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We summarize the main results from our on-going near-iaffénear-IR) and quasi-simultaneous
optical spectroscopic programme of broad-emission lin@&AQur near-IR spectra have a large
wavelength coverage @— 2.4 um), medium resolution and relatively high S/N ratie 100).
The focus is on the the properties of the hot dust componehtrenkinematics of the hydrogen
emitting region. Furthermore, we introduce the near-IRusdluminosity relationship, which is
expected to be used to derive black hole masses in partiolutdrscured AGN. Roughly a third
of our sample are NLSy1s and their properties are comparémbse of the total sample.
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1. The observations

We obtained contemporaneous (within two months, during éaserving runs) near-IR and
optical spectroscopy for a sample of 23 well-known reldyiveearby ¢ < 0.3) and bright §

14 mag) broad-emission line AGN. The observations, whiehdgscussed in detail in [1] and [2],
were carried out between 2004 May and 2007 January with &esitgect being typically observed
twice within this period.

The near-IR spectra were obtained with the SpeX spectrbdBmat the NASA Infrared Tele-
scope Facility (IRTF), a 3 m telescope on Mauna Kea, Hawai&.chose the short cross-dispersed
mode (SXD, 88— 2.4 um) and a slit of 8B x 15’, which resulted in an average spectral resolution
of FWHM~ 400 km s!. The optical spectra were obtained with the FAST spectpiyfd] at
the Tillinghast 1.5 m telescope on Mt. Hopkins, Arizona. VBedithe 300 I/mm grating and 4 3
long-slit, resulting in a wavelength coverage~o8720— 7515 A and an average spectral resolution
of FWHM~ 330 km s. All spectra have a relatively high continuum S/N ratie 100).

As we discussed in [1], the near-IR broad emission line specbf AGN is dominated by
a plethora of permitted transitions of mainly hydrogen (@seschen and Brackett series), helium,
oxygen, and calcium, and by the rich spectrum of singly esigon. In particular, two of the
near-IR Fai broad emission lines (Fel.05 um and Far 1.11 um) are observed to be unblended,
which means that their measured width can be used to brogubeopaiate optical Fa& templates.

2. The hot dust component

Our spectral observations cover the continuum rest-frasguency range of ~ 1014 — 10°
Hz, which is believed to sample two important AGN emissiomponents, nhamely, the accretion
disc and the hottest part of the putative dusty torus. Thésigbcontinuum region has been studied
so far mainly combining optical spectroscopy with near-lidtometry, with the two frequency
ranges usually not observed contemporaneously. Our alig®srs now give us for the first time the
opportunity to define the separate continuum componeniseatr®scopic rather than photometric
precision. This permits us to investigate in particular pheperties of the hot dust component in
greater detail than was possible before.

As we discussed in [2], the study of the spectral shape of tine AGN continuum requires
an adequate subtraction of the underlying host galaxy flleenTin the absence of short-term vari-
ability, this step should yield an alignment between the A@ilical and near-IR spectral parts. We
have estimated the host galaxy contribution in the apestofé&oth the near-IR and optical spectra
using theHubble Space Telescope (HSifages of [5] and [6] and following their approach. For
8/23 objects we did not have suitalbkS Timages. In these cases we have estimated the host galaxy
contribution based on the linear correlation present betvibe logarithms of the aperture and the
enclosed host galaxy luminosity for the sources viHtBT images. As expected, due to the better
seeing achieved in the near-IR and the relatively smallbektin aperture used in this band, the
host galaxy flux contribution to the near-IR spectra is digantly less than to the optical spectra.
Two of our sources (Mrk 590 and NGC 3227) were found to havk hear-IR and optical spectra
dominated by host galaxy starlight and were excluded fromiéu studies.
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Figure1: Histograms of the hot dust temperature (left panel) andriogéactor (right panel). Whereas the
hot dust in NLSy1s (shaded histogram) has a similar avegedrature as that of broad-line Syls (open
histogram), its covering factor in NLSy1s is relatively ladue to the high accretion disc luminosities.

The frequency gap between our near-IR and optical spedaegis enough (log ~ 0.05) that
we need to assume an overall spectral shape in order to jhdgevb parts as being ‘aligned'.
Therefore, since the AGN continuum blueward~oi um is generally thought to be emitted by the
accretion disc, we have considered this component as thelrand calculated its spectrum for the
steady geometrically thin, optically thick case. Assumamgaccretion disc spectrum, excess host
galaxy contribution to the optical spectrum (but not to tlkamlR spectrum) was apparent in the
majority of our low redshift £ < 0.1) sources.

