 (a) 825 87+7 - 1.99 (a) 0.19 (a) PB? -
NGC 5037 232(r) 168+3 - - - - - -
NGC 5845 049 (p) 2626 26710 - - 1.0 () CB -
NGC 5921 359(m) 80+2 - - 1.60 (n) 0.50 (i) PB? -
NGC 7727 507 (@) 201+5 1997 - 1.68 (a) 0.36 (a) CB? -
IC 4653 170()  64+5 - - - - - -

Notes. Sector 1 (top): LLAMA AGNSs; Sector 2 (bottom): the LLAMA inactive Galaxies. Columns are from left to right as follows: (1) object name;
(2) bulge effective radius; (3) stellar velocity dispersion estimates from the CaT absorption lines; (4) stellar velocity dispersion estimates from the
CO (2-0) transmission; (5) rotation contribution in percentage; *'the assumed rotation contribution, which is the average rotation contribution of
LLAMA sample; (6) Sérsic index; (7) bulge-to-total mass ratio (B/T); and (8) bulge type, where PB and CB refer to pseudo-bulge and classical-
bulge, respectively. The CaT region of NGC 5506 is highly contaminated by AGN emission lines, therefore the oc,r is not presented in our study.
There is no available X-shooter observation for NGC 4388, but there are three available o ,c,r estimates from the literature. The reported o ,car
values differ significantly: o,c,r = 119kms™' (Terlevich et al. 1990), o,car = 165 £ 21 kms™! (Riffel et al. 2015), and o yc,r = 76 kms™! (Greene
et al. 2010). But the central velocity dispersion measurements of this galaxy, as reported by Greene et al. (2010), Saglia et al. (2016), van den
Bosch (2016), are in the range ~100—120kms~', which are consistent with our O co@-0) estimate. Therefore, we used our oco(.0) estimate as a
surrogate for o,c,r for NGC 4388.

References. Reference for Seyfert activity in the literature; (0): this work, (I): Schnorr-Miiller et al. (2016), (I): Gu et al. (2006), (IIT): Maiolino
& Rieke (2013) (IV): Véron & Véron (2010), (V): Gonzdlez-Martin et al. (2015). We note that L is LINER and n indicates narrow-line Seyfert 1
galaxies according to our spectral investigations. Bulge properties are taken from as follows: (a) Lin et al. (2018), (b) Gao et al. (2019), (c) Capetti
(2007), (d) Hu et al. (2016), (e) Combes et al. (2019), (f) Gadotti (2008), (g) Laurikainen et al. (2010), (h) Salo et al. (2015), (i) de Lapparent et al.
(2011), (j) Greene et al. (2010), (k) Fisher & Drory (2010), (1) Kormendy et al. (2015), (m) Yoshino & Yamauchi (2015), (n) Knapen et al. (2003),
(o) Baggett et al. (1998) , (p) van den Bosch (2016), (r) Skrutskie et al. (2006).

To match the spectral resolutions of galaxy and template Since the CO absorption lines in the NIR tend to have lower
spectra, the template spectra were convolved with the line signal-to-noise ratio (S/N ~ 10) relative to the CaT absorption
spread function of ~70kms~! for SINFONI data, while the lines (S/N ~ 50), we did not use s3 and A4 higher order moments
XSHOOTER template spectra were convolved by ~5kms™'. for the CO (2-0) absorption lines fitting. The fitting procedure
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Table 3. Spectral results of the LLAMA AGN sample.
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1 2 3 4 5A 6 7 8 9
Object AV (BLR) FWHM (H(I) FWHM (Hﬁ) Mgy (FWHM) Mgy (O-Line) M Agdd AM
178 x 4" 178 x 4” (Ha) (HB)
(mag) (kms™") (kms™!) (106 Mo) (10° M) (1072 My yr ™) (dex)
MCG-05-14-12 0.0+0.2 18360119 2019.1+167 2.29+0.68 2.30+1.38 6.12 0.120 0.23
MCG-06-30-15 2.8+04 1456.8+122 1588.4+198 7.38+1.98 5.97+1.92 12.0 0.073 -0.06
NGC3783 0.1+0.2 3002.3+196 3102.3+312 11.2+3.61 10.1+£4.72 67.3 0.272 -0.27
NGC4235 1.5+0.5 6611.1+461 - 55.8+15.9 - 5.96 0.005 0.27
NGC4593 0.0+0.1 3741.8+213 4179.4+294 124+3091 10.0+4.38 25.3 0.091 —0.50
NGC 6814 04+04 3299.3+191 3771.0+279 11.6+3.67 13.4+4.12 7.92 0.031 -0.16
NGC7213 0.0+0.3® 2732.8+264 3302.0+701 6.46+2.01 6.45 +£2.47 4.05 0.028 —-1.46
Object Ay (BLR) FWHM (Ha) FWHM (PaB) Mgy (FWHM) Mgy (FWHM) M Apaa  AM
178 x 4" 178 x 4" (Ha) (Pag)
(mag) (kms™h) (kms™") (10° Mo) (10° M) (1072 Mg yr™h) (dex)
MCG-05-23-16 4.2+09 2186.1+166 19354+196 27.1+8.74 253 +8.84 54.8 0.091 0.17
NGC 1365 44+0.9 2406.1+180 1872.0+352 19.7+5.77 13.8+5.96 5.38 0.012 -0.48
NGC 2992 45+0.8 20855+189 21809+260 22.8+6.74 26.4+9.02 4.38 0.004 -0.10
1 2 3 4 5B 6 7 8 9
Object Mgy M Apa  AM
(Megamaser)
(10° M) (1072 My yr™h) (dex)
NGC4388 - - - 8.40+0.2® - 91.8 0.489 —0.24
NGC5728 - - - 23.0+£23® - 38.2 0.074 -0.42
1 2 3 4 5C 6 7 8 9
Object Mgy M Apaa  AM
(Mpu—04)
(10° M) (1072 My yr™h) (dex)
ESO 137-G034 - - - 21.5+15.8 - 8.12 0.017 0.20
ESO 021-G004 - - - 52.1+38.4 - 6.96 0.006 0.08
NGC2110 - - - 150+ 110 - 76.6 0.023 -0.05
NGC 3081 - - - 36.6 +26.9 - 31.9 0.039 0.13
NGC5128 - - - 66.3+48.9 - 15.9 0.011 0.05
NGC 5506 - - - 224 +17.2 - 32.7 0.065 0.19
NGC7172 - - - 53.4+39.3 - 34.4 0.029 0.08
NGC 7582 - - - 30.5+224 - 31.9 0.047 0.15

