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ABSTRACT

Winds accelerated by active galactic nuclei (AGNs) are invoked in the most successful models of galaxy evolution to explain the
observed physical and evolutionary properties of massive galaxies. Winds are expected to deposit energy and momentum into the inter-
stellar medium (ISM), thus regulating both star formation and supermassive black hole (SMBH) growth. We undertook a multiband
observing program aimed at obtaining a complete census of winds in a sample of WISE/SDSS selected hyper-luminous (WISSH)
quasars (QSOs) at 2—-4. We analyzed the rest-frame optical (i.e. LBT/LUCI and VLT/SINFONI) and UV (i.e. SDSS) spectra of 18
randomly selected WISSH QSOs to measure the SMBH mass and study the properties of winds both in the narrow line region (NLR)
and broad line region (BLR) traced by blueshifted or skewed [Olll] and CIV emission lines, respectively. These WISSH QSOs are pow-
ered by SMBH with masse®10° M accreting at 0.4 gqq < 3:1. We found the existence of two subpopulations of hyper-luminous
QSOs characterized by the presence of out ows at different distances from the SMBH. One populatién I{ijesqurces) exhibits
powerful [OllI] out ows, a rest-frame equivalent width (REW) of the CIV emissREW.y 20-40 A, and modest CIV velocity
shift ( CTS") with respect to the systemic redshh@?@k < 2000 km s?). The second population (i.@/eak[Ol11] sources), representing

70% of the analyzed WISSH QSOs, shows weak or absent [Olll] emission and an extremely large blueshifted CIV e@‘[@ésipn (
to 8000 km st andREW:y < 20A). We propose two explanations for the observed behavior of the strength of the [OllI] emission
in terms of the orientation effects of the line of sight and ionization cone. The dichotomy in the presence of BLR and NLR winds could
be likely due to inclination effects considering a polar geometry scenario for the BLR winds. In a few cases these winds are remarkably
as powerful as those revealed in the NLR in ta#1]] QSOs €, 10* %5 erg s1). We also investigated the dependence of these
CIV winds on fundamental AGN parameters such as bolometric lumindsity) ( Eddington ratio (gqq), and UV-to-X-ray continuum
slope ( ox). We found a strong correlation withs,; and an anti-correlation withox whereby the higher the luminosity, the steeper
the ionizing continuum described by means gk and the larger the blueshift of the CIV emission line. Finally, the observed depen-
dencesa/ 1928 004 s consistent with a radiatively-driven-winds scenario, where a strong UV continuum is necessary to launch

ClvV
the wind and a weakness of the X-ray emission is fundamental to prevent overionization of the wind itself.

Key words. galaxies: active — galaxies: nuclei — quasars: emission lines — quasars: general — quasars: supermassive black holes —
ISM: jets and out ows

Article published by EDP Sciences A81, page 1 of 24


https://www.aanda.org
https://doi.org/10.1051/0004-6361/201732335
mailto:giustina.vietri@gmail.com
http://www.edpsciences.org

A&A 617, A81 (2018)

1. Introduction ultraviolet (UV) emission lines, that is, they are de ned as QSOs
with a rest-frame equivalent width (REW) of the CIV emis-
Supermassive black holes (SMBHSs) at the center of galaxisi®n line of less than 10 A (Fan et al. 1999; Diamond-Stanic
grow through the accretion of nearby matter and a fraction et al. 2009; Plotkin et al. 2010; Wu et al. 2011). The
the gravitational potential of the accreted mass is converted in@locity shift of the CIV emission line correlates with sev-
radiation. In this case the SMBH is called an active galactigral parameters of optical and ultraviolet emission lines. In
nucleus (AGN). The idea of a possible connection between tparticular it is part of 4D Eigenvector 1 parameter space
growth of the SMBH and the evolution of its host galaxy was pyBoroson & Green 1992; Sulentic et al. 2000), which also
forward, once a correlation between black hole maég) and involves the broad Fe Il emission, the equivalent width of the
the bulge luminosity was discovered (Kormendy & Richstongarrow [Olll] component, the width of the Hemission line,
1995; Silk & Rees 1998; Granato et al. 2004; Di Matteo et aand the X-ray photon index. The physical driver of the 4D
2005; Menci et al. 2008). Since the energy released by thggenvector 1 is thought to be the Eddington ratiggf), since
growth of the black hole can be larger than the binding energySOs showing large blueshifts accrete at high rate, witly
of the galaxy bulge, the AGN can have an important effect2 (Marziani et al. 2001; Boroson 2002; Shen & Ho 2014).
on the evolution of its host galaxy. Indeed, fast winds can be As found by Marziani et al. (2016), these winds occurring
launched from the accretion disk, collide with the interstellan the BLR may affect the host galaxy. They studied a sample
medium (ISM), and drive powerful kiloparsec-scale out owspf QSOs withLgy = 10*® 481 erg st at0:9 < z< 3and found
which may sweep out the gas in the galaxy and then may tiat the out ow kinetic power of these winds traced by the CIV
responsible for the regulation of the star formation and BH accremission line is comparable to the binding energy of the gas in
tion (Zubovas & King 2012; Faucher-Giguére & Quataert 2012 massive spheroid, underlining the importance of considering
Fabian 2012, see Fiore et al. 2017 for a detailed discussion). also these winds in the feedback scenario. It is therefore crucial
Over the past few years efforts have been made to searchtt9study such AGN-driven out ows at the golden epoch of AGN
AGN out ows in different ISM phases. Evidence of radiatively-activity, for example, 1.5 z < 3.5. Furthermore, from theory
driven winds are observed at subparsec scale, in the innerm@sd observations we know that the ef ciency in driving ener-
regions of the AGN through the detection of blueshifted, highlyetic winds increases with AGN luminosity (Menci et al. 2008;
ionized Fe K-shell transitions, that is, ultra fast out ows (UFOs)raucher-Giguére & Quataert 2012), which brings out the need to
with velocities 0.2c (King & Pounds 2015; Tombesi et al. 2010investigate the properties of the most luminous QSOs.
2014; Gofford et al. 2013); at parsec scale via warm absorbers We have undertaken a multiwavelength survey to investigate
and broad absorption lines (BAL), moving at velocities up ta sample of 86 Type-1 WISE/SDSS selected hyper-luminous
10000 km s* (King & Pounds 2015; Tombesi et al. 2013); at KDAGNS (Lgo > 2 107 erg s ; Duras et al., in prep.), known as
scale through different gas phases such as ionized gas, thattis, WISSH sample (see Bischetti et al. 2017 for further details,
broad asymmetric blueward [Olll] emission lines (Harrison et akaper | hereafter; Duras et al. 2017). In Paper | we discussed the
2012, 2014; Cano-Diaz et al. 2012; Brusa et al. 2015; Carniafiscovery of extreme kpc-scale out ows in ve WISSH QSOs,
et al. 2015); neutral atomic gas such as NalD (Rupke & Veilletfaced via the blueshift of the [OIIIF007 A emission line. In
2015), and molecular gas with velocities up to a few thousanfl§is paper we report on the discovery of fast BLR winds (with
km s * (Feruglio et al. 2010; Cicone et al. 2014; Spoon et alocities up to 8000 km $) traced by the blueshift of the CIV
2013). The investigation of the possible correlations of AGNith respect to the systemic redshift, and their possible relation
properties over a wide range of spatial scales can give us mgjgn the narrow line region (NLR) winds. We concentrate the
information about the nature of AGNs and the impact they hag@alysis on the rst 18 WISSH QSOs with rest-frame optical
on their surroundings. . . observations and UV archival datazat 2.2-3.6. In Sect. 2, we
The most popular theoretical models of AGN-driven outpresent details about the observations and data reduction of pro-
ows (Faucher-Giguére & Quataert 2012) suggest that the kineligietary data, such as LBT/LUCI1 and VLT/SINFONI spectra,
energy of the nuclear fast out ows is transferred to the ISMnq archival data from SDSS DR10. In Sect. 3, we outline the
and drive the kpc-scale ows, in a likely energy-conserving sc@nodels used in our spectral analysis and present the results of
nario. This has been re ected in the observations of both UFQe spectral t, both for optical and UV spectra. In Sect. 4.1, we
and molecular winds in two sources, Markarian 231 (Ferugligiscuss the properties of the [Olll] and témission lines in the
et al. 2015) and IRASF11119+13257 (Tombesi et al. 2015, bgthntext of a scenario based on the orientation of our line of sight.
see Veilleux et al. 2017). Eddington ratios and Hbased SMBH masses are presented in
The high ionization lines, such as CI¥549 A, are knownto sect. 4.2. We discuss the properties of the CIV emission line in
exhibit asymmetric pro les toward the blue-side, with the peakect. 4.3, with particular emphasis on the blueshifted component
of the emission line blueshifted with respect to the low ionizatiognd the mass out ow rate and kinetic power of the associated
lines, such as Mgll or H(Gaskell 1982; Sulentic et al. 2000 andB| R winds in the WISSH QSOs, and their relation with NLR
Richards et al. 2011). This behavior cannot be ascribed to Vi{jinds traced by [OIl1]. In Sect. 5 we investigate the dependence

alized motion but it can be interpreted in terms of out owingyf the CIV velocity shifts on fundamental AGN parameters such
gas, which possibly leads to biased BH mass estimates derived | .4, and the spectral indexox de ned as

from the entire CIV emission line (Denney 2012; Coatman et al.

2017). _ Log(Lakev=L 25008 1)
The blueshift of the CIV emission line can be a valuable®™ ™~ Log( akev= 25008)

tool to trace the winds in the broad line region (BLR). The )

CIV emission line typically shows a blueshift 0600 kms* and representing the slope of a power law de ned by the rest-

up to 2000 km st (Shen et al. 2011; Richards et al. 2002)frame monochromatic luminosities at 2 keMgey) and 2500 A

The largest blueshifts have been discovered in an extreme qud$agga)- Finally we summarize our ndings in Sect. 6. Through-

(QSO) population a2 < z< 59, the so-called weak line out this paper, we assurky =71 kms*Mpc !, =0.73,and

QSOs (hereafter WLQs), which exhibit weak or undetectable,, = 0.27.
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2. Observations and data reduction partially corrected. J1538+0855 and J2123—0050 were observed
. ) during the nights of Jul. 19 and Jul. 20 2014, while J23®16

We have collected near—lnfra(ed (NIR) spectroscopic _obser\@as observed during Aug. 18 and Sept. 1 2014, as part of the

tions for 18 WISSH QSOs. Five of them have been discussgghgram 093.A-0175. All the targets were observed within a

in Paper |, while the properties of an additional 13 QSOs, witl|q of view of 3%° 3% with a spaxel scale of 0.65 0.1

LUCI1/LBT (ten objects) and VLT/SINFONI (three objects)The nal spatial resolution obtained thanks to the LGS cor-

observations are presented in the present paper. The coording{&§ion is 0.3%or J1538-0855 and J23460016, and 0:2°or

SDSS tenth data release (DR10) redshift, o_ptlcal photomet_‘rjglz3_oo5o, as derived by the Wroad emission line. Given

datal (2\8868; al. 5014I)v 2MASS E'(Fé p\k/])otjom.etr(ljcfdata E)Sk“étsk'@]e redshift range of the QSOs, we usédndH lters to target

et al. and color excess —V) derived from broadbal ; ; ;

; ' ; H —[Olll] 5007 A spectral region with a resolving power
SED tting (Duras etal., in prep) of the WISSH QSOs analyzedt g - 4000 and 3000, respectively. The data reduction was per-

here are listed in Table 1. formed using ESO pipelines, in Re ex environment (Freudling
et al. 2013). The background sky emission was removed with
21. LUCI/LBT observations the IDL routine SKYSUB, using object frames taken at different

. . telescope pointings (see Davies 2007). After the cube recon-
The observations of ten WISSH QSOs were carried out witlyrction, the ux calibration was performed with our own IDL
LUCI1, the NIR spectrograph and imager at the Large Binogyytines, by means of telluric spectra acquired during the same
ular Telescope (LBT) located in Mount Graham, Arizonapights as the targets. As a nal step, we extracted a 1D spec-
We required medium resolution spectroscopic observations{ym for each source with a circular aperture idiameter. This
longslit mode with a slit of 1 arcsec width, using the N1.8 CaMsrocedure does not allow us to have the spatial information, but
era. The gratings 150 R = 4140) in theK band and 210_zJHK e are interested in the integrated emission from different AGN
(R = 7838) inH band were used for objects at redshift bingomponents (i.e., BLR and NLR). The analysis of the spatially-
21<z<24 and 3.k z< 3.6, respectively. The wavelengthyesplved kinematics of the [OIIF007 emission line will be

ranges covered are 1.50-1.45 and 1.95-2.40m fortheHand  hresented in a forthcoming paper. Detailed information about
K bands, respectively. The observations were performed fraginEONI observations are listed in Table 3.

