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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 interstellar 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 z ≈ 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 [OIII] and CIV emission lines, respectively. These WISSH QSOs are powered by SMBH with masses ≳109 M⊙ accreting at 0.4 < λEdd < 3.1. We found the existence of two subpopulations of hyper-luminous QSOs characterized by the presence of outflows at different distances from the SMBH. One population (i.e. [OIII] sources) exhibits powerful [OIII] outflows, a rest-frame equivalent width (REW) of the CIV emission REWCIV ≈ 20–40 Å, and modest CIV velocity shift ([image: equation]) with respect to the systemic redshift ([image: equation] <~ 2000 km s−1). The second population (i.e. Weak [OIII] sources), representing ~70% of the analyzed WISSH QSOs, shows weak or absent [OIII] emission and an extremely large blueshifted CIV emission ([image: equation] up to ~8000 km s−1 and REWCIV <~ 20 Å). We propose two explanations for the observed behavior of the strength of the [OIII] 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 the [OIII] QSOs (Ėkin ~ 1044−45 erg s−1). We also investigated the dependence of these CIV winds on fundamental AGN parameters such as bolometric luminosity (LBol), Eddington ratio (λEdd), and UV-to-X-ray continuum slope (αOX). We found a strong correlation with LBol and an anti-correlation with αOX whereby the higher the luminosity, the steeper the ionizing continuum described by means of αOX and the larger the blueshift of the CIV emission line. Finally, the observed dependence [image: equation] ∝ [image: equation] is consistent with a radiatively-driven-winds scenario, where a strong UV continuum is necessary to launch the wind and a weakness of the X-rayemission is fundamental to prevent overionization of the wind itself.
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1 Introduction
Supermassive black holes (SMBHs) at the center of galaxies grow through the accretion of nearby matter and a fraction of the gravitational potential of the accreted mass is converted into radiation. In this case the SMBH is called an active galactic nucleus (AGN). The idea of a possible connection between the growth of the SMBH and the evolution of its host galaxy was put forward, once a correlation between black hole mass (MBH) and the bulge luminosity was discovered (Kormendy & Richstone 1995; Silk & Rees 1998; Granato et al. 2004; Di Matteo et al. 2005; Menci et al. 2008). Since the energy released by the growth of the black hole can be larger than the binding energy of the galaxy bulge, the AGN can have an important effect on the evolution of its host galaxy. Indeed, fast winds can be launched from the accretion disk, collide with the interstellar medium (ISM), and drive powerful kiloparsec-scale outflows, which may sweep out the gas in the galaxy and then may be responsible for the regulation of the star formation and BH accretion (Zubovas & King 2012; Faucher-Giguère & Quataert 2012; Fabian 2012, see Fiore et al. 2017 for a detailed discussion).
Over the past few years efforts have been made to search for AGN outflows in different ISM phases. Evidence of radiatively-driven winds are observed at subparsec scale, in the innermost regions of the AGN through the detection of blueshifted, highly ionized Fe K-shell transitions, that is, ultra fast outflows (UFOs), with velocities ~ 0.2c (King & Pounds 2015; Tombesi et al. 2010, 2014; Gofford et al. 2013); at parsec scale via warm absorbers and broad absorption lines (BAL), moving at velocities up to 10 000 km s−1 (King & Pounds 2015; Tombesi et al. 2013); at kpc scale through different gas phases such as ionized gas, that is, broad asymmetric blueward [OIII] emission lines (Harrison et al. 2012, 2014; Cano-Díaz et al. 2012; Brusa et al. 2015; Carniani et al. 2015); neutral atomic gas such as NaID (Rupke & Veilleux 2015), and molecular gas with velocities up to a few thousands km s−1 (Feruglio et al. 2010; Cicone et al. 2014; Spoon et al. 2013). The investigation of the possible correlations of AGN properties over a wide range of spatial scales can give us more information about the nature of AGNs and the impact they have on their surroundings.
The most popular theoretical models of AGN-driven outflows (Faucher-Giguère & Quataert 2012) suggest that the kinetic energy of the nuclear fast outflows is transferred to the ISM and drive the kpc-scale flows, in a likely energy-conserving scenario. This has been reflected in the observations of both UFO and molecular winds in two sources, Markarian 231 (Feruglio et al. 2015) and IRASF11119+13257 (Tombesi et al. 2015, but see Veilleux et al. 2017).
The high ionization lines, such as CIVλ1549 Å, are known to exhibit asymmetric profiles toward the blue-side, with the peak of the emission line blueshifted with respect to the low ionization lines, such as MgII or Hβ (Gaskell 1982; Sulentic et al. 2000 and Richards et al. 2011). This behavior cannot be ascribed to virialized motion but it can be interpreted in terms of outflowing gas, which possibly leads to biased BH mass estimates derived from the entire CIV emission line (Denney 2012; Coatman et al. 2017).
The blueshift of the CIV emission line can be a valuable tool to trace the winds in the broad line region (BLR). The CIV emission line typically shows a blueshift of ~ 600 km s−1 up to 2000 km s−1 (Shen et al. 2011; Richards et al. 2002). The largest blueshifts have been discovered in an extreme quasar (QSO) population at 2.2 <~ z <~ 5.9, the so-called weak line QSOs (hereafter WLQs), which exhibit weak or undetectable ultraviolet (UV) emission lines, that is, they are defined as QSOs with a rest-frame equivalent width (REW) of the CIV emission line of less than 10 Å (Fan et al. 1999; Diamond-Stanic et al. 2009; Plotkin et al. 2010; Wu et al. 2011). The velocity shift of the CIV emission line correlates with several parameters of optical and ultraviolet emission lines. In particular itis part of 4D Eigenvector 1 parameter space (Boroson & Green 1992; Sulentic et al. 2000), which also involves the broad Fe II emission, the equivalent width of the narrow [OIII] component, the width of the Hβ emission line, and the X-ray photon index. The physical driver of the 4D Eigenvector 1 is thought to be the Eddington ratio (λEdd), since QSOsshowing large blueshifts accrete at high rate, with λEdd ≥ 0.2 (Marziani et al. 2001; Boroson 2002; Shen & Ho 2014).
As found by Marziani et al. (2016), these winds occurring in the BLR may affect the host galaxy. They studied a sample of QSOs with LBol = 1045−48.1 erg s−1 at 0.9 <~ z <~ 3 and found that the outflow kinetic power of these winds traced by the CIV emission line is comparable to the binding energy of the gas in a massive spheroid, underlining the importance of considering also these winds in the feedback scenario. It is therefore crucial to study such AGN-driven outflows at the golden epoch of AGN activity, for example, 1.5 < z < 3.5. Furthermore, from theory and observations we know that the efficiency in driving energetic winds increases with AGN luminosity (Menci et al. 2008; Faucher-Giguère & Quataert 2012), which brings out the need to investigate the properties of the most luminous QSOs.
We have undertaken a multiwavelength survey to investigate a sample of 86 Type-1 WISE/SDSS selected hyper-luminous AGNs (LBol > 2 × 1047 erg s−1; Duras et al., in prep.), known as the WISSH sample (see Bischetti et al. 2017 for further details, Paper I hereafter; Duras et al. 2017). In Paper I we discussed the discovery of extreme kpc-scale outflows in five WISSH QSOs, traced via the blueshift of the [OIII]λ5007 Å emission line. In this paper we report on the discovery of fast BLR winds (with velocities up to 8000 km s−1) traced by the blueshift of the CIV with respect to the systemic redshift, and their possible relation with the narrow line region (NLR) winds. We concentrate the analysis on the first 18 WISSH QSOs with rest-frame optical observations and UV archival data at z ~ 2.2–3.6. In Sect. 2, we present details about the observations and data reduction of proprietary data, such as LBT/LUCI1 and VLT/SINFONI spectra, and archival data from SDSS DR10. In Sect. 3, we outline the models used in our spectral analysis and present the results of the spectral fit, both for optical and UV spectra. In Sect. 4.1, we discuss the properties of the [OIII] and Hβ emission lines in the context of a scenario based on the orientation of our line of sight. Eddington ratios and Hβ-based SMBH masses are presented in Sect. 4.2. We discuss the properties of the CIV emission line in Sect. 4.3, with particular emphasis on the blueshifted component and the mass outflow rate and kinetic power of the associated BLR winds in the WISSH QSOs, and their relation with NLR winds traced by [OIII]. In Sect. 5 we investigate the dependence of the CIV velocity shifts on fundamental AGN parameters such as LBol, λEdd, and the spectral index αOX defined as
[image: equation](1)
and representing the slope of a power law defined by the rest-frame monochromatic luminosities at 2 keV (L2keV) and 2500 Å (L2500 Å). Finally we summarize our findings in Sect. 6. Throughout this paper, we assume H0 = 71 km s−1 Mpc−1, ΩΛ = 0.73, and Ωm = 0.27.
2 Observations and data reduction
We have collected near-infrared (NIR) spectroscopic observations for 18 WISSH QSOs. Five of them have been discussed in Paper I, while the properties of an additional 13 QSOs, with LUCI1/LBT (ten objects) and VLT/SINFONI (three objects) observations are presented in the present paper. The coordinates, SDSS tenth data release (DR10) redshift, optical photometric data (Ahn et al. 2014), 2MASS NIR photometric data (Skrutskie et al. 2006), and color excess E(B–V) derived from broadband SED fitting (Duras et al., in prep) of the WISSH QSOs analyzed here are listed in Table 1.
Table 1
Properties of the WISSH QSOs considered in this paper.