Notes. Columns are from left to right as follows: (1) object names; (2) extinction values in the BLR are taken from Schnorr-Miiller et al. (2016),
and extinction values in the BLR are estimated in this study using the same method provided by Schnorr-Miiller et al. (2016); (3) FWHMs of Ha
emission line; (4) FWHMs of HB (or PaB) emission line; (5) black hole masses estimated from the following methods (for the different sections
of the table) from top to bottom: (SA) He — FWHM (extinction-corrected), and (5B) megamaser disk, (5C) LLAMA Mgy—0,; (6) extinction-
corrected black hole masses estimated from the HB—o i, (or Pa8 — FWHM); (7) accretion rates; (8) Eddington ratios; and (9) offset from the
Mpgy—o, relation of KH13 for given 0. The first section of the table lists LLAMA Seyfert (Sy) 1-1.5 AGNs, the second section lists the three
LLAMA Seyfert 1.8 and 1.9 AGN:ss, the third section lists the two LLAMA Seyfert 2 galaxies for which megamaser observations are available, and
the fourth section lists the rest LLAMA Seyfert 2 galaxies for which Mgy are estimated from the LLAMA Mpgy—o, relation. NGC 5128 also has
black hole mass estimates from the other methods: Mgy 4.5*1] 10" M,, from H, gas kinematics by Neumayer (2010), Mpy = 5.5 +3.010” M, from
stellar kinematics by Cappellari et al. (2009). We emphasize that our Mgy estimate for NGC 5128 is consistent with these results. The o co(.g) is
used to obtain Mgy for NGC 5506 owing to the absence of oc,r. The Mpy estimates from * Braatz et al. (2015), Greene et al. (2016). We note
that we adopted 10% uncertainty for the Mgy of NGC 5728 owing to the absence of uncertainty in the related study. We adopted the Ay (BLR)
estimates obtained from the He II line ratios for MCG-05-23-16, NGC 1365 and NGC 2992 reported by Schnorr-Miiller et al. (2016), since this
method gives better results for Sy 1.8 and Sy 1.9 galaxies.

We then corrected o, estimates from the 1778 slit width to
an effective radius using the following power-law function in the

for the CO (2-0) absorption is explained in detail by Lin et al.
(2018). We note that the AGN emission lines (e.g., O I 4998 A,

Fe II 8616 A) are masked to increase the accuracy of stellar
velocity dispersion calculations. We fit the integrated spectrum
from the X-shooter within 1”78 x 1”/8 radius for CaT, whereas the
integrated spectrum withing 3”70 x 370 radius was used for fitting
CO (2-0). Finally, the resulting o estimates were corrected for
the instrumental broadening.
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mass, for the LLAMA AGN sample we adopt @ =0.077 £ 0.012
for late-type galaxies within 10< log M, <11 M, (Falcén-
Barroso et al. 2017). We note that we only present the resulting
best-fitting o, values obtained within instrument aperture in
Table 2. But, we note that effective radius-corrected o, values
are used in our Mgy—0, relation investigations. We note that the
effective radius correction changes the LLAMA o, estimates
from 2% to 18% with a mean of ~10%.

3.2. Bulge properties of the LLAMA sample

In this paragraph, we explain our method to identify the bulge
properties of the LLAMA sample. Fisher & Drory (2016) list
a few major indicators for identifying pseudo-bulges. However,
none of these diagnostics can be used alone to identify pseudo-
bulges. In the same work, the authors also claim that pseudo-
bulge hosting galaxies tend to have a Sérsic index n < 2,
bulge-to-total mass ratio B/T <0.35 and o, < 130km s~
Even though there are some exceptional cases, these three diag-
nostics are the best indicators for pseudo-bulges. Correspond-
ingly, we collected n and B/T estimates from the literature.
The collected diagnostic bulge-type indicators are presented in
Table 2. These diagnostic parameters for pseudo-bulge identifi-
cation demonstrate that the majority of the LLAMA AGN sam-
ple hosts pseudo-bulges (~65%).

3.3. Emission line fitting

We fit the spectra of our sample by adopting Astropy fitting
routines (Astropy Collaboration 2013, 2018). The broad-line
emission can often be fit sufficiently well using a single Gaussian
profile, but sometimes more complex approaches are required
(e.g., double-peak BLR emissions, extended wings; Peterson
et al. 2004; Storchi-Bergmann et al. 2017). The Hp profiles were
fit within a rest-frame range 4700-5100 A, whereas the Ho pro-
files were fit within a rest-frame range 6400—6800 A. First, the
AGN continuum of each AGN was modeled using a power-law
function for HB, Ha and Pag region. We then describe narrow
emission lines using single Gaussian profile for each AGN. For
Hp spectral region, we fit narrow Hg, [O III] (4959 A), and [O
1] (5007 A) lines using single Gaussian profile for each narrow
component. For Ha region, we fit narrow He, [N II] (6548 A), [N
11] (6583 A), [S 1] (6718.3 A), and [S II] (6732.7 A) lines using
single Gaussian profile for each narrow component. However,
since Ha is blended with two [N II] lines (6548 and 6583 A), we

adopted FGIHA =2.96x FE%A (Osterbrock & Ferland 2006)

and equal velocity dispersions for the [N II] lines in our calcu-
lations. Finally, Pag emission lines were fitted within the rest-
frame range 12200-13200 A, where we used a single Gaus-
sian profile to describe the narrow component of Pag emission
line.

