Active An electronic publication dedicated to Galaxies the observation and theory of Newsletter active galaxies

No. 56 — November 2001 Editor: Rob Beswick (rb@ast.man.ac.uk)

Abstracts - Thesis Abstracts - Jobs - Meetings

From the Editor

The Active Galaxies Newsletter is produced monthly. The deadline for contributions is the last friday of the month. The Latex macros for submitting abstracts and dissertation abstracts are appended to each issue of the newsletter and are also available on the web page. Rob Beswick

Abstracts of recently accepted papers

Reddening, Emission-Line, and Intrinsic Absorption Properties in the Narrow-Line Seyfert 1 Galaxy Akn 564^1

D.M. Crenshaw^{2,3}, S.B. Kraemer^4 , T.J. Turner^{5,6}, S. Collier^7, B.M. Peterson^7, W.N. Brandt^8, J. Clavel^9, I.M. George^{5,6} , K. Horne^{10,11}, G.A. Kriss^{12}, S. Mathur^7, H. Netzer^{13}, R.W. Pogge^7, K.A. Pounds^{14}, P. Romano^7, O. Shemmer^{13}, and W. Wamsteker^9

1Based on observations made with the NASA/ESA Hubble Space Telescope. STScI is operated by the Association of Universities for Research in Astronomy, Inc. under NASA contract NAS5-26555.

2Department of Physics and Astronomy, Georgia State University, Astronomy Offices, One Park Place South SE, Suite 700, Atlanta, GA 30303 3crenshaw@chara.gsu.edu 4Catholic University of America and Laboratory for Astronomy and Solar Physics, NASA’s Goddard Space Flight Center, Code 681, Greenbelt, MD 20771 5Laboratory for High Energy Astrophysics, Code 660, NASA’s Goddard Space Flight Center, Greenbelt, MD 20771 6Joint Center for Astrophysics, Physics Department, University of Maryland, Baltimore County, 1000 Hilltop Circle, Baltimore, MD 21250 7Department of Astronomy, The Ohio State University, 140 West 18th Avenue, Columbus, OH 43210 8Department of Astronomy & Astrophysics, The Pennsylvania State University, 525 Davey Laboratory, University Park, PA 16802 9ESA, P.O. Box 50727, 28080 Madrid, Spain 10School of Physics and Astronomy, University of St. Andrews, St. Andrews, KY16 9SS, UK 11Department of Astronomy, University of Texas, Austin, TX 78704 12Space Telescope Science Institute, 3700 San Martin Drive, Baltimore, MD 21218 13School of Physics and Astronomy and the Wise Observatory, The Raymond and Beverly Sackler Faculty of Exact Sciences, Tel Aviv University,Tel Aviv 69978, Israel 14Department of Physics and Astronomy, University of Leicester,University Road, Leicester, LE1 7RH, UK

We use Hubble Space Telescope UV and optical spectra of the narrow-line Seyfert 1 (NLS1) galaxy Akn 564 to investigate its internal reddening and properties of its emission-line and intrinsic UV absorption gas. We find that the extinction curve of

Akn 564, derived from a comparison of its UV/optical continuum to that of an unreddened NLS1, lacks a 2200 Å bump and turns up towards the UV at a longer wavelength (4000 Å) than the standard Galactic, LMC, and SMC curves. However, it does not show the extremely steep rise to 1200 Å that characterizes the extinction curve of the Seyfert 1 galaxy NGC 3227. The emission-lines and continuum experience the same amount of reddening, indicating the presence of a dust screen that is external to the narrow-line region (NLR). Echelle spectra from the Space Telescope Imaging Spectrograph show intrinsic UV absorption lines due to Lyα, N V, C IV, Si IV, and Si III, centered at a radial velocity of �190 km s^{−1} (relative to the host galaxy). Photoionization models of the UV absorber indicate that it has a sufficient column (NH = 1.6 x 10^{21} cm^{−2}) and is at a sufficient distance from the nucleus (D > 95 pc) to be the source of the dust screen. Thus, Akn 564 contains a dusty “lukewarm absorber” similar to that seen in NGC 3227.

Accepted by The Astrophysical Journal

On the Nature of Intrinsic Absorption in Reddened Seyfert 1 Galaxies

D.M. Crenshaw^1 & S.B. Kraemer^2

1 Department of Physics and Astronomy, Georgia State University, Atlanta, GA 30303; crenshaw@chara.gsu.edu 2 Catholic University of America and Laboratory for Astronomy and Solar Physics, NASA’s Goddard Space Flight Center, Code 681, Greenbelt, MD 20771; stiskraemer@yancey.gsfc.nasa.gov

We discuss the origin of the “dusty lukewarm absorber”, which we previously identified in the reddened Seyfert 1 galaxies NGC 3227 and Akn 564. This absorber is characterized by saturated UV absorption lines (C IV, N V) near the systemic velocity of the host galaxy, and is likely responsible for reddening both the continuum and the emission lines (including those from the narrow-line region) from these Seyferts. From a large sample of Seyfert 1 galaxies, we find that continuum reddening (as measured by UV color) tends to increase with inclination of the host galaxy. Furthermore, reddened, inclined Seyfert galaxies observed at moderate to high spectral resolution all show evidence for dusty lukewarm absorbers. We suggest that these absorbers lie in the plane of the host galaxy at distances >100 pc from the nucleus, and are physically distinct from the majority of intrinsic absorbers that are outflowing from the nucleus.