April 2014 to March 2015, in two different cycles. The average
on-site seeing of both cycles is comparabl®.8 arcsec (see .
Table 2 for further details). Observations of stars with knowf-3- SDSS archival data

spectral type were taken during the observing nights to accowgé retrieved the rest-frame UV spectrum of the 18 WISSH
for telluric absorption and ux calibration. QSO0s with NIR spectroscopic data, from the Sloan Digital Sky

The data reduction was performed using IRAF tasks amlirvey (SDSS) DR10 public archive, in order to derive the
IDL routines on both targets and standard stars. The feduqﬁ‘éperties of the CIV emission line. The SDSS survey uses
nal frames are calibrated in wavelength and ux and are freg dedicated wide- eld 2.5m telescope (Gunn et al. 2006) at
from sky lines and telluric absorption. We used argon and ne@fhache Point Observatory in Southern New Mexico. The spec-
arc-lamps for the wavelength calibration of JO86210, JO958  tra were obtained from February 2001 to February 2012 with
2827, J11066400, J115¥2724, and J120d0116; OH sky two spectrographs, SDSS-I and BOSS, with a resolving power
emission lines for the J11¥1336, J12366554, J14234633, 4t 1500 at 3800 A and 2500 at 9000 A. The optical brightness

and J14224417; and nally, argon and xenon arc-lamps folf oyr objects, 15.& r < 18.25, ensures data with an excellent
J1521%#5202. For the lines' identi cation, a cubic spline was Use‘iignal-to-noise ratioX15) of the analyzed spectra.

to tthe pixel coordinates to the wavelengths provided. Analysis

of the night sky lines indicated an uncertainty in the wavelength

calibration of. 20km s *. We performed an unweighted extrac-3. Spectroscopic analysis

tion of the 1D spectrum, using different apertures according 1o . .

the spatial pro le of each 2D spectrum, which was traced usin%gl' Modeling of the H and [OIll] emission

a Chebyshev function of the 3rd order. The visual inspection of the rest-frame optical spectra of the 13
The sky subtraction was done by subtracting frames cormg/SSH QSOs taken with LBT/LUCI or VLT/SINFONI revealed

sponding to different telescope pointings along the slit (ABBAhe weakness of the [Olll] 4959,5007 A doublet emission

method). To remove the atmospheric absorption features we usiiels and the presence of a strong and complex Fell emission

the IDL routine XTELLCOR_GENERAL (Vacca et al. 2003).(see Appendix B). This combination makes the determination of

This routine makes use of (i) the observed standard stars spgHI] spectral parameters an extremely challenging task. In one

tra, which are affected by telluric absorption as the targets, agdse, that of J1422+4417, the LBT/LUCI1 bandwidth does not

(i) a Vega model spectrum, useful to build up an atmospherigover the [Ol11] spectral region.

absorption-free spectrum. As the magnitudes of the standard we developed a model based on the IDL package MPFIT

stars are also known, we calibrated the target spectra in absolyfeirkwardt 2009) in order to accurately infer the properties of

ux, with the same IDL routine. the [Olll] and H emission in these hyper-luminous QSOs. The

NIR spectra were tted with a spectral model which consists of:
H /[Olll] core components associated with the NL$pecif-

ically, one Gaussian component for tting the core of H

Three QSOs were observed with Spectrograph for INtegra61 A line with the full width at half maximunFW HMgCr

Field Observations in the Near Infrared (SINFONI), at the VL;E??()G km s ! plus one Gaussian pro le for each component of

installed at the Cassegrain focus of Unit Telescope 4 (UT
The observations were performed in service mode during t & [ONll] 4959,5007 A doublet. The FWHM of the [Olll]

period 093.A, with the adaptive optics (AO) - Laser Guideé The limit of 1000 km s! for the FWHM has been set in order to
Star (LGS) mode, by which the atmospheric turbulence can hecount for a possible subtle kbut ow component.

2.2. SINFONI observations
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Table 1. Properties of the WISSH QSOs considered in this paper.

SDSS name RA Dec ZsDss u g r i z J H K E(B-V)

(2) (2) 3) (4) (5) (6) (1) (8) 9 @10 (@11) @12 (13)

JO80K5210  08:01:17.79 +52:10:34.5 3.217 19.73 1726 16.90 16.76 16.69 15.71 15.34 14.61 0.0
J0958-2827 09:58:41.21 +28:27:29.5 2120 20.95 1850 1784 1771 1751 16.31 16.04 15.41 0.0
J1106-6400  11:06:10.72 +64:00:09.6 2.205 16.44 1611 16.01 1598 15.81 15.06 14.55 13.95 0.0
J111%1336 11:11:19.10 +13:36:03.9 3.462 22.26 1811 1730 1718 17.05 15.89 15.51 15.03 0.0
J11542724 11:57:47.99 + 27:24:59.6 2.214 19.98 1911 18.25 1777 1731 1614 15.43 14.48 0.2
J1201%+0116 12:01:44.36 +01:16:11.6 3.240 1950 17.72 1739 1732 1727 1590 15.88 14.84 0.0
J1236-6554  12:36:41.45 +65:54:421 3.358 20.52 1781 1729 1719 16.96 16.00 15.47 15.31 0.0
J14214633  14:21:23.97 +46:33:18.0 3.404 2196 1797 1738 1722 17.09 16.28 15.49 14.89 0.0
J1422-4417 14:22:43.02 +44:17:21.2 3.605 23.45 19.36 1815 1757 1711 15.81 15.21 14.46 0.1
J1521#5202  15:21:56.48 +52:02:38.5 2195 16.44 1590 15.60 15.44 15.33 14.64 14.06 13.35 0.0
J1538-0855 15:38:30.55 +08:55:17.0 3.551 24.14 1817 1717 17.00 16.84 15.67 15.48 14.72 0.0
J2123 0050 21:23:29.46 00:50:52.9 2.269 1716 16.63 16.42 16.34 16.10 15.18 14.62 13.90 0.0
J2346 0016  23:46:25.66 00:16:00.4 3.489 21.24 1869 1791 1775 1756 16.87 16.13 15.30 0.0
JO745-4734 07:45:21.78 +47:34:36.1 3.214 1956 16.63 16.35 16.29 16.19 15.08 1461 13.95 0.0
J090G-421% 09:00:33.50 +42:15:47.0 3.297 2297 1711 16.74 16.69 16.58 15.37 14.68 14.00 0.0
J120% 12060 12:01:47.90 +12:06:30.3 3.495 20.77 1831 1741 1731 1718 1587 15.25 14.61 0.0
J1326 0003 13:26:54.95 00:05:30.1 3.307 22.83 20.90 20.54 20.02 19.28 17.39 16.75 15.31 0.3
J1549-124% 15:49:38.71 +12:45:09.1 2.386 20.23 18.67 17.84 1738 16.90 15.86 1456 13.52 0.1

Notes Columns give the following information: (1) SDSS name, (2—3) celestial coordinates, (4) redshift from SDSS DR10, (5-9) SDSS DR1(

photometric data, (10-12) 2MASS photometric data, and (13) colour e@s&/) (Duras et al., in prep.J?See Paper | for the analysis of the
LBT/LUCI spectra of these objects.

Table 2. Journal of the LBT/LUCI1 observations.

Notes.Columns give the following information: (1) SDSS name, (2) observation date, (3) exposure time (in units of s), (4) grating, (5) resolving

SDSS name Obs. date teyp Grating R Seeing
1) ) 3) (4) 5 (6
J0801+5210 Feb 10th 2015 2400 150 K4150 1.05
J0958+2827 Mar 21th 2015 3600 15Q K 4150 0.75
J1106+6400 Apr 17th 2015 1800 210zJHK 7838 0.69
J1111+1336  Apr 20th 2014 2400 15QK 4150 0.55
J1157+2724 Mar 22th 2015 1200 210zJHK 7838 0.9
J1201+0116 Apr27th 2015 1440 15QK 4150 0.78
J1236+6554 Apr 20th 2014 2400 15QK 4150 0.66
J1421+4633 Apr 20th 2014 1500 15Q K 4150 0.52
J1422+4417 Apr20th 2014 800 15QK 4150 0.55
J1521+5202 Apr 20th 2014 1200 210 zJHK 7838 1.01

power R, and (6) on-site average seeing (in units of arcsec).

Table 3.Journal of the SINFONI observations.

SDSS name Obs. date texp  Grating R Spatial resolution
(2) (2) 3) (4) (5) (6)
J1538+0855 Jul. 19th 2014 2400 K 4000 0.3
J2123-0050 Jul 20th 2014 600 H 3000 0.2
J2346-0016 Augl8th—Sept 1st 2014 4800 K 4000 0.3

Notes.Columns give the following information: (1) SDSS name, (2) observation date, (3) exposure time (in units of s), (4) grating, (5) resolving
power R, and (6) the spatial resolution obtained with AO technique (in units of arcsec).

doublet was forced to be the same as that of thecbte com- [Oll1] out ow components Speci cally, one Gaussian pro-
ponent. Moreover, we assumed the theoretical ux ratio fote with the same FWHM for each component of the [Olll]
[Olll] 4959,5007 A to be equal to 1:3 and the separatidn order to accurately constrain the possible presence of subtle

between [Olll] 4959-5007 A and Hto be xed to 98-146 A broad or shifted components associated with out ows. Further-
in the rest frame, respectively. more, we left free to vary the values of the FWHFM/H M)
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Table 4. Properties of core and BLR components of theéthission line derived from parametric model ts.

