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ABSTRACT

Highly-accreting quasars show fairly distinctive properties in their optical, UV,
and X spectra, and are easy to recognize because of their specific location in the
quasar main sequence: they are the strongest optical Fell emitters. They show a
surprisingly high rate of radio detections and, at variance with the classical radio-
loud (jetted) sources, the origin of their radio emission is probably thermal. The
chemical composition of the broad line emitting gas implies high metallicity values,
above 10 times solar. A fraction of highly-accreting quasars at intermediate and
high redshift might therefore be in a particular evolutionary stage that is unobscured
albeit still involving a contribution of nuclear and circum-nuclear star formation in
their multifrequency properties.
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1. INTRODUCTION
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The quasar main sequence (MS; e.g., Sulentic et al. 2000; Shen & Ho 2014; Marziani
et al. 2018) organizes sources on the basis of the line width and prominence of singly
ionized iron emission. A sketch of the MS of quasars is shown in Figure 1, adapted
from Ganci et al. (2019). The shape of the main sequence makes it possible to
subdivide quasar samples in a succession of spectral types. Quasars with strong
optical singly-ionized iron emission i.e., with Rge; 2 1 (where the parameter Rpe
is defined by the intensity ratio between the Fell emission blend at M570 A and
HpS, Boroson & Green 1992) are believed to be sources accreting at very high rate
(possibly super-Eddington) and radiating close to a maximum permitted Eddington
ratio (Shen & Liu 2012; Du et al. 2016). They show a high fraction (= 30 %) of radio-
detected sources, even if they are at the opposite end of the MS location expected
for classical radio-loud objects (jetted; Padovani 2017, see Fig. 1 and Zamfir et al.
2008). In the most extreme cases, their radio power can reach values comparable to

the ones of relativistically jetted sources (~ 5-10* W Hz™1).

2. RESULTS
2.1. Radio emission from the host galaxy

Quasars with highly accreting black holes identified from their MS location follow
the correlation between FIR luminosity and radio-power of star forming galaxies and
radio quiet quasars. Fig. 1 shows that the star formation rate (SFR) computed from
radio power and FIR luminosity are correlated, and that their values are consistent
with the location expected for radio-quiet quasars. Radio properties are consistent
with emission from sources whose origin is thermal,” i.e. most likely the integrated
emission of supernova remnants, following a period of intense star formation.

2.2. High metal content in the Broad Line Region

We carried out an explorative analysis of the UV spectra of intermediate redshift
quasars. We estimated metallicity from diagnostic ratios between the UV resonance
lines of Carbon, Aluminium and Silicon at A1549, A1860 and A1397 and the Hell
line at A1640 A. The diagnostic line intensity ratios computed separately for a
wind (blueshifted with respect to the quasar rest frame) and a virialized (unshifted)
emission line component allow for the determination of a restricted volume in the
3D parameter space metallicity, ionization parameter, and density by comparing the
observed values with the predictions of photoionization simulations computed with
CLOUDY 17.02 (Ferland et al. 2017). The derived metallicity values are high (typically
around 2050 times solar) and probably the highest along the quasar main sequence,
if abundance ratios of Aluminium and Silicon scale as solar with respect to Carbon
(Sniegowska et al. 2020). Fig. 1 shows the case of quasar SDSS J1024421.32+024520.2
whose metal line ratios with Hell A1640 are close to the median values of the sample
of Sniegowska et al. (2020). The contour line delimits the region consistent with the
minimum Y? within 1o confidence level.
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Figure 1. Left panel: sketch of the MS of quasar and identification of the spectral types,
as a function of FWHM(HpS) vs. Rper. Gray and cyan areas trace the source occupation
in the plane. Numbers yield the fraction of sources in each spectral bin that are radio
detected (including radio-intermediate and radio-loud) in the Faint Images of the Radio Sky
at Twenty-Centimeters (FIRST, Becker et al. 1995 survey for an optically selected sample
of 680 sources at redshift z < 1 (Marziani et al. 2013). The dashed line approximately
delimits the region where relativistic jetted quasars are found (Zamfir et al. 2008). Inset
panel: the correlation between SFR, derived from radio power and FIR luminosity for a
set of highly-accreting sources (blue circles) over a broad range of redshift, adapted from
Ganci et al. (2019) and del Olmo et al. (2021). The shaded areas identify the loci for star-
forming galaxies (glycine) and for radio-quiet quasars (cyan). Right panel: parameter space
ionization parameter U, Hydrogen density and metallicity Z. The region of the parameter
space where observed diagnostic intensity ratios measured on the spectrum of the quasar
SDSS J102421.32+024520.2 are in agreement with photoionization predictions is delimited
by contour lines.

3. DISCUSSION AND CONCLUSION

The early stages in the evolution of AGN and quasars may involve merging and
strong gravitational interaction, leading to accumulation of gas in the galaxy central
regions, and inducing a burst of star formation. Mass loss due to stellar winds and
supernova explosions eventually provides accretion fuel for the massive black hole at
the galaxy center. Radiation and pressure forces can then sweep the dust and gas
surrounding the black hole, at least within a cone coaxial with the accretion disk
axis from where the radiative and mechanical output is free to escape into the host
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galaxy ISM (a sketch of this scenario is provided by D’Onofrio & Marziani 2018).
Since the quasars in our samples are essentially unobscured or almost so, radiation
and mechanical forces from their outflows must have already swept away the cocoon
of gas and dust surrounding the accreting black hole in the early stages of the quasar
evolution, at least within a cone coaxial within the accretion disk axis. The extreme
accretors in our sample have emerged from the obscured phase, but are still affected
by recent star formation in the chemical composition of the line emitting gas and
by host galaxy star formation. The most luminous ones meet the definition of cold
quasars (Kirkpatrick et al. 2020), with SFR in excess of 200 Mg yr—1.
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