For fitting the BLR profiles, we used a single Gaussian model
for some of AGN, but a second Gaussian profile was required to
characterize the BLR profile for the following galaxies MCG-
05-14-12, MCG-06-30-15, NGC 3783, NGC 4593, NGC 4235,
NGC6814, and NGC7213. For the broad-line profiles that
required double Gaussian models, we combined both Gaussian
profiles with each other, and the resulting full width at half max-
imum (FWHM) was estimated from the new, combined pro-
file. Uncertainties of the FWHM estimates were derived from
the fit residuals. We emphasize that the narrow emission line
components and the AGN continuum were extracted before we
estimated the width of broad emission line profiles. To test the

reliability of the Ha-based calculations, we additionally studied
the HB and PaS (when Hg is not available) emission profiles for
comparison. The resulting FWHM differences between the He,
Hp, and Pag emission line profiles of our sample are found to
be less than 20%, and this result is consistent with other obser-
vational results from different sample (Greene & Ho 2005; Shen
& Liu 2012; Mejia-Restrepo et al. 2016; Ricci et al. 2017b). For
consistency, we used the same number of Gaussian models to
fit Ha, HB, and PaB emission line profiles of each AGN. The
resulting parameters are presented in Table 3.

In the case of MCG-05-14-12, NGC 1365 and NGC 2992
we detected blue-shifted emission lines in the spectra
(>500kms~!), which were also fitted with additional single
Gaussian models. We excluded these blue-shifted emission lines,
when we estimated our final BLR profiles of the LLAMA AGNs.
We present the emission line fitting of our Type 1 AGN sample
Fig. A.1.

MCG-05-14-12 and MCG-06-30-15 both show low emis-
sion line widths (FWHM <1700kms™") and low [O III}/HB
ratios (0.2 and 0.9, respectively). According to the definition
of narrow-line Seyfert 1 (NLS1) galaxies (FWHM <2000kms™!
and [O III]/HB < 3) reported by Osterbrock & Pogge (1985), we
classify them as such.

3.4. Black hole mass estimations

By assuming virialized, rotating gas in the BLR that is gravita-
tionally dominated, black hole masses can be obtained by

AV2R
) , ()

Mgy = f ( G
where f is a factor that depends on the unknown structure, kine-
matics, and orientation of the BLR, AV is the velocity dispersion
of the broad emission line, G is the gravitational constant, and R
is the BLR radius (e.g., Peterson et al. 2004). In this equation,
the f factor converts the observed virial product into black hole
masses.

From the RM studies, a strong correlation between the
AGN continuum luminosity (ALs;p) and the radius of the BLR
(Rgrr) have been determined (Kaspi et al. 2000; Bentz et al.
2009b, 2013). By adopting the Rg;r—ALs100 relation, black hole
masses based on virial single-epoch empirical correlations can
be obtained. The tight empirical correlations between Mgy and
emission from BLR regions can be expressed as

B Y
Ly, FWHMy,
Mgy = 10% x X M,
BH (1042 org Sl) (103 kmsl) Srwam Mo
3
ALs100 OHp 7
M = 10‘1 X X o'M D 4
b (1044ergs_1) (103 | X oMo, @)
Loy P (FWHMpyg\ [ £,
Mgy = 10% x X X|—| M,
BH (1042 erg s‘l) 104 kms™! 431 ©

)

where we adopted the a, B, y values 6.544, 0.46, 2.06 for the
Ly~ FWHMy,, 6.819, 0.533, 2.0 for the Lsjgo—0np calibration
(Woo et al. 2015, hereafter W15), and 7.834, 0.46, 1.88 for the
Lp,g—F W H Mp,g calibration reported by La Franca et al. (2015).
Since some studies suggest that the line profile of HB is not
universal, and the second moment (o ;,.) of HB profile gives
more accurate HB-based Mpy estimates (Peterson et al. 2004,
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Collin et al. 2006), we used o e for our H3-based Mgy investi-
gations. This effect is discussed in Sect. 4.3.

The observed flux of broad HB emissions weakens with the
decrease of the inclination angle of AGN structure and becomes
undetectable for Sy 1.9 galaxies (e.g., Schnorr-Miiller et al.
2016). However, broad Ha can be observed even in these moder-
ately obscured AGNs. Therefore, we estimate black hole masses
of our sample using broad Ha emission lines for the entire sam-
ple, whereas we present the black hole masses obtained from HB
or Pag for comparison.

Furthermore, we adopted Mpy estimates of NGC 4388 and
NGC 5728 obtained by Greene et al. (2016) and Braatz et al.
(2015), respectively. Finally, the Mgy of NGC 5128 was adopted
from Cappellari et al. (2009), in which the authors used stellar
kinematics to obtain Mgy value. Therefore, we have 13 Mgy
estimates in total for ten Type 1 and three Type 2 AGNs , which
will be further used in our Mpy and o, investigations.

3.5. The f factor

We estimate the black hole masses for our sample using the
broad-line-based single-epoch scaling relations. In the broad-
line-based black hole mass estimations, the dimensionless f fac-
tor is an important parameter that can change the Mgy estimates
by an order of magnitude. The obscurity of geometry, kinemat-
ics, and orientation of the BLR constitute systematic uncertain-
ties encapsulated in the f factor. Although there is no precise
method to obtain the f factor, it is determined in the literature
by assuming AGN-hosting galaxies follow the inactive Mpy—o 4
relation (e.g., Onken et al. 2004). A mean value of f ~ 5 is
reported for My estimations based on o, with an intrinsic scat-
ter of 0.35 dex, whereas the f factor is found to be ~1 for Mpy
estimations based on FWHM (e.g., Woo et al. 2015; Grier et al.
2017).

Interestingly, Storchi-Bergmann et al. (2017) and Mejia-
Restrepo et al. (2018) show an anti-correlation between
the FWHM,,s and the f factor, and Mejia-Restrepo et al.
(2018) provide a relation for the f factor calculations, i.e.,
f=(FWHMgpine)/ FWHM?, ?, where g and FWHM?, values

obs

are —1.0+0.10, 4000 +700kms~' for Hae and —1.17+0.11,
4550+ 1000kms™" for Hp, respectively. This formula is
roughly consistent with the f factor of 1.12 (W15), f factor
of 1.51 (Grier et al. 2013b) for both He and HB BLR gas
with a FWHM in the range 2000-4000km s~!, whereas
the difference between calibrations significantly increases
for the BLR gas with FWHM <2000kms~'. Accordingly,
the f factor is reported to be different for every AGN
(Pancoast et al. 2014).