2.1 LUCI/LBT observations
The observations of ten WISSH QSOs were carried out with LUCI1, the NIR spectrograph and imager at the Large Binocular Telescope (LBT) located in Mount Graham, Arizona. We required medium resolution spectroscopic observations in longslit mode with a slit of 1 arcsec width, using the N1.8 camera. The gratings 150_Ks (R = 4140) in the K band and 210_zJHK (R = 7838) in H band were used for objects at redshift bins 2.1 < z < 2.4 and 3.1 < z < 3.6, respectively. The wavelength ranges covered are 1.50–1.75 μm and 1.95–2.40 μm for the H and K bands, respectively. The observations were performed from April 2014 to March 2015, in two different cycles. The average on-site seeing of both cycles is comparable, ~0.8 arcsec (see Table 2 for further details). Observations of stars with known spectral type were taken during the observing nights to account for telluric absorption and flux calibration.
The data reduction was performed using IRAF tasks and IDL routines on both targets and standard stars. The reduced final frames are calibrated in wavelength and flux and are free from sky lines and telluric absorption. We used argon and neon arc-lamps for the wavelength calibration of J0801+5210, J0958+ 2827, J1106+6400, J1157+2724, and J1201+0116; OH sky emission lines for the J1111+1336, J1236+6554, J1421+4633, and J1422+4417; and finally, argon and xenon arc-lamps for J1521+5202. For the lines’ identification, a cubic spline was used to fit the pixel coordinates to the wavelengths provided. Analysis of the night sky lines indicated an uncertainty in the wavelength calibration of ≲ 20 km s−1. We performed an unweighted extraction of the 1D spectrum, using different apertures according to the spatial profile of each 2D spectrum, which was traced using a Chebyshev function of the 3rd order.
The sky subtraction was done by subtracting frames corresponding to different telescope pointings along the slit (ABBA method). To remove the atmospheric absorption features we used the IDL routine XTELLCOR_GENERAL (Vacca et al. 2003). This routine makes use of (i) the observed standard stars spectra, which are affected by telluric absorption as the targets, and (ii) a Vega model spectrum, useful to build up an atmospheric-absorption-free spectrum. As the magnitudes of the standard stars are also known, we calibrated the target spectra in absolute flux, with the same IDL routine.
Table 2
Journal of the LBT/LUCI1 observations.

2.2 SINFONI observations
Three QSOswere observed with Spectrograph for INtegral Field Observations in the Near Infrared (SINFONI), at the VLT installed at the Cassegrain focus of Unit Telescope 4 (UT4). The observations were performed in service mode during the period 093.A, with the adaptive optics (AO) - Laser Guide Star (LGS) mode, by which the atmospheric turbulence can be partially corrected. J1538+0855 and J2123–0050 were observed during the nights of Jul. 19 and Jul. 20 2014, while J2346−0016 was observed during Aug. 18 and Sept. 1 2014, as part of the program 093.A–0175. All the targets were observed within a field of view of 3′′ × 3′′, with a spaxel scale of 0.05′′ × 0.1′′. The final spatial resolution obtained thanks to the LGS correction is ~0.3′′ for J1538+0855 and J2346−0016, and ~ 0.2′′ for J2123–0050, as derived by the Hβ broad emission line. Given the redshift range of the QSOs, we used K and H filters to target the Hβ–[OIII]λ5007 Å spectral region with a resolving power of R ~ 4000 and 3000, respectively. The data reduction was performed using ESO pipelines, in Reflex environment (Freudling et al. 2013). The background sky emission was removed with the IDL routine SKYSUB, using object frames taken at different telescope pointings (see Davies 2007). After the cube reconstruction, the flux calibration was performed with our own IDL routines, by means of telluric spectra acquired during the same nights as the targets. As a final step, we extracted a 1D spectrum for each source with a circular aperture of 1′′ diameter. This procedure does not allow us to have the spatial information, but we are interested in the integrated emission from different AGN components (i.e., BLR and NLR). The analysis of the spatially-resolved kinematics of the [OIII]λ5007 emission line will be presented in a forthcoming paper. Detailed information about SINFONI observations are listed in Table 3.
Table 3
Journal of the SINFONI observations.

2.3 SDSS archival data
We retrieved the rest-frame UV spectrum of the 18 WISSH QSOs with NIR spectroscopic data, from the Sloan Digital Sky Survey (SDSS) DR10 public archive, in order to derive the properties of the CIV emission line. The SDSS survey uses a dedicated wide-field 2.5 m telescope (Gunn et al. 2006) at Apache Point Observatory in Southern New Mexico. The spectra were obtained from February 2001 to February 2012 with two spectrographs, SDSS-I and BOSS, with a resolving power of 1500 at 3800 Å and 2500 at 9000 Å. The optical brightness of our objects, 15.6 < r< 18.25, ensures data with an excellent signal-to-noise ratio (>15) of the analyzed spectra.
3 Spectroscopic analysis
3.1 Modeling of the Hβ and [OIII] emission
The visual inspection of the rest-frame optical spectra of the 13 WISSH QSOs taken with LBT/LUCI or VLT/SINFONI revealed the weakness of the [OIII]λλ4959, 5007 Å doublet emission lines and the presence of a strong and complex FeII emission (see Appendix B). This combination makes the determination of [OIII] spectral parameters an extremely challenging task. In one case, that of J1422+4417, the LBT/LUCI1 bandwidth does not cover the [OIII] spectral region.
We developed a model based on the IDL package MPFIT (Markwardt 2009) in order to accurately infer the properties of the [OIII] and Hβ emission in these hyper-luminous QSOs. The NIR spectra were fitted with a spectral model which consists of:
Hβ/[OIII] core components associated with the NLR. Specifically, one Gaussian component for fitting the core of Hβ 4861 Å line with the full width at half maximum [image: equation] ≤ 10001 km s−1 plus one Gaussian profile for each component of the [OIII]λλ4959, 5007 Å doublet. The FWHM of the [OIII] doublet was forced to be the same as that of the Hβ core component. Moreover, we assumed the theoretical flux ratio for [OIII]λλ4959, 5007 Å to be equal to 1:3 and the separation between [OIII]λλ4959–5007 Å and Hβ to be fixed to 98–146 Å in the rest frame, respectively.
[OIII] outflow components. Specifically, one Gaussian profile with the same FWHM for each component of the [OIII] in order to accurately constrain the possible presence of subtle broad or shifted components associated with outflows. Furthermore, we left free to vary the values of the FWHM ([image: equation]) and centroids ([image: equation]) in the range 500–2500 km s−1 and 4980–5034 Å, respectively, which are based on the values derived for these spectral parameters from the analysis of the [OIII] broad features in Paper I.
Hβ broad component associated with the BLR. Specifically, one Gaussian profile with width free to vary or a broken power-law (BPL) component convolved with a Gaussian curve (e.g., Nagao et al. 2006, Carniani et al. 2015, Paper I).
As in Paper I, in order to fit the prominent FeII emission, we included one or two Fe II templates depending on the complexity of the iron emission. Specifically, this was done by adding to the fit one or two templates chosen through the χ2 minimization process among a library consisting of the three observational templates by Boroson & Green (1992), Véron-Cetty et al. (2004), and Tsuzuki et al. (2006), and twenty synthetic FeII templates obtained with the CLOUDY plasma simulation code (Ferland et al. 2013), which takes into account different hydrogen densities, ionizing photon densities, and turbulence. The FeII template was then convolved with a Gaussian function with a velocity dispersion σ in the range 500–4000 km s−1. The continuum was fitted by a power-law component with the normalization left free to vary and the slope derived from the best-fit to the spectral energy distribution (SED) in the wavelength range of the observations. This parametrization worked well for all but two sources, J1538+0855 and J2123–0050, for which we used a slope left free to vary. We estimated the statistical noise from the line-free continuum emission and assumed it to be constant over the entire wavelength bandwidth. Finally, the uncertainty of each parameter has been evaluated considering the variation of χ2 around the best fit value, with a grid step. From the corresponding χ2 curve, we measured the Δχ2 with respect to the minimum best-fit value. Hereafter, the reported errors refer to the one standard deviation confidence level, corresponding to Δχ2 = 1 for each parameter of interest.
This fit yielded a good description of the observed NIR spectrum of the WISSH QSOs. The results of our spectral analysis for the Hβ and [OIII]λ5007 emission lines are listed in Table 4 and Table 5, respectively. Figure 1 shows an example of the Hβ and [OIII] spectral line fitting decomposition.
We estimated the spectroscopic redshift from the Hβ core component. The bulk of the Hβ emission is provided by the BLR component, which is well fitted by a broken power law for all but four cases (for J0801+5210, J0958+2827, J1422+4417, and J1521+5202 a Gaussian component was preferred). The FWHM of Hβ associated with the BLR has a range of 4000–8000 km s−1, with a rest-frame equivalent width of 20–100 Å.
The normalization of the [OIII] emission line associated with the NLR is consistent with zero in all but three QSOs (namely J0958+2827, J1106+6400, and J1236+6554) with a [image: equation] ≈ 1 Å, confirming the weakness of this feature in the spectra considered here. Regarding the spectral components associated with a wind, for all but one of the QSOs (J1538+0855) the best value of their FWHMs or centroids is equal to the maximum or minimum value allowed by our model (500–2500 km s−1 and 4980 Å, respectively), or the centroids fall extremely redward to 5007 Å (i.e. >5020 Å). The combination of these findings strongly suggests that this weak ([image: equation] ≤ 3 Å) Gaussian component is likely to account for additional FeII emission not properly fitted by the templates, instead of these being due to a wind. In the case of J1538+0855, we measured a broad ([image: equation] = 1980 km s−1), blueshifted ([image: equation] = 1200 km s−1) component with a [image: equation] = 7.7 Å, making us highly confident in associating this spectral feature with blueshifted [OIII] emission. Hereafter, we refer to the “[OIII] sample” as the group of WISSH QSOs showing a REW of the [OIII] emission line ≥ 5 Å, while QSOs with [image: equation] < 5 Å are included in the “Weak [OIII] sample”. Despite the fact that its NIR spectrum does not cover the [OIII] region, we also included the WISSH QSO J1422+4417 as a Weak [OIII] source, as it shows distinguishing features of this subclass (i.e. CIV velocity shift ~5000 km s−1, see Sect. 3.2 and Table 6).
Table 4
Properties of core and BLR components of the Hβ
emission line derived from parametric model fits.