The AGN continuum redward of 1 um is believed to be produced by the hot dust from the
putative obscuring torus. Assuming this component is iddsn in our data, we have subtracted
from the total spectrum that of the accretion disc and hateglftb the result a blackbody spectrum.
A hot blackbody spectrum appears to approximate well the-iiea&®GN continuum in all our
sources. In particular, the typical curvature of such atspatis evident in our spectra due to
their relatively large wavelength coverage. In this regpse note that the blackbody curvature is
not evident in the original spectra (without the accretitgst aomponent subtracted); rather they
resemble single power-laws.

The resulting temperatures for the hot blackbody compoaenin the range Ofyot ~ 1100—
1700 K, which are typical values of the dust sublimation terafure for most astrophysical grain
compositions. The overall temperature distribution iatre¢ly narrow and has a well-defined mean
of (Thot) = 1365+ 18 K. Dividing our sample into NLSy1s (defined to havg3R&road emission
line widths of FWHMb5 < 2000 km s1; 7 sources) and broad-line Sy1s (14 sources), we find that
the two object classes have similar mean hot dust blacktedpeératures ofTio) = 1354+ 32 K
and(Thor) = 1369+ 22 K, respectively (Fig. 1, left panel).

The strength of our data set is that it allows us to observeltameously the accretion disc and
the hot dust emission. Therefore, we can derive for the firet meaningful covering factors for
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the dusty obscurer in AGN. If the ultraviolet radiation fréne accretion disc emitted into the solid
angle,Q, defined by the dust distribution is completely absorbed reremitted in the infrared,
the dust covering factor i€ = Q/4m = [;,,;LvdV/ [ccLvdV = 0.4 (VLnot/VLace), WherevLlpg
andvLgccare the peak luminosities of the hot blackbody and accralisnspectrum, respectively.
Note that whereas L lies only slightly outside the observed spectral range dmetefore, is
well-constrained by the data, the accretion disc peak losity is strongly model-dependent. We
obtain hot dust covering factors in the rangeCof- 0.01— 0.6 and a mean ofC) = 0.07+ 0.02.
Considering NLSy1s and broad-line Syls separately, we fiadthe former have a factor ef 7
lower average hot dust covering factors than the lat@r £ 0.013+0.002 and(C) = 0.09+ 0.02,
respectively; see Fig. 1, right panel).

3. Thenear-IR virial product and radius-luminosity relationship

The model accretion disc spectrum is fully constrained leyttho quantities, mass and ac-
cretion rate of the black hole. Two thirds of our sample halelbhole masses derived from
reverberation mapping campaigns. For the remainder (£ssuwe have estimated this quantity
by applying the virial theorenVigy O vr /G, wherev andr are the velocity and radial distance
of an orbiting particle, respectively, to the near-IR. UWsthe width of the P8 broad component
(denoted FWHM,) as a measure ofand the square-root of the integrated continuum luminosity
at 1 um (denotedvL,,m) as a surrogate far, we find for the sources with reverberation mapping
results that the black hole mass correlates with the neairi& product. The observed correlation
is logMg = 0.84(2log FWHMp 4 +0.5logvL1;m) — 16.58 [2]. The accretion rate can be obtained
directly from an approximation of the accretion disc spattto the data.

The correlation between black hole mass and near-IR vir@yrct rests strongly on our find-
ing that the accretion disc spectrum, which is believed tthkenain source of ionising radiation,
extends well into the near-IR and still dominates the AGNticmum at~ 1 um. Therefore, a
single-epoch near-IR spectrum, ideally obtained througlit amall enough that it excludes most
of the host galaxy starlight (see Section 2), can in prieclpt used to estimate the radius of the
broad emission line region. We have recently verified thisj@xdure [7]. For 14 reverberation-
mapped AGN in our sample we have fit a relationship of the fﬂnﬂwL‘f“m, whereR s the radius
of the HB broad-emission line region (taken from [6] and [8]). We ai¢a a best-fit slope of
a ~ 0.5+0.1, which is consistent with the slope of the relationshiphia optical band [5, 6] and
with the value of 0.5 naively expected from photoionisatioeory. The near-IR radius-luminosity
relationship is expected to be relevant particularly fastelmbscured AGN.

