.438..632L

1995ApJ. .

\
THE ASTROPHYSICAL JOURNAL, 438:632-642, 1995 January 10
© 1995. The American Astronomical Society. Al rights reserved. Printed in U.S.A.

ULTRALUMINOUS INFRARED GALAXIES AND THE RADIO-OPTICAL
CORRELATION FOR QUASARS

CAROL J. LONSDALE
Infrared Processing and Analysis Center, California Institute of Technology, 100-22, Jet Propulsion Laboratory, Pasadena, CA 91125

Harping E. SmrTi?
Center for Astrophysics and Space Sciences, and Department of Physics, University of California, San Diego, La Jolla, CA 92093-0111

AND

~ CoLiN J. LONSDALE
Haystack Observatory, Massachusetts Institute of Technology, Off Route 40, Westford, MA 01886
Received 1994 January 18, accepted 1994 July 18

ABSTRACT

Through analysis of available optical spectrophotometric data and radio flux density measurements in the
literature, it is demonstrated that a good correlation exists between the radio power and bolometric lumi-
nosity of the optically-selected QSOs in the Bright Quasar Sample (BQS) of Schmidt & Green (1983). This
correlation, noted previously by others as a correlation with absolute B-magnitude, is shown to be robust, and
to be independent of a variety of assumptions used in the calculation of the bolometric luminosity. The corre-
lation is present for the entire BQS sample, but is improved when QSOs with high values of radio-to-optical
flux density (radio-loud) are excluded. Using this correlation, radio measurements can therefore be used to
predict the bolometric luminosity of quasars even if their optical and UV continua are not directly observable.

We have recently used VLBI meausurements of a sample of ultraluminous infrared galaxies to infer the
likely existence of radio-quiet AGNs deeply enshrouded in dust within their nuclei (Lonsdale, Smith, and
Lonsdale 1993). We employ the radio-bolometric luminosity correlation for the BQS quasars to test whether
these hypothetical buried AGNs can be energetically responsible for the observed far-infrared luminosities of
the ultraluminous infrared galaxies. The ultraluminous infrared galaxies are shown to follow the same relation
between radio core power and bolometric luminosity as the radio-quiet QSOs, suggesting that buried AGNs
can account for essentially all the observed infrared luminosity, and raising the possibility that any starburst
which may be in progress may not be energetically dominant.

The broader-‘implications of the radio-optical correlation in quasars for AGNs and luminous infrared
galaxy models and the use of radio astronomy as a probe of the central powerhouse in radio quiet AGNs and

luminous infrared galaxies are briefly discussed.

Subject headings: infrared: galaxies -— quasars: general — radio continuum: galaxies

1. INTRODUCTION

It has been recognized for some time (Miller, Peacock, &
Meade 1990, Stocke et al. 1992) that the quasar population can
be divided into two separate groups, so-called radio-foud and
radio-quiet quasars, primarily based on the ratio, R, of radio to
optical flux density. As complete quasar samples have been
extended to greater distances and numbers, more sensitive tests
of the apparent bimodality of the R distributions have become
possible, and the existence of two separate physical classes of
quasar based on radto loudness no longer seems to be in ques-
tion (Stocke et al. 1992, hereafter SMWF). Further, SMWF
noted that a strong correlation exists between radio and
optical luminosities for the radio quiet objects in the Bright
Quasar Sample (BQS; Schmidt & Green 1983), the oniy
sample which as yet enjoys a high rate of radio detections
(Kellermann et al. 1989). According to SMWF, the probability
of a chance correlation of the observed strength is less than
0.1%, but this estimate is obtained without a complete treat-
ment of the radio nondetections in the sample, and does not
explicitly address possible selection effects in this optical flux
density limited sample. Also, the application of a radio-
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quietness criterion, which represents a boundary of unity slope
in the radio/optical luminosity plane, complicates assessments
of correlation significance.

In this paper, we confirm the reality of this correlation for
the BQS quasars by independently deriving a measure of
optical/UV luminosity from the spectrophotometric data of
Neugebauer et al. (1987), using survival analysis techniques to
treat the presence of upper limits in the radio data and con-
sidering sample selection effects. We find that the correlation is
strong, and does not depend on the method of luminosity cal-
culation employed. By performing interpolations between the
observed optical/UV and soft X-rays using two different
methods, we demonstrate that the radio power is correlated
not only with optical luminosity, but with the estimated lumi-
nosity of the big blue bump (BBB) which dominates the bolo-
metric luminosity of these objects (ignoring hard X-rays and
y-rays, in which the BQS is not wel! observed).

The search for such a correlation, particularly involving the
bolometric luminosity of the quasars, was motivated by a
desire to test the hypothesis that the ultraluminous infrared
galaxies (ULIRGs) are powered by dust-enshrouded AGNs, In
a previous study (Lonsdale, Smith, & Lonsdale 1993, hereafter
LSL), we showed that a large fraction of the ULIRGs with
Ly, > 10'1-2% Lo contain high brightness temperature radio
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