
The Central Engine of Active Galactic Nuclei
ASP Conference Series, Vol. 373, 2007
L. C. Ho and J.-M. Wang

Mid-IR-selected Quasars in the Spitzer First Look Survey

A. O. Petric1,2, M. Lacy1, L. J. Storrie-Lombardi1, A. Sajina1, L.
Armus1, G. Canalizo3, and S. Ridgway4

1Spitzer Science Center, 2Columbia University, 3U. C. Riverside,4John
Hopkins University

Abstract. We present an investigation of the spectral energy distribution of
mid-IR-selected quasars from the Spitzer First Look and SWIRE surveys. We
explore a suite of clumpy torus models from Nenkova et al. (2002) to see how
well they fit the types of objects we find. For about one-third of our objects
these models underestimate the amount of observed 70 micron emission. We
constrain the contribution and rough population age of the AGN hosts and use
radio, 70 and 24 micron data to characterize the star-forming properties of these
objects.

1. Introduction

Valid tests of the coeval growth theories are contingent upon a deeper under-
standing of the processes associated with the formation of the spheroid and
those close to the galactic nucleus which regulate the growth of the black hole
by accretion. Such understanding can be partially gained through the study of
large numbers of quasars, especially the obscured population, some members of
which may represent quasars obscured by star-forming host galaxies.

Our sample contains 77 mid-IR-selected AGN (Lacy et al. 2004, 2005) for
which we have IRAC and MIPS 24/70 µm data. VLA 1.4GHz and ugrizJHK
data are available for the majority of the sample. The sources were selected from
the Spitzer First Look Survey (e.g. Lacy et al. 2004) and from the Spitzer Wide-
area InfraRed Extragalactic (SWIRE) Legacy Survey (Lonsdale et al. 2003). The
sources presented here were chosen on the basis of both their IRAC colors and
their MIPS 24 µm fluxes. The selected sources were followed up spectroscopi-
cally; these observations are thoroughly discussed in Lacy et al. (2007)

2. Modeling the SED and Estimating the Star Formation Rates

We fit models of a clumpy torus developed by Nenkova et al. (2002), and
our preliminary result is that they fit well our spectra (e.g., their estimated
inclinations seem to match these expected from the optical spectroscopy). We
tried four versions of fits, a pure torus model, a reddened torus, a torus with a 5-
Gyr stellar population, and a torus with a 5-Gyr and a 25-Myr stellar population
(Figure 1).

One method to obtain an indication whether massive star formation occurs
in a source is to check if the IR to radio flux ratios match those of nearby
non-AGN star-forming galaxies. In the local universe, star-forming sources from
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Figure 1. The SED of a type-1 (left) and a type-2 (right) MIR-selected
quasar. The x-axis gives the observed wavelength while the y-axis is in units
of ergs sec−1 cm−2. The data are shown as square symbols. The light grey,
lowest amplitude curve shows the estimated contribution of a 25-Myr stellar
population, the dark grey curve peaking at about 5 microns is the contribution
of a 5-Gyr population, the curve dipping at 5 microns is the torus model, and
the black line shows the total fit.

optically, IR or radio-selected samples follow a very tight linear relation between
the radio continuum and FIR luminosities, with only a factor of two scatter
around linearity over four orders of magnitude in luminosity (Condon 1992; Yun
et al. 2001). We find that several of our AGNs tend to follow the FIR-radio
correlation for nearby star-forming sources, as previously determined by other
workers (e.g., Sopp & Alexander 2001).

3. Conclusions

The SEDs can be well fit by a combination of a torus with a 5-Gyr and a 25-Myr
host or a reddened torus. Only a light amount of reddening (0.1 mag) is required
to fit some of the type 1 reddened tori. One-third of our sources have observed
70 micron emission in excess of torus plus host models. From our best fits we
estimate FIR luminosities 1010 − 1012 L⊙. If the 70 micron emission in excess
of the total model is due to colder dust (i.e. 45 K), then it is associated with
star-formation regions producing 1-100 solar masses per year.
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