Accepted by The Astrophysical Journal

E-mail contact: crenshaw@chara.gsu.edu, preprint available at astro-ph/0110304

Nonstandard Central Engines in Nearby Galaxies

Luis C. Ho^1

1 The Observatories of the Carnegie Institution of Washington, 813 Santa Barbara St., Pasadena, CA 91101

We argue that nearby galaxy nuclei contain massive black holes that are fueled by low radiative efficiency accretion flows.

To appear in Issues in Unification of AGNs, ed. R. Maiolino, A. Marconi, & N. Nagar (San Francisco: ASP), in press.

E-mail contact: lho@ociw.edu, preprint available at http://www.ociw.edu/¸lho/

The Population of AGNs in Nearby Galaxies

Luis C. Ho^1

1 The Observatories of the Carnegie Institution of Washington, 813 Santa Barbara St., Pasadena, CA 91101

This contribution reviews the properties of nuclear activity in nearby galaxies, with emphasis on results obtained from current optical surveys and multiwavelength follow-up observations thereof.

To appear in IAU Colloq. 184, AGN Surveys, d. R. F. Green, E. Ye. Khachikian, & D. B. Sanders (San Francisco: ASP), in press.

E-mail contact: lho@ociw.edu, preprint available at http://www.ociw.edu/¸lho/

On the Relationship Between Radio Emission and Black Hole Mass in Galactic Nuclei

Luis C. Ho^1

1 The Observatories of the Carnegie Institution of Washington, 813 Santa Barbara St., Pasadena, CA 91101

We use a comprehensive database of black hole masses (MBH) and nuclear luminosities to investigate the relationship between radio emission and MBH. Our sample covers a wide range of nuclear activity, from nearby inactive nuclei to classical Seyfert 1 nuclei and luminous quasars. Contrary to some previous studies, we find that the radio continuum power, either integrated for the entire galaxy or isolated for the core, correlates poorly with MBH. The degree of nuclear radio loudness, parameterized by the radio-to-optical luminosity ratio R, also shows no clear dependence on MBH. Radio-loud nuclei exist in galaxies with a wide range of MBH, from ¸ 10^6 M⊙ to a few�10^9 M⊙, and in a variety of hosts, from disk-dominated spirals to giant ellipticals. We demonstrate that R is strongly inversely correlated with L/LE, the ratio of nuclear luminosity to the Eddington luminosity, and hence with mass accretion rate. Most or all of the weakly active nuclei in nearby galaxies are radio-loud, highly sub-Eddington systems that are plausibly experiencing advection-dominated accretion.

Accepted by ApJ.

E-mail contact: lho@ociw.edu, preprint available at http://www.ociw.edu/¸lho/

An Efficient Strategy to Select Targets for Gas-Dynamical Measurements of Black Hole Masses Using the Hubble Space Telescope

Luis C. Ho^1 Marc Sarzi^{2,3}, Hans-Walter Rix^3, Joseph C. Shields^4, Greg Rudnick^{5,3}, Alexei V. Filippenko^6, and Aaron J. Barth^7

1 The Observatories of the Carnegie Institution of Washington, 813 Santa Barbara St., Pasadena, CA 91101 2 Dipartimento di Astronomia, Università di Padova, Vicolo dell’Osservatorio 5, I-35122 Padova, Italy 3 Max-Planck-Institut für Astronomie, Königstuhl 17, Heidelberg, D-69117, Germany 4 Physics & Astronomy Department, Ohio University, Athens, OH 45701 5 Steward Observatory, Univ. of Arizona, Tucson, AZ 85721 6 Astronomy Department, University of California, Berkeley, CA 94720-3411 7 California Institute of Technology, Dept. of Astronomy, 105-24, Pasadena, CA 91125

Gas-dynamical studies using the Hubble Space Telescope are an integral component for future progress in the search for massive black holes in galactic nuclei. Here we present an extensive set of gas rotation curves obtained with the Space Telescope Imaging Spectrograph for the central regions of 23 disk galaxies. We find that the bulges of randomly selected, nearby spiral and S0 galaxies generally do not contain well-defined gaseous disks. Only 15%–20% of disk galaxies have regular, symmetric velocity fields useful for dynamical analysis. Through comparison of the kinematics with Hubble Space Telescope images of the nuclear regions, we show that the probability of success can be significantly boosted by preselecting objects whose central dust lanes follow a well-ordered, circularly symmetric pattern. The dust morphology can be ascertained efficiently by visual inspection of unsharp-masked images.

Accepted by PASP.

E-mail contact: lho@ociw.edu, preprint available at http://www.ociw.edu/¸lho/

Nuclear Cusps and Cores in Early-type Galaxies As Relics of Binary Black Hole Mergers

Swara Ravindranath^{1,2}, Luis C. Ho^1, and Alexei V. Filippenko^2

1 The Observatories of the Carnegie Institution of Washington, 813 Santa Barbara St., Pasadena, CA 91101 2 Astronomy Department, University of California, Berkeley, CA 94720-3411

We present an analysis of the central cusp slopes and core parameters of early-type galaxies using a large database of surface brightness profiles obtained from Hubble Space Telescope observations. We examine the relation between the central cusp slopes, core parameters, and black hole masses in early-type galaxies, in light of two models that attempt to explain the formation of cores and density cusps via the dynamical influence of black holes. Contrary to the expectations from adiabatic-growth models, we find that the cusp slopes do not steepen with increasing black hole mass fraction. Moreover, a comparison of kinematic black hole mass measurements with the masses predicted by the adiabatic models shows that they overpredict the masses by a factor of ¸3. Simulations involving binary black hole mergers predict that both the size of the core and the central mass deficit correlate with the final black hole mass. These relations are qualitatively supported by the present data.