Table 5
Properties of the core (C) and broad (B) components of the [OIII]λ5007 emission line derived from parametric model fits (see Sect. 3.1).

	[image: thumbnail]	Fig. 1Parametrization of the Hβ-[OIII] region of the WISSH QSO J0958+2827. The red line shows the best fit to the data. Green curve refers to the core component associated with the NLR emission of Hβ and [OIII] emission lines. The blue curve refers to the broad blueshifted emission of [OIII]λλ4959, 5007 Å, indicative of outflow (but see Sect. 3.1 for more details). Gold curve indicates the broad component of Hβ associated with BLR emission. FeII emission is marked in magenta.



Table 6
Properties of CIVλ1549 emission line derived from parametric model fits (see Sect. 3.2).

3.2 Modeling of the CIV emission
We shifted the SDSS spectra to the systemic rest frame using the redshift measured from the Hβ core component. The SDSS analysis was focused on the spectral region of the CIV emission line at 1549 Å, including spectral ranges free of emission or absorption features at both two sides of the CIV line centroid, in order to constrain the local underlying continuum. The CIV emission was fitted using a combination of up to three Gaussian profiles with spectral parameters (centroid, width, and normalization) left free to vary. We found that for all but three QSOs the best-fit model consists of a combination of two Gaussian components. For the BAL QSOs J1157+2724 and J1549+1245, for which the blue side of the CIV line profile is heavily affected by absorption, the CIV is modeled by one Gaussian component (see Fig. ?? for J1157+2724 and Fig. ?? for J1549+1245) and for the quasar J0745+4734, showing a very prominent peak at 1549 Å, the best-fit model of the CIV profile is the combination of three Gaussian components (see Fig. C.1).
We considered in our fits the presence of FeII emission by using UV FeII templates from Vestergaard & Wilkes (2001), although FeII is not particularly strong in the CIV region. These templates were convolved with Gaussian profiles of different widths to account for the observed FeII-related emission features in the spectra. If requested, we also included in the model one or two Gaussian components to account for HeIIλ1640 Å and/or OIII]λ1664 Å emissions.
The resulting physical parameters of the CIV emission for the 18 WISSH QSOs are listed in Table 6. We found a median value of REWCIV = 21 Å with the lowest value for the object J1521+5202 (REWCIV = 8 Å), confirming its WLQ nature (Just et al. 2007). The CIV emission profile is broad with a median value of FWHMCIV = 7800 km s−1 and, in four cases, exceptional values of FWHMCIV (> 10 000 km s−1) are detected. Moreover we found that the peak of the CIV profile is blueshifted with respect to the systemic redshift, with a velocity shift ([image: equation] hereafter) in the range of [image: equation] = 200–7500 km s−1 in all cases except for J1326–0005, whose velocity shift is [image: equation] = –50 km s−1 (bearing in mind the presence of BAL features in this quasar).
The CIV emission line in the Weak [OIII] QSOs shows broad, strongly blue and asymmetric profiles, with [image: equation] in the range of [image: equation] = 2500–7500 km s−1. This clearly indicates the presence of an outflowing component associated with this transition. According to the best-fit model, we refer to the Gaussian line with the most blueshifted centroid as the outflow component, with [image: equation] indicating its velocity shift with respect to the systemic redshift (see Fig. 2 upper panel).
The [OIII] sample exhibit the FWHMCIV in the range of 2000–5000 km s−1, and lower blueshifts than those of the Weak [OIII] QSOs, [image: equation] ≤ 2000 km s−1. The profile of the CIV line in [OIII] QSOs typically is more symmetric than in Weak [OIII] objects, indicating a dominant contributionfrom the emission of virialized gas. We therefore consider in this case the Gaussian component with the largest FWHM as the virialized one of the CIV emission line, while the second Gaussian component with a smaller FWHM is assumed to represent the emission associated with the wind (see Fig. 2 lower panel). It is worth noting that for the vast majority of our objects we measure a virialized component with a centroid not consistent (>2σ) with 1549 Å (see Appendix C). This can be interpreted in terms of a low-velocity component likely associated with a virialized flow in a rotating accretion disk wind (Young et al. 2007; Kashi et al. 2013). Finally, in the case of J1538+0855, an [OIII] object that also exhibits some distinctive properties of Weak [OIII] sources (see Appendix A), the virialized and outflow components of the CIV emission are assumed to be like those of Weak [OIII] sources.
	[image: thumbnail]	Fig. 2Parametrization of the CIV emission line profile of the Weak [OIII] quasar J1422+4417 (upper panel) and the [OIII] quasar J0745+4734 (lower panel). In both panels the red, yellow, and blue curves refer to the best fit of the spectrum, virialized component, and outflow component of the CIV emission line, respectively. The black dashed line indicates the λCIV at 1549 Å. The red dotted-dashed line denotes the peak of the CIV emission line and[image: equation] represents its velocity shift with respect to the systemic λ1549 Å. The blue dotted-dashed line indicates the peak of the outflow component and
[image: equation]
is its velocity shift with respect to the systemic redshift. In the lower panel the green curve refers to an additional Gaussian component required by the fit, in order to better describe the CIV profile in this QSO.



4 Results
4.1 Properties of the [OIII] emission: REW[OIII] and orientation
The observed equivalent width of the total profile of the [OIII] emission line (REW[OIII]) can be used as an indicator of the line-of-sight inclination as found by Risaliti et al. (2011) and Bisogni et al. (2017a), that is, REW[OIII] = REWintrinsic∕cos(θ) (with θ as the angle between the accretion disk axis and the line of sight). In these works they showed that the distribution of REW[OIII] of a large sample of SDSS DR7 AGN with 0.001 <  z  < 0.8, hereafter SDSS distribution, shows a power-law tail with a slope of –3.5 at the largest REW[OIII] values, which is well reproduced by assuming an isotropic [OIII] emission (which is proportional to the intrinsic disk luminosity) and a random inclination of the accretion disk with respect to the line of sight. This demonstrates that the inclination effect is likely to be responsible for the large-REW[OIII] power-law tail, whereby the higher the REW[OIII], the higher the inclination.
The [OIII] sample of the WISSH QSOs exhibits REW[OIII] ≈ 7–80 Å, which is mostly due to the broad blueshifted component of the [OIII] emission. Risaliti et al. (2011) and Bisogni et al. (2017a) reported that REW[OIII] ≥ 25–30 Å are associated with nearly edge-on AGN. Half of [OIII] sources populate the high tail of the SDSS REW[OIII] distribution with REW[OIII] >~ 25 Å (Fig. 3 top). Therefore, a high inclination, θ ≈ 25°–73° (Bisogni et al. in prep.), can likely explain such large REW[OIII].
The average value of REW[OIII] for the Weak [OIII] sample is ≈2 Å. Given their high bolometric luminosities, weak [OIII] emission is expected in WISSH QSOs due to overionization of the circumnuclear gas as found in Shen & Ho (2014) by analyzing the rest-frame optical spectra of ~20 000 Type-1 SDSS QSOs. Another explanation for the reduced [OIII] emission could be linked to the ionization cone perpendicular to the galaxy disk, which would intercept a lower amount of ISM, resulting in a [OIII] line with a lower REW.
Furthermore, the [OIII] WISSH QSOs typically have higher REWHβ values than the Weak [OIII] sources (Fig.3, bottom), supporting a larger inclination scenario, which leads to an observed lower underlying continuum. We also note that the REWHβ distribution of the WISSH quasar is consistent with SDSS REWHβ distribution. As found in Bisogni et al. (2017a), we might expect a trend of the [image: equation] also for the WISSH QSOs, that is, the width of the Hβ increases from low to high inclination (from small EW[OIII] to large EW[OIII]). However, all the WISSH objects exhibit large values of [image: equation] and we do not observe any significant trend. This can be probably explained by the presence of ultra-massive BHs in these hyper-luminous AGN (see Sect. 4.2), which heavily dilute the effect of inclination.
If the inclination plays a role in explaining the large differences in REW[OIII] between [OIII] and Weak [OIII] WISSH QSOs, we also expect differences in the near- and mid-IR SED, as found by Bisogni et al. (2017b) in a large SDSS sample of QSOs. Face-on QSOs offer a direct view of the hottest dust component located in the innermost part of the torus, while in case of high-inclination sources the view of this region can be partially blocked. This is consistent with the result obtained by comparing the average SEDs corresponding to WISE photometry of the QSOs in the [OIII] and Weak [OIII] samples (Fig. 4), where sources with high REW[OIII] show a flux deficit in the NIR part of the SED, around 3 μm with respectto Weak [OIII] sources.
	[image: thumbnail]	Fig. 3Observed distribution of the WISSH QSOs for the [OIII] and Weak [OIII] samples of (a) REW[OIII] and (b) REWH β, compared to the best fit of the REW[OIII] and REWHβ observed distribution of SDSS DR7 AGNs of Bisogni et al. (2017a) (black solid line).



