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SWIFT/BAT AGN2 reveal broad emission lines in the
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In the last decade, using single epoch (SE) virial based techniques in the optical band, it has
been possible to measure the Active Galactic Nuclei (AGN) black hole (BH) mass on large type 1
AGN (AGN1) samples and therefore to estimate the supermassive BH mass function (SMBHMF).
However these measurements cannot be applied on those obscured type 2 (AGN2) where the
nuclear component does not dominate in the optical. The lack of knowledge of BH masses for
AGN2 may limit our studies and understanding of AGN/galaxy evolution.
We here present new results from a systematic study carried out using near infrared (NIR)
spectroscopy (ISAAC and Xshooter at VLT and LUCI at LBT) of 41 AGN2, drawn from the
SWIFT/BAT 70-month hard X-ray survey. We derived a new virial relation able to estimate the
BH mass using the broad component of the Paβ emission line and the AGN hard X-ray lumi-
nosity. We have revealed the Paβ broad component in 13 out of 41 AGN2. Thanks to the above
relation, we have been able to directly measure their BH masses, finding that AGN2 show, on
average, low BH masses (<107 M�), 0.8 dex smaller than those of AGN1 with the same intrinsic
hard X-ray luminosity.
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1. Introduction

Nowadays there is robust evidence that every galaxy hosts a supermassive black hole (SMBH;
MBH=106-109M�) whose mass scales with the hosting galaxy bulge properties (mass, luminosity
and stellar dispersion, [1]; [2]; [3]; [4]). The existence of these scaling relationships implies that
the evolution of the galaxy and the growth of SMBHs are intricately tied toghether (AGN/Galaxy
co-evolution scenario). In order to obtain a clear picture of the AGN/galaxy co-evolution, it is im-
portant to accurately derive the shape and the evolution of both AGN luminosity and SMBHMF in
a consistent way. While the complete AGN luminosity function is fairly well measured up to z∼4,
this is not the case for the SMBHMF. Recently it has been possible to obtain some estimates of the
SMBHMF for large samples of type 1 AGN. In this class of AGN the broad line region (BLR) is
visible in the rest-frame optical band and this allows the use of virial methods to derive in a direct
way the AGN BH mass ([5], [6], [7],[8]). However these kind of measurements are affected by sev-
eral selection biases against narrow line AGN (AGN2), where the BLR is not visible in the optical
because of dust absorption. Moreover, there is growing evidence that AGN1 are not representative
of the whole AGN population, having on average larger accretion rates, larger luminosities and
larger BH masses with respect to AGN2 ([9], [10], [11]). It is therefore fundamental to directly
measure the AGN2 BH mass in order to verify if the two classes of AGN show the same properties.

2. A new NIR virial relation

Using a sample of AGN1, whose BH masses have been previously measured using rever-
beration mapping techniques (see [12]; [13] and [14]), and following previous studies in which
a correlation between the BLR radius and the absorption corrected X-ray luminosity was found
([15]), we have calibrated a new NIR SE BH mass relationship. Our tightest relationship between
the BH mass and the virial product has an intrinsic spread of 0.20 dex. This new virial method
makes use of the FWHM of the broad component of Paβ emission line and of the hard X-ray lumi-
nosity in the 14-195 keV band. Since the X-ray luminosity is less affected by absorption and host
galaxy contaminations problems, it is potentially able to derive the BH mass also in AGN2 and
low luminosity AGN. We successfully tested this method on one of the lowest BH mass Seyfert 1
known, NGC 4395, finding a new value for its BH mass of MBH=1.7+1.3

−0.7×105 M�, in agreement
with previous estimates. Moreover, thanks to this NIR SE relation we have been able to measure,
for the first time, the BH mass for the AGN2 MCG-01-24-12, finding a value of MBH=1.5+1.1

−0.6×107

M� (for more details see [16]). Our SE relation and the Paβ emission line fits of NGC 4395 and
MCG -01-24-012 are shown in Fig. 1.

3. The sample and the observations

The Swift/BAT survey is providing an unprecedented complete and uniform view of the local
AGN population, detetected in the 14-195 keV hard X-ray band, almost unbiased against Compton
thin (NH = 1022-1024 cm−2) X-ray absorbed AGN. The 70-month catalogue ([17]) contains 1171
hard X-ray sources in the 14-195 keV band down to a significance level of 4.8 σ and, among these,
∼600 are Seyfert galaxies. Counterparts have been found for the 80% of the sample.
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Figure 1: Left: Black Hole masses determined from optical reverberation campaigns (adopting a geomet-
rical factor f = 4.31) versus the virial product between the hard X-ray luminosity LX in the 14-195 keV
band and the FWHM of the broad component of the Paβ emission line. Center: Rest frame, flux calibrated,
LUCI@LBT NIR spectrum of NGC 4395 in proximity of the Paβ emission line. Right: Rest frame, flux
calibrated, ISAAC@VLT NIR spectrum of MCG-01-24-012 in proximity of the Paβ emission line. The
magenta dashed lines show the narrow component of the Paβ and the [FeII] λ12791 blended with the Paβ ,
whereas the red solid line is the broad component of Paβ . The complete fit is shown by a blue dashed line
(see [16] for more details).