Accepted by ApJ.

E-mail contact: lho@ociw.edu, preprint available at http://www.ociw.edu/¸lho/

High-Resolution Mid-Infrared Morphology of Cygnus A

James T. Radomski^1, Robert K. Piña^1, Christopher Packham^1, Charles M. Telesco^1 and Clive N. Tadhunter^2

1 Department of Astronomy, University of Florida, 211 SSRB, Gainesville, FL. 32611, USA 2 Department of Physics and Astronomy, University of Sheffied, Sheffield, S3 7RH, UK.

We present subarcsecond resolution mid-infrared images at 10.8 and 18.2 microns of Cygnus A. These images were obtained with the University of Florida mid-IR camera/spectrometer OSCIR at the Keck II 10-m telescope. Our data show extended mid-IR emission primarily to the east of the nucleus with a possible western extension detected after image deconvolution. This extended emission is closely aligned with the bi-conical structure observed at optical and near-IR wavelengths by the HST. This emission is consistent with dust heated from the central engine of Cygnus A. We also marginally detect large-scale low level emission extending > 1.5 kpc from the nucleus which may be caused by in-situ star formation, line emission, and/or PAH contamination within the bandpass of our wide N-band filter.

Accepted by Astrophysical Journal

E-mail contact: jtr@astro.ufl.edu, preprint available at http://xxx.lanl.gov/abs/astro-ph/0110347

Discovery of very extended emission-line region around the Seyfert 2 galaxy NGC 4388

Michitoshi Yoshida^{1,2}, Masafumi Yagi^1, Sadanori Okamura^{3,4}, Kentaro Aoki^{5,6}, Youichi Ohyama^7, Yutaka Komiyama^7, Naoki Yasuda^5 , Masanori Iye^1, Nobunari Kashikawa^1, Mamoru Doi^6, Hisanori Furusawa^3, Masaru Hamabe^{10}, Masahiko Kimura^9, Masayuki Miyazaki^3, Satoshi Miyazaki^8, Fumiaki Nakata^3, Masami Ouchi^3, Maki Sekiguchi^9, Kazuhiro Shimasaku^3, and Hiroshi Ohtani^{11}

1Optical and Infrared Astronomy Division, National Astronomical Observatory, Mitaka, Tokyo, 181-8588 Japan. 2Okayama Astrophysical Observatory, National Astronomical Observatory, Kamogata, Okayama, 719-0232 Japan; yoshida@oao.nao.ac.jp. 3Department of Astronomy, School of Science, University of Tokyo, Tokyo, 113-0033 Japan. 4Research Center for the Early Universe, School of Science, University of Tokyo, Tokyo, 113-0033 Japan. 5Astronomical Data Analysis Center, National Astronomical Observatory, Mitaka, Tokyo, 181-8588 Japan. 6Institute of Astronomy, School of Science, University of Tokyo, Mitaka, Tokyo, 181-8588 Japan. 7Subaru Telescope, National Astronomical Observatory of Japan, 650 North A’Ohoku Place, Hilo, HI 96720 USA. 8Advanced Technology Center, National Astronomical Observatory, Mitaka, Tokyo, 181-8588 Japan. 9Institute for Cosmic Ray Research, University of Tokyo, Kashiwa, Chiba, 277-8582 Japan.

10Department of Mathematical and Physical Sciences, Faculty of Science, Japan Women’s University, Bunkyo-ku, Tokyo, 112- 8681 Japan.

11Department of Astronomy, Faculty of Science, Kyoto University, Sakyo-ku, Kyoto, 606-8502 Japan.

We found a very large, ¸ 35 kpc, emission-line region around the Seyfert type 2 galaxy NGC 4388, using deep narrow-band imaging with the prime focus camera (Suprime-Cam) of the Subaru telescope. This region consists of many faint gas clouds or filaments, and extends northeastwards from the galaxy. The typical Hα luminosity L(Hα) of the clouds is ¸ 10^{37} erg s^{−1}, and the total L(Hα) of the region within 10 kpc from the nucleus is ¸ 2 � 10^{38} erg s^{−1}, which corresponds to an ionized gas mass

of ¸ 10^5M⊙. The map of the emission-line intensity ratio I([O III])/I(Hα) indicates that the inner (r < 12 kpc) region of the

VEELR may be excited by nuclear ionizing radiation. The excitation mechanism of the outer (r > 12 kpc) region is unclear, but it is likely that the nuclear radiation is also a dominant source of its ionization. We discuss the origin of the ionized gas. Two plausible origins of the gas in the VEELR are (i) the tidal debris resulting from a past interaction with a gas-rich dwarf galaxy, i.e., a minor merger, or (ii) the interstellar medium of NGC 4388, stripped by the ram pressure of the hot intracluster medium of the Virgo cluster.

Accepted by Astrophys. J.