	[image: thumbnail]	Fig. 4Average SEDs corresponding to WISE photometry of the WISSH [OIII] (dashed blue line) and Weak [OIII] samples (red line), normalized at 15 μm (dot-dashed line).



4.2 Single epoch Hβ-based SMBH masses and Eddington ratios
A common method of measuring black hole mass (MBH) is the so-called single epoch technique (SE), which depends on BLR size estimated from the continuum luminosity of the quasar and on the velocity dispersion of the BLR, derived from the FWHM of a specific broad emission line, that is, Hα, Hβ, MgII, CIV, Paα, and Paβ depending on the redshift (McGill et al. 2008; Trakhtenbrot & Netzer 2012; Matsuoka et al. 2013; Ricci et al. 2017). As mentioned in Sect. 3.2, the CIV emission line is affected by the presence of non-virialized components (Baskin & Laor 2005; Richards et al. 2011), which can bias the BH mass estimation. The Hβ clouds are mostly dominated by virial motions, making this emission line the best estimator of the SMBH mass (Denney 2012). In order to estimate MBH, we used the SE relation for Hβ reported in Bongiorno et al. (2014):
[image: equation](2)
For each quasar, we used the best-fit value of the FWHM of the broad component of Hβ line derived in Sect. 3 (see Table 4) and the continuum luminosity at 5100 Å. Both the L5100 and LBol were obtained byfitting the UV to mid-IR photometric data (see Table 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 Hβ-based MBH for all the WISSH QSOs with rest-frame optical spectroscopy in Table 7.
We found that all the BHs have masses larger than 109 M⊙, with nine out of 18 QSOs hosting SMBHs with MBH >~ 5 × 109 M⊙. Based on these Hβ-based MBH values and LBol, we derived Eddington ratios λEdd = LBol /LEdd = 0.4–3.1 (with a median value of 1), where LEdd = 1.26 × 1038 (MBH /M⊙) erg s−1, which are also reported in Table 7. For the WISSH [OIII] objects we also estimated the bolometric luminosity ([image: equation]) corrected for the orientation effect using the mean inclination angles as determined in Bisogni et al. (in prep.). Specifically, considering the expression for the observed REW[OIII] distribution (Eq. (4) in Risaliti et al. 2011) as a function of the ratio between observed and intrinsic REW[OIII], it is possible to retrieve the inclination angle probability distribution given the observed REW[OIII] and, hence, the mean values of inclination angles.
Figure 5 shows the comparison of the MBH, LBol, and λEdd measured for WISSH QSOs with those derived from (i) a sample of ~23 000 SDSS QSOs with 1.5 ≤ z ≤ 2.2 with MgII-based MBH (Shen et al. 2011), hereafter “SDSS sample”, (ii) bright PG QSOs with z < 0.5 with Hβ-based MBH (Tang et al. 2012; Baskin & Laor 2005), and (iii) the WLQs (see Sect. 1 for the definition) with Hβ-based MBH from Plotkin et al. (2015). The bolometric luminosity in fractions of 0.1, 0.5, and 1 Eddington luminosity is reported. The WISSH QSOs are therefore powered by highly accreting SMBHs at the heaviest end of the MBH function and allow us to probe the extreme AGN accretion regime and the impact of this huge radiative output on the properties of the nuclear region and the surrounding host galaxy.
Table 7
Logarithm of bolometric luminosity, Logarithm of intrinsic luminosity at 5100 Å, Hβ-based SMBH mass, and Eddington ratio of the WISSH QSOs.

	[image: thumbnail]	Fig. 5Bolometric 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). Luminosity in fractions of 0.1, 0.5, and 1 Eddingtonluminosity 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).



4.3 Properties of the CIV emission line
4.3.1 CIV velocity shift
Previous works have found that the CIV emission line typically shows a velocity blueshift with respect to the systemic redshift (Gaskell 1982), suggesting it is associated with outflowing gas in the BLR. As already mentioned in Sect. 3.2, for the WISSH objects we measured the CIV velocity shifts ([image: equation]) from the peak of the entire CIV emission line model fit with respect to the systemic redshift (a similar approach is used in the work of Shen et al. (2011) for the “SDSS sample”). As shown in Fig. 6, we found an anti-correlation between the [image: equation] and the strength of the CIV emission line for the WISSH QSOs. This result was already reported by previous studies, for example, Corbin & Boroson (1996); Richards et al. (2002).
We compare our findings with those derived for the SDSS sample2 (contours), PG QSOs (Tang et al. 2012; Baskin & Laor 2005), WLQs and PHL1811-analogs (Plotkin et al. 2015; Luo et al. 2015 and Wu et al. 2011), high luminosity QSOs from Sulentic et al. (2017) identified in the Hamburg ESO survey (hereafter HE QSOs), and Extremely Red QSOs (ERQs) from Hamann et al. (2017), defined by a color (i-WISE W3) ≥4.6 with a median bolometric luminosity of Log (LBol/erg s−1) ~ 47.1  ± 0.3. Remarkably, Weak [OIII] WISSH QSOs show extreme velocity shifts, comparable to the largest [image: equation] reported so far in WLQs. Furthermore, while WLQs show the distinctive property of a REWCIV ≤ 10 Å, the WISSH sample have a REWCIV ≥ 10 Å, demonstrating the existence of high-velocity outflows traced by high-ionization species also in sources with higher REWCIV than those of the WLQs. Interestingly, the ERQs show both large blueshifts and very large (i.e. ≥ 100 Å) REWCIV, which can be interpreted in terms of a CIV emitting region with a larger covering factor with respect to the ionizing continuum than normal QSOs (Hamann et al. 2017).
In Fig. 7 the REW[OIII] as a function of the REWCIV (left) and [image: equation] (right) is shown for the WISSH QSOs. We discovered an intriguing dichotomy between the [OIII] sample, which shows small values of [image: equation] (≤2000 km s−1) with REWCIV ≥ 20 Å and the Weak [OIII] sample, exhibiting [image: equation] ≥ 2000 km s−1 with REWCIV ≤ 20 Å. This is also supported by the same behavior shown by the QSOs in the Shen (2016) and Tang et al. (2012) and in the HE sample3 from Sulentic et al. (2017) populating the same region of the plane REW[OIII] – [image: equation]. This dichotomy can be likely explained by assuming a polar geometry for the CIV winds, where the bulk of the emission is along the polar direction, against [OIII] QSOs, which are supposed to be viewed at high inclination.
We also investigated the possible relation between the [image: equation] and the FWHM of the broad CIV emission line, by combining WISSH QSOs with other samples in Fig. 8 (top). For this purpose we used 73 SDSS QSOs at 1.5 < z < 3.5 with available Hβ informationfrom 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 al. (2012), six WLQs from Plotkin et al. (2015) with z ~ 1.4–1.7, and28 HE QSOs from Sulentic et al. (2017, and reference therein). All these objects cover a luminosity range Log(LBol/erg s−1) = 44.5–48.1. Hereafter, we refer to these samples as the “Hβ sample”. As expected, sources with large [image: equation] (≳2000 km s−1) show a CIV emission line with a broad profile (≳6000 km s−1). This suggests that for these sources the line profile is the result of the combination of a virialized component plus a strongly outflowing one. Figure 8 (bottom panel) shows the behavior of the FWHM of the outflow component of the CIV emission line resulting from our multicomponent fit (see Sect. 3.2) as a function of the [image: equation]. Performing the Spearman rank correlation we found r = 0.6 and P-value = 5.2 × 10−3, indicating that a large FWHM of CIV can be considered a proxy of the presence of a high velocity outflow. No clear trend is found between the [image: equation] and [image: equation], as shown in Fig. 9. Interestingly, the WISSH QSOs show [image: equation] ≥ 4000 km s−1, even in those sources with large [image: equation], while previous works claimed the presence of large [image: equation] in QSOs with [image: equation] < 4000 km s−1, such as low luminosity Population A QSOs (Sulentic et al. 2007; Marziani et al. 2010) and WLQs (Plotkin et al. 2015). This indicates that the inclusion of QSOs with such extreme luminosities as the WISSH ones allows us to extend the detection of large CIV blueshifts to sources with [image: equation] > 4000 km s−1 (a similar result has been also reported for the HE sample in Sulentic et al. 2017).
	[image: thumbnail]	Fig. 6REWCIV as a functionof [image: equation] for different samples. The WISSH QSOs are indicated by blue and red stars, for the [OIII] and Weak [OIII] 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 to the SDSS DR7 sample from Shen et al. (2011). The green diamonds indicate the PG QSOs from Baskin & Laor (2005) and Tang et al. (2012). 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 the HE QSOs from Sulentic et al. (2017), the ERQs from Hamann et al. (2017) are indicated with purple triangles. The purple dashed line marks the REWCIV = 10 Å, which is the threshold for the WLQs. The distribution of the REWCIV and [image: equation] are on the right and on the bottom, respectively.