In order to study the properties of a local AGN2 sample, we randomly selected from the
Swift/BAT 70-month catalogue 41 obscured and intermediate class AGN (AGN2, AGN1.9 and
AGN1.8) with z.0.1. We observed all these sources in the NIR through dedicated programs with
ISAAC/VLT, Xshooter/VLT and LUCI/LBT spectrographs, in order to detect faint broad compo-
nents in the Paschen emission lines and thus to measure their BH mass using our NIR virial method.
In Fig. 2 we show the Hubble diagram of our sample compared with the SWIFT 70-month AGN
population.

The observations were performed paying attention to centering the galaxy’s nucleus at the
best and, when possible, the slit has been rotated in order to include also a telluric star for the
OH absorptions correction. We acquired all the targets using the nodding technique in order to
perform a good quality sky correction during the data reduction phase. We also have observed a
bright star (O-B or Solar spectral type) within 30 minutes to the target observations, and use it
to calibrate the absolute flux and correct for OH absorptions every time the telluric star was not
available. Flats and arcs were taken within one day from the observations. The LUCI targets
have been acquired in the zJ band, using 1"×2.8’ slit, corresponding to a ∆v=220 km/s of spectral
resolution. The sources observed with ISAAC spectrograph have been acquired in J band both in
Low and Medium resolutions (LR and MR, respectively) spectroscopy and we used a 0.8′′ ×120′′

wide slit, corresponding to a spectral resolution of ∼ 430 km/s and ∼ 60 km/s for LR and MR
mode, respectively. Finally, the targets observed with Xshooter, which covers in a single exposure
the spectral range from the UV to the K band, have been acquired using a 1.0′′×11′′ wide slit for
the UVB arm and a 0.9′′×11′′for the VIS and NIR arms, corresponding to a ∼60 km/s velocity
resolution.
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Figure 2: Hubble diagram of the Swift/BAT 70-month sample: AGN1 (green open squares), AGN2 (black
crosses), AGN2 observed in the framework of our campaign (red filled dots) and the AGN2 whose BH mass
has been derived using our new NIR virial relation based on the broad component of the Paβ line (blue filled
triangles).

4. AGN2 virial BH mass estimation

We found signatures of broad emission line component in Paα , Paβ or HeI (depending on the
redshift of the source) in 13 out of 41 obscured AGN of our sample. The line fit procedure for the
broad component FWHM estimate has been performed using the XSPEC software [18]. Despite
the low redshift of our targets, the spectra have been converted to the rest frame wavelength. Due
to the presence of sistematic errors on the FWHM estimates and following the studies of [12], we
have preferred to assume a common uncertainty of 10% for all the FWHM. All the line fits have
been performed paying attention to disentagling the broad component from the narrow one, using,
every time it was possible, a forbidden emission line to estimate the width of the NLR contribution.
Moreover, following the NIR transitions listed in [12] (Table 4), we have also taken into account
the [FeII] λ12791 Å in blending with the Paβ . In Fig. 1 we show the line fit of the broad Paβ

emission line found in the NIR spectra of NGC 4395 and MCG -01-24-012.

5. Results: the MBH-LX plane

Thanks to our new NIR virial relation and deep NIR observations of a complete sample of
obscured and intermediate class AGN, we have been able to derive, for the first time, a virial
measure of the BH mass in obscured AGN2. We found a broad component in the Paschen emission
line in ∼30% of our AGN sample randomly selected from the Swift/BAT 70-month catalogue,
finding that AGN2 show, on average, lower BH masses (<107M�) than AGN1. In Figure 3 the
LX−MBH plane of our 13 AGN2 with virial BH mass estimates (red filled dots) is shown. For
comparison, we also plot the distribution of a sample of ∼30 AGN1 (blue empty squares) whose
BH mass estimates have been derived using either reverberation mapping techniques or MBH−L
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bulge scaling relations and available in the literature. Our sample of 13 AGN2 results to have, on
average, BH masses 0.8 dex smaller than AGN1 having the same intrinsic hard X-ray luminosity.
Indeed in the luminosity range 43.2<logL14−195keV <44 erg/s, AGN1 shows an average BH mass
of logMBH=7.6±0.1 M�, while our AGN2 show an average BH mass of logMBH=6.8±0.2 M�.
These results suggest that AGN2 populate a different region in the LX−MBH plane with respect to
the AGN1 population, sampling lower BH masses and luminosities, and for this reason they should
be properly taken into account to derive the SMBHMF.

Figure 3: LX−MBH plane for our 13 AGN2 with virial estimations of BH mass (red solid dots). For com-
parison we also show 34 AGN1 (blue open squares) with BH masses derived from reverberation mapping
techniques or the MBH− L bulge scaling relations. AGN2 shows BH masses, on average, 0.8 dex smaller
than AGN1 of the same luminosity.
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