Until recently, there has been no direct method to obtain
the f factor, but interestingly the GRAVITY Collaboration
(2018) resolves the BLR region of 3C 273 using observational
data from VLTI/GRAVITY. In the same work, the authors
report an frywpy =1.3+0.2 and f,; =4.7 £ 1.4 for 3C273. The
GRAVITY Collaboration (2018) note that a comparison between
RM and interferometry in the same objects can be very efficient
for understanding the characteristics of BLRs and for increas-
ing the accuracy of Mpy estimations. Even though the f factor
remains an uncertainty of Mgy estimations of Type 1 AGNs for
now, the f factor of ~1 and 5 are expected to represent the BLR
structure for FWHM and o i, estimations, respectively. Further
investigations with VLTI/GRAVITY are required to resolve the
BLR structures for each AGNs.

The latest single-epoch RM based calibrations are presented
by Woo et al. (2015), and we use these for the further analysis:
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we adopt an f factor of 4.47 (log f = 0.65 + 0.12) for estimates
based on o jpe of HB and 1.12 (log f = 0.05+0.12) for estimates
based on the modeled FWHM of He, respectively. For the black
hole mass estimates based on the Paschen-g line, we recalibrate
the La Franca et al. (2015) calibration adopting the same f factor
as for the HB estimate.

3.6. Dust extinction

In the single-epoch RM calibration, the luminosity is usually not
corrected for extinction since the objects studied there are essen-
tially unobscured (Type 1) AGNs. Since we also have moder-
ately obscured Type 1 objects in our sample, an extinction cor-
rection must be applied to these objects to have accurate Mpy
estimations. In a previous LLAMA project, Schnorr-Miiller et al.
(2016) use the line ratios of various hydrogen recombination
lines from the UV to the NIR to derive both the excitation condi-
tions and the optical extinction to the BLR for nine objects. We
adopt Ay (BLR) estimates from Schnorr-Miiller et al. (2016) for
nine of the Type 1 AGNs in our sample. We note that Ay(BLR)
of NGC 7213 is obtained in this study using the same approach
provided by Schnorr-Miiller et al. (2016). This method can only
be used for Type 1 AGNs, and a more detailed explanation for
extinction calculation is given by Schnorr-Miiller et al. (2016).

It is worth mentioning that Burtscher et al. (2016) and
Shimizu et al. (2018) also estimate the extinction in the BLR by
comparing X-ray absorption and optical obscuration for some
AGN:s in our sample. The estimated Ay(BLR)s are found to be
consistent with those reported by Schnorr-Miiller et al. (2016).
Since the method from Schnorr-Miiller et al. (2016) is a more
direct method for obtaining the BLR extinction, we used their
Ay(BLR) estimates.

In order to convert from Ay to the extinction at a any wave-
length (A,), we employ the extinction law presented by Wild
et al. (2011) as follows:

A,/Ay = 0.6(1/5500)7"3 + 0.4(2/5500)7°7. (6)

In this equation, the first term describes the dust extinction
along the line of sight (assuming Milky Way dust), whereas the
second term provides the dust extinction caused by the diffuse
interstellar medium. Wild et al. (2011) reports that this equation
provides a good correction for AGNs with a large dust reser-
voir. We used Eq. (6) to convert the BLR extinction in V band
to the BLR extinction in Ha (6562.8 A), HB (4861.4 A) and Pag
(1281.8 A). As mentioned in Schnorr-Miiller et al. (2016), this
relation gives a good correction for both the NLR and BLR of
the LLAMA AGNs.

The resulting A, (BLR) values are used to correct the extin-
guished BLR flux (S) of Ha and the continuum flux of Ls;g
using the following equation:

0.4A
S corrected = N observed X 10 . (7)

For highly obscured sources in our sample (NGC 1365,
NGC2992, MCG-05-23-16), we used PaBMpy -calibration
reported by La Franca et al. (2015) (see Eq. (4)) for obtaining
Mgy values, since the broad HB cannot be detected for these
sources. Even though the NIR band suffers less from the dust
extinction (Landt et al. 2013), we also corrected the slightly
extinguished BLR flux of Pag using the resulting A;(BLR) in
our calculations.
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3.7. Accretion rate

In this section, we explain the method for estimating the Edding-
ton ratios and accretion rates of our sample by adopting the
following empirical relations. First, we obtain the bolometric
luminosities by Winter et al. (2012), i.e.,

10g LBol =1.12 log L14_195 keV — 4.23 erg S_l . (8)

Then, the Eddington luminosity (Lgqq) can be written as
Lggq = 1.26 X 10° Mgy/M, (Rybicki & Lightman 1986). We
used our single-epoch Mpy values from He to estimate the
Eddington luminosities for the Type 1 sources. To obtain
Eddington luminosities for the LLAMA Type 2 sources, we
used black hole masses that are calculated from the LLAMA
Mgy—o relation (see Sect. 4.6), whereas we collected the mega-
maser black hole masses for NGC 4388 Greene et al. (2016) and
NGC 5728 (Braatz et al. 2015), respectively. The Eddington ratio
(Agqq) can be computed by

Agdd = (LBO] ) 9
d

Finally, the mass accretion rate (M) onto the black hole can
be estimated by assuming a steady radiative efficiency e =0.1
(Collin & Huré 2001), i.e.,

v=(2E)
€c

We note that the main contribution to uncertainty on the
Eddington ratios and accretion rates originate from the uncer-
tainty in bolometric luminosity, accretion efficiency and Mgy,
which corresponds to an uncertainty of ~0.4—0.5 dex (Bian &
Zhao 2003; Marinucci et al. 2012). This uncertainty range is
roughly consistent with the median value of our estimates. The
resulting Eddington and mass accretion rates can be found in
Table 3.

(10)

3.8. Statistical fitting procedure

The FITEXY, an IDL-based tool, developed by Press et al.
(1992) and modified by Tremaine et al. (2002), is an effective
tool for estimating fit parameters for a linear regression model.
The original idea of the FITEXY method is based on a mod-
ified version of bivariate correlated errors and intrinsic scatter
proposed by Akritas & Bershady (1996). The FITEXY method
minimizes the y? statistic and takes into account the measure-
ment error for both dependent or independent variables for
X and Y axes. In this method, )(2 is minimized by

5 (i — a—Bsi)

2 2 2°
ot ,80'”. + €&

X = (11)

i=1
where u is log(Mpu/Mg), s is log(os/0op), where oy is
200kms~!, o, and o are measurement uncertainties in both
variables, and ¢ is the intrinsic scatter.