SDSS Name 2 FWHM™  REWP™® BLR FWHMER  REWE-R  FluxH B*R/FluxH ™  ModeB™®
(kms?) A) A) (kms %) A)
J0801+5210  3.257 0:002  100¢° 2.492 4862 1 608010 4389  0.950% Gaussian
J0958+2827  3.4340.001 1000° 2.1+02 4859 1 5060740 3949 095 005 Gaussian
J1106+6400  2.22§%%2  1000° 06 02 48501 79203 920 30 099 001 BPL
J1111+1336  3.49§%  1000° 0.9°03 4871% 7390 110 71070  0.99%% BPL
J1157+2724 2.217 0:.001 1000 3.0 4849 1 4200714 56.0 1.0 0.95 003 BPL
J1201+0116  3.2489%2  1000° 6.8793 4855 2 4670"1X 550 20 0.89°9% BPL
J1236+6554  3.424 0:001 1000° 12 02 4848 2 5330*10  64.0 20 0.989% BPL
J1421+4633  3.454 0:002 1000° 22 03 4838 3 6480 250 55020  0.96%0% BPL
J1422+4417 3.648 0:001 100CF 3.0%%2 4851 2 4430*3% 21.0 1.0 0.89 020 Gaussian
J1521+5202  2.218 0:001 1000° 12 01 4861 1 72400 259 05 0.96°0% Gaussian
J1538+0855 3.567°99%  1000° 21702 4843 2 5490%%  104.049  0.98 0.2 BPL
J2123-0050 2.282 0:001 100Q° 12 02 4850 2 4900*1 411 05 0.97*7% BPL
J2346-0016  3.51%  1000° 42 09 48644 5820°0  66.0790  0.94%0% BPL
J0745¢473° 3225 0001 470 170 - 4862 1 860072%  855%27  0.980%2 BPL
JO900+4215  3.294 0:001 300 130 0.2'19 4861 1 3210 190 54.9*72 0.98 0:.02 BPL
J1201+1206 3.512 0:.002 700 200 10.2 15 4865 2 6160 250 68.4*12 0.86 0:07 Gaussian
J13260005 3.303 0001 710 170 0.4k 4862 1 3700 160 96.3'%7  0.93°9% BPL
J154%1245 2365 0:.001 270 160 0.3'95 4871 2 8340 280 63.9'1%  0.98+0%2 BPL

Notes.Objects in boldface belong to th®[ll] sample (see Sect. 3.1 for detail®)Redshifts are based on the core component oéhission line

from NIR spectroscopy?’ Best- t value corresponding to the maximum allowed value of FWHM (see Sect. 3.1). For these objects we only report
the FWH M[C,j"‘]’ corresponding to the best- t value®WISSH QSOs with LUCI1 spectra analyzed in Bischetti et al. (2017). For these objects the
redshifts are based on the core component of the [OlIl] emission line.

and centroids é‘l’ﬁ‘]d) in the range 500—2500 km’sand 4980— corresponding 2 curve, we measured the ? with respect to

5034 A, respectively, which are based on the values derived #B€ Minimum best- t value. Hereafter, the reported errors refer
these spectral parameters from the analysis of the [Olll] bro#the one standard deviation con dence level, corresponding to
features in Paper I. = 1 for each parameter of interest.

H broad component associated with the BlSpeci cally, This tyielded a good description of the observed NIR spec-
one Gaussian pro le with width free to vary or a broken powertrum of the WISSH QSOs. The results of our spectral analysis for
law (BPL) component convolved with a Gaussian curve (e.ghe H and [Olll] 5007 emission lines are listed in Table 4 and
Nagao et al. 2006, Carniani et al. 2015, Paper I). Table 5, respectively. Figure 1 shows an example of theaht

As in Paper |, in order to t the prominent Fell emission, weOlll] spectral line tting decomposition.
included one or two Fe Il templates depending on the complex- We estimated the spectroscopic redshift from the ddre
ity of the iron emission. Speci cally, this was done by addingomponent. The bulk of the Hemission is provided by the
to the t one or two templates chosen through tifeminimiza- BLR component, which is well tted by a broken power
tion process among a library consisting of the three observationgly for all but four cases (for J0801+5210, J0958+2827,
templates by Boroson & Green (1992), Véron-Cetty et al. (2004)1422+4417, and J1521+5202 a Gaussian component was pre-
and Tsuzuki et al. (2006), and twenty synthetic Fell templat@srred). The FWHM of H associated with the BLR has a range

obtained with the CLOUDY plasma simulation code (Ferlangf 4000-8000 km &, with a rest-frame equivalent width of
et al. 2013), which takes into account different hydrogen densin_100 A .

ties, ionizing photon densities, and turbulence. The Fell template
was then convolved with a Gaussian function with a velo
ity dispersion in the range 500-4000 kmsThe continuum
was tted by a power-law component with the normalizatio
left free to vary and the slope derived from the best- t to thﬁ?
spectral energy distribution (SED) in the wavelength range
the observations. This parametrization worked well for all b
two sources, J1538+0855 and J2123-0050, for which we use | to th . - | lowed b
slope left free to vary. We estimated the statistical noise froly 9@’ to the maximum or minimum value atiowed by our
the line-free continuum emission and assumed it to be constaHpde! (500-2500 km $ and 4980 A, respectively), or the cen-
over the entire wavelength bandwidth. Finally, the uncertainfjPids fall extremely redward to 5007 A (i.e. >5020 A). The
of each parameter has been evaluated considering the varia§8fiPination of these ndings strongly suggests that this weak

of 2 around the best t value, with a grid step. From thdREWS ' 3 A) Gaussian component is likely to account for

The normalization of the [Olll] emission line associated
Guith the NLR is consistent with zero in all but three QSOs
namely J0958+2827, J1106+6400, and J1236+6554) with a

E 8{,‘,“] 1 A, conrming the weakness of this feature in

e spectra considered here. Regarding the spectral compo-
ents associated with a wind, for all but one of the QSOs
%‘538+0855) the best value of their FWHMSs or centroids
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Table 5. Properties of the core (C) and broad (B) components of the 20 e
[Olll] 5007 emission line derived from parametric model ts (see L i
Sect. 3.1). [ SDSSJ 0958+2827 ]
18 H‘,
SDSS Name Component FWH Mg [on] REWomn Liom u?(: ]
(kms?h (A) A) (10 ergs?) 2 6 )

J0801+5210 c 1000 5007 1 <0.1 <2.3 S

B 1210%320 5026 5 0.7%02 150 70 S
J0958+2827 c 1060 5007 2 10 02 130 30 5 14

B 2500 4980 3.5%04 440 50 ~
J1106+6400 c 1000 5007 4 0.6 02 10.0“%;3 o

B 500" 5022 2 03 01 5.0*3 )
J1111+1336 c 1000 5007*3  <0.04 <0.6 x 12

B 1020*2% 5029 2 0.9 02 160 40 T
J1157+2724 c 1000 5007 1 <0.1 <15

B 500" 4995 2 05 01 6.0 20 10
J1201+0116 c 1000 5006 1 <0.2 <3.0

B 500" 5022*1, 0.2 02  4.7+188
J1236+6554 C lom 5007 2 13 02 160 30 8 1111ll11111111111111111111111111111l111111111111111111111111

B 820+279 5022 2 10°%% 120 40 4600 4700 4800 4900 5000 5100
J1421+4633 c 1 5007 2 <0.01 <14 Rest frame wavelength (A)

B 700 140 5027 2 14 02 260 60
J1521+5202 o 121%70 140 ggg; : ;05'1 01 Zgé 40 Fig. 1. Parametrization of the H[OIII] region of the WISSH QSO
J1538+:0855 c 1006 5007 3 <0.6 <16.0 J0958+2827. The red line shows the_best tto the data. Gre_en_curve

B 1980*329 49873 77 09  210.0%499 refers to the core component associated with the NLR emission of
J2123-0050 BC 2;820 i%(z);ez ;%9({3 5<0063 0 H and [Olll] emission lines. The blue curve refers to the broad
12346-0016 c 1000 5007 2 <02 35 th)ueshlfted emlss;on of [OdIII] {}959,5%07 A, |_ntilj|_cat|ve ?]f ct>)ut o(\;v

B 1480 350 5030 32 05 500 200 (but see Sect. 3.1 for more details). Gold curve indicates the broad com-

ponent of H associated with BLR emission. Fell emission is marked

JO745+4734 c 470 170 5007 1 3.6 06 170 80 in magenta.

B 1630 180 4999 1 248 08 1140 290
J0900+4218 c 300 130 5007 1 11 06  50*1% . . : . .

B 2240 170 4999 1 125 1.0 53030100 which the plue side of the ClV line pro le is hea_VIIy affected
J1201+1208 o 1670 190 5007 2 188 L1 500 100 by absorption, the CIV is modeled by one Gaussian component

B 940 210 4990 2 56 10 150 80 (see Fig. C.7 for J1157+2724 and Fig. C.16 for J1549+1245) and
J1326-0009 c 710 170 5007 1 265 06 600 310 . ;

B 1870 170 4997 1 504 o8 1140 260  for the quasar J0745+4734, showing a very prominent peak at
J1549r1248 (B3 i;?o 126‘130 ggg i 2-366 0657 i%iggo 1549 A, the best- t model of the CIV pro le is the combination

= of three Gaussian components (see Fig. C.1).

Notes.Objects in boldface belong to th@[ll ] sample @ Best- t value We considered in our ts the presence of Fell emission by
corresponding to the minimum or maximum allowed value of FWHMIsing UV Fell templates from Vestergaard & Wilkes (2001),
or centroid (see Sect. 3.1)WISSH QSOs analyzed in Paper I. although Fell is not particularly strong in the CIV region. These

templates were convolved with Gaussian pro les of different
additional Fell emission not properly tted by the templateswidths to account for the observed Fell-related emission features

instead of these being due to a wind. In the case of J1538+0886the spectra. If requested, we also included in the model one or

we measured a broad (v HMEead = 1980 km s?), blueshifted two Gaussian components to account for H2640 A and/or

(g’ = 1200 km s*) component with REWSa=7.7 A, mak- Olll] 1664 A emissions. o
h The resulting physical parameters of the CIV emission

i highl i iating thi | f i . .
Ing us highly con dent in associating this spectral feature Wltfor the 18 WISSH QSOs are listed in Table 6. We found a

blueshifted [OIlIll] emission. Hereafter, we refer to theDf[l ] edian value ofREWey = 21 A with the lowest value for
sample” as the group of WISSH QSOs showing a REW of thEe object J1521+5202|‘¥E_V\b|v = 8 A), con rming its WLQ

ieci H i H road
.[OHI] emission “Pe 5A, while QSO,,S W'tmEV\rO“'] < 5Aare_ nature (Just et al. 2007). The CIV emission pro le is broad
included in the Weak[Olll] sample”. Despite the fact that its it 2 median value oEWH Mcyy = 7800 km st and, in four
NIR spectrum does not cover the [OllI] region, we also include ses. excepti o1
. , ptional values BWHMc)y (>10000km s *) are
the WISSH QSO J1422+4417 asWeak[Olll] source, as it qetacted. Moreover we found that the peak of the CIV pro le is
shows distinguishing features of this subclass (i.e. CIV veloCifyj ,ashifted with respect to the systemic redshift, with a veloc-

H 1
shift 5000 km s, see Sect. 3.2 and Table 6). ity shift (Voo hereafter) in the range of53‘= 200~7500 km &'
' o in all cases except for J1326—0005, whose velocity shift is
3.2. Modeling of the CIV emission V2= _50 km s* (bearing in mind the presence of BAL fea-

We shifted the SDSS spectra to the systemic rest frame usiHgeS inthis quasar).

the redshift measured from the Hore component. The SDSS  1he CIV emission line in theNeak [OlIl] QSOs shows
analysis was focused on the spectral region of the CIV em#road, strongly blue and asymmetric pro les, wigfJ“in the
sion line at 1549 A, including spectral ranges free of emissioange of\/é?f’,‘k = 2500-7500 km &. This clearly indicates the
or absorption features at both two sides of the CIV line centroigresence of an out owing component associated with this tran-
in order to constrain the local underlying continuum. The CI\gition. According to the best- t model, we refer to the Gaussian
emission was tted using a combination of up to three Gaussidine with the most blueshifted centroid as the out ow compo-
pro les with spectral parameters (centroid, width, and normahent, with\2\!, indicating its velocity shift with respect to the
ization) left free to vary. We found that for all but three QSOs thsystemic redshift (see Fig. 2 upper panel).

best- t model consists of a combination of two Gaussian com- The [Olll] sample exhibit theFWHMc,y in the range of
ponents. For the BAL QSOs J1167724 and J1549+1245, for 2000-5000 km &, and lower blueshifts than those of the
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Table 6.Properties of CIV1549emission line derived from parametric
model ts (see Sect. 3.2).