E-mail contact: yoshida@oao.nao.ac.jp, preprint available at ftp://optik3.mtk.nao.ac.jp/pub/yoshida/N4388/n4388.ps.gz

HST Imaging in the Chandra Deep Field South: II. WFPC2 Observations of an X-Ray Flux-Limited Sample from the 1 Msec Chandra Catalog

Anton M. Koekemoer^1 , Norman A. Grogin^1, Ethan J. Schreier^1, Riccardo Giacconi^{2,3}, Roberto Gilli^3, Lisa Kewley^3, Colin Norman^3, Andrew Zirm^3, Jacqueline Bergeron^4, Piero Rosati^4, Guenther Hasinger^5, Paolo Tozzi^6 and Alessandro Marconi^7

1 Space Telescope Science Institute, 3700 San Martin Drive, Baltimore, MD 21218, USA 2 Associated Universities Incorporated, 1400 16th St., NW. 730, Washington, DC 20036, USA 3 Department of Physics and Astronomy, Johns Hopkins University, Baltimore, MD 21218, USA 4European Southern Observatory, Karl-Schwarzschild-Strasse 2, Garching, D-85748, Germany 5 Astrophysikalisches Institut, An der Sternwarte 16, Potsdam 14482 Germany 6 Osservatorio Astronomico di Trieste, Via G. B. Tiepolo 11, 34131 Trieste Italy 7 Osservatorio Astrofisico di Arcetri, Largo E. Fermi 5, 50125 Firenze, Italy

We present HST/WFPC2 observations of a well-defined sample of 40 X-ray sources with X-ray fluxes above the detection threshold of the full 1 Msec Chandra Deep Field South (CDFS). The sensitivity and spatial resolution of our HST observations are sufficient to detect the optical counterparts of 37 of the X-ray sources, yielding information on their morphologies and environments. In this paper we extend the results obtained in our previous study on the 300 ks CDFS X-ray data (Schreier et al. 2001, Paper I). Specifically, we show that the optical counterparts to the X-ray sources are divided into two distinct populations: 1) an optically faint group with relatively blue colors, similar to the faint blue field galaxy population, and 2) an optically brighter group, including resolved galaxies with average colors significantly redder than the corresponding bright field galaxy population. The brighter objects comprise a wide range of types, including early and late type galaxies, starbursts, and AGN. By contrast, we show that the faint blue X-ray population are most consistent with being predominantly Type 2 AGN of low to moderate luminosity, located at higher redshifts (z ¸ 1 � 2). This conclusion is supported by luminosity function models of the various classes of objects. Hence, the combination of deep X-ray data with the high spatial resolution of HST are for the first time allowing us to probe the faint end of the AGN luminosity function at cosmologically interesting redshifts.

Accepted by The Astrophysical Journal

E-mail contact: koekemoe@stsci.edu, preprint available at http://arxiv.org/abs/astro-ph/0110385

Detection of Circular Polarization in M81*

A. Brunthaler^{1,2}, G. C. Bower^3, H. Falcke^2 and R. R. Mellon^4

1 Harvard-Smithsonian Center for Astrophysics, 60 Garden Street, Cambridge, MA 02138 2 Max-Planck-Institut für Radioastronomie, Auf dem Hügel 69, 53121 Bonn, Germany 3 Radio Astronomy Laboratory, University of California at Berkeley, 601 Camp bell Hall, Berkeley, CA 94720 4 Department of Astronomy and Astrophysics, Pennsylvania State University, 5 25 Davey Laboratory, University Park, PA 16802

We report the detection of circular polarization in the compact radio jet of the nearby spiral galaxy M81 (M81*). The observations were made with the Very Large Array at 4.8 and 8.4 GHz and circular polarization was detected at both frequencies. We estimate a value of mc = 0.54 � 0.06 � 0.07% at 8.4 GHz and mc = 0.27 � 0.06 � 0.07% at 4.8 GHz for the fractional circular polarization. The errors are separated into statistical and systematic terms. The spectrum of the circular polarization is possibly inverted which would be unusual for AGN. We also detected no linear polarization in M81* at a level of 0.1% implying that the source has a very high circular-to-linear polarization ratio as found so far only in Sgr A*, the central radio source in our Galaxy. This further supports the idea that M81* is a scaled-up version of Sgr A* and suggests that the polarization properties are intrinsic to the two sources and are not caused by a foreground screen in the Galaxy.

Accepted by ApJ Letters 560, L123-L126

E-mail contact: brunthal@mpifr-bonn.mpg.de, preprint available at http://www.mpifr-bonn.mpg.de/staff/abrunthaler/m81cp.ps.gz

Reliability of astrophysical jet simulations in 2D

M.Krause^1 and M.Camenzind^1

1 Landessternwarte Königstuhl, D-69117 Heidelberg, Germany

We examine the convergence behavior and inter-code reliability of astrophysical jet simulations in axial symmetry. We consider both pure hydrodynamic jets and jets with a dynamically significant magnetic field. The setups were chosen to match the setups of two other publications, and recomputed with the MHD code NIRVANA. We show that NIRVANA and the two other codes give comparable, but not identical results. We explain the differences by the different application of artificial viscosity in the three codes and numerical details, which can be summarized in a resolution effect, in the case without magnetic field: NIRVANA turns out to be a fair code of medium efficiency. It needs approximately twice the resolution as the code by Lind (Lind et al. 1989) and half the resolution as the code by Kössl (Kössl & Müller 1988). We find that some global properties of a hydrodynamical jet simulation, like e.g. the bow shock velocity, converge at 100 points per beam radius (ppb) with NIRVANA. The situation is quite different after switching on the toroidal magnetic field: In this case, global properties converge even at 10 ppb. In both cases, details of the inner jet structure and especially the terminal shock region are still insufficiently resolved, even at our highest resolution of 70 ppb in the magnetized case and 400 ppb for the pure hydrodynamic jet. The magnetized jet even suffers from a fatal retreat of the Mach disk towards the inflow boundary, which indicates that this simulation does not converge, in the end. This is also in definite disagreement with earlier simulations, and challenges further studies of the problem with other codes. In the case of our highest resolution simulation, we can report two new features: First, small scale Kelvin-Helmholtz instabilities are excited at the contact discontinuity next to the jet head. This slows down the development of the long wavelength Kelvin-Helmholtz instability and its turbulent cascade to smaller wavelengths. Second, the jet head develops Rayleigh-Taylor instabilities which manage to entrain an increasing amount of mass from the ambient medium with resolution. This region extends in our highest resolution simulation over 2 jet radii in the axial direction.