4. Thekinematics

The profiles of the strongest Paschen linexy Bad P#, are observed to be unblended [1],
which makes them well-suited for studies of the geometry kindmatics of the broad emission
line region (BELR). A crucial step towards isolating therinsic broad-emission line profile is the
subtraction of the narrow-emission line component. Theowatine profile appears inflected, i.e.,
the transition point between the broad and narrow compesnsribvious, in roughly half of our
sample. Two sources (PG 084349 and Ark 120) clearly lack a Paschen narrow-line comppnen
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Figure 2: Observed profiles of the Ba(cyan) and Pa (green) emission lines for Mrk 110 and HE
1228+013, respectively, compared to the template profile(&ad Par, respectively; black). The dis-
appearing narrow component reveals a flat-topped broadsliofile.

since their profiles have a broad top. However, in the rengaittte transition between the broad
and narrow components is not perceptible. In [1] we estithat¢hese cases the contribution of the
narrow component to the total profile by fitting to its top pafbaussian with FWHM equal to that

of the narrow emission line [@i] A5007. This method assumes that the FWHM ofijf{PA 5007

is representative of the narrow emission line region (NE&R) subtracts the largest possible flux
contribution from this region.

Our method of subtracting the narrow-line contribution @ases where there is a smooth tran-
sition between the broad and narrow components yieldssitribroad-line profiles that are flat-
topped. And such flat-topped profiles are the norm in the itgftesources, where the separation
between the broad and narrow components is prominent. Iposupf our method is an effect
that we present here for the first time and dub the “disappgadfiELR”. In all smooth-transition
sources we observe that the narrow-line component stagisappear in the higher-order Paschen
emission lines, such as, e.g., Pa9, and in some sources avien, €.g., Pa and P& in Mrk 110
and HE 1228-013, respectively (see Fig. 2).

If all AGN have flat-topped broad-emission line profiles, BELR has an outer radius. As-
suming that the broad-line gas is virialised and its vejokéld is isotropic, we have calculated the
BELR outer radius from the width of the flat-top. For this pasp we have used black hole masses
from reverberation mapping campaigns and also estimaiad tie relation we have presented in
[2]. In order to test if our method is consistent or if instéiagields widely different results for the
smooth-transition and inflected sources, we plot in Figeft fanel) the radius-luminosity relation-
ship between the BELR outer radius and the integrated lusitinat 1350 A. We have estimated
the latter quantity, which is intimately related to the ming luminosity, from our accretion disc
fits. Both types of sources, and in particular the NLSy1s ¢iegles), follow the same relationship.
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Figure 3: Left: The BELR outer radius versus the integrated lumiryosit1 350 A estimated from accretion
disc fits. Open and filled circles indicate sources with ani@lovand an estimated transition point between
the broad- and narrow-line components, respectively. NisSyre highlighted in red. The observed correla-
tion (solid line) has a slope af = 0.56+ 0.08. Right: Histograms of the ionising fluxes at the outeruadi
(upper panel) and at the average hot dust radius (bottom)paie two distributions have similar means.

A least-squares fit gives a slope @f= 0.56+ 0.08, consistent with a value of 0.5 expected from
photoionisation arguments. Therefore, the BELR seemsdsecat a certain ionisinitux.

We have estimated this BELR limiting ionising flux and showFig. 3 (right upper panel)
its distribution. We obtain a mean dbog®ni,) = 186+ 0.2, which is consistent with the range
of values that allow for dust sublimation. And in fact, usithg hot dust average radii from [2],
we obtain a relatively narrow distribution for the ionisifigx with a similar mean oflog ®yqt) =
1841+0.06 (Fig. 3, right bottom panel). Therefore, it appears that BELR ceases at that
ionising flux which allows dust to sublime, i.e., the BELR issttimited.

Already [9] showed that as soon as dust is present the bimoadihs emission diminishes
sharply and emission from the NELR is expected at much laagdi. This scenario is well-suited
to explain the appearance of the inflected sources with & lgag in velocity field between the
BELR and NELR. However, how can the smooth-transition seslifi in this scenario? As Fig. 3
shows, these are mostly high-luminosity sources and apmeaow due to their outer radii being
located much further out. The appearance of a prominencitglgap between the broad and
narrow components could then simply be prevented by speesalution effects.
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