To fit the Mpy—o, relation, we used a single power law as
expressed in the following equation:

log (Mg /Mo) = o + flog (‘;—*) (12)
0

where « is the intercept, (3 is the slope of the single power-law fit.

We emphasize that both Mgy and o, parameters are estimated

using the data obtained from the same spectra for the LLAMA

Type 1 sources.
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Fig. 1. Stellar velocity dispersion results, which are calculated from the
CaT and CO (2-0) absorption features. Some of sources are not still
observed for our entire sample, therefore, the sources for which our
sample includes both oc,r and oco2.0) estimates are compared. The red
solid line represents 1:1 line, whereas the blue solid line shows the offset
between the oc,r and oco2-) estimates of our data. The LLAMA AGNs
and inactive galaxies are presented as black and purple, respectively.

4. Results and discussion

In this section we first study and discuss the robustness of the
observables and assumptions involved in constructing the Mgy—
o4 relation, before presenting the Mpp—o, relation for our
sample.

4.1. Stellar velocity dispersion estimates: Optical versus
near-infrared

We provide stellar velocity dispersion estimates of the CaT
absorption lines; these results are in the range 73 < o,car <
227kms~! for our sample of AGNs (see Table 2). Besides, the
estimated o .c,r values for the LLAMA inactive sample are
found to be 64 < o,car < 262kms~!. This shows that the
LLAMA active and inactive subsamples, which are matched on
total stellar mass (H band luminosity), also have comparable
bulge stellar masses.

Alternatively, we estimated the stellar velocity dispersion
from the NIR CO (2-0) absorption band head using the
SINFONI data for a comparison. The o ,co(2-0) values are found
to be slightly higher (~3.69 +0.93 km s7!) than the o ,cqar. The
most likely explanation for this is that the NIR CO feature probes
more deeply embedded (and therefore higher velocity disper-
sion) stellar populations than the optical CaT. Our result shows
a different trend than the result from Riffel et al. (2015), who
claim that the discrepancy between o co(2-0) and o «c,r is higher
({0 %c0@2-0))—{T xcat) = 19+ 6km s™.In previous works, o ,car
estimates are found to be equal to o xco(2-0) estimates for early-
type galaxies (e.g., Silge & Gebhardt 2003; Rothberg & Fischer
2010). Interestingly, these results are consistent with our result
for late-type dominated LLAMA sample. The o co-0) versus
O xcar comparison and the resulting parameters are presented in
Fig. 1 and Table 2.

4.2. Robustness of stellar velocity dispersion estimations

Recent studies report that stellar velocity dispersion estimates
can be affected by AGN contamination (Greene & Ho 2006b;
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Harris et al. 2012; Woo et al. 2013; Batiste et al. 2017b). Firstly,
we address the question of whether the AGN continuum affects
the stellar velocity dispersion estimations. In optical bands, the
AGN continuum behaves like a power-law function (Oke et al.
1984) and can be defined as f; o A~ @2 where «, is the
arithmetic mean of the power-law index. We adopt @, = —-2.45
(Vanden Berk et al. 2001) to model a synthetic AGN continuum.
First, we selected an inactive control galaxy (NGC 1315) from the
LLAMA sample; the stellar velocity dispersion of this galaxy is
estimated as o, =77 + 5kms~! using pPXF. Then, the synthetic
AGN continuum was combined with the NGC 1315 spectrum. As
expected, the AGN continuum has no direct effect on the o esti-
mations for any reasonable AGN continuum level (<70%), if the
continuum is modeled using an adequate number of additive poly-
nomials. In the top panel of Fig. 2, we present a synthetic AGN
spectrum, which consists of the spectrum of the inactive galaxy
NGC 1315 (shown as red line) and a fairly strong (~70%) model
AGN continuum (blue line). Our active galaxies typically show
a much smaller AGN contribution than 70% at the CaT, which is
why this serves as a good test for our fitting accuracy.

On the other hand, the continuum level cannot be estimated
accurately, if the spectrum is noisy. To test this, we applied a
Monte Carlo approach to generate noise for every pixel of the
synthetic AGN spectra. In this approach, a normal distribution of
numbers are allowed to vary within a specified range, and the test
was repeated 10* times to obtain the mean distribution of each
noise level (S§/N: 3, 5, 10, 15, 25, 50, 100). For each S/N level, we
fit the data 10 times using pPXF. The stellar velocity dispersion
estimates are obtained from the mean of the Gaussian distribu-
tion of resulting o, values for each S/N. In Fig. 2 (middle), we
present the comparison between S/N and o, estimates. By con-
sidering this result, we can achieve reliable o, estimations using
data with high S/N (>15). We confirm that S/N is one of the most
important factors, leading to an uncertainty of up to 20% for a
S /N <5, which needs to be included into the total uncertainty of
0. We note that our sample of AGNss are observed with S /N > 40;
therefore, our calculations are not affected by this issue.

Moreover, AGN emission lines can also affect o, estimations.
The broad O I (8446 A) emission line, which is detected for some
of the AGNs in our sample, is a good example of this (see the bot-
tom Fig. 2). Correspondingly, we modeled an extremely broad
O 1 8446 A line using a Gaussian model (og; ~ 2500kms™"),
which we added to the synthetic AGN spectrum. By fitting spec-
tra around the CaT regime with different noise levels, we find evi-
dence that the broad O 18446 A emission line can cause inaccu-
rate stellar velocity dispersion estimations of up to 15%. Since
the existence of a broad emission line affects the continuum level
determination, such AGNs with broad O I 8446 A have been
treated specially by masking the part of the spectrum that is
affected by the emission line. In a few cases, this can cut off the
first CaT line (8498 A), but we report that this does not affect the
determination of the stellar velocity dispersion.

For disk galaxies, the galaxy rotation makes an important
contribution to the measured stellar velocity dispersion from a
larger aperture. The rotational dynamics of spiral galaxies are
characterized by the total luminosity, line of sight, and maximum
rotation velocities of the galaxy and the inclination angle of the
disk (Tully & Fisher 1977). Since the LLAMA AGN sample is
dominated by spiral galaxies, the galaxy rotation is another effect
that may affect the stellar velocity dispersion estimates. By using
the velocity-shifted SINFONI data cubes from Shimizu et al.
(in prep.), we obtained an average inclination-corrected rota-
tional velocity for the LLAMA sample.The contribution from
the rotational effects are further discussed in Sect. 4.7.