	[image: thumbnail]	Fig. 7Rest-frame EW of [OIII]λ5007 as a functionof REWCIV (left) and [image: equation] (right) for the WISSH targets with blue stars for the [OIII] sample and red stars for the Weak [OIII] sample, compared to the samples of Shen (2016), Tang et al. (2012), and Sulentic et al. (2017, and reference therein). The dashed red line refers to the WISSH [OIII] dichotomy, with REW[OIII] boundary value of 5 Å.



	[image: thumbnail]	Fig. 8FWHMCIV of the entire emission line profile as a function of [image: equation] for the WISSH sample, compared to PG QSOs from Baskin & Laor (2005) and Tang et al. (2012; green diamonds), WLQs from Plotkin et al. (2015; orange circles), SDSS QSOs from Shen (2016) and Coatman et al. (2016: magenta squares and purple triangles respectively), and HE QSOs from Sulentic et al. (2017; top) and FWHM(CIV) of the outflow component (bottom) as a function of[image: equation] for the WISSH sample. The black solid line indicates the best linear fits to the data and the purple dashed lines correspond to the 68% confidence interval.



	[image: thumbnail]	Fig. 9[image: equation] as a functionof [image: equation] for the WISSH sample, compared to PG QSOs from Baskin & Laor (2005) and Tang et al. (2012; green diamonds), WLQs from Plotkin et al. (2015; orange circles), SDSS QSOs from Shen (2016) and Coatman et al. (2016; magenta squares and purple triangles, respectively), and HE QSOs from Sulentic et al. (2017).



4.3.2 Mass and kinetic power of CIV winds
We estimated the ionized gas mass (Mion) of the outflow associated with the outflow component of the CIV emission line for the Weak [OIII] sources according to the following formula from Marziani et al. (2016). This relation assumes a constant density scenario for the CIV emitting gas (i.e. n(C3+)/n(C) = 1) and takes into account the carbon abundance:
[image: equation](3)
where L45(CIV) is the luminosity of the outflow component in units of 1045 erg s−1, Z5 is the metallicity in units of 5 Z⊙ (i.e. the typical value measured for the BLR in high-z luminous QSOs, Nagao et al. 2006), and n9 is the gas density in units of 109 cm−3. For the Weak [OIII] sample we estimated Mion = 150–1100 M⊙, assuming Z = 5 Z⊙ and n = 109.5 cm−3 (see Table 8). From Eq. (3) it is possible to derive the mass outflow rate (Ṁion), that is, the mass of ionized gas passing through a sphere of radius R, as
[image: equation](4)
where v = [image: equation] and R1 is the outflow radius in units of 1 pc. The BLR radius-luminosity relation (RBLR ∝ [image: equation], e.g., Bentz et al. 2009) indicates a typical radius of ~1 pc for the WISSH QSOs with luminosity L5100 > 6 × 1046 erg s−1. We inferred Ṁion in the range ≈3–30 M⊙ yr−1, which is similar to the accretion rate for a quasar with LBol corresponding to the median LBol of the WISSH range, ~70 M⊙ yr−1 for LBol = 4 × 1047 erg s−1, assuming a radiative efficiency of 10%. Accordingly, the kinetic power of the outflow can be expressed as
[image: equation](5)
The resulting values of Ėkin associated with the outflow component as a function of LBol are plotted in Fig. 10 as red filled symbols for objects in the Weak [OIII] sample.
Since the [OIII] QSOs also show an outflow component of the CIV emission (see Fig. 2), we were able to provide an estimate of Ṁion, Ṁion, and Ėkin also for them. Moreover, as discussed in Sect. 4.1, [OIII] QSOs are supposed to be viewed at high inclination. Accordingly, we estimated Ṁion and Ėkin by assuming the so-called maximum velocity [image: equation] = [image: equation] + 2 [image: equation], where [image: equation] is the velocity dispersion of the outflow component, taking into account projection effects, and can be indeed considered representative of the bulk velocity of the outflow in the case of biconically symmetric outflowing gas (see Paper I and references therein). In Fig. 10the Ėkin values associated with the outflow component in [OIII] sources are plotted as blue filled stars.
As mentioned in Sect. 4.3, the bulk of the virialized component of the CIV emission line is located bluewards 1549 Å in our fits for both the Weak [OIII] and (even slightly) [OIII] QSOs. This means that it can be also associated with an outflow and, therefore, we also derived Mion, Ṁion, and Ėkin using Eqs. (3)–(5), considering its luminosity in addition to that of the outflow component and adopting [image: equation] in the calculations of the outflow rates (see Table 9). The kinetic power derived by considering the entire profile of the CIV emission line are shown in Fig. 10 as red and blue empty symbols for the Weak [OIII] and [OIII] samples, respectively. In the case of Weak [OIII] sources, they are a factor of ≈2–10 smaller than the values based only on the luminosity and velocity of the outflow component ([image: equation] < [image: equation]), due to the Ėkin ∝ v3 dependence. In the case of [OIII] sources, the Ėkin calculated in this way are a factor of ≥100–1000 smaller than those derived by using [image: equation]. Accordingly, they can be considered as very conservative estimates of Ėkin.
As shown in Fig. 10, the bulk of the kinetic power of the BLR winds discovered in WISSH QSOs is Ėkin ~ 10−5 × LBol for both Weak [OIII] and [OIII] QSOs. It is instructive to compare these Ėkin with those inferred for ionized NLR winds traced by [OIII]. About 20% of the BLR winds detected in WISSH QSOs show kinetic powers comparable (i.e. 10−3 < Ėkin/LBol < 10−2) to those estimated for NLR winds in [OIII] sources. Remarkably, in one case, J1538+0855, the outflows associated with CIV and [OIII] have consistent Ėkin values (see Appendix A). This would suggest that we are possibly revealing the same outflow in two different gas phases at increasing distance from the AGN (in an energy conserving scenario). This further supports the idea that this object represents a hybrid showing a mixture of the distinctive properties of the two populations of Weak [OIII] and [OIII] QSOs.
Hereafter, we consider the outflow parameters derived by using [image: equation] and [image: equation] for the Weak [OIII]and the [OIII] QSOs, respectively, as the most representative ones. Figure 11 (left panel) shows a comparison of Ėkin as a function of LBol between the NLR and BLR winds revealed in WISSH QSOs and a large collection of [OIII]-based NLR winds from a heterogeneous AGN sample reported in Fiore et al. (2017). A sizable fraction of BLR winds in Weak [OIII] and [OIII] QSOs are as powerful as NLR winds in less luminous QSOs, with Ėkin < 1043−44 erg s−1. This suggests that BLR winds should be taken into account to obtain a complete census of strong AGN-driven winds and comprehensively evaluate their effects of depositing energy and momentum into the ISM.
In order to give an idea of the possible uncertainties affecting the calculations of Ėkin, in Fig. 11 (left panel) we show the maximum and minimum values obtained by considering a very large range of variation for the two fundamental parameters ne and Z. More specifically, the lower bound corresponds to the assumption of ne = 1010 cm−3 based on the presence of the semiforbidden line [CIII]λ1909 Å (Ferland & Elitzur 1984) and Z = 8 Z⊙ (Nagao et al. 2006), while the upper bound corresponds to the assumption of ne = 109 cm−3, based on the absence of forbidden lines such as [OIII]λ4363 Å (Ferland & Elitzur 1984) and Z = 3 Z⊙ (Nagao et al. 2006).
Figure 11 (right panel) displays the outflow momentum load (i.e. the ouflow momentum rate Ṗout (≡ Ṁout × vout) normalized to the AGN radiation momentum rate ṖAGN ≡ LBol /c) as a function of outflow velocity for different classes of outflow derived by Fiore et al. (2017), compared to those measured for the winds traced by the blueshifted CIV emission line in WISSH. The BLR winds in WISSH show velocities between those measured for X-ray ultra-fast (v > 104 km s−1) outflows (UFOs, crosses) and [OIII]-based outflows (v < 2000 km s−1, triangles). This matches well with interpreting the outflow velocity distribution as a proxy of the distribution in radial distance from the AGN, that is, from the innermost region of the accretion disk (tens of gravitational 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 the case of the [OIII] winds (e.g., Harrison et al. 2012; Carniani et al. 2015; Cresci et al. 2015; Paper I).
The BLR winds typically exhibit a low momentum load, Ṗout/ṖAGN <~ 0.1, which is a range poorly sampled by other ionized winds. Furthermore, the BLR winds seem to represent the low-power, low-velocity analogs of UFOs. The latter show Ṗout/ṖAGN ~ 1, as expected in the case of quasi-spherical winds with electron scattering optical depth τ ~ 1 produced by systems accreting at λEdd ~ 1 (e.g. King 2010). UFOs are found to have a large covering factor (Nardini et al. 2015; King & Pounds 2015). BLR clouds in luminous AGN are expected to have a covering factor of ~0.1 (Netzer 1990). We can thus speculate that the low Ṗout∕ṖAGN of BLR winds with respect to that of UFOs may be due to both a lower NH and a lower covering factor of the CIV outflowing gas with respect to the fast, highly ionized gas responsible for the UFOs.
Table 8
Properties of the CIV outflows derived from the outflow component of the CIV emission line.

