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Abstracts of recently accepted papers

Active Galactic Nuclei with Candidate Intermediate-Mass Black Holes

Jenny E. Greene1 and Luis C. Ho2

1 Harvard-Smithsonian Center for Astrophysics, 60 Garden St., Cambridge, MA 02138
2 The Observatories of the Carnegie Institution of Washington, 813 Santa Barbara St., Pasadena, CA 91101-1292

We present an initial sample of 19 intermediate-mass black hole candidates in active galactic nuclei culled from the First Data
Release of the Sloan Digital Sky Survey. Using the linewidth-luminosity-mass scaling relation established for broad-line active
nuclei, we estimate black hole masses in the range of MBH ≈ 8×104−106 M¯, a regime in which only two objects are currently
known. The absolute magnitudes are faint for active galactic nuclei, ranging from Mg ≈ −15 to −18 mag, while the bolometric
luminosities are all close to the Eddington limit. The entire sample formally satisfies the linewidth criterion for so-called narrow-
line Seyfert 1 galaxies; however, they display a wider range of FeII and [OIII] λ5007 line strengths than is typically observed in
this class of objects. Although the available imaging data are of insufficient quality to ascertain the detailed morphologies of
the host galaxies, it is likely that the majority of the hosts are relatively late-type systems. The host galaxies have estimated
g-band luminosities ∼ 1 mag fainter than M∗ for the general galaxy population at z ≈ 0.1. Beyond simply extending the known
mass range of central black holes in galactic nuclei, these objects provide unique observational constraints on the progenitors
of supermassive black holes. They are also expected to contribute significantly to the integrated signal for future gravitational
wave experiments.

Accepted by The Astrophysical Journal

E-mail contact: jgreene@cfa.harvard.edu,
preprint available at http://arXiv.org/astro-ph/0404110
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Thermal Dust Reverberation Observed In Markarian 335 With YALO

Brant O. Nelson1, Matthew A. Malkan2

1 Spitzer Science Center, MS 200-6, Pasadena, CA 91125
2 Departments Of Physics and Astronomy, University Of California, Los Angeles, CA 90095

Simultaneous optical-infrared monitoring of the Seyfert galaxy Markarian 335 with the YALO telescope at Cerro Tololo has
revealed a clear signature of thermal dust reverberation. Photometry relative to field stars was obtained in V and K bads every
5 days on average from August 2000 through December 2001. The 0.4 mag variability shown at V is mirrored by a delayed
and broadened response at K with a lag time of ∼ 100 days as determined by cross-correlation analysis. A simple consistency
check holds up: dust residing at a distance of 100 light-days from the central engine is heated to near the maximum possible
temperature for graphite grains. Thus Mrk 335 joins the ranks of the handful other AGN for which infrared lag times consistent
with thermal dust reprocessing have been measured.

Poster presented at American Astronomical Society 204th Meeting, Denver, CO, June 2004

E-mail contact: nelson@ipac.caltech.edu

INTEGRAL and XMM-Newton Spectral Studies of NGC 4388

V. Beckmann1,2, N. Gehrels1, P. Favre3, R. Walter3, T. J.-L. Courvoisier3, P.-O. Petrucci4, and J. Malzac5

1 NASA Goddard Space Flight Center, Code 661, Greenbelt, MD 20771, USA
2 Joint Center for Astrophysics, Department of Physics, University of Maryland, Baltimore County, MD 21250, USA
3 INTEGRAL Science Data Centre, Chemin d’ Écogia 16, CH-1290 Versoix, Switzerland
4 Laboratoire d’Astrophysique de Grenoble, BP 53X, 38041 Grenoble Cedex, France
5 Centre d’Étude Spatiale des Rayonnements, 31028 Toulouse, France

We present first INTEGRAL and XMM-Newton observations of a Seyfert galaxy, the type 2 AGN NGC 4388. Several INTEG-
RAL observations performed in 2003 allow us to study the spectrum in the 20 - 300 keV range. In addition two XMM-Newton
observations give detailed insight into the 0.2 - 10 keV emission. The measurements presented here and comparison with
previous observations by BeppoSAX, SIGMA and CGRO/OSSE show that the overall spectrum from soft X-rays up to the
gamma-rays can be described by a highly absorbed (NH ' 2.7×1023 cm−2) and variable non-thermal component in addition to
constant non-absorbed thermal emission (T ' 0.8 keV) of low abundance (Z ∼ 7%Z¯), plus a constant Fe Kα and Kβ line. The
hard X-ray component is well described by a simple power law with a mean photon index of Γ = 1.7. During the INTEGRAL
observations the 20 – 100 keV flux increased by a factor of 1.4. The analysis of XMM-Newton data implies that the emission
below 3 keV is decoupled from the AGN and probably due to extended emission as seen in Chandra observations. The constant
iron line emission is apparently also decoupled from the direct emission of the central engine and likely to be generated in the
obscuring material, e.g. in the molecular torus.