SDSS Name peak weeka REWy FWHMcy Lo
A (kms 1 A (kms 1) (10%ergs?)

JO745¢4734 1548 1 190 120  31.0%%2 4320 120 83*)2
J0801+5210 15351 2720 180 165 06  10930*120 29 01

J0900r4215 1546 1  560*13 316706 4200 150 6.4703
J0958+2827 15201 5640 180 19.0 40 9970'5 17 02

J1106+6400 1534 1 2870*%38 206 03 7830 160 2.8 01

J1111+1336 15401 1920 130 200 L0 8210%%% 30 02

J1157+2728  1529%5  3840*1% 71.0%120  7620*55) 0.9 01

570 140 800
J1201+0116 15311 3390 130 174 09 8460'2% 18 01
J1201+1206 1544 1  980*139 37.0'3 5110 110 4.4°%2
J1236+6554 15321 3360 110 19.9'03  7380"M40 29 01
J1326-0008 1549 1 -50*18 82.0%69 211029 170 20

J1421+4633 15231 5010*2% 160 20 1024020 21 02

J1422+4417 15251 4670 230 20.0 30 12410*188 59 01

J152145202 15111 7420 200 83 06  11500'¥9 21 01

J1538+0855 1538 1 2190 110 20.8 02 5160*28 40 01

J1549+1248 1547 1 370%3%0 230 1.0 5720*3 3.8%%2

J2123-0050 15371 2330180 124*08  6700%19 17 01

J2346-0016 15321  3380%1) 13.0 20 86007139 12 01

Notes.Objects in boldface belong to the[ll ] sample ®Velocity shifts
of the CIV emission line are calculated from the peak of the multiple
Gaussians modeling the CIV pro le, with respect to the systemic red-
shift (see Fig. 2)®Sources J1157+2724 and J1549+1245 are classi ed
as BAL QSOs according to the Balnicity Index (Bl, Weymann et al.
1991) while J1326—-0005 is classi ed according to the modi ed absorp-
tion index (Alpgo > 100, Bruni et al. 2012), a more conservative version
of the Hall et al. (2002) Al de nition. A detailed analysis of the BAL
properties of the WISSH QSOs will be presented in a forthcoming paper
(Bruni et al. in prep). For these objects the strong absorption in the CIV
Fig. 2. Parametrization of the CIV emission line prole of theemission line affects the spectral parameters.
Weak[Olll] quasar J1422+4417upper panél and the DIIl] quasar
J0745+4734 16wer pane). In both panels the red, yellow, and blue
curves refer to the best t of the spectrum, virialized component, arfé Results
out ow component of the CIV emission line, respectively. The blac . Lo . .
dashed line indicates they at 1549 A . The red dotted-dashed Iineﬁ'l' Properties of the [Oll] emission: REWony and orientation
denotes the peak of the CIV emission line aff*represents its veloc- The observed equivalent width of the total pro le of the [OIlI]
ity shift with respect to the systemic549 A . The blue dotted-dashed emission line REWoy;) can be used as an indicator of the line-
line indicates the peak of the out ow component afif} is its velocity  of-sight inclination as found by Risaliti et al. (2011) and Bisogni
shift with respect to the systemic redshift. In foever panelthe green et al. (2017a), that ISREWony = REWhinsiccoq ) (with  as
curve refers to an ad_ditional Gaussian component required by the t,{Re angle between the accretion disk axis and the line of sight).
order to better describe the CIV pro le in this QSO. In these works they showed that the distributionREWoy,
of a large sample of SDSS DR7 AGN with 0.081z < 0.8,
hereafter SDSS distribution, shows a power-law tail with a slope

Weak[Olll] QSOs, 3¢ 2000 km s . The prole of the of —3.5 at the largesREWoy; values, which is well reproduced
CIV line in [Olll] QSOs typically is more symmetric than inby assuming an Isotropic [O.”I] emission (Wh'c.h IS prqpornonal
Weak[Olll] objects, indicating a dominant contribution fromt© the intrinsic disk luminosity) and a random inclination of the
the emission of virialized gas. We therefore consider in this ca@&cretion disk with respect to the line of sight. This demonstrates
the Gaussian component with the largest FWHM as the viri nat the inclination effept is likely to be rgspon5|ble for the large-
ized one of the CIV emission line, while the second Gaussi Egr\{gcr)llt?]ep%\zﬁrr;ﬁi\gr:all' whereby the higher tHEWouny , the
component with a smaller FWHM is assumed to represent t : -
emission associated with the wind (see Fig. 2 lower panel). Itis_1he [Olll] sample —of the WISSH QSOs exhibits
worth noting that for the vast majority of our objects we measufREWor ~ 7-80 A, which is mostly due to the broad blueshifted
a virialized component with a centroid not consistent (p&ith ~ component of the [Olll] emission. Risaliti et al. (2011) and
1549 A (see Appendix C). This can be interpreted in terms ofB{S0gni et al. (2017a) reported th&EWou; 25-30 A are
low-velocity component likely associated with a virialized ow@associated with nearly edge-on AGN. Half dDI[l] sources

in a rotating accretion disk wind (Young et al. 2007; Kashi et aPopPulate the high tail of the SDSBEWou distribution with
2013). Finally, in the case of J1538+0855, &1I[] object that REWony > 25 A (Fig. 3 top). Therefore, a high inclination,

also exhibits some distinctive propertiesweak[Olll ] sources 25-73 (Bisogni et al. in prep.), can likely explain such
(see Appendix A), the virialized and out ow components of théargeREWo .

CIV emission are assumed to be like thoseVééak[Olll] The average value ®REWoy for the Weak[Olll] sample
sources. is 2 A. Given their high bolometric luminosities, weak [Olll]
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Fig. 3. Observed distribution of the WISSH QSOs for tt@ll] ] and
Weak[OllI] samples of § REWg,; and p) REW, , compared to the
best t of theREWoy; andREW, observed distribution of SDSS DR7
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Fig. 5. Bolometric luminosity as a function of BH mass for the
WISSH sample, compared to PG QSOs from Tang et al. (2012) and
Baskin & Laor (2005), and WLQs from Plotkin et al. (2015). Luminos-
ity in fractions of 0.1, 0.5, and 1 Eddington luminosity are respectively
indicated with dot-dashed, dotted, and dashed lines. Contours levels
(0.01, 0.1, 0.5, and 0.9 relative to the peak) refer to SDSS DR7 QSOs
from Shen et al. (2011).

Table 7. Logarithm of bolometric luminosity, Logarithm of intrinsic
luminosity at 5100 A, H-based SMBH mass, and Eddington ratio of
the WISSH QSOs.

SDSS Name  Lodigol [Log LEYT? Loglsioo  MgnP Edd

1) (2 (3) 4) (5)

JO745+4734  48.0[48.2) 47.3 15.7 108  0.5%%%
J0s01+5210  47.8 471 6.24:3 0.7 05
J0900+4215  48.0[48.1] 47.2 21 15 3.1%98
J0958+2827  47.6 46.9 3.5214 0.8 06
J1106+6400  47.8 47.0 10.06:9 05 03
J1111+1336  47.7 47.0 8.55:9 05 03
J1157+2724 476 47.0 2.61:8 13 09
J1201+0116  47.6 47.0 3.223 1.0 07
J1201+1206  47.8[47.9] 471 6.5 45 0.7*53
J1236+6554  47.7 47.0 4.33.0 0.8 06
J1326-0006  47.8[48.3] 47.0 2116 21797
J1421+4633  47.7 47.0 6.24:3 0.6 04
J1422+4417  48.0 47.3 4.431 18 13
J1521+5202  47.9 47.2 9.986:8 0.7 05
J1538+0855  47.8[47.8] 471 5.5 3:8 1.0+08
J1549+1245  47.8[47.9] 471 12.6 87 0.4*%’5%
J2123-0050  47.7 47.0 3.927 11 07
J2346-0016 475 46.8 4.33.0 0.7 02

Notes. Objects in boldface belong to th®[ll] sample. The follow-
ing information is listed: (1) SDSS name, (2) Logarithm of SED-based
bolometric luminosity (in units of erg$, Duras et al., in prep),
(3) Logarithm of SED-based intrinsic luminosity at 5100 A (in units
of ergs?; Duras et al., in prep), (4) Hbased SMBH mass (in units of
10° M ), and (5) Eddington ratié®Value of bolometric luminosity cor-
rected for orientation effect, calculated as described in Sect®4he
error associated with thilgy includes both the statistical uncertainties

Fig. 4. Average SEDs corresponding to WISE photometry of thand the systematic uncertainty in the virial relation itseld:8 dex; see

WISSH [OllI] (dashed blue line) anteak[Olll] samples (red line),
normalized at 15m (dot-dashed line).

emission is expected in WISSH QSOs due to overionization

Bongiorno et al. 2014, for a complete discussion).

galaxy disk, which would intercept a lower amount of ISM,
gdsulting in a [OlIl] line with a lower REW.

the circumnuclear gas as found in Shen & Ho (2014) by ana- Furthermore, theQlll] WISSH QSOs typically have higher

lyzing the rest-frame optical spectra 020000 Type-1 SDSS

REW; values than th&Veak[Olll] sources (Fig. 3, bottom),

QSOs. Another explanation for the reduced [Olll] emissiosupporting a larger inclination scenario, which leads to an
could be linked to the ionization cone perpendicular to thebserved lower underlying continuum. We also note that the
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sample respectively. The BAL WISSH QSOs are indicated with black circles. Contours levels (0.03, 0.1, 0.5, and 0.9 relative to the peak) refer
the SDSS DR7 sample from Shen et al. (2011). The green diamonds indicate the PG QSOs from Baskin & Laor (2005) and Tang et al. (201
The orange circles refer to the sample of WLQs from Plotkin et al. (2015), Luo et al. (2015), and Wu et al. (2011), the brown crosses indicate tt
HE QSOs from Sulentic et al. (2017), the ERQs from Hamann et al. (2017) are indicated with purple triangles. The purple dashed line marks t

REWy = 10 A, which is the threshold for the WLQs. The distribution of BEEW:y and\/é‘ff}k are on the right and on the bottom, respectively.