Table 9
Properties of the CIV outflows derived from the entire CIV emission line.

	[image: thumbnail]	Fig. 10Kinetic power of the BLR winds as a function of LBol. Red filled stars refer to values of Ėkin of the Weak [OIII] QSOs derived from the CIV outflow component using [image: equation]. Blue filled stars refer to values of Ėkin of the [OIII] QSOs derived from the entire CIV profile using [image: equation]. Blue and redempty stars refer to values of Ėkin derived from the entire CIV profile using [image: equation], for the [OIII] and Weak [OIII] QSOs, respectively. BLR winds are compared with WISSH NLR ionized outflows from Paper I (green diamonds).



	[image: thumbnail]	Fig. 11Left panel: Kinetic power of the CIV outflow component as a function of LBol for the WISSH QSOs (red and blue stars) compared with WISSH NLR ionized outflows from Paper I (green diamonds) and other samples from literature, (e.g., Fiore et al. 2017 for details; purple triangles). The error bar (bottom right corner) is calculated as described in Sect. 4.3.2. Right panel: Wind momentum load as a function of the outflow velocity. The BLR winds traced by the CIV outflow 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 magenta diamond and circle, respectively.



5 What is the physical driver of the CIV velocity shift?
In order to shed light on the main physical driver of the large blueshifts of the CIV emission line observed in QSOs, we investigated the dependence of the CIV velocity shift on fundamental AGN parameters such as LBol, λEdd, and the UV-to-X-ray continuum slope (αOX). Previous studies indeed found that [image: equation] is correlated with all these three quantities (Marziani et al. 2016, Richards et al. 2011), but it still unclear which is thefundamental dependency. We proceeded as follows: we initially identified the main driver of [image: equation] between LBol and λEdd and then we studied the dependency of [image: equation] on this parameter and on αOX.
5.1 Velocity shifts versus LBol
and λEdd
We compared the WISSH sample to QSOs for which the BH mass and Eddington ratio are derived from the Hβ emission line, the “Hβ sample”, because of the large uncertainties of BH mass estimation from the CIV emission line, affected by the non-virialized component. All these sources therefore have reliable SMBH masses and λEdd.
Figure 12 shows [image: equation] as a function ofLBol (left panel, a) and λEdd (right panel, b) for the WISSH and the “Hβ sample” QSOs. The blueshifts are clearly correlated with both LBol and λEdd. Specifically, we found a stronger correlation with LBol (Spearman rank r = 0.43 and P-value = 1.8 × 10−9) than with λEdd (Spearman rank r = 0.33 and P-value = 7.1 × 10−6), bearing in mind the large scatter affecting both relations.
Moreover, performing a least-squares regression, we found that [image: equation] [image: equation]. This is consistent with a radiation-driven wind scenario (Laor & Brandt 2002), for which we indeed expect a terminal outflow velocity vt [image: equation] (valid for R ≥ RBLR, e.g., Netzer & Laor 1993; Kaspi et al. 2000; Bentz et al. 2009). A similar dependence is also found for [image: equation] as a function of MBH. This lends further support to the radiative wind scenario and suggests that the radiation pressure is dominant over the Keplerian velocity field (for which a dependence of [image: equation] is expected).
In order to determine which is the fundamental variable between LBol and λEdd, we studied correlations between the residuals from (i) λEdd–LBol and [image: equation]–LBol relations, and (ii) LBol–λEdd and [image: equation]–λEdd relations (see Appendix B in Bernardi et al. 2005 for further details about residuals analysis). More specifically, we tested the hypothesis that the bolometric luminosity is the fundamental variable. In this case we expect: (i) no significant correlation between the residuals obtained from the λEdd–LBol (Δλ,L) and [image: equation]–LBol (Δv, L) relations; (ii) a correlation between residuals obtained from LBol–λEdd (ΔL,λ) and [image: equation]–λEdd (Δv,λ) relations; (iii) that the slope of this correlation should be the same as the [image: equation]–LBol relation. The Δλ,L–Δv, L residuals are plotted in Fig. 12c. In this case we derived a Spearman rank r = 0.11 and P-value = 0.16, which indicates no correlation between parameters as expected from (i). In Fig. 12d the ΔL,λ and Δv,λ residuals are plotted. In this case we found a strong correlation with a Spearman rank r = 0.32 and P-value = 1.1 × 10−5, with a slope consistent (2σ) with what we measured for the [image: equation]–LBol relation. We also created 1000 bootstrap samples from the residuals shown in Fig. 12d and calculated the corresponding Spearman rank, r. From the original residuals we derived r = 0.33 with a 95% confidence interval of 0.18–0.46, which is defined as the interval spanning the 2.5th to the 97.5th percentile of the resampled values. By combining these results, we conclude that LBol is the fundamental variable with respect to the λEdd and it can be considered as the main driver of the observed CIV blueshifts with respect to λEdd.
	[image: thumbnail]	Fig. 12The velocity shift [image: equation] as a function of LBol (a) and as a function of λEdd (b), for the WISSH sample (blue and red stars) compared to the PG QSOs from Baskin & Laor (2005) and Tang et al. (2012; greendiamonds), WLQs from Plotkin et al. (2015; orange circles), SDSS QSOs from Shen (2016) and Coatman et al. (2016;magenta squares and purple triangles), and HE QSOs from Sulentic et al. (2017, and reference therein). The LBol for the HE sample has been derived from L5100 applying a bolometric correction of 5.6, as suggested by Runnoe et al. (2012) for the luminosity range of the HE sample. c) Residuals plot of λEdd–LBol and [image: equation]–LBol relations. d) Residuals plot of LBol–λEdd and [image: equation]–λEdd relations. The black lines indicate the best linear fits to the data and the purple lines correspond to the 68% confidence interval.