Accepted by ApJ

E-mail contact: beckmann@milkyway.gsfc.nasa.gov,
preprint available at http://arXiv.org/abs/astro-ph/0406553

VLBI imaging of OH absorption: The puzzle of the nuclear region of NGC 3079

Y.Hagiwara1, H.-R.Klöckner2,1 and W.Baan1

1 ASTRON, Westerbork Observatory, P.O. Box 2, 7990 AA, Dwingeloo, The Netherlands
2 Kapteyn Astronomical Institute, University of Groningen, Postbus 800, 9700 AV, Groningen, The Netherlands

Broad hydroxyl (OH) absorption-lines in the 1667 MHz and 1665 MHz transition towards the central region of NGC 3079 have
been observed at high resolution with the European VLBI Network (EVN). Velocity fields of two OH absorption components
were resolved across the unresolved nuclear radio continuum of ∼ 10 parsecs. The velocity field of the OH absorption close to
the systemic velocity shows rotation in nearly the same sense as the edge-on galactic-scale molecular disk probed by CO(1–0)
emission. The velocity field of the blue-shifted OH absorption displays a gradient in almost the opposite direction. The blue-
shifted velocity field represents a non-rotational component, which may trace an outflow from the nucleus, or material driven
and shocked by the kiloparsec-scale superbubble. This OH absorption component traces a structure that does not support a
counter-rotating disk suggested on the basis of the neutral hydrogen absorption.

Accepted by MNRAS
E-mail contact: hagiwara@astron.nl, preprint available at http://arxiv.org/abs/astro-ph/0404347
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Near Infrared Spectroscopy of High Redshift Active Galactic Nuclei.
I. A Metallicity–Accretion Rate Relationship

O. Shemmer1, H. Netzer1, R. Maiolino2, E. Oliva3, S. Croom4, E. Corbett4, and L. Di Fabrizio3

1 School of Physics and Astronomy and the Wise Observatory, The Raymond and Beverly Sackler Faculty of Exact Sciences,
Tel-Aviv University, Tel-Aviv 69978, Israel
2 INAF - Osservatorio Astrofisico di Arcetri, Largo E. Fermi 5, I-50125 Firenze, Italy
3 Istituto Nazionale di Astrofisica, Centro Galileo Galilei, and Telescopio Nazionale Galileo, P.O. Box 565, E-38700 Santa Cruz
de la Palma, Spain
4 Anglo-Australian Observatory, PO Box 296, Epping, NSW 1710, Australia

We present new near infrared spectroscopic measurements of the Hβ region for a sample of 29 luminous high redshift quasars.
We have measured the width of Hβ in those sources, and added archival Hβ width measurements, to create a sample of 92
active galactic nuclei (AGNs) for which Hβ width and rest-frame UV measurements of N v λ1240 and C iv λ1549 emission-lines
are available. Our sample spans six orders of magnitude in luminosity and includes 31 radio-loud AGNs. It also includes 10
narrow-line Seyfert 1 galaxies and one broad absorption-line quasar. We find that metallicity, indicated by the N v/C iv line
ratio, is primarily correlated with accretion rate, which is a function of luminosity and Hβ line-width. This may imply an
intimate relation between starburst, responsible for the metal enrichment of the nuclear gas, and AGN fueling, represented by
the accretion rate. The correlation of metallicity with luminosity, or black hole (BH) mass, is weaker in contrast with recent
results which were based on measurements of the width of C iv. We argue that using C iv as a proxy to Hβ in estimating
MBH might be problematic and lead to spurious BH mass and accretion rate estimates in individual sources. We discuss the
potential implications of our new result in the framework of the starburst–AGN connection and theories of BH growth.

Accepted by The Astrophysical Journal

E-mail contact: ohad@wise.tau.ac.il
preprint available at http://arxiv.org/abs/astro-ph/0406559

Near Infrared Spectroscopy of High Redshift Active Galactic Nuclei.
II. Disappearing Narrow Line Regions and the Role of Accretion

H. Netzer1, O. Shemmer1, R. Maiolino2, E. Oliva3, S. Croom4, E. Corbett4, and L. Di Fabrizio3

1 School of Physics and Astronomy and the Wise Observatory, The Raymond and Beverly Sackler Faculty of Exact Sciences,
Tel-Aviv University, Tel-Aviv 69978, Israel
2 INAF - Osservatorio Astrofisico di Arcetri, Largo E. Fermi 5, I-50125 Firenze, Italy
3 Istituto Nazionale di Astrofisica, Centro Galileo Galilei, and Telescopio Nazionale Galileo, P.O. Box 565, E-38700 Santa Cruz
de la Palma, Spain
4 Anglo-Australian Observatory, PO Box 296, Epping, NSW 1710, Australia