Al14, page 10 of 29

1.7 { === AGN continuum + NGC 1315
=== AGN continuum

= — = =
w EN (¢ o
L L L

Fo. (Arbitrary Units)

-
N

1.1

1.0 T T T T T
840 850 860 870 880 890 900

Rest Frame Wavelength (nm)

100
=== AGN continuum + NGC 1315
90 4
o | ¢ | | \
A ‘ T T ?
w
§70 .
e
5
©601¢
50 -
40 . . . . .
0 20 40 o 60 80 100
ocar= 112+ 5 (km s) NGC 3783
1.2

Ca

Relative Flux

0 200 400 600 800 1000 1200

Pixels

Fig. 2. Top: example of the spectrum from the control galaxy
NGC 1315, which is combined with the model AGN continuum. The
assumed AGN continuum are presented as the red and the blue, respec-
tively. Middle: stellar velocity dispersion estimates relative to the S/N
of the AGN continuum for NGC 1315 (red). The solid black line repre-
sents the stellar velocity dispersion estimate from the X-shooter spec-
trum, which has a S/N ~ 44 per pixel. Bottom: example of pPXF fit for
NGC 3783. Position of the O I emission line and the CaT absorption
lines are demonstrated in the plot for visual aid. The gray masked fea-
ture represents the Fe II emission line at 8616 A.

4.3. Robustness of broad-line-based Mgy estimates

We investigated the broad-line emission of our sample of Type
1 AGNs using two different apertures: 076 X 0”76 (the central
region) and 178 x4” (the FOV of X-shooter data). For each
AGN, we fit He and HB emission lines with the same number
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Fig. 3. Resulting FWHM comparisons for the small (076 x 0”76) and
big aperture (178 x4”) for our sample. The black marker represents
the resulting estimates from the Ha, whereas the blue marker indicates
obtained results from HS. The black solid line indicates the 1:1 line.

of the Gaussian curves for each aperture. In Fig. 3, we present
FWHM comparisons between the central region and the FOV.
The broad-line FWHM estimates are found to differ up to 5% as
a consequence of aperture choice. This difference can be related
to the observational seeing or the narrow-line contamination.
Since we cannot detect the entire BLR gas, this is a systematic
error of FWHM estimates and should be added to total uncer-
tainty budget of FWHM estimates.

The emission line width of a broad line can be obtained either
from the FWHM or line dispersion (0 ipe). A typical AGN emis-
sion line profile can be described by a single Gaussian profile,

and FWHM/o i ne has a fixed ratio of 2V21In2 ~ 2.355 in the
Gaussian profile. However, some of AGN emission line widths
can only be modeled with multiple Gaussians. In this case, the
FWHM needs to be estimated from the combined Gaussian mod-
els, and the ratio of FWHM to o, can vary (Peterson et al.
2004; Peterson 2011). Peterson & Bonta (2018) argue that esti-
mations based on o, My are more accurate than those based
on FWHM for HB, if an AGN emission has an irregular line pro-
file. For the multiple-peaked emission line profiles, the irregular
kurtosis can be either positive or negative, and it can affect the
accuracy of emission line estimations. These authors also note
that estimations based on o, are less sensitive to the contribu-
tion from extended line wings. The oi,e can be estimated from
the second moment of the emission line profile P (1) as follows:

_ b 1/2
(A= 20) P(/l)d/l] ’ 13

[ P(ayda

where A is the center of emission line profile. In Fig. 4, we com-
pare the o, obtained from the Eq. (13) and ooge1 Obtained
from its ratio with the FWHM (FWHM/oyoder = 2.355) for
the Gaussian profile. We find a slight difference (an offset of
76.7 +56.2kms™!) between the two estimates for our H3-based
investigations. We note that this difference affects our Mgy esti-
mates by ~0.1dex. This result is consistent with Peterson &
Bonta (2018), therefore, we also suggest using o, in inves-
tigations based on HB Mpy.

O'Line = I:

4.4. Black hole masses and the systematical uncertainties

The Mgy values for our sample of Type 1 AGNs are presented
in Table 3. They are in the range 6.34 < log Mgy < 7.75 M, for

220090 <GGauss - OLine™> ==-76.7 = 56.2 km s-!
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Fig. 4. Comparison between oie, Which is obtained from the Eq. (13)
and 0 Gauss, Which is obtained from the line width of Gaussian model.

Ha. We note that the average black hole mass of inactive galax-
ies in the relation by Kormendy & Ho (2013) is substantially
higher, possibly indicating that our sample of AGNs did not yet
go through a major merger phase (Wandel et al. 1999).

Black hole mass uncertainties are determined from the boot-
strapping analysis. In this approach, we used all uncertainties
from the parameters, such as uncertainties from single-epoch
calibration parameters, f factor, FWHM, and luminosity. First,
we generated 10® random numbers from a normal distribution
for each parameter. Then, these numbers were added to all
parameters of Mpy estimations. Finally, using the Gaussian dis-
tribution of obtained 10% Mgy values, we measured black hole
mass uncertainties within the 1o~ confidence level.

However. single-epoch based Mgy estimations have been
reported to have a systematical uncertainty, which is reported
as a lower limit of 0.40 dex by (e.g., Pancoast et al. 2014). The
uncertainty of f factor introduces an uncertainty of 0.12dex
(Woo et al. 2015), which is obtained from the comparison of the
Mpy—0, relation between the RM AGNs and inactive galaxies.
The second uncertainty is the intrinsic scatter of BLR radius-
luminosity relation, which is reported as 0.13 dex for reliable
estimates (Bentz et al. 2013). Third, the variability in lumi-
nosity and line width bring a 0.1 dex uncertainty (Park et al.
2012b). Last, we adopt an uncertainty of 0.15dex, which is
assumed to come from redshift-independent distance measure-
ments. Correspondingly, the total uncertainty of Mpy estimates
can be 0.3—-0.4 dex.

4.5. Accretion rates

Many properties of the AGN (e.g., the torus phenomenol-
ogy, Wada 2012) are expected to depend on the Eddington
ratio of the “central engine”. One of the main drivers of our
study is to provide the Eddington ratio for the whole LLAMA
sample.