5.2 Velocity shifts versus LBol and αOX
We performed the same analysis described in Sect. 5.1 considering LBol and αOX, to investigate the primary driver of the CIV blueshifts. Figure 13 shows the [image: equation] as a function of LBol and αOX for 14 WISSH QSOs with both Hβ and X-ray measurements. For the WISSH QSOs, the αOX was derived using the monochromatic luminosities at 2500 Å obtained from broadband SED fitting and the absorption-corrected luminosities at 2 keV (Martocchia et al. 2017). We compare our findings with those derived for 170 radio-quiet, broad-line QSOs from the Wu et al. (2009) sample and 29 WLQs (Luo et al. 2015; Wu et al. 2011) with available UV and X-ray information.
By performing a least-square fit also for this large sample, we confirm the results reported in Sect. 5.1 about the presence of a correlation between [image: equation] and LBol, deriving a dependence [image: equation] ∝ LBol 0.25 ± 0.06 (Spearman rank r = 0.30 and P-value = 1.1 × 10−5; see Fig. 13a). We found a very strong anti-correlation between the [image: equation] and αOX (Fig. 13b), that is, [image: equation] ∝ αOX −1.07 ± 0.16 (Spearman rank r = –0.46 and P-value = 8.7 × 10−13), confirming the results reported in Richards et al. (2011).
We also performed the correlations analysis between the residuals from (i) [image: equation]–LBol (Δv,L) and αOX–LBol (Δαox,L) relations, and (ii) [image: equation]–αox (Δv,αox) and LBol–αox (ΔL,αox) relations, based on the hypothesis that LBol is the fundamental parameter. However, the results reported in Fig. 13c,d are at odds with this hypothesis, indicating a clear anti-correlation between Δv, L and Δαox, L, and no correlation between Δv,αox and ΔL,αox. Furthermore, the slope of the residuals Δv, L-Δαox, L is consistent with that found for the αOX–[image: equation] relation. From a statistical point of view, this points to αOX as the primary driver of the blueshifts of the CIV emission line observed in these QSOs.
We note that there is a well-known strong anti-correlation between αOX and the UV luminosity (~LBol for Type I QSOs; e.g., Vignali et al. 2003; Steffen et al. 2006; Lusso et al. 2010; Martocchia et al. 2017) according to which the steeper the αOX, the higher the luminosity. Therefore, both selecting steep αOX or high LBol allows us to pick up fast outflows. We can conclude that the strength and the slope of the ionizing continuum is the main driver of the BLR winds. In Table 10 a summary of correlations of the CIV velocity shifts with physical quantities such as LBol, λEdd, MBH and αOX is reported. Results from residuals correlations are also listed.
The dependence of the velocity shift on both LBol and αOX is in agreement with our scenario of radiation-driven wind, according to which a strong UV continuum is necessary tolaunch the wind but the level of extreme UV (EUV) and X-ray emission (i.e., up to 2 keV) is crucial to determine its existence, since strong X-ray radiation can easily overionize the gas and hamper an efficient line-driving mechanism. On the contrary, an X-ray weaker emission with respect to the optical-UV accretion disk emission can allow UV line opacity (Leighly 2004; Richards et al. 2011). Furthermore, as suggested by Wu et al. (2009), the increasing steepness of the αOX (i.e., the softening of EUV–X-ray emission) at progressively higher UV luminosities may also explain the weakness of the CIV emission line (ionization potential 64.45 eV) in luminous QSOs; the strength of the line indeed depends on the number of the photons available to produce it, whereby a deficit of such ionizing photons leads to CIV weaker emission lines, as typically observed in Weak [OIII]QSOs and WLQs.
	[image: thumbnail]	Fig. 13The velocity shift [image: equation] as a function of LBol (a) and αOX (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 circles). c) Residuals plot of [image: equation]–LBol and αOX –LBol relations. d) Residuals plot of [image: equation]–αOX and LBol –αOX relations. The black lines represent the best linear fits to the data and the purple lines correspond to the 68% confidence interval.



Table 10
Correlations of [image: equation] with AGN fundamental parameters.

6 Summary and conclusions
We have presented the results from the analysis of thirteen sources in the WISSH quasar sample with NIR spectroscopy from LBT/LUCI or VLT/SINFONI observations, in addition to five sources discussed in Paper I. We stress that these objects have been selected on the basis of a redshift for which the LBT/LUCI spectrum covers the [OIII] wavelength range and, therefore, can be considered as randomly selected from the entire WISSH QSOs sample. Our analysis has been performed with the goal of deriving the properties of (i) Hβ and [OIII] emission lines from the optical rest-frame spectra, and (ii) the CIV emission line by using rest-frame UV SDSS spectra. Our main findings can be summarized as follows:

	All the 18 WISSH QSOs considered here exhibit SMBHs with mass larger than 109 M⊙, with 50% of them hosting very massive SMBHs with MBH >~ 5× 109 M⊙. Based on these Hβ-based MBH values, we derived Eddington ratios 0.4 < λEdd < 3.1. This supports the evidence that the WISSH QSOs are powered by highly accreting SMBHs at the massive end of the SMBH mass function.


	According to the REW[OIII] ≥ or < 5 Å, the WISSH QSOs can be divided into two samples: [OIII] and Weak [OIII] samples, respectively. In particular, six sources exhibit REW[OIII] ≈ 7–70 Å, showing [OIII] profiles dominated by a broad blueshifted component, and 11 sources have REW[OIII] ≈ 0.3–3 Å.


	As reported in Sect. 4.1, there is more than one explanation to ascribe to the WISSH REW[OIII] distribution. One is in terms of orientation effect, with the [OIII] sample likely being seen at high (≈25–73 deg) inclination. This leads to a lower continuum luminosity and, hence, high REW[OIII] values. On the contrary, the Weak [OIII] sources (including J1422+4417, see Sect. 3.1) are likely associated with nearly face-on AGNs. However, the weak [OIII] emission for the WISSH QSOs is expected to be due to the high bolometric luminosities of these sources. Indeed the [OIII] emission tends to decrease because of the over-ionization from the central engine, as found by Shen & Ho (2014). A further explanation for the difference in REW[OIII] between the [OIII] and Weak [OIII] may be ascribed to the presence of a kpc-scale ionization cone oriented along the galaxy disk for the [OIII] objects, leading to a larger amount of gas to be ionized, while an ionization cone oriented perpendicular to the galaxy disk in the case of Weak [OIII] sample leads to a lower content of [OIII] gas to be ionized.


	Most of the WISSH QSOs exhibits 10 <~ REWCIV <~ 20 Å with the peak of the CIV emission line profile blueshifted with respect to the systemic redshift ([image: equation] ~ 2000–8000 km s−1), indicating that the emitting gas is outflowing. This suggests that the luminosity-based selection criterion of WISSH is very effective in collecting strong CIV winds. Historically, such large CIV blueshifts have been associated with fainter CIV emitting QSOs, that is, the WLQs (Plotkin et al. 2015), although very recently Hamann et al. (2017) have reported the existence of ERQs showing CIV winds and extremely large REWCIV (i.e., > 100 Å). We found that QSOs belonging to the Weak [OIII] sample, representing 70% of the WISSH sample analyzed here, show a broad asymmetric blueward and relatively weak (i.e., REWCIV < 20 Å) CIV line profile (see Fig. 7), with the peak of the entire CIV profile extremely blueshifted ([image: equation] ≥ 2000 km s−1 up to 8000 km s−1). On the contrary, 30% of the WISSH QSOs (i.e., [OIII] sample) have a peaked CIV profile with REWCIV > 20 Å and [image: equation] ≤ 2000 km s−1. High-luminosity, optically-selected HE QSOs from Sulentic et al. (2017) follow a similar trend by populating the same region of the WISSH QSOs in the plane REWCIV-[image: equation] as shown in Fig. 6 and REW[OIII]–[image: equation] in Fig. 7.