REW; distribution of the WISSH quasar is consistent witlBBLR size estimated from the continuum luminosity of the
SDSSREW,; distribution. As found in Bisogni et al. (2017a),quasar and on the velocity dispersion of the BLR, derived
we might expect a trend of tHieWHMBE'R also for the WISSH from the FWHM of a specic broad emission line, that is,
QSOs, that is, the width of the Hincreases from low to high H . H , Mgll, CIV, Pa; and Pa depending on the redshift
i ; IV emission line is affected by the presence of non-virialized
we do not observe any signi cant trend. This can be probab ; b )
explained by the presence of ultra-massive BHs in these hypgPmponents (Baskin & Laor 2005; Richards et al. 2011), which

luminous AGN (see Sect. 4.2), which heavily dilute the effect cgan bias the BH mass estimation. The Elouds are mostly
inclination. ominated by virial motions, making this emission line the best

If the inclination plays a role in explaining the large dif-estimator of the SMBH mass (Denney 2012). In order to estimate

ferences iIRREWoy; between QIIl] and Weak[Olll] WISSH Mgy, we used the SE relation for Heported in Bongiorno et al.
QSOs, we also expect differences in the near- and mid-IR SE@,OM) :

as found by Bisogni et al. (2017b) in a large SDSS sample @f,o v v VY= 67+2 L FWHM 4 05 | L
QSOs. Face-on QSOs offer a direct view of the hottest dust comc—)g( BHM ) = 6. %9 Wimst TV %9 ToTergsT
ponent located in the innermost part of the torus, while in case of 2)

high-inclination sources the view of this region can be partially
blocked. This is consistent with the result obtained by compar- For each quasar, we used the best- t value of the FWHM of

ing the average SEDs corresponding to WISE photometry of t ¢ broad co_mponent 9f Hi_ne derived in Sect. 3 (see Table 4)
QSOs in the QIII] and Weak[Olll] samples (Fig. 4), where and the continuum luminosity at 5100 A. Both thg oo andLge

sources with highREWoy; show a ux de cit in the NIR part were obtained by tting the UV to mid-IR photometric data (see

of the SED, around 3m with respect taWeak[Olll] sources.  1able 1), with Type 1 AGN SED templates of Richards et al.
(2006) using a Small Magellanic Cloud extinction law (Prevot

et al. 1984) with color excess E(B-V) as free parameter (Duras
et al. in prep.). We list the results of FbasedMgy for all the
WISSH QSOs with rest-frame optical spectroscopy in Table 7.
A common method of measuring black hole mad4gy) is We found that all the BHs have masses larger th&nMO0,

the so-called single epoch technique (SE), which depends with nine out of 18 QSOs hosting SMBHs with
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Fig. 7. Rest-frame EW of [Oll1] 5007 as a function dREW,y (left) and\/éfff’,‘k (right) for the WISSH targets with blue stars for thel[l ] sample
and red stars for theVeak[OlIl] sample, compared to the samples of Shen (2016), Tang et al. (2012), and Sulentic et al. (2017, and referenc
therein). The dashed red line refers to the WISSH [Ol11] dichotomy, with Rigy\boundary value of 5 A.

Mgy > 5 10° M . Based on these HbasedMgy values and reported by previous studies, for example, Corbin & Boroson
Leo, We derived Eddington ratiosggq = Lgoi/Legq = 0.4-3.1 (1996); Richards et al. (2002).

(with a median value of 1), whelgzqg= 1.26  10°® (Mgn/M ) We compare our ndings with those derived for the SDSS
erg s, which are also reported in Table 7. Forthe WISEMI[]  samplé (contours), PG QSOs (Tang et al. 2012; Baskin & Laor
objects we also estimated the bolometric luminosit§() cor- 2005), WLQs and PHL1811-analogs (Plotkin et al. 2015; Luo
rected for the orientation effect using the mean inclination angléé al. 2015 and Wu et al. 2011), high luminosity QSOs from
as determined in Bisogni et al. (in prep.). Speci cally, considSulentic et al. (2017) identied in the Hamburg ESO sur-
ering the expression for the observ&EWpy distribution Vvey (hereafter HE QSOs), and Extremely Red QSOs (ERQs)
(Eqg. (4) in Risaliti et al. 2011) as a function of the ratio betweefiom Hamann et al. (2017), dened by a color (i-WISE
observed and intrinsiREWoy; , it is possible to retrieve the W3) 4.6 with a median bolometric luminosity of Log
inclination angle probability distribution given the observedlso/ergs') 47.1 0:3. Remarkably, Weak [Olll] WISSH
REWon and, hence, the mean values of inclination angles. QSOs show extreme velocity shifts, comparable to the largest

Figure 5 shows the comparison of tMgay, Lgo, and gqq vg?\"’,‘k reported so far in WLQs. Furthermore, while WLQs show

measured for WISSH QSOs with those derived from (i) a sarfhe distinctive property of ®EWsy 10 A, the WISSH sam-
ple of 23000 SDSS QSOs with 1.5z 2.2 with Mgll-based |0 have aREWsy 10 A, demonstrating the existence of

Mgn (Shen et al. 2011), hereafter “SDSS sample”, (i) bright; ; PO, ; :

X i J'high-velocity out ows traced by high-ionization species also in
PG QSOs witlz < 0.5 with H -basedMgy; (Tang et al. 2012 o4 ,rceg with higheREW)y than those of the WLQs. Interest-
Baskin & Laor 2005), and (iii) the WLQs (see Sect. 1 for the, o\ “the ERQs show both large blueshifts and very large (i.e.

de nition) with H -basedMgy from Plotkin et al. (2015). The 100A) REW,y, which can be interpreted in terms of a CIV

bolometric luminosity in fractions of 0.1, 0.5, and 1 EOIOIIngm%mitting region with a larger covering factor with respect to the

luminosity is reported. The WISSH QSOs are therefore poVlvénizing continuum than normal QSOs (Hamann et al. 2017).

ered by highly accreting SMBHs at the heaviest end of the : ;
Mgy function and allow us to probe the extreme AGN accre- Icoe';'(g'_7 th‘?REV\{oul] as a function of thEREV\bIV_ (left)
tion regime and the impact of this huge radiative output oddVcy, (right) is shown for the WISSH QSOs. We discovered

the properties of the nuclear region and the surrounding h@&intriguing dichotomy between th®[ll] sample, which shows

galaxy. small values oi/é?f’,‘k( 2000 km s') with REWsy 20 A and
the Weak[Olll] sample, exhibiting223  2000km s * with
4.3. Properties of the CIV emission line REWsy 20 A. This is also supported by the same behavior
. . shown by the QSOs in the Shen (2016) and Tang et al. (2012)
4.3.1. CIV velocity shift and in the HE sampfefrom Sulentic et al. (2017) populating

Previous works have found that the CIV emission line typicalljhe same region of the plaREWou; — Vi« This dichotomy
shows a velocity blueshift with respect to the systemic redshfgn be likely explained by assuming a polar geometry for the
(Gaskell 1982), suggesting it is associated with out owing gas!V winds, where the bulk of the emission is along the polar
in the BLR. As already mentioned in Sect. 3.2, for the WISSH

objects we measured the CIV velocity shh‘t%?@') from the peak
of the entire CIV emission line model t with respect to the sys;g?
temic redshift (a similar approach is used in the yvorl_< of Sh For the HE QSOs sample we used the CIV andhbfioad emission
et al. (2011) for the “SDSS sample”).kAs shown in Fig. 6, WEne propertiesQIisted in SSIentic et al. (2017) and the [OlIl] emission
found an anti-correlation betweenﬂiﬁé\"’,1 and the strength of the lines information in Sulentic et al. (2004, 2006) and Marziani et al.
CIV emission line for the WISSH QSOs. This result was alread009).

2 We used the improved redshift estimates of Hewett & Wild (2010),
rived using emission lines not including the CIV.

A81, page 10 of 24


http://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361/201732335&pdf_id=0

G. Vietri et al.: The WISSH quasars project

direction, againstQIIl ] QSOs, which are supposed to be viewed L L L L
at high inclination.

We also investigated the possible relation between/jj‘% 10000 [~ ]
and the FWHM of the broad CIV emission line, by combin-
ing WISSH QSOs with other samples in Fig. 8 (top). For this
purpose we used 73 SDSS QSOs at4.5 < 3.5 with avail- 3
able H information from Shen & Liu (2012) and Shen (2016).§
19 SDSS QSOs from Coatman et al. (2016), 66 radio-quiet non:
BAL PG QSOs from Baskin & Laor (2005) and Tang et al2
(2012), six WLQs from Plotkin et al. (2015) with 1.4-1.7,and 2
28 HE QSOs from Sulentic et al. (2017, and reference therein).
All these objects cover a luminosity range Lbgg/erg s?) =

WISSH Weak [OIIl]
K WISSH [Olll]
< PG QSOs (Baskin+05,Tang+12)

44.5-48.1. Hereafter, we refer to these samples as thesérh- > A ggggfig*lﬁ

ple”. As expected, sources with larg> (82000km s 1) show WLQs (Plotkin+15)

a CIV emission line with a broad pro 1e&6000km s 1). This L4 Zheosos(sdentonn
suggests that for these sources the line pro le is the result of °%° 0 2000 4000 6000 8000
the combination of a virialized component plus a strongly out- VI (kmis)

owing one. Figure 8 (bottom panel) shows the behavior of the T T T L
FWHM of the out ow component of the CIV emission line 12000 -

1

resulting from our multicomponent t (see Sect. 3.2) as a func- i %

tion of the ¥°2* . Performing the Spearman rank correlation 10000 = B

we foundr = 0.6 andP-value = 5.2 10 3, indicating that a . r ]

large FWHM of CIV can be considered a proxy of the pres<2 F 1

ence of a high velocity out ow. No clear trend is found betweeng 8090 [ ]

the FWHMBR and\2%% as shown in Fig. 9. Interestingly, the§§E 5000 H 1
I

WISSH QSOs shoWwWHME-R 4000 km s?, even in those =
sources with large?®® while previous works claimed the pres- 4000

T
Ly

CIV?
ence of largef3 in QSOs withFWHMBR < 4000 km s, i N 1
such as low luminosity Population A QSOs (Sulentic etal. 2007; 2000 - . FwissH ol -
Marziani et al. 2010) and WLQs (Plotkin et al. 2015). This indi- I yissrwesiion ]
cates that the inclusion of QSOs with such extreme luminosities ol t v v v 1l
as the WISSH ones allows us to extend the detection of large CIV 0 2000 4000 6000 8000
blueshifts to sources withfWHMB-R > 4000 km s* (a similar Ve (km/s)
result has been also reported for the HE sample in Sulentic et al. . Lo .
2017). Fig. 8. FWHMcy of the entire emission line pro le as a function of

Es2kfor the WISSH sample, compared to PG QSOs from Baskin & Laor
o ] (2005) and Tang et al. (2012; green diamonds), WLQs from Plotkin et al.
4.3.2. Mass and kinetic power of CIV winds (2015; orange circles), SDSS QSOs from Shen (2016) and Coatman

. .. et al. (2016: magenta squares and purple triangles respectively), and HE
We estimated the ionized gas maséigh) of the out ow asso-  450s from Sulentic et al. (201fp) and FWHM(CIV) of the out ow

ciated with the out ow component of the CIV emission line forcomponentlﬁottorr) as a function oi’gﬁskfor the WISSH sample. The

theWeaK[Olll ] sources according to the following formula frompack solid line indicates the best linear ts to the data and the purple
Marziani et al. (2016). This relation assumes a constant densiyshed lines correspond to the 68% con dence interval.

scenario for the CIV emitting gas (i.e. i{Q/n(C) = 1) and takes

into account the carbon abundance:
the range 3-30M yr 1, which is similar to the accretion rate

Mion = 955 107 L4s(CI1V) 251 ngl M ); (3) for a quasar with_gy corresponding to the medidig, of the
WISSHrange, 70M yr 1forLgy =4 10* ergs?, assuming

wherelL45(ClV) is the luminosity of the out ow component in a radiative ef ciency of 18. Accordingly, the kinetic power of

units of 13° erg s, Zs is the metallicity in units of 2 (i.e.the the out ow can be expressed as

typical value measured for the BLR in higHuminousiQS?s,

Nagao et al. 2006), and is the gas density in units of 1@m °. _1 .

For theWeak[Olll ] sample we estimateMo, = 150—1100M , Biin = 2 Mion  V* (ergs™): (5)

assuming =5Z andn=10"°>cm 3 (see Table 8). From Eq. (3)

it is possible to derive the mass out ow rat¥ly), that is, the The resulting values di, associated with the out ow com-

mass of ionized gas passing through a sphere of r&jias ponent as a function dfg, are plotted in Fig. 10 as red lled
symbols for objects in thé/eak[Olll ] sample.