We present new near infrared spectroscopic measurements for 29 luminous high-redshift active galactic nuclei (AGNs) and use
the data to discuss the size and other properties of the narrow line regions (NLRs) in those sources. The high resolution spectra
have been used to carefully model the Fe ii blends and to provide reliable [O iii] λ5007, Fe ii and Hβ measurements. We find
that about 2/3 of all very high luminosity sources show strong [O iii] λ5007 lines while the remaining objects show no or very
weak such line. While weak [O iii] λ5007 emitters are also found among lower luminosity AGNs, we argue that the implications
for very high luminosity objects are different. In particular, we suggest that the averaging of these two populations in other
works gave rise to claims of a Baldwin relationship in [O iii] λ5007 which is not confirmed by our data. We also argue that earlier

proposed relations of the type RNLR∝ L
1/2

[O III], where RNLR is the radius of the NLR, are theoretically sound yet they must
break down for RNLR exceeding a few kpc. This suggests that the NLR properties in high luminosity sources are very different
from those observed in nearby AGNs. In particular, we suggest that some sources lost their very large, dynamically unbound
NLR while others are in a phase of violent star-forming events that produce a large quantity of high density gas in the central
kpc. This gas is ionized and excited by the central radiation source and its spectroscopic properties may be different from those
observed in nearby, lower luminosity NLRs. We also discuss the dependence of EW(Hβ) and Fe ii/Hβ on luminosity, black hole
mass, and accretion rate for a large sample of AGNs. The strongest dependence of the two quantities is on the accretion rate
and the Fe ii/Hβ correlation is probably due to the EW(Hβ) dependence on accretion rate. We show the most extreme values
measured so far of Fe ii/Hβ and address its correlation with EW([O iii] λ5007).

Accepted by The Astrophysical Journal
E-mail contact: netzer@wise.tau.ac.il
preprint available at http://arxiv.org/abs/astro-ph/0406560
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Gaseous Outflows in Seyferts and Unification: The Case of Mrk 533

P. Shastri 1, Jayant Murthy 1, John Hutchings2 and Beverley J. Wills 3

1 Indian Institute of Astrophysics, Bangalore, India
2 Herzberg Institute of Astrophysics, Victoria, BC, Canada
3 Department of Astronomy, University of Texas, Austin, USA

We present our recent results from the observation of the O VI λ λ1032,1038 emission doublet in Seyfert galaxies of type 2 with
the FUV spectrograph on the FUSE satellite. These observations are part of our investigation to contrast the properties of
the OVI emission line and the absorbing outflows in a sample of rigorously matched Sy1s and 2s in the framework of the Unified
Scheme. The OVI emission line is an excellent diagnostic of the outflowing hot gas at temperatures of ∼106K. In the Unified
Scheme, Seyferts of type 2 are those whose central regions are obscured by the ubiquitous dusty torus. We interpret our results
in this framework.

In the Proceedings of the 222nd IAU Symposium: The Interplay among Black Holes, Stars and ISM in Galactic Nuclei

E-mail contact: pshastri@iiap.res.in,
preprint available at http://www.iiap.ernet.in/personnel/pshastri

CO in Southern Seyfert galaxies Molecular Gas Properties of I. The Southern Sample

Matt Strong1, Alan Pedlar1, Susanne Aalto2, Rob J.Beswick1, Stephen Curran3, Roy Booth2

1 The University of Manchester, Jodrell Bank Observatory, Macclesfield, Cheshire SK11 9DL, UK
2 Onsala Space Observatory, Chalmers University of Technology, S-439 92 Onsala, Sweden
3 University of New South Wales, Sydney, NSW 2052, Australia

We have used the 15m Swedish ESO Sub-millimetre Telescope (SEST) to observe the J = 1 → 0 and J = 2 → 1 transition lines
of CO in 30 Southern hemisphere Seyfert galaxies from the extended 12 µm sample of Rush, Malkan & Spinoglio. We detected
CO J = 1 → 0 in 16 out of the 30 Seyfert galaxies and CO J = 2 → 1 in 17 out of the 30 Seyfert galaxies. From the observed
spectra various CO gas properties have been derived including the luminosity of the CO gas and using a standard conversion
factor, the H2 mass. The average H2 gas mass for Seyfert 1 galaxies was 3 × 109 M¯ for CO J = 1 → 0 and 1 × 109 M¯ for
CO J = 2 → 1, while in comparison the H2 gas mass for Seyfert 2 type galaxies was 11 × 109 M¯ for CO J = 1 → 0 and 3 ×
109 M¯ CO J = 2 → 1. From this small sample of Seyfert galaxies we tentatively support the conclusion that type 2 Seyfert
galaxies contain more molecular gas than their type 1 counterparts.