Accepted for publication in Astronomy & Astrophysics

E-mail contact: M.Krause@lsw.uni-heidelberg.de, preprint available at http://babbage.sissa.it/abs/astro-ph/0110485

UV Imaging Polarimetry of the Seyfert 2 Galaxy Mrk 3

Makoto Kishimoto^1, Laura E. Kay^2, Robert Antonucci^1, Todd W. Hurt^1, Ross D. Cohen^3, and Julian H. Krolik^4

1 Physics Department, University of California, Santa Barbara, Santa Barbara, CA 93106 2 Department of Physics and Astronomy, Barnard College, Columbia University, New York, NY 10027 3 Center for Astrophysics and Space Sciences, Code 0424, 9500 Gilman Drive, University of California at San Diego, La Jolla, CA 92093 4 Physics and Astronomy Department, Johns Hopkins University, Baltimore, MD 21218

We present UV imaging polarimetry data of the Seyfert 2 galaxy Mrk 3 taken by the Hubble Space Telescope. The polarized flux is found to be extended to ¸ 1 kpc from the nucleus, and the position angles of polarization are centrosymmetric, confirming that the polarization is caused by scattering. We determine the location of the hidden nucleus as the center of this centrosymmetric pattern. From the polarization images taken in two broad bands, we have obtained the color distribution of the polarized flux. Some regions have blue polarized flux, consistent with optically-thin dust scattering, but some bright knots have a color similar to that of Seyfert 1 nucleus. Also, the recent Chandra X-ray observation suggests that the ratio of scattered UV flux to scattered X-ray flux is rather similar to the intrinsic UV/X-ray ratio in a Seyfert 1 nucleus, if the observed extended X-ray continuum is scattered light. While the scattered X-ray would be essentially from electron scattering, the UV slope and UV/X-ray ratio both being similar to Seyfert 1’s would lead to two possibilities as to the nature of the UV scatterers. One is that the UV may also be scattered by electrons, in which case the scattering gas is somehow dust-free. The other is that the UV is scattered by dust grains, but the wavelength-independent UV scattering with low efficiency indicated by the UV slope and UV/X-ray ratio would suggest that the grains reside in UV-opaque clouds, or the dust might be mainly composed of large grains and lacks small-grain population.

Accepted by The Astrophysical Journal.

E-mail contact: makoto@physics.ucsb.edu, preprint available at http://xxx.lanl.gov/abs/astro-ph/0110101

The Origin of Radio Emission in Low-Luminosity Active Galactic Nuclei: Jets, Accretion Flows, or Both?

James S. Ulvestad^1 and Luis C. Ho^2

1 National Radio Astronomy Observatory, P. O. Box 0, 1003 Lopezville Road, Socorro, NM 87801 2 The Observatories of the Carnegie Institution of Washington, 813 Santa Barbara St., Pasadena, CA 91101

The low-luminosity active galactic nuclei in NGC 3147, NGC 4203, and NGC 4579 have been imaged at four frequencies with the Very Long Baseline Array. The galaxies are unresolved at all frequencies, with size upper limits of 10^3–10^4 times the Schwarzschild radii of their central massive black holes. The spectral indices between 1.7 and 5.0 GHz range from 0.2 to 0.4; one and possibly two of the galaxies show spectral turnovers between 5.0 and 8.4 GHz. The high brightness temperatures (Tb¸>10^9 K) and relatively straight spectra imply that free-free emission and/or absorption cannot account for the slightly inverted spectra. Although the radio properties of the cores superficially resemble predictions for advection-dominated accretion flows, the radio luminosities are too high compared to the X-ray luminosities. We suggest that the bulk of the radio emission is generated by a compact radio jet, which may coexist with a low radiative efficiency accretion flow.

Accepted by ApJ (Letters).

E-mail contact: lho@ociw.edu, preprint available at http://www.ociw.edu/¸lho/

The Frequency of Active and Quiescent Galaxies with Companions: Implications for the Feeding of the Nucleus

Henrique R. Schmitt^{1,2}

1 National Radio Astronomy Observatory, P.O. Box 0, 1003 Lopezville Road, Socorro, NM 87801 2 Jansky Fellow

We analyze the idea that nuclear activity, either AGN or star formation, can be triggered by interactions, studying the percentage of active, HII and quiescent galaxies with companions. Our sample was selected from the Palomar survey, and avoids selection biases faced by previous studies. This sample was split into 5 different groups, Seyfert galaxies, LINERs, transition galaxies, HII galaxies and absorption line galaxies. The comparison between the local galaxy density distributions of the different groups showed that in most cases there is no statistically significant difference among galaxies of different activity types, with the exception that absorption line galaxies are seen in higher density environments, since most of them are in the Virgo cluster. The comparison of the percentage of galaxies with nearby companions showed that there is a higher percentage of LINERs, transition, and absorption line galaxies with companions than Seyferts and HII galaxies. However, we find that when we consider only galaxies of similar morphological types (ellipticals or spirals), there is no difference in the percentage of galaxies with companions among different activity types, indicating that the former result was due to the morphology-density effect. Also, only small differences are found when we consider galaxies with similar Hα luminosities. The comparison between HII galaxies of different Hα luminosities shows that there is a significantly higher percentage of galaxies with companions among HII galaxies with L(Hα)> 10^{39} erg s^{−1}, than among those with L(Hα)ˇ 10^{39} erg s^{−1}, indicating that interactions increase the amount of circumnuclear star formation, in agreement with previous results. The fact that we find that galaxies of different activity types have the same percentage of companions, suggests that interactions between galaxies is not a necessary condition to trigger the nuclear activity in AGNs. We compare our results with previous ones and discuss their implications.