Mion=3 (Mion V=R (M yr b, 4) Since the QIlI] QSOs also show an out ow component
of the CIV emission (see Fig. 2), we were able to provide

Wherev:\fé‘;\‘, andRy is the out ow radius in units of 1 pc. The an estimate ofMion, Mion, and Ein also for them. More-

BLR radius-luminosity relationRg r / Lgfoo, e.g., Bentz et al. over, as discussed in Sect. 4DII] QSOs are supposed
2009) indicates a typical radius ofl pc for the WISSH QSOs to be viewed at high inclination. Accordingly, we estimated
with luminosity Lsigo > 6 106 erg s®. We inferredMion in Mion, and Ey, by assuming the so-called maximum velocity

A81, page 11 of 24


http://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361/201732335&pdf_id=0

A&A 617, A81 (2018)

14000 77— —————— 71— Table 8. Properties of the CIV outows derived from the out ow
L WISSH Weak [OIll] 1 component of the CIV emission line.
[ K WISSH [OlIl] 1
12000 [~ <& PG QSOs (Baskin+05, Tang+12)
[ A Coatman+16 ] SDSS Name Lev Mion Vuymaxa Mion Exin
H Shen+16 1 (10%rgst) (M) (kms?) M yrl) (10%%rgs?)
10000 WLQs (Plotkin+15) —
s [ A HE QSOs (Sulentic+17) ] @ @ G @ ®) ®)
= [ VS ] JO745¢4734  1.90%9% 570  4200'1%9 73 40
< 8000 [ A ] J0801+5210 2.6 01 770 505039 11.9 100
[h4
dx r é X ] J0900r4215 14 01 420  2580'1% 3 7
= [ v S 7
§ 6000 - X * ] J0958+2827 0.7 0:2 220 10700149 7 260
[ Ehen ]
o EOE % ] J1106+6400 2.3 01 690  3820'1%0 8 40
L& i
4000 X*%O % . © - J1111+1336 2.6 0:2 780 2360160 6 10
L , . A i
H \@ A R8T a - J1157+2724 0.9 0:1 270 3840°7% 3 15
2000 [- & ¢ o 4 Jo1+0m6 0501 150 9830°%S 4 130
[ % 1 J120%#+1206 11 01 340 36407139 4 20
) Y S L] J1236+6554 2401 710 4620139 10 68
0 2000 4000 6000 8000 J1326:0005 69 01 2090 157020 10 8
peal
VI (km/s) J1421+4633 0.5 0:1 160 10380°4%9 5 170
. . J1422+4417 3701 1100 935040 31 870
Fig. 9. FWHMB'R as a function off53* for the WISSH sample, com- Moe02 1101 430 1p570iid s 630
. + . A
pared to PG QSOs from Baskin & Laor (2005) and Tang et al. (2012; o
green diamonds), WLQs from Plotkin et al. (2015; orange circles), 1538085 19 01 590 1340075, 24 1360
SDSS QSOs from Shen (2016) and Coatman et al. (2016; magenti549-1245  3.8%32 1070 5230330 16 125
squares and purple triangles, respectively), and HE QSOs from Sulentig2123-0050 1201 350 4720329 5 35
etal. (2017). J2346-0016 0.5 0:1 150 7580459 3 62

Notes.Objects in boldface belong to th®[ll] sample. The following
information is listed: (1) SDSS name, (2) CIV luminosity (in units of
10% erg s1), (3) ionized gas mass (in units bf ), (4) velocity shift of
the out ow component (in units of km 8), (5) ionized gas mass rate
(in units of M /yr 1) and (6) kinetic power (units of #9erg s ). @we
usedv2y, and VI3 in the calculation of the out ow properties of the
Weak[Olll] and [Olll] QSOs respectively (see Sect. 4.3.2).

therefore, we also deriveMlipn, Mion, and Exin using Egs. (3)—

(5), considering its luminosity in addition to that of the out ow

component and adoptingc<in the calculations of the out ow

rates (see Table 9). The kinetic power derived by considering
the entire pro le of the CIV emission line are shown in Fig. 10
as red and blue empty symbols for téeak[Olll] and [Olll]
samples, respectively. In the caseVéak[Olll] sources, they
are a factor of 2—10 smaller than the values based only on the

luminosity and velocity of the out ow componeng3 ‘< vaut ),

due to theEy, / V2 dependence. In the case @[] sources,
the Eyi, calculated in this way are a factor o00—1000 smaller
than those derived by using*. Accordingly, they can be

considered as very conservative estimateSgf
As shown in Fig. 10, the bulk of the kinetic power of the
BLR winds discovered in WISSH QSOskgi, 10° Lgg for
bothWeak[Olll] and [OllI] QSOs. It is instructive to compare
theseEyi, with those inferred for ionized NLR winds traced by
[Ol1]. About 20% of the BLR winds detected in WISSH QSOs
show kinetic powers comparable (i.e. & Eyin/Lgo < 10 ) to
VIR =Wy +2 2N, where 24 is the velocity dispersion those estimated for NLR winds irD]ll ] sources. Remarkably,
of the out ow component, taking into account projection effectdn one case, J1538+0855, the out ows associated with CIV and
and can be indeed considered representative of the bulk velog®yil] have consistenE, values (see Appendix A). This would
of the out ow in the case of biconically symmetric out owing suggest that we are possibly revealing the same out ow in two
gas (see Paper | and references therein). In Fig. 1&theval- different gas phases at increasing distance from the AGN (in
ues associated with the out ow component @Ifl ] sources are an energy conserving scenario). This further supports the idea
plotted as blue lled stars. that this object represents a hybrid showing a mixture of the
As mentioned in Sect. 4.3, the bulk of the virialized compadistinctive properties of the two populations\@eak[Olll] and
nent of the CIV emission line is located bluewards 1549 A in og©lll] QSOs.
ts for both the Weak[OlIl] and (even slightly) @lII] QSOs. Hereafter, we consider the out ow parameters derived by

This means that it can be also associated with an out ow angsing vgt;\t, and v for the Weak[OlIl] and the DIII] QSOs,

Fig. 10.Kinetic power of the BLR winds as a function b, . Red lled
stars refer to values d, of the Weak[Olll] QSOs derived from the
CIV out ow component using2y,. Blue lled stars refer to values of
Ewin Of the [OllI] QSOs derived from the entire CIV pro le usingyy.
Blue and red empty stars refer to valuessgf, derived from the entire
CIV pro le using V23 for the [OI11] and Weak[Olll] QSOs, respec-
tively. BLR winds are compared with WISSH NLR ionized out ows
from Paper | (green diamonds).
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Table 9. Properties of the CIV out ows derived from the entire CIVfrom the innermost region of the accretion disk (tens of gravi-
emission line. tational radii for the UFOs; for example see Nardini et al. 2015;
Tombesi et al. 2012, 2013; Gofford et al. 2015) up to kpc-scale in

SDSSName Low Mon VG Mion Eun the case of the [OIll] winds (e.g., Harrison et al. 2012; Carniani
aofergsh (M) - (kms® (M yr - (10FergsT et al. 2015; Cresci et al. 2015; Paper I).
3274&4734 8;2302 2;)0 190(4)120 (25) 0(2)2 The BLR winds typically exhibit a low momentum load,
. 01 . < . H H

J0801+5210 2.9 01 860 2720 180 7 17 .POUF/PAGN. 0:1, which is a range poorly sampled by other

109004215 64702 1040 560110 5 03 ionized winds. Furthermore, the BLR winds seem to represent

1095842827 17 (6:22 50 5640 11‘; 0 5 % the low-power, Iow—velocrcy_analogs of UFOs. _The Ia'gter shpw

1106+6400 28 o1 10 287010 . 1 Pqut/PAGN 1, as expectedlln the case of quasi-spherical winds

111141336 20 02 900 1920 1173?0 5 6 with el_ectron scattering op_tlcal depth 1 produced by systems
accreting at ggg 1 (e.g. King 2010). UFOs are found to have a

JUST+2724 0901 270 3840°3% 3 15 large covering factor (Nardini et al. 2015; King & Pounds 2015).

J1201+0116 1801 540 3390 130 6 20 BLR clouds in luminous AGN are expected to have a covering

JI2011206 44757 1350 980} 4 ! factor of 0.1 (Netzer 1990). We can thus speculate that the

J1236+6554 2901 870 3360 110 ° 32 low Pou=Pacn Of BLR winds with respect to that of UFOs may

J13260005 17 2 4990 S0 1 0.001 be due to both a loweNy and a lower covering factor of the

J1421+4633 2102 640 501073 10 78 CIV out owing gas with respect to the fast, highly ionized gas

J1422+4417 59 01 1780 4670 230 25 174 responsible for the UFOs.

J1521+5202 2101 620 7420 200 14 250

J1538+0855 4.0 01 1210 2190 110 8 12

J1549+1245  38°GF 1130 370'%0 1 0.01 5. What is the physical driver of the CIV velocity

J2123-0050 1701 520 233019 4 6 shift?

J2346-0016 1201 350 3380130 4 13

170

: : _ In order to shed light on the main physical driver of the large
Notes.Objects in boldface belong to th®[lI] sample. The following  blueshifts of the CIV emission line observed in QSOs, we inves-
information is listed: (1) SDSS name, (2) CIV luminosity (in units ofjgated the dependence of the CIV velocity shift on fundamental

10 erg s?), (3) ionized gas mass (in units ™ ), (4) velocity shift ds T _
(in units of km s1), (5) ionized gas mass rate (in unitsif /yr 1), and AGN parameters such ool Eddh an_d the UV-to-X rayaﬁgn
(6) kinetic power (units of 1§ erg s?). tinuum slope (ox). Previous studies indeed found t is

correlated with all these three quantities (Marziani et al. 2016,
Richards et al. 2011), but it still unclear which is the fundamental
respectively, as the most representative ones. Figure 11 (ldépendency. We proceeded as follows: we initially identi ed the
phanﬁll)L;hows g Lcsmpaéison Evtirll e(ljS_a ngw Siésg bet\(/jveer main driver of223“betweenLgo and eqq and then we studied
the an winds revealed in s and a lar eak .
collection of [Olll]-based NLR winds from a heterogeneou5ﬁe dependency o on this parameter and orpx.
AGN sample reported in Fiore et al. (2017). A sizable fraction of
BLR winds inWeak[OlII] and [Olll] QSOs are as powerful as 5.1. Velocity shifts versus Lgo and gqgq

NLR winds in | lumi SOs, withg, < 10*3 44 L .
winds in less luminous QSOs, wit, erg s e compared the WISSH sample to QSOs for which the BH
to obtain a complete census of strong AGN-driven winds a ass and Eddington ratio are derived from thedrhission line,

comprehensively evaluate their effects of depositing energy a “H _sample”, because of t_he_largg uncertainties of BH mass
momentum into the ISM. estimation from the CIV emission line, affected by the non-

In order to give an idea of the possible uncertainties affec irialized component. All these sources therefore have reliable

ing the calculations 0y, in Fig. 11 (left panel) we show SMBH masses andeqa. _

the maximum and minimum values obtained by considering a Figure 12 showsg*as a function ot (left panel, a) and

very large range of variation for the two fundamental parame&dd (fight panel, b) for the WISSH and the “Hsample” QSOs.

tersne andZ. More speci cally, the lower bound corresponds to! he blueshifts are clearly correlated with bdtho and  gqa.

the assumption ofie = 101° cm 3 based on the presence of theSPeci cally, we found a stronger correlatl%n Witho (Spear-

semiforbidden line [CII1] 1909 A (Ferland & Elitzur 1984) and Man rankr = 0.43 andP-value = 1.8  10°) thean W'th. Edd

Z=8Z (Nagao etal. 2006), while the upper bound correspondsPearman rank = 0.33 andP-value = 7.1 10 ), bearing in

to the assumption af. = 1° cm 3, based on the absence of forMind the large scatter affecting both relations.

bidden lines such as [OII14363 A (Ferland & Elitzur 1984) and M%gfovegfzgegg:mmg ._a Ieast-_square_s regres_SIO_n, We_ found

Z=3Z (Nagao et al. 2006). th.at\/élv / LBoI P2 This is consistent W|th a radllatlon-dnven
Figure 11 (right panel) displays the out ow momentum loadVind scenario (Laor & Brandt 2042), for which vo\(zesmde(.ad expect

(i.e. the ou ow momentum rat€ou ( Mout Vou) NOrmalized & terminal outow velocity v/ * L=R g g/ L**> (valid for

to the AGN radiation momentum raRxgn ~ Lgo/C) as a func- R Rgr, €.0., Netzer & Laor 1993; Kaspi et al. 2000;k Bentz

tion of out ow velocity for different classes of out ow derived et al. 2009). A similar dependence is also found ¥§" as

by Fiore et al. (2017), compared to those measured for the wirdigunction of Mgy. This lends further support to the radiative

traced by the blueshifted CIV emission line in WISSH. The BLRvind scenario and suggests that the radiation pressure is domi-

winds in WISSH show velocities between those measured foant over the Keplerian velocity eld (for which a dependence

X-ray ultra-fast ¢ > 10* km s 1) out ows (UFOs, crosses) and of / Mg}, is expected).