Accepted by MNRAS

E-mail contact: mstrong@jb.man.ac.uk or rbeswick@jb.man.ac.uk

The Nuclear Reddening Curve For Active Galactic Nuclei and the Shape of the Infra-red
to X-ray Spectral Energy Distribution

C. Martin Gaskell1, René W. Goosmann2 Robert R. J. Antonucci3 & David H. Whysong3

1 Department of Physics & Astronomy, University of Nebraska, Lincoln, NE 68588-0111
2 Observatoire de Paris, Section de Meudon, LUTH, Place Jules Janssen, F-92195 Meudon Cedex, France
3 Department of Physics & Astronomy, University of California, Santa Barbara, CA 93106

We present extinction curves derived from the broad emission lines and continua of samples of radio-loud and radio-quiet
AGNs. The curves are significantly flatter in the UV than are curves for the local ISM. The reddening curves for the radio-quiet
LBQS quasars are slightly steeper than those of the radio-loud quasars in the UV, probably because of additional reddening by
dust further out in the host galaxies of the former. The UV extinction curves for the radio-loud AGNs are very flat. This is
explicable with slight modifications to standard MRN dust models: there is a relative lack of small grains in the nuclear dust.
Our continuum and broad-emission line reddening curves agree in both shape and amplitude, confirming that the continuum
shape is indeed profoundly affected by reddening for all but the bluest AGNs. With correction by our generic extinction curve,
all of the radio-loud AGNs have continuous optical-UV spectra consistent with a single shape. We show that radio-quiet AGNs
have very similar intrinsic UV to optical shape over orders of magnitude in luminosity. We also argue that radio-loud and
radio-quiet AGNs probably share the same underlying continuum shape and that most of the systematic differences between
their observed continuum shapes are due to higher nuclear reddening in radio-selected AGNs, and additional reddening from
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dust further out in the host galaxies in radio-quiet AGNs. Our conclusions have important implications for the modelling of
quasar continua and the analysis of quasar demographics.

Accepted by Astrophys. J.

E-mail contact: mgaskell1@unl.edu,
preprint available at http://www.physics.unl.edu/directory/gaskell/preprints/preprints.html
or http://arxiv.org/abs/astro-ph/0309595

Fire and Ice: IRS Mid-IR Spectroscopy of IRAS F00183-7111

H.W.W. Spoon1, L. Armus2, J. Cami3, A.G.G.M. Tielens4, J.E. Chiar5,6, E. Peeters3, J.V. Keane5, V. Charmandaris1,
P.N. Appleton2, H.I. Teplitz2 and M.J. Burgdorf2

1 Cornell University, Astronomy Department, 219 Space Sciences Building, Ithaca, NY 14853
2 Caltech, Spitzer Science Center, MS 220-6, Pasadena, CA 91125
3 NASA-Ames Research Center, MS 245-6, Moffett Field, CA 94035
4 SRON National Institute for Space Research and Kapteyn Institute, P.O. Box 800, 9700 AV Groningen, The Netherlands
5 NASA-Ames Research Center, MS 245-3, Moffett Field, CA 94035
6 SETI Institute, 2035 Landings Drive, Mountain View, CA 94043

We report the detection of strong absorption and weak emission features in the 4–27 µm Spitzer-IRS spectrum of the distant
ultraluminous infrared galaxy (ULIRG) IRAS F00183–7111 (z=0.327). The absorption features of CO2 and CO gas, water ice,
hydrocarbons and silicates are indicative of a strongly obscured (A9.6≥5.4; AV≥90) and complex line of sight through both
hot diffuse ISM and shielded cold molecular clouds towards the nuclear power source. ¿From the profile of the 4.67 µm CO
fundamental vibration mode we deduce that the absorbing gas is dense (n∼106 cm−3) and warm (720 K) and has a CO column
density of ∼1019.5 cm−2, equivalent to NH∼1023.5 cm−2. The high temperature and density, as well as the small infered size
(< 0.03 pc), locates this absorbing gas close to the power source of this region. Weak emission features of molecular hydrogen,
PAHs and Ne+, likely associated with star formation, are detected against the 9.7 µm silicate feature, indicating an origin away
from the absorbing region. Based on the 11.2 µm PAH flux, we estimate the star formation component to be responsible for
up to 30% of the IR luminosity of the system. While our mid-infrared spectrum shows no tell-tale signs of AGN activity, the
similarities to the mid-infrared spectra of deeply obscured sources (e.g. NGC4418) and AGN hot dust (e.g. NGC 1068), as well
as evidence from other wavelength regions, suggest that the power source hiding behind the optically thick dust screen may
well be a buried AGN.

Accepted by Astrophysical Journal Supplements Spitzer Special Issue

E-mail contact: spoon@isc.astro.cornell.edu,
preprint available at http://isc.astro.cornell.edu/ spoon/publications.html
or http://arxiv.org/abs/astro-ph/0406175
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