To appear in the Astron. J., november 2001 issue (astro-ph/0110235) E-mail contact: hschmitt@aoc.nrao.edu

The Importance of Shocks in the Ionization of the Narrow Line Region of Seyferts

H. R. Schmitt^1, A. L. Kinney^2, J. B. Hutchings^3, J. S. Ulvestad^1 & R. R. J. Antonucci^4

1 National Radio Astronomy Observatory, P.O. Box 0, Socorro, NM87801 2 NASA Headquarters, 300 E St., Washington, DC20546 3 Dominion Astrophysical Observatory, Victoria, BC V8X 4M6, Canada 4 University of California, Santa Barbara, Santa Barbara, CA93106

We discuss the viability of shocks as the principal source of ionization for the Narrow Line Region of Seyfert galaxies. We present the preliminary results of [OIII]λ5007Å and radio 3.6 cm imaging surveys of Seyferts, discuss the effects of shocks in the ionization of two galaxies, and also calculate an upper limit to the Hβ luminosity that can be due to shocks in 36 galaxies with unresolved radio emission. We show that, for favored values of the shock parameters, that shocks cannot contribute more than ¸15% of the ionizing photons in most galaxies.

To be published in ”Mass Outflow in Active Galactic Nuclei: New Perspectives” eds. D.M.Crenshaw, S.B.Kraemer and I.M.George, ASP Conf. Proc (astro-ph/0110537) E-mail contact: hschmitt@aoc.nrao.edu

Testing the Unified Model with an Infrared Selected Sample of Seyferts

H. R. Schmitt^1, J. S. Ulvestad^1, R. R. J. Antonucci^2, C. J. Clarke^3, J. E. Pringle^3 and A. L. Kinney^4

1 National Radio Astronomy Observatory, P.O. Box 0, Socorro, NM87801 2 University of California, Santa Barbara, Santa Barbara, CA93106 3 Institute of Astronomy, Madingley Road, Cambridge CB3 0HA, England 4 NASA Headquarters, 300 E St., Washington, DC20546

We present a series of statistical tests using homogeneous data and measurements for a sample of Seyfert galaxies. These galaxies were selected from mostly isotropic properties, their far infrared fluxes and warm infrared colors, which provide a considerable advantage over the criteria used by most investigators in the past, like ultraviolet excess. Our results provide strong support for a Unified Model in which Seyferts 2’s contain a torus seen more edge-on than in Seyferts 1’s and show that previous results showing the opposite were most likely due to selection effects.

To be published in IAU Colloq. 184, ”AGN Surveys”, eds. R. F. Green, E. Ye. Khachikian, & D. B. Sanders ASP, Conf. Series (astro-ph/0110538)

E-mail contact: hschmitt@aoc.nrao.edu

First Results from the COLA Project- the Radio-FIR Correlation and Compact Radio Cores in Southern COLA Galaxies

E. A. Corbett^1, R. P. Norris^2, C.A. Heisler^{3,∗}, M.A. Dopita^3, P. Appleton^{4,5}, C. Struck^4, A. Marston^5, T. Murphy^{6,7}

1 Anglo-Australian Observatory, PO Box 296, Epping 1710, Australia 2 Australia Telescope National Facility, CSIRO, PO BOX 176, Epping NSW, Australia 3 Research School of Astronomy and Astrophysics, Australian National University, Private Bag, Weston Creek PO, ACT 2611, Australia 4 Erwin W. Fick Observatory and Department of Physics and Astronomy, Iowa State University, Ames, IA 50011, USA 5 SIRTF Science Center, IPAC, California Institute of Technology, Pasadena, CA 91125 USA 6 School of Physics, University of Sydney, Sydney, NSW 2006, Australia 7 New address: Insitute for Astronomy, Royal Observatory, Blackford Hill, Edinburgh, UK ∗ Charlene Heisler passed away on 28^{th} October, 1999

We present the first results from the COLA (Compact Objects in Low-power AGN) project which aims to determine the relationship between one facet of AGN activity, the compact radio core, with star formation in the circumnuclear region of the host galaxy. This will be accomplished by the comparison of the multi-wavelength properties of a sample of AGN with compact radio cores, to those of a sample of AGN without compact cores and a matched sample of galaxies without AGN.

In this paper we discuss the selection criteria for our galaxy samples and present the initial radio observations of the 107 Southern (δ < 0^o) galaxies in our sample. Low-resolution ATCA observations at 4.8, 2.5 and 1.4 GHz and high resolution, single baseline snapshots at 2.3 GHz with the Australian LBA are presented. We find that for the majority of the galaxies in our sample, the radio luminosity is correlated with the FIR luminosity. However, a small number of galaxies exhibit a significant radio excess causing them to depart from the FIR-radio correlation.