[Olll]-based out ows {7 <2000 km s?, triangles). This matches  In order to determine which is the fundamental variable

well with interpreting the out ow velocity distribution as a proxy betweerLgg and gqq, We studied correlations between the resid-

of the distribution in radial distance from the AGN, that ispals from (i) gq¢—Lgol and\/éff}k—LBm relations, and (iilgo— Eqd
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Fig. 11. Left panel:Kinetic power of the CIV out ow component as a function bg, for the WISSH QSOs (red and blue stars) compared
with WISSH NLR ionized out ows from Paper | (green diamonds) and other samples from literature, (e.g., Fiore et al. 2017 for details; purple
triangles). The error babpttom right corney is calculated as described in Sect. 4. R&ht panel:Wind momentum load as a function of the

out ow velocity. The BLR winds traced by the CIV out ow components from the WISSH QSOs (red and blue stars) are compared with X-ray
winds (magenta crosses) and ionized winds (green triangle). X-ray winds for Markarian 231 and IRASF11119+13257 are represented with a mage
diamond and circle, respectively.

andV2 ¢qq relations (see Appendix B in Bernardi et al. 20032009) sample and 29 WLQs (Luo et al. 2015; Wu et al. 2011)
for further details about residuals analysis). More speci callyVith available UV and X-ray information.

we tested the hypothesis that the bolometric luminosity is the BY performing aleast-square talso for this large sample, we
fundamental variable. In this case we expect: (i) no signi carffon rm the results reported in Sect. 5.1 about the presence of a

correlation between the residuals obtained from thg—Lg, cOrrelation betwee T\a}kaﬂdLBol. deriving a dependen T\E;k/

(1) andV®¥* gy ( o) relations; (i) a correlation between Lgq®?® 96 (Spearman rank = 0.30 andP-value = 1.1 10 5

Civ . . .
residuals obtained fromige— £qq ( 1: ) and weak () See Fig. 13a). We found a very strong anti-correlation between
) CIV ,

relations; (iii) that the slope of this correlation should be théhe Voo« and ox (Fig. 13b), that is, 250/ ox 107 018

same as the L g, relation. The . — . residuals are plot- (Spearman rank=—0.46 andP-value =8.7 10 13), con rming
ted in Fig. 12c. In this case we derived a Spearman rark the results reported in Richards et al. (2011).

0.11 andP-value = 0.16, which indicates no correlation between We also performed the correlations analysis between the
parameters as expected from (i). In Fig. 12d the and .  residuals from (i)\/é?f’/‘k—LBd ( vi) and ox—Lgol ( oxL) rela-
residuals are plotted. In this case we found a strong correfgsns and (ii)V?;T\é}k— ox (v o) @andLeo— ox ( L: ox) relations,
tion with a Spearman rank = 0.32 andP-value = 1.1 10 °, pased on the hypothesis tHag, is the fundamental parameter.
W'thk a slope consistent (3 with what we measured for the yowever, the results reported in Fig. 13c,d are at odds with this
V2 Lol relation. We also created 1000 bootstrap samples framgpothesis, indicating a clear anti-correlation betwegp and

the residuals shown in Fig. 12d and calculated the correspond,, , and no correlation between,. ox and |. ox. Further-

ing Spearman rank, r. From the original residuals we deriveflore, the slope of the residualg, - ox_ IS consistent with

r = 0.33 with a 95% condence interval of 0.18-0.464nat found for the ox—\PS2relation. From a statistical point of
which is dened as the interval spanning the 2.5th 10 thgiey, this points to ox as the primary driver of the blueshifts of

97.5th percentile of the resampled values. By combininge c)v emission line observed in these QSOs.
these results, we conclude thiago is the fundamental vari- ~\ye note that there is a well-known strong anti-correlation

able with respect to thegqq and it can be considered aspetween and the UV luminosity ( La for Tvpe | OSOs:
the main driver of the observed CIV blueshifts with respee g. Vigng)l(i et al. 2003: Steffen etya(l. SOO|06' ngso e?al. 2010

0 Edd- Martocchia et al. 2017) according to which the steeper the
the higher the luminosity. Therefore, both selecting stagpor
5.2. Velocity shifts versus Lgg and  ox high Lgo allows us to pick up fast out ows. We can conclude

. ) ) that the strength and the slope of the ionizing continuum is the
We performed the same analysis described in Sect. 5.1 consighin driver of the BLR winds. In Table 10 a summary of cor-
eringLeo and ox, to investigate the primary driver of the CIV re|ations of the CIV velocity shifts with physical quantities such
blueshifts. Figure 13 shows th%‘ff}k as a function ofLgg and  aslge, ede, Men @nd ox is reported. Results from residuals

ox for 14 WISSH QSOs with both Hand X-ray measure- correlations are also listed.

ments. For the WISSH QSOs, theyx was derived using the The dependence of the velocity shift on bath, and o is
monochromatic luminosities at 2500 A obtained from broadbariid agreement with our scenario of radiation-driven wind, accord-
SED tting and the absorption-corrected luminosities at 2 ke\hg to which a strong UV continuum is necessary to launch
(Martocchia et al. 2017). We compare our ndings with thos¢he wind but the level of extreme UV (EUV) and X-ray emis-
derived for 170 radio-quiet, broad-line QSOs from the Wu et a$ion (i.e., up to 2 keV) is crucial to determine its existence,
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Fig. 12. The velocity shift\fé‘fsk as a function ol g, (a) and as a function ofgqq (b), for the WISSH sample (blue and red stars) compared to the

PG QSOs from Baskin & Laor (2005) and Tang et al. (2012; green diamonds), WLQs from Plotkin et al. (2015; orange circles), SDSS QSOs fro
Shen (2016) and Coatman et al. (2016; magenta squares and purple triangles), and HE QSOs from Sulentic et al. (2017, and reference therein)
Lgo for the HE sample has been derived frgig, applying a bolometric correction of 5.6, as suggested by Runnoe et al. (2012) for the luminosity
range of the HE sample) Residuals plot of gg—Lgql and\/é'fsk—LBO. relations.d) Residuals plot of go— Eqq andvg'ff,‘k— eqd relations. The black

lines indicate the best linear ts to the data and the purple lines correspond to the 68% con dence interval.

since strong X-ray radiation can easily overionize the gas ana sources discussed in Paper |. We stress that these objects
hamper an ef cient line-driving mechanism. On the contrarjhave been selected on the basis of a redshift for which the
an X-ray weaker emission with respect to the optical-UV accréBT/LUCI spectrum covers the [Olll] wavelength range and,
tion disk emission can allow UV line opacity (Leighly 2004;therefore, can be considered as randomly selected from the entire
Richards et al. 2011). Furthermore, as suggested by Wu et\BIISSH QSOs sample. Our analysis has been performed with the
(2009), the increasing steepness of thg (i.e., the softening of goal of deriving the properties of (i) Hand [Olll] emission lines
EUV-X-ray emission) at progressively higher UV luminositiefrom the optical rest-frame spectra, and (ii) the CIV emission
may also explain the weakness of the CIV emission line (ionizine by using rest-frame UV SDSS spectra. Our main ndings
tion potential 64.45 eV) in luminous QSOs; the strength of thean be summarized as follows:

line indeed depends on the number of the photons available-t@ll the 18 WISSH QSOs considered here exhibit SMBHs with
produce it, whereby a de cit of such ionizing photons leads tmass larger than 20M , with 50% of them hosting very mas-
CIV weaker emission lines, as typically observed\iaak[OlIl]  sive SMBHs withMgy > 5 10°M . Based on these Hbased
QSOs and WLQs. Mgn values, we derived Eddington ratios 64 gqq < 3.1. This
supports the evidence that the WISSH QSOs are powered by
. highly accreting SMBHs at the massive end of the SMBH mass
6. Summary and conclusions function.

We have presented the results from the analysis of thirteenAccording to the REWoy; or < 5 A, the WISSH
sources in the WISSH quasar sample with NIR spectrosco@BS0s can be divided into two sample®©Ill] and Weak
from LBT/LUCI or VLT/SINFONI observations, in addition to [Olll] samples, respectively. In particular, six sources exhibit
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Fig. 13. The velocity shift\/é‘f\?k as a function oLg (a) and ox (b), for the WISSH sample (blue and red stars) compared to radio quiet type-1
QSOs from Wu et al. (2009; black circles) and WLQs from Wu et al. (2011) and Luo et al. (2015; orange @y&esjduals plot o C?f}k—LBm and

ox—Lgol relations.d) Residuals plot of/é'f\"’,‘k— ox andLgy— ox relations. The black lines represent the best linear ts to the data and the purple

lines correspond to the 68% con dence interval.