We compute the accretion rates following Egs. (8) and (10)
and find them in the range 0.04 < M < 0.92 M yr~' assuming
an accretion efficiency of 10% (see Table 3). Using our esti-
mated black hole masses, we further calculate the Edding-
ton ratio A following Eq. (9) for all of our AGNs. They
are in the regime 0.004 < A < 0.49. These results indi-
cate that the most LLAMA AGNSs are growing at a rate that
is well below Eddington, although likely in the radiatively
efficient regime via a geometrically thin, optically thick disk
(Shakura & Sunyaev 1973).
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Fig. 5. Left: Mgu—o, relation of our sample of galaxies, where Mgy values are estimated using the Ha-based calibration. The Mpy—o, relation of
KH13, MM13, and W15 are presented as red, green, and blue solid lines, respectively. Sy 1.8, Sy 1.9, Sy 2, and LINER galaxies are presented in
different colors for visual aid. The location of the two LLAMA Seyfert 2 (NGC 4388 and NGC 5728) galaxies are shown that have megamaser Mgy
estimates as blue triangles. In addition, we present the Mpy estimates of NGC 5128 obtained from stellar kinematics as an orange box (Cappellari
et al. 2009). Finally, the average uncertainties on the black hole mass estimates of the LLAMA AGNs (~0.40 dex) are presented as a vertical black
line in the legend to avoid confusion of data points. Middle: Mgy—0, relation of our sample of galaxies, where Mgy values are estimated using the
extinction-corrected fluxes and the Ha calibration. Right: Mgu—0, relation of our sample of galaxies, where the Ho My values are presented as
the extinction-corrected and o, values are presented as rotation-corrected. The LLAMA Mpy—0, relation is presented as a black dashed line.

4.6. LLAMA sample Mgy—o, relation

In Fig. 5, we present the Mpy—0, relation for the LLAMA AGN
sample adopting the broad-line-based single-epoch black hole
masses derived using the He emission line profiles. Using the
high S/N data, we report 38 stellar velocity dispersion estimates
(20 AGNs and 18 inactive galaxies) in total (Table 2), which
are derived from the CaT and/or CO (2-0) absorption features.
We provide Mgy of 10 Type 1 AGNs in the LLAMA sample
(see Table 3). In addition, we adopt a stellar kinematic Mgy esti-
mate of NGC 5128 (Cappellari et al. 2009) and two megamaser
Mgy estimates of NGC 4388 (Greene et al. 2016) and NGC 5728
(Braatz et al. 2015). Therefore, we constructed an Mgy—o rela-
tion for 13 AGNs in the LLAMA sample.

We then performed a linear regression in which we allowed
both the intercept and the slope to vary. For this fit, we used
FITEXY and the extinction-corrected Mgy and the rotation-
corrected o estimates for our sample. We excluded NGC 7213
from this fit since it shows LINER-like properties; also the HB
fit for this galaxy fails.

The resulting Mpy—o, relation for the LLAMA AGNSs is
written as

O %
log (Mg /M) = 8.14(£0.20) + 3.38(x+0.65)log| —— |,
& (Mps/Mo) = 8.14(+0.20) + 3.38(+0.65) g(zookms—l)

(14)

and the intrinsic scatter of this relation is € =0.32 +0.06. We
note that our slope (3.38+0.65) is smaller than the slope reported
by Woo et al. (2015) (3.97 = 0.56) who included narrow-line
Seyfert AGNs in order to extend to lower black hole masses; our
slope is consistent with Woo et al. (2013) who found a slope of
3.46 + 0.61. Within the uncertainties of our small sample, our
slope is consistent with both of these AGN relations, but not
consistent with the slope reported by Kormendy & Ho (2013)
for more massive, inactive galaxies. This result still shows that
the LLAMA sample of AGNs, which is a volume complete sam-
ple of the most luminous local AGNs, is representative for the
larger AGN population sampled with RM in terms of its location
and slope on the M-sigma relation.

For reference for future publication, and using the LLAMA
Mpgy—o, relation (Eq. (14)), we also estimate Mgy values for
our Type 2 AGNs (Table 3).
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4.7. LLAMA Mgy—o relation versus spheroidal Mgy—o
relation

In the left panel of Fig. 5, we present the Mpy values without
extinction correction and o, parameter without rotation correc-
tion. We compare the LLAMA Mpy—o, relation with the Mgy—
o relation of KH13, MM 13 and the AGN Mgy—o, relation by
W15. First, we found a high offset (0.75 dex) from the KH13
relation using these parameters.

In previous works, some authors concentrated on correct-
ing the broad Balmer fluxes and/or the monochromatic accre-
tion luminosities in various wavelengths (i.e., 1350, 3000,
5100 10\), which are used in single-epoch Mgy estimations, using
Galactic extinction maps (e.g., Vestergaard & Peterson 2006;
Denney et al. 2009; Shen & Liu 2012; Bentz et al. 2016;
Koztowski 2017). In our study, we additionally corrected Ha
and the continuum fluxes, which are used for deriving black hole
masses, using the estimated BLR extinction of LLAMA sample
by Schnorr-Miiller et al. (2016). In the middle panel of Fig. 5, we
present the Mpy—o, relation obtained using extinction-corrected
black hole masses. The extinction correction increased the esti-
mated Mpy by a factor of 0.02—0.93 dex for our sample, and
reduced the average offset from the KH13 relation to 0.38 dex.
This result indicates that the extinction in BLR can cause signif-
icantly under-estimation of Mpy, unless it is taken into account.