Compact radio cores are detected at fluxes > 1.5mJy in 9 of the 105 galaxies observed with the LBA. The majority (8/9) of these galaxies exhibit a significant radio excess and 50% (7/14) of the galaxies which lie above the radio-FIR correlation by more than 1σ have compact radio cores. The emission from the compact cores is too weak to account for this radio excess, implying that there are radio structures associated with the compact cores which extend further than the 0.05 arcsec resolution (corresponding to a linear scale 11-22pc) of the LBA. There is no evidence that the radio luminosity of the compact cores is correlated with the FIR galaxy luminosity, indicating that the core contributes little to the overall FIR emission of the galaxy.

The galaxies with compact cores tend to be classified optically as AGN, with two thirds (6/9) exhibiting Seyfert-like optical emission line ratios, and the remaining galaxies classified either as composite objects (2/9) or starburst (1/9). The galaxies classified optically as AGN also exhibit the largest radio excesses and we therefore conclude that a large radio excess on the radio-FIR correlation is a strong indication of an AGN with a compact radio core.

Accepted by the Astrophysical Journal.

E-mail contact: ecorbett@aaoepp.aao.gov.au, Preprint available on astro-ph/0109012

A Chandra Study of Cygnus A — II. The Nucleus

Andrew J. Young^1, Andrew S. Wilson^{1,2}, Yuichi Terashima^{1,3}, Keith A. Arnaud^{4,1} and David A. Smith^1

1 Astronomy Department, University of Maryland, College Park, MD 20742, USA 2 Adjunct Astronomer, Space Telescope Science Institute, 3700 San Martin Drive, Baltimore, MD 21218 3 Institute of Space and Astronautical Science, 3-1-1 Yoshinodai, Sagamihara, Kanagawa 229-8510, Japan 4 Laboratory for High Energy Astrophysics, NASA Goddard Space Flight Center, Greenbelt, MD 20771

We report Chandra ACIS and quasi-simultaneous RXTE observations of the nearby, powerful radio galaxy Cygnus A, with the present paper focusing on the properties of the active nucleus. In the Chandra observation, the hard (> a few keV) X-ray emission is spatially unresolved with a size ¸< 1^{′′} (1.5 kpc, H0 = 50 km s^{−1} Mpc^{−1}) and coincides with the radio and near infrared nuclei. In contrast, the soft (< 2 keV) emission exhibits a bi-polar nebulosity that aligns with the optical bi-polar continuum and emission-line structures and approximately with the radio jet. In particular, the soft X-ray emission corresponds very well with the [O III] λ5007 and Hα + [N II] λλ6548, 6583 nebulosity imaged with HST. At the location of the nucleus there is only weak soft X-ray emission, an effect that may be intrinsic or result from a dust lane that crosses the nucleus perpendicular to the source axis. The spectra of the various X-ray components have been obtained by simultaneous fits to the 6 detectors. The compact nucleus is detected to 100 keV and is well described by a heavily absorbed power law spectrum with Γh = 1.52^{+0.12}_{−0.12} (similar to other narrow line radio galaxies) and equivalent hydrogen column NH (nuc) = 2.0^{+0.1}_{−0.2} � 10^{23} cm^{−2} . This column is compatible with the dust obscuration to the near infrared source for a normal gas to dust ratio. The soft (< 2 keV) emission from the nucleus may be described by a power law spectrum with the same index (i.e. Γl = Γh), though direct fits suggests a slightly larger value for Γl. Narrow emission lines from highly ionized neon and silicon, as well as a “neutral” Fe Kα line, are detected in the nucleus and its vicinity (r ¸< 2 kpc). The equivalent width (EW) of the Fe Kα line (182^{+40}_{−54} eV) is in good agreement with theoretical predictions for the EW versus NH (nuc) relationship in various geometries. An Fe K edge is also seen. The RXTE observations indicate a temperature of kT = 6.9^{+0.3}_{−1.0} keV for the cluster gas (discussed in Paper III of this series) and cluster emission lines of Fe Kα and Fe Kβ and / or Ni Kα.

We consider the possibility that the extended soft X-ray emission is electron-scattered nuclear radiation. Given that 1% of the unabsorbed 2 – 10 keV nuclear radiation would have to be scattered, the necessary gas column (NH(scattering) ’

3.5 � 10^{22} cm^{−2} ) would absorb the X-rays rather than scatter them if the gas is cold. Thus the scattering plasma must be

highly ionized. If this ionization is achieved through photoionization by the nucleus, the ionization parameter ξ > 1 erg cm s^{−1} and the electron density ne ’ 6 cm^{−3} given the observed distance of the soft X-ray emission from the nucleus. The electron column density inferred from the X-ray observations is much too low to account for the extended optical scattered light, strongly suggesting that the polarized optical light is scattered by dust. The presence of highly ionized Ne lines in the soft X-ray spectrum requires 20 ¸< ξ ¸< 300 erg cm s^{−1}; these lines may originate closer to the nucleus than the extended soft continuum or in a lower density gas. A collisionally-ionized thermal model of the extended soft X-rays cannot be ruled out, but is unattractive in view of the low metal abundance required (Z = 0.03Z⊙).

The hard X-ray to far-infrared ratio for the nucleus of Cygnus A is similar to that seen in Seyfert 1 and unobscured radio galaxies. By means of the correlation between hard X-ray luminosity and nuclear optical absolute magnitude for these classes of object, we estimate MB = �22.4 for Cygnus A, near the borderline between Seyferts and QSOs.