REWou 7-70 A, showing [Olll] pro les dominated by a — Most of the WISSH QSOs exhibits OREWy, < 20 A with
broad blueshifted component, and 11 sources R\ o the peak of the CIV emission line pro le blueshifted with respect

0.3-3A. to the systemic redshift\/&el\",Ik 2000-8000 km &), indicat-

— As reported in Sect. 4.1, there is more than one explanationy that the emitting gas Is out owing. This suggests that the
to ascribe to the WISSIREWoy; distribution. One is in terms luminosity-based selection criterion of WISSH is very effec-
of orientation effect, with theQIIl] sample likely being seen at tive in collecting strong CIV winds. Historically, such large CIV
high ( 25-73 deg) inclination. This leads to a lower continuurblueshifts have been associated with fainter CIV emitting QSOs,
luminosity and, hence, higREWoy values. On the contrary, that is, the WLQs (Plotkin et al. 2015), although very recently
theWeal{Olll ] sources (including J1422+4417, see Sect. 3.1) artamann et al. (2017) have reported the existence of ERQs show-
likely associated with nearly face-on AGNs. However, the wedkg CIV winds and extremely largREWy (i.e.,>100A). We
[Oll] emission for the WISSH QSOs is expected to be due to theund that QSOs belonging to th&/eak [Olll] sample, rep-
high bolometric luminosities of these sources. Indeed the [Olligsenting 78 of the WISSH sample analyzed here, show a
emission tends to decrease because of the over-ionization frgrdad asymmetric blueward and relatively weak (REW:y <

the central engine, as found by Shen & Ho (2014). A furthesg &) CIV line pro le (see Fig. 7), with the peak of the entire

explanation for the difference IREWou; between the Qlll] ; eak K 1
andWeak[Olll ] may be ascribed to the presence of a kpc-sca I\éoprli) e elxtr%melt)r/] bluesftufted 3!2]/ ¢ fr? OOWIZ SSH upstoo
ionization cone oriented along the galaxy disk for ti@I[] m s7). On the contrary, 3B of the QSOs

objects, leading to a larger amount of gas to be ionized, Whmee" o] saeg:ple) have a pealked _CIV prq le W“ﬁEW?'V >
an ionization cone oriented perpendicular to the galaxy disk 20 A and &0 2000 km s'. High-luminosity, optically-

the case ofVeak[Olll ] sample leads to a lower content of [Ol11] Selected HE QSOs from Sulentic et al. (2017) follow a similar
gas to be ionized. trend by populating the same region of the WISSH QSOs in the
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thanLg,. This relation is expected due to the dependenceygf
on Lgg (Vignali et al. 2003), that is, whenpy is steeperLgg
is larger. This indicates that the shape of the ionizing continuum

Correlation Slope r P-value could be considered as the primary driver of the blueshifts of the
) &) 3 4) CIV emission line.
eak a . 9
\}éé\ékvs' Leol 0.28 004 0.43 18 10 5 Ackn(_)WIedgementSNe thank the anonymous referee for helpful comments
\/?:IV VS. gdd 0.31 0:09 0.33 71 10 that improved the paper. We acknowledge very useful discussions with
eak a . 6 P. Marziani, B. Husemann and D. Kakkad. We thank M. Vestergaard for
\}élv vs. Mgy 0.30 0:05 0.34 3.5 10 1 kindly providing the UV Fell templates. The scienti ¢ results reported in this
LVS. 2 0.01 006 011 16 10 article are based on observations made by the LBT, the European Southern
. VS, . @ 0.54 0:10 0.32 11 10° Observatory (ESO program 093.A-0175(A. B)), and the SDSS. The LBT is
L v
eak ‘b . 5 an international collaboration among institutions in the United States, ltaly,
\}éIVkVS' Lgol 0.25 0:06 0.30 11 10 and Germany. LBT Corporation partners are: The University of Arizona on
\}é?\a/‘ vs. ox? 1.07 016 0.46 8.7 1013 behalf of the Arizona Board of Regents; Istituto Nazionale di Astro sica,
) b . 8 Italy; LBT Beteiligungsgesellschaft, Germany, representing the Max-Planck
viL V. oxiL b 0.97 (_)'18 0.38 12 10 1 Society, the Astrophysical Institute Potsdam, and Heidelberg University; The
v; ox VS. L; ox 0.09 0:06 0.07 3.0 10 Ohio State University, and The Research Corporation, on behalf of The Uni-

versity of Notre Dame, University of Minnesota and University of Virginia.
Funding for the Sloan Digital Sky Survey IV has been provided by the

. fred P. Sloan Foundation, the U.S. Department of Energy Of ce of Science,
LBZO" 2Edd|’ Mg, and ox, and betvlveen rgsnsjuals (see Selft' Sd'l a the Participating Institutions. SDSS acknowledges support and resources
5.2), (2) least-square regression slope, (3) Spearman rank and (4) flth the Center for High-Performance Computing at the University of Utah.

hypothesis probability’ Correlations derived for the WISSH QSOs andrpe Spss web site idttps://www.sdss.org/ . The SDSS is managed
other QSO samples from literature with kheasurements, as detailedpy the Astrophysical Research Consortium for the Participating Institutions.

in Sect. 5.1®Correlations derived for the WISSH QSOs with both H The Participating Institutions are the American Museum of Natural History,
and X-ray measurements, as detailed in Sect. 5.2. Astrophysical Institute Potsdam, University of Basel, University of Cambridge,
Case Western Reserve University, University of Chicago, Drexel University,
Fermilab, the Institute for Advanced Study, the Japan Participation Group, Johns
eak . . eak - Hopkins University, the Joint Institute for Nuclear Astrophysics, the Kavli Insti-
pl_ane REWZIV'\'&V as shown in Fig. 6 an®EWou _V&v n tutg for Particle X\strophysics and Cosmology, the Kporzlean Scientist Group,
Fig. 7. the Chinese Academy of Sciences (LAMOST), Los Alamos National Labora-
This highlights a dichotomy in the detection of NLR and BLRory, the Max-Planck-Institute for Astronomy (MPIA), the Max-Planck-Institute

winds in WISSH QSOs, which could be Iikely due to inC"na_for Astrophysics (MPA), New Mexico State University, Ohio State University,
' University of Pittsburgh, University of Portsmouth, Princeton University, the

tion effeCts.m a polar geometry scenario for the CIV winds, Ahited States Naval Observatory, and the University of Washington. This
suggested in Sect. 4.3. research has made use of the NASA/IPAC Extragalactic Database (NED), which

We found that a sizable fraction of WISSH QSOs exhibit operated by the Jet Propulsion Laboratory, California Institute of Technol-
BLR winds traced by CIV blueshifted emission with,, 10— 29 under contract with the National Aeronautics and Space Administration.

1 - . - his research project was supported by the DFG Cluster of Excellence “Origin
100 M yr %, comparable with the median accretion rate o.lnd Structure of the UniversetWvw.universe-cluster.de ). We acknowl-

WISSH QSOs. TwentY_ percent of the BLR winds detected ighge nancial support from PRIN-INAF 2014 (Windy Black Holes combing
WISSH QSOs show kinetic powers f0< Ejin/Lgoi < 10 2,  galaxy evolution). A. Bongiorno and E. Piconcelli acknowledge nancial support
which is comparable to those measured for NLR winds assitam INAF under the contract PRIN-INAF-2012. L. Zappacosta acknowledges

; ; ; feai ; ancial support under ASI/INAF contract 1/037/12/0. G. Bruni acknowledges
ciated with [O“I] broad or blueshifted emission lines detede&nancial support under the INTEGRAL ASI-INAF agreement 2013-025.R01.

in the _[O”I.] sample. The remaining 80% of the BLR W'ndsF. Tombesi acknowledges support from the 2014 MIUR grant “Rita Levi
show kinetic powers comparable to those traced by [OlII] in leSgontalcini”. S. Bisogni is supported by the National Aeronautics and Space
luminous AGNs. This suggests that the BLR winds should Beministration through Chandra Award Number AR7-18013 X issued by the
taken into account to obtain a complete census of strong Ae(g?andrax-ray Observatory Center, which is operated by the Smithsonian Astro-

Notes.The following information is listed. (1) Correlations w@f@kwith

. . . ysical Observatory for and on behalf of the National Aeronautics Space
dnven. QUt ows and comprehenswgly evaluate their effects dministration under contract NAS8-03060. We are grateful to M. Fumana for
depositing energy and momentum into the ISM. __ his assistance in LBT data reduction.

The BLR winds traced by the CIV emission line exhibit a
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Appendix A: SDSS J1538+0855

We present here a detailed analysis of the source J1538+0855
since it is the only object exhibiting both NLR and BLR winds.
As reported in Sect. 4.3.2, we measured the CIV out ow proper-
ties based on the so-called out ow component. We estimated the
gas mass of the out ow aglion =590M , the maximum velocity

of the out ow as representative of the bulk velocity of the out-
ow, VZR\= 13400 km st, the ionized gas mass rate g, =

24M yr 1 and the kinetic power &5, =1.4 10®ergs’. We

also measured the properties of the CIV out ow considering the
entire CIV pro le, with thev2>as representative of the out ow
velocity. We estimatedio, = 1210M , a ionized gas mass rate
Mion=8M yr 1, and a kinetic poweEy, =12 10*2ergs?.

As mentioned in Sect. 3, we found a broa®000 km s?),
blueshifted (4987 A) [Olll] component, indicative of out ow.
In order to characterize the ionized out owing gas, we calcu-
lated the mass rat®l and the kinetic poweEyi,, assuming the
out ow model discussed in Paper | and using the [OlIl] emis-
sion line. According to Equations (2), (5), and (6) in Paper |,
we derivedM®" =42 18 M , MO =530M yr 1, and
EOW = 1.4 10% erg s* of the ionized out ow, assuming an
electron density ofi, = 200 cm?2, a solar metallicity, and an
out ow velocity de ned asvmax = j Vj + 2 fn, where vis
the velocity shift between the broad [Olll] component and the
systemic [Olll] assumed at 5007 A, andii is the velocity

dispersion of the broad [OIll] component,{% = 2900 km s?).
We refer to Paper | for more details about the assumptions used
in the calculation of the out ow parameters.

We investigated how the values 812" and EIO" are
sensitive to different assumed parameters. As in paper |,
the upper bound corresponds to the assumption of=n
80 cm*® (as in Genzel et al. 2014) and we determined that
MOM = 1330 M yr !t and EQM = 35  10% erg s?,
while the lower bound corresponds to. = 1000 cm?
(typical value for the NLR, Peterson 1997) and a veloc-
ity of Wgo/1.3 (as in Harrison et al. 2014), whei#g is
the velocity width of the line at 80% of the line ux. We
derived a lower bound oM°" = 60 M yr ! and E'" =

ion kin
5 10%ergst.

Appendix B: Optical rest-frame spectra of 13
WISSH QSOs

We present the LBT/LUCI and SINFONI optical rest-frame
spectra in the wavelength range of the-[DIIl] emission lines

for the 13 WISSH QSOs analyzed in the present paper (see
Table 1).

Fig. B.1. The red line shows the best t of the spectrum. Green curve
refers to the core component associated with the NLR emission of H
and [Olll] emission lines. Blue curve refers to the broad blueshifted
emission of [Olll] 4959,5007 A, indicative of out ow. Gold curve
indicates the broad component of lssociated with BLR emission.
Fell emission is indicated in magenta. Grey band indicates the region
excluded from the t because of the presence of sky line residual. Lower
panel shows the tresiduals.
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Fig. B.1. continued. Fig. B.1. continued.
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Fig. B.1. continued.

Appendix C: SDSS Optical/UV rest-frame spectra
of 18 WISSH QSOs

We present the SDSS DR10 UV rest-frame spectra of the 18
WISSH QSOs analyzed in the present paper.

Fig. C.1. SDSS DR10 UV rest-frame spectra. The red line shows the
best- t of the spectrum. Green curve refers to the core component likely
associated with the NLR emission of the CIV emission. Blue curve
refers to the broad blueshifted emission of CIV emission line, indicative
of out ow. Gold curve indicates the broad virialized component associ-
ated with the BLR emission. Fell emission is indicated in magenta. Grey
bands indicate the region excluded from the t because of the presence
of absorption lines. The dashed line denotes the @BA9 A rest-frame

Fig. B.1. continued. wavelength. Lower panel shows the t residuals.
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Fig. C.2. Same legend as in Fig. C.1. Fig. C.5.Same legend as in Fig. C.1.

Fig. C.3. Same legend as in Fig. C.1. Fig. C.6.Same legend as in Fig. C.1.

Fig. C.4.Same legend as in Fig. C.1. Fig. C.7.Same legend as in Fig. C.1.
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Fig. C.8.Same legend as in Fig. C.1. Fig. C.11.Same legend as in Fig. C.1.
Fig. C.9.Same legend as in Fig. C.1. Fig. C.12.Same legend as in Fig. C.1.
Fig. C.10.Same legend as in Fig. C.1. Fig. C.13.Same legend as in Fig. C.1.
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Fig. C.14.Same legend as in Fig. C.1. Fig. C.17.Same legend as in Fig. C.1.

Fig. C.15.Same legend as in Fig. C.1. Fig. C.18.Same legend as in Fig. C.1.

Fig. C.16.Same legend as in Fig. C.1.
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