CORRELATION OF X-RAY AND INFRARED EMISSION OF RADIO-QUIET QSOs
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ABSTRACT. A correlation of the form I, o« I, with v = 0.83, is found between 2 keV
monochromatic X-ray luminosity and 1.65 ym monochromatic infrared luminosity for a sample
of optically selected radio-quiet QSOs. This is equivalent to an average 1.65 um to 2 keV spectral
index of o, /, = 1.28+0.05log(l;, /103" ergs s™* Hz™!). The ratio of X-ray to infrared luminosity
decreases with increasing infrared luminosity in a manner similar to the relationship between X-
ray and optical luminosity. The standard deviations of the distributions of data about the best-fit
functions are comparable for the X-ray versus infrared and X-ray versus optical fits. Thus, contrary
to a previous claim, the infrared luminosity is not better than the optical luminosity at predicting
the X-ray emission from QSOs.

I. INTRODUCTION

There is general agreement that optically selected QSOs exhibit a dependence of monochromatic
2 keV X-ray luminosity, I, on monochromatic 2500 A luminosity, l,, of the form I, o 1%, with o
in the range 0.6-0.9 (e.g., Avni and Tananbaum 1982, 1986; Kriss and Canizares 1985). At a rest
wavelength of 2500 A, QSO spectra are generally flat and may be dominated by thermal emission
from an accretion disk (e.g., Shields 1978; Malkan and Sargent 1982). However, the near-infrared
(1.65 pm) radiation is dominated by a steeper component, which generally fits a power law of
energy index a;, 2 1.0 and often extrapolates well to X-ray emission at ~ 2 keV (e.g., Malkan
and Sargent 1982; Elvis et al. 1986). Malkan (1984) reports that for Seyfert 1 galaxies and QSOs,
X-ray and near-infrared luminosity exhibit a much tighter correlation than any other correlations
between continuum bands. Here this issue is examined by comparing the X-ray and near-infrared
correlation with the X-ray and 2500 A correlation for a carefully selected sample of radio-quiet
QSOs.

II. SAMPLE

The sample has been extracted from the optically selected sample of Avni and Tananbaum (1986).
Objects with a spectral index between 5 GHz and 2500 A greater than 0.35 have been deleted
because their X-ray emission is enhanced by some process involving their radio emission (e.g., Ku,
Helfand and Lucy 1980; Worrall et al. 1986). Of the 134 remaining objects, 69 have near-infrared
photometric measurements. Objects in the Palomar Bright Quasar Survey account for ~ 3/4
of these, and their infrared measurements are given by Neugebauer et al. (1986). Data for the
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other QSOs are from a variety of published sources. Optical and Einstein Observatory Imaging
Proportional Counter X-ray data are as given in Avni and Tananbaum (1986) and Tananbaum
et al. (1986), except that the X-ray luminosities are corrected to values appropriate for an X-ray
spectral index of 1.0 rather than 0.5 (see Wilkes and Elvis 1986). Worrall (1986) gives a full
description of the data.

III. RESULTS

Figure 1 shows separate plots of monochromatic X-ray luminosity versus optical luminosity and
infrared luminosity. From visual inspection, the standard deviation of the data around the
regression line appears to be roughly the same for both plots. This has been confirmed by fitting
functions of the form I, /10%7 = A(l,/10%!)* and I, /1027 = C(I;,/10%!)7 using the fitting method of
Avni et al. (1980), which treats both detections and upper limits. In this method, the distribution
of residuals around the best-fit function is assumed to be Gaussian, and the standard deviation of
the distribution, o is treated as a free parameter. Taking only the data shown as filled symbols
in Figure 1, the values found for o are 0.38 £ 0.06 for the upper graph and 0.41 + 0.08 for the
lower graph (90% confidence errors for one interesting parameter). The values increase to 0.50 +
0.08 and 0.52 + 0.08, respectively, if all the data are fitted. These results are contrary to those of
Malkan (1984), and imply that the infrared luminosity is not significantly better than the optical
luminosity as an estimator of the X-ray emission from these QSOs. The fit to the upper graph
gives log A = —0.11 £ 0.08 and a =0.79 =+ 0.08, consistent with previous results. The lower graph
gives log C = —0.40 £ 0.11 and 4 = 0.83 & 0.12. (All errors are given as the projection of the 90%
confidence error surface for one interesting parameter onto the axis for that parameter.)

The ratio of X-ray to infrared luminosity decreases with increasing infrared luminosity in a
manner similar to the relationship between X-ray and optical luminosity. The result for the X-
ray versus infrared correlation is equivalent to an average 1.65 um to 2 keV spectral index of
ir/z = 1.28 + 0.05log (L, /10%1).
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N I e o Figure 1. Logarithmic plots of monochromatic X-
log L, ray luminosity at 2 keV versus monochromatic optical
RY i luminosity at 2500 A(above) and monochromatic infrared
i x® "t !",.' luminosity at 1.65 ym (below). Luminosities are in units
284 - s ~1 -1
] y s of ergs s™' Hz™" for the source frame and have been
27 & !- . o calculated assuming a Friedmann cosmology with H, = 50
x 26; oot g km s7! Mpc~! and ¢, = 0. Objects for which the
E" ] <. ;!' : monochromatic optical luminosity is < 103° ergs s—! Hz !
~ 25 °32 . are shown by open symbols: these data show the greatest
1 =° : scatter, attributed to the larger and more uncertain X-ray
R T BT 8% a3 84 absorptions at low luminosities (Zamorani 1986).
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