In an upcoming LLAMA study, Shimizu et al. (in prep.)
fit for the spatially resolved stellar kinematics within the
SINFONI cubes. The stellar velocity fields are then modeled
as an exponential disk. Using the model velocity field, we then
shifted the spectra within the original SINFONI cubes such
that the stellar velocity is removed. In this way, we can mea-
sure a rotation-corrected stellar velocity dispersion for the whole
SINFONI FOV and compare this to the original value to pro-
duce a rotation correction that can be applied to our velocity
dispersion based on X-shooter. Correspondingly, we obtain a
rotation-correction factor for our AGNs (see Table 2). There-
fore, we reduced the obtained stellar velocity dispersion using
this rotation-correction factor. However, We are still missing
SINFONI observations for the following galaxies: MCG-05-
14-12, NGC 4235, NGC 5128, and the spatially resolved stellar
kinematics for NGC 3783, MCG-06-30-15. For these galaxies,
the obtained stellar velocity dispersion estimates are reduced
10% the average galaxy rotation contribution to o, for the
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LLAMA sample (Shimizu et al. in prep.). After the o, estimates
are corrected for galaxy rotation, the LLAMA galaxies are found
to agree with the Mgy—o relation of Kormendy & Ho (2013).
The average intrinsic scatter of LLAMA sample obtained adopt-
ing the slope and intercept of Kormendy & Ho (2013) relation
is found to be is 0.30 dex, which is consistent with the intrin-
sic scatter of the Kormendy & Ho (2013) Mpy—o, relation (see
Fig. 5). This result shows that the rotation can make a significant
contribution to stellar velocity dispersion (up to 20%), which is
consistent with previous investigations (e.g., Kang et al. 2013;
Batiste et al. 2017a; Eun et al. 2017).

We additionally compared our results with the Mgy—o, rela-
tion reported by MM 13. By adopting a slope of 5.64 reported by
MM13, we find an average offset of 0.46 dex for our sample rela-
tive to the relation of MM 13. However, the majority of our sam-
ple (8 out of 10) are found to be above the relation reported by
MM13. There are two possible explanations for the discrepancy
between our results and MM 13; in the MM13 sample, the disk
galaxies are not corrected for their rotation component, and their
sample includes brightest cluster galaxies, which are located in
a different environment than the LLAMA sample.

Even though a few studies in the literature report that pseudo-
bulges do not follow the Mpy—o, relation (Greene et al. 2010;
Kormendy et al. 2011; Kormendy & Ho 2013), the pseudo-
bulge-dominated LLAMA sample follows the Mpgy—o, rela-
tion of elliptical and spheroidal bulge-dominated galaxies after
applying the extinction correction to our Mgy and the rota-
tion correction to our o, estimates. Therefore, we argue that to
reduce the offset from the elliptical-dominated Mgy—o, relation,
a correction to Mgy for the dust extinction (derived via the Ha or
continuum flux) and a correction of o, for a rotational compo-
nent of the disk/bulge must be applied to spiral-dominated local
Seyfert AGNs.

5. Conclusions

In a volume-limited complete sample of the most luminous,
X-ray selected, local Sy 1 AGNs, comprising the LLAMA sam-
ple, we examine the spatially resolved stellar kinematics and the
properties of the broad emission lines using medium spectral
resolution (R ~ 8000) X-shooter data. We additionally compare
our results with SINFONI data, which extend our analysis to the
H+K bands. Our main results are as follows:

— We obtain the stellar velocity dispersions via the CaT at
~8500 A; these are in the range 73 < O wcar < 227km s7L.
We also estimate the stellar velocity dispersions from the
NIR stellar CO (2-0) absorption feature for a subset of galax-
ies using SINFONI data and find them to be in the range
101 < oxcop-0) < 231km s~!. For the galaxies for which
we have both observations, the two stellar velocity disper-
sion measurements are in good agreement. On average, the
stellar velocity dispersion derived from the NIR CO feature
is higher by ~3.69 + 0.93km s~! than the value derived from
the CaT.

— We apply Monte Carlo-like simulations to test the robustness
of stellar velocity dispersion estimations for bright AGNs in
which we test the effects of S/N and of the AGN continuum
and emission lines. We conclude that stellar velocity disper-
sions can be obtained accurately for AGNs if the data have a
S/N > 15.

— We derive the SMBH masses of the LLAMA sample of
Seyfert 1 AGNs from broad-line-based black hole mass esti-
mates, which result in 6.34 < log Mgy < 7.75 M, using the
He line width and flux as a tracer of black hole mass. We

additionally estimate HB emission line black hole masses for
our sample of AGNs. When the HS was not available, we use
the PaB emission line instead (see Table 3).

— We find the Eddington ratio and accretion rates of the
LLAMA sample to be within 0.004 < 2 < 0.49 and
0.04 < M < 0.92 Mg yr~!, respectively. The median for Type
1 and Type 2 is ~0.08 less than expected of Seyfert galax-
ies (10%), but perhaps consistent with the selection method
(hard X-ray).

— We find the best-fitting parameters for the LLAMA Mpy—0,
relation are @ =8.14 +0.20, 8=3.38 £ 0.65, €=0.32 £ 0.06.
Within our uncertainties, the LLAMA AGN sample is
consistent with the Mpy—o, relations reported by Woo
et al. (2013, 2015) in terms of slope. The average intrin-
sic scatter of LLAMA sample around the Kormendy &
Ho (2013) Mpgy—o, relation is found to be 0.30dex.
This intrinsic scatter is consistent with the intrinsic scat-
ter of the Kormendy & Ho (2013) Mpy—o, relation.
Correspondingly, we report that the pseudo-bulge-dominated
LLAMA AGNs are now on the Mpy—0, relation reported
by Kormendy & Ho (2013) (see the right panel of
Fig. 5).

— We infer black hole masses for the other LLAMA Seyfert 2
AGNs as well as the inactive galaxies in the sample using the
Mpgy—o, relation of the LLAMA AGNs with single-epoch
RM or maser black hole masses.

— We argue that to reduce the offset from the elliptical-

dominated Mpp—o, relation, a correction to Mgy for the
dust extinction (derived via the Ha or continuum flux)
and a correction of o, for a rotational component of the
disk/bulge must be applied to spiral-dominated local Seyfert
AGNSs.
Our main finding implies that the Mpy—o, relation could be
same for both elliptical and pseudo-bulge hosting galaxies.
Correspondingly, we encourage further investigations with
larger samples.
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Appendix A: Broad-Line fittings
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Fig. A.1. Broad-line region emission fittings of our sample. The black solid line represents the broad-line emission line width, whereas the red
solid line represents the best fit. Residuals are shown in blue for visual aids. The unidentified blue-shifted broad emission lines of NGC 1365,
NGC 2992 and MCG-05-14-12 are presented as blue dashed line.
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Appendix B: The pPXF fittings

We present the pPXF stellar velocity dispersion fitting results
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Fig. B.1. Fitting plots via pPXF for CaT. The red solid line represents the best fit, whereas the residuals are shown as gray. The vertical gray lines
represent masked features.
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