Accepted for publication in the Astrophysical Journal v564 n1 January 1, 2002

E-mail contact: ayoung@astro.umd.edu, preprint available at http://www.astro.umd.edu/¸ayoung/papers or http://xxx.lanl.gov/abs/astro-ph/0109527

Measuring Black Hole Masses Using Ionized Gas Kinematics

Aaron J. Barth^1, Marc Sarzi^{2,3}, Luis C. Ho^4, Hans-Walter Rix^3, Joseph C. Shields^5, Alexei V. Filippenko^6, Greg Rudnick^{7,3}, and Wallace L. W. Sargent^1

1 California Institute of Technology, Dept. of Astronomy, 105-24, Pasadena, CA 91125 2 Dipartimento di Astronomia, Università di Padova, Vicolo dell’Osservatorio 5, I-35122, Italy 3 Max-Planck-Institut für Astronomie, Königstuhl 17, Heidelberg D-69117, Germany 4 The Observatories of the Carnegie Institution of Washington, 813 Santa Barbara Street, Pasadena, CA 91101 5 Physics & Astronomy Department, Ohio University, Athens, OH 45701 6 Department of Astronomy, University of California, Berkeley, CA 94720-3411 7 Steward Observatory, Univ. of Arizona, Tucson, AZ 85721

We describe techniques for measuring the central masses of galaxies using emission-line kinematics observed with the Hubble Space Telescope. For accurate results, it is necessary to model various instrumental effects, particularly the blurring due to the telescope PSF and the width of the spectroscopic aperture. Observations of nuclear gas disks often reveal substantial internal velocity dispersions in the gas, suggesting that the disks may be partially pressure-supported. We also describe a technique for fitting 2-dimensional spectroscopic data directly in pixel space. This method may be useful for objects such as M84 that show highly complex and asymmetric line profiles.

To appear in The Central Kpc of Starbursts and AGN: The La Palma Connection, ed. . H. Knapen et al. (San Francisco: ASP), in press.

E-mail contact: barth@astro.caltech.edu, preprint available at http://xxx.lanl.gov/abs/astro-ph/0110672

Limits on the Mass of the Central Black Hole in 16 Nearby Bulges

Marc Sarzi^{1,2}, Hans-Walter Rix^2, Joseph C. Shields^3, Daniel H. McIntosh^4, Luis C. Ho^5, Greg Rudnick^{4,2}, Alexei V. Filippenko^6, Wallace L. W. Sargent^7, and Aaron J. Barth^7

1 Dipartimento di Astronomia, Università di Padova, Vicolo dell’Osservatorio 5, I-35122 Padova, Italy 2 Max-Planck-Institut für Astronomie, Königstuhl 17, Heidelberg, D-69117, Germany 3 Physics & Astronomy Department, Ohio University, Athens, OH 45701 4 Steward Observatory, Univ. of Arizona, Tucson, AZ 85721 5 The Observatories of the Carnegie Institution of Washington, 813 Santa Barbara St., Pasadena, CA 91101 6 Astronomy Department, University of California, Berkeley, CA 94720-3411 7 Palomar Observatory, Caltech 105-24, Pasadena, CA 91125

We report upper limits on the masses of black holes that can be present in the centers of sixteen nearby galaxy bulges. These limits M^{lim}_{BH} for our statistically complete sample were derived from the modeling of the central emission-line widths ([N II] or [S II]), observed over a 0.25^{′′} � 0.2^{′′} (R <¸ 9 pc) aperture. The experiment has a mean detection sensitivity of ¸ 3.9 � 10^6 M⊙. For three sample members with direct determinations of MBH our upper limits agree within the uncertainties, while in general our upper limits are found to be close to the masses measured in other bulges with global properties similar to ours. Remarkably, our limits lie quite closely to the recently derived MBH � σ⋆ relation. These results support a picture wherein the black-hole mass and overall galaxy structure are closely linked, as galaxies with exceptionally high MBH at a given σ⋆ apparently are rare.

Accepted by ApJ.

E-mail contact: sarzi@mpia-hd.mpg.de, preprint available at http://xxx.lanl.gov/abs/astro-ph/0110673

A pair of seyferts identified from a ROSAT bright source

J. H. Wu^1, Q. R. Yuan^2, X. T. He^3, W. Voges^4 , R. D. Nan^1, R. F. Green^5, and X. Z. Zhang^1

1 National Astronomical Observatories, Chinese Academy of Sciences, China 2 Department of Physics, Nanjing Normal University, China 3 Department of Astronomy, Beijing Normal University, China 4 Max-Planck-Institute für Extraterrestrische Physik, Gernamy 5 Kitt Peak National Observatory, NOAO, USA

We report the discovery of a pair of Seyfert galaxies identified in the ROSAT bright source, 1RXS J000306.3–041932. The two Seyferts have the same redshift of 0.106. The angular distance between them is ¸ 23^{′′}, corresponding to a projected separation

of ¸ 73 kpc, and suggesting an interacting system. We argue, from its weak IR emission and relatively large nuclear separation,

that the system is an example of the interaction between AGNs, rather than interaction-triggered AGN activity.

Accepted by Astron. & Astrophy.

E-mail contact: jhwu@bao.ac.cn

The Active Galaxies Newsletter is available on the World Wide Web. You can access it via the University of Manchester home page :- http://www.ast.man.ac.uk/¸rb/agn/

If you move or your e-mail address changes, please send the editor your new address. If the Newsletter repeatedly bounces back from an address then that address is deleted from the mailing list.