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Abstract. In this work, we employ a sample of 185 steep-spectrum radio
quasars (SSRQs) to estimate their black hole masses from broad emission lines. Our black hole masses are compared with the virial black hole
masses estimated by Shen (2010). We find that there is a large deviation
between the two kinds of values if the black hole masses are estimated
from broad emission line of CIV. However, both values are in agreement
if the black hole masses are estimated from broad emission line of MgII
or Hβ.
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1. Introduction
The optical continuum luminosity and broad emission line width are often adopted to
estimate the black hole mass (virial black hole mass). However, when the orientation
of jets is close to the line of sight, jet emission would contribute significantly to
the optical continuum. Therefore, the black hole mass estimated by this method is
probably overestimated (Wu et al. 2004).
According to radio luminosities, quasars are sorted into radio-quiet quasars and
radio-loud quasars. With the radio spectral index α ( f ∝ν −α ), the radio-loud quasars
can also be sorted into steep spectrum radio quasars (SSRQs, α>0.5) and flat spectrum radio quasars (FSRQs, α<0.5). In this work, we estimate the black hole mass
of SSRQs from broad emission lines using the following empirical relations:
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where L(Hβ), L(MgII) and L(CIV) are the luminosities of broad emission lines, and
FWHM(Hβ), FWHM(MgII) and FWHM(CIV) are the FWHM of broad emission
lines. Each emission line is modelled by two Gaussians with one for broad emission
line and the other for narrow line. Our results will be compared with the virial black
hole masses.
2. Sample
Our sample is based on the catalogue of quasar properties from SDSS DR7 (Shen
et al. 2010) and the radio catalogue of the FIRST 20 cm survey (White et al.
1997) and the GB6 6 cm survey (Gregory et al. 1996). We build a RASS-SDSSFIRST-GB6 cross-identified SSRQs sample of 185 quasars with radio spectral index
α > 0.5( f ∝ ν −α ) by cross-identifying the sample of Shen et al. (2010) and the
FIRST and GB6 radio-detected sources. The virial black hole masses are adopted
from Shen et al. (2010), and the radio luminosities at 5 GHz are derived from the
radio luminosities at 20 cm and 6 cm and their spectral indices. The method of estimating the virial black hole masses of Shen et al. (2010) assumed that the broad line
region is virialized, the continuum luminosity is considered as a proxy of the broad
line region radius, and the broad line width is considered as a proxy of the virial
velocity. And their virial mass estimation can be expressed as:
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where a and b are empirically calibrated against local AGNs (see Shen et al. 2010
for details).
3. Result
Figure 1 shows that the black hole masses estimated by broad emission lines are
directly compared with virial black hole mases available from Shen (2010). In this
figure it indicates significantly that the virial black hole masses are indeed overestimated when compared to the black hole masses estimated from CIV broad emission
lines, as what has already been predicted by Wu et al. (2004), while they are consistent with those estimated from MgII or Hβ broad emission lines, which do not meet
the expectation.
The radio emission is usually used to indicate the jet emission (Gu & Chen 2010).
Here, we investigate the relationship between radio luminosities at 5 GHz and the
departures of black hole masses estimated by the two methods and to investigate
between radio loudness and the departures of black hole masses, if the departures are

Figure 1. Comparison of black hole masses estimated by two different methods. X-axis represents the virial black hole mass and Y-axis stands for the
black hole mass estimated by broad emission line in each panel. The left panel: Black hole masses are estimated from Hβ broad emission line. The
middle panel: Black hole masses are estimated from MgII broad emission line. The right panel: Black hole masses are estimated from CIV broad
emission line.
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Figure 2. Left panel: Radio luminosities at 5 GHz versus the departures of black hole masses.
Right panel: Radio loudness versus the departures of black hole masses.

caused by the radio emission. The results are plotted in Fig. 2. No strong correlations
are observed.
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