This highlights a dichotomy in the detection of NLR and BLR winds in WISSH QSOs, which could be likely due to inclination effects in a polar geometry scenario for the CIV winds, as suggested in Sect. 4.3.
We found that a sizable fraction of WISSH QSOs exhibit BLR winds traced by CIV blueshifted emission with Ṁion ≈ 10–100 M⊙ yr−1, comparable with the median accretion rate of WISSH QSOs. Twenty percent of the BLR winds detected in WISSH QSOs show kinetic powers 10−3 < Ėkin/LBol < 10−2, which is comparable to those measured for NLR winds associated with [OIII] broad or blueshifted emission lines detected in the [OIII] sample. The remaining 80% of the BLR winds show kinetic powers comparable to those traced by [OIII] in less luminous AGNs. This suggests that the BLR winds should be taken into account to obtain a complete census of strong AGN-driven outflows and comprehensively evaluate their effects of depositing energy and momentum into the ISM.
The BLR winds traced by the CIV emission line exhibit a velocity range (v[image: equation] ≈ 2000–13 000 km s−1) between those measured for UFO (at sub-pc scale) and NLR winds (at kpc-scale), interpreting the outflow velocity distribution as a proxy of the distribution in radial distance for different classes of outflows (see Fig. 11). Moreover, the BLR winds exhibit a Ṗout/ṖAGN <~ 0.1, which is lower than that found for UFOs (i.e., Ṗout/ṖAGN ~ 1). In this case the momentum rate of the outflow is comparable to that of the AGN, suggesting a covering factor for the UFOs of the order of unity. Since the covering factor for the BLR is expected to be ~0.1, we can thus speculate that the momentum load of the nuclear winds may reflect the covering factor of the outflowing gas.
We investigated the dependence of [image: equation] on fundamentalAGN physical parameters such as LBol, λEdd, and αOX. We found a stronger correlation with LBol than λEdd (see Fig. 12), with a dependence consistent with a radiatively-driven winds scenario ([image: equation] ∝ LBol 0.28 ± 0.04). Moreover, we further studied the dependence of [image: equation] on αOX, finding a stronger correlation with αOX than LBol. This relation is expected due to the dependence of αOX on LBol (Vignali et al. 2003), that is, when αOX is steeper, LBol is larger. This indicates that the shape of the ionizing continuum could be considered as the primary driver of the blueshifts of the CIV emission line.
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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 outflow properties based on the so-called outflow component. We estimated the gas mass of the outflow as Mion = 590 M⊙, the maximum velocity of the outflow as representative of the bulk velocity of the outflow, [image: equation] = 13 400 km s−1, the ionized gas mass rate asṀion = 24 M⊙ yr−1, and the kinetic power as Ėkin = 1.4 × 1045 erg s−1. We also measured the properties of the CIV outflow considering the entire CIV profile, with the [image: equation] as representative of the outflow velocity. We estimated Mion = 1210 M⊙, a ionized gas mass rate Ṁion = 8 M⊙ yr −1, and a kinetic power Ėkin = 12 × 1042 erg s−1.
As mentioned in Sect. 3, we found a broad (~2000 km s−1), blueshifted (4987 Å) [OIII] component, indicative of outflow. In order to characterize the ionized outflowing gas, we calculated the mass rate Ṁ and the kinetic power Ėkin, assuming the outflow model discussed in Paper I and using the [OIII] emission line. According to Equations (2), (5), and (6) in Paper I, we derived [image: equation] = 4.2 × 108 M⊙, [image: equation] = 530 M⊙ yr−1, and [image: equation] = 1.4 × 1045 erg s−1 of the ionized outflow, assuming an electron density of ne = 200 cm−3, a solar metallicity, and an outflow velocity defined as vmax = |Δv| + 2[image: equation], where Δ v is the velocity shift between the broad [OIII] component and the systemic [OIII] assumed at 5007 Å, and [image: equation] is the velocity dispersion of the broad [OIII] component (vmax = 2900 km s−1). We refer to Paper I for more details about the assumptions used in the calculation of the outflow parameters.
We investigated how the values of [image: equation] and [image: equation] are sensitiveto different assumed parameters. As in paper I, the upper bound corresponds to the assumption of ne = 80 cm−3 (as in Genzel et al. 2014) and we determined that [image: equation] = 1330 M⊙ yr−1 and [image: equation] = 3.5 × 1045 erg s−1, while the lower bound corresponds to ne = 1000 cm−3 (typical value for the NLR, Peterson 1997) and a velocity of W80/1.3 (as in Harrison et al. 2014), where W80 is the velocity width of the line at 80% of the line flux. We derived a lower bound of [image: equation] = 60 M⊙ yr−1 and [image: equation] = 5 × 1043 erg s−1.
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 Hβ-[OIII] emission lines for the 13 WISSH QSOs analyzed in the present paper (see Table 1).
	[image: thumbnail]	Fig. B.1Thered line shows the best fit of the spectrum. Green curve refers to the core component associated with the NLR emission of Hβ and [OIII] emission lines. Blue curve refers to the broad blueshifted emission of [OIII]λλ4959,5007 Å, indicative of outflow. Gold curve indicates the broad component of Hβ associated with BLR emission. FeII emission is indicated in magenta. Grey band indicates the region excluded from the fit because of the presence of sky line residual. Lower panel shows the fit residuals.




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.
	[image: thumbnail]	Fig. C.1SDSS DR10 UV rest-frame spectra. The red line shows the best-fit 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 outflow. Gold curve indicates the broad virialized component associated with the BLR emission. FeII emission is indicated in magenta. Grey bands indicate the region excluded from the fit because of the presence of absorption lines. The dashed line denotes the CIVλ1549 Å rest-frame wavelength. Lower panel shows the fit residuals.



	[image: thumbnail]	Fig. C.2Same legend as in Fig. C.1.



	[image: thumbnail]	Fig. C.3Same legend as in Fig. C.1.



	[image: thumbnail]	Fig. C.4Same legend as in Fig. C.1.



	[image: thumbnail]	Fig. C.5Same legend as in Fig. C.1.



	[image: thumbnail]	Fig. C.6Same legend as in Fig. C.1.



	[image: thumbnail]	Fig. C.7Same legend as in Fig. C.1.



	[image: thumbnail]	Fig. C.8Same legend as in Fig. C.1.



	[image: thumbnail]	Fig. C.9Same legend as in Fig. C.1.



	[image: thumbnail]	Fig. C.10Same legend as in Fig. C.1.



	[image: thumbnail]	Fig. C.11Same legend as in Fig. C.1.



	[image: thumbnail]	Fig. C.12Same legend as in Fig. C.1.



	[image: thumbnail]	Fig. C.13Same legend as in Fig. C.1.



	[image: thumbnail]	Fig. C.14Same legend as in Fig. C.1.



	[image: thumbnail]	Fig. C.15Same legend as in Fig. C.1.



	[image: thumbnail]	Fig. C.16Same legend as in Fig. C.1.



	[image: thumbnail]	Fig. C.17Same legend as in Fig. C.1.



	[image: thumbnail]	Fig. C.18Same legend as in Fig. C.1.
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1  The limit of 1000 km s−1 for the FWHM has been set in order to account for a possible subtle Hβ outflow component.


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


3  For the HE QSOs sample we used the CIV and Hβ broad emission line properties listed in Sulentic et al. (2017) and the [OIII] emission lines information in Sulentic et al. (2004, 2006) and Marziani et al. (2009).
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	[image: thumbnail]	Fig. 1Parametrization of the Hβ-[OIII] region of the WISSH QSO J0958+2827. The red line shows the best fit to the data. Green curve refers to the core component associated with the NLR emission of Hβ and [OIII] emission lines. The blue curve refers to the broad blueshifted emission of [OIII]λλ4959, 5007 Å, indicative of outflow (but see Sect. 3.1 for more details). Gold curve indicates the broad component of Hβ associated with BLR emission. FeII emission is marked in magenta.
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	[image: thumbnail]	Fig. 2Parametrization of the CIV emission line profile of the Weak [OIII] quasar J1422+4417 (upper panel) and the [OIII] quasar J0745+4734 (lower panel). In both panels the red, yellow, and blue curves refer to the best fit of the spectrum, virialized component, and outflow component of the CIV emission line, respectively. The black dashed line indicates the λCIV at 1549 Å. The red dotted-dashed line denotes the peak of the CIV emission line and[image: equation] represents its velocity shift with respect to the systemic λ1549 Å. The blue dotted-dashed line indicates the peak of the outflow component and
[image: equation]
is its velocity shift with respect to the systemic redshift. In the lower panel the green curve refers to an additional Gaussian component required by the fit, in order to better describe the CIV profile in this QSO.
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	[image: thumbnail]	Fig. 3Observed distribution of the WISSH QSOs for the [OIII] and Weak [OIII] samples of (a) REW[OIII] and (b) REWH β, compared to the best fit of the REW[OIII] and REWHβ observed distribution of SDSS DR7 AGNs of Bisogni et al. (2017a) (black solid line).
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	[image: thumbnail]	Fig. 4Average SEDs corresponding to WISE photometry of the WISSH [OIII] (dashed blue line) and Weak [OIII] samples (red line), normalized at 15 μm (dot-dashed line).
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	[image: thumbnail]	Fig. 5Bolometric 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). Luminosity in fractions of 0.1, 0.5, and 1 Eddingtonluminosity 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).
In the text



	[image: thumbnail]	Fig. 6REWCIV as a functionof [image: equation] for different samples. The WISSH QSOs are indicated by blue and red stars, for the [OIII] and Weak [OIII] 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 to the SDSS DR7 sample from Shen et al. (2011). The green diamonds indicate the PG QSOs from Baskin & Laor (2005) and Tang et al. (2012). 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 the HE QSOs from Sulentic et al. (2017), the ERQs from Hamann et al. (2017) are indicated with purple triangles. The purple dashed line marks the REWCIV = 10 Å, which is the threshold for the WLQs. The distribution of the REWCIV and [image: equation] are on the right and on the bottom, respectively.
In the text



	[image: thumbnail]	Fig. 7Rest-frame EW of [OIII]λ5007 as a functionof REWCIV (left) and [image: equation] (right) for the WISSH targets with blue stars for the [OIII] sample and red stars for the Weak [OIII] sample, compared to the samples of Shen (2016), Tang et al. (2012), and Sulentic et al. (2017, and reference therein). The dashed red line refers to the WISSH [OIII] dichotomy, with REW[OIII] boundary value of 5 Å.
In the text



	[image: thumbnail]	Fig. 8FWHMCIV of the entire emission line profile as a function of [image: equation] for the WISSH sample, compared to PG QSOs from Baskin & Laor (2005) and Tang et al. (2012; green diamonds), WLQs from Plotkin et al. (2015; orange circles), SDSS QSOs from Shen (2016) and Coatman et al. (2016: magenta squares and purple triangles respectively), and HE QSOs from Sulentic et al. (2017; top) and FWHM(CIV) of the outflow component (bottom) as a function of[image: equation] for the WISSH sample. The black solid line indicates the best linear fits to the data and the purple dashed lines correspond to the 68% confidence interval.
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	[image: thumbnail]	Fig. 9[image: equation] as a functionof [image: equation] for the WISSH sample, compared to PG QSOs from Baskin & Laor (2005) and Tang et al. (2012; green diamonds), WLQs from Plotkin et al. (2015; orange circles), SDSS QSOs from Shen (2016) and Coatman et al. (2016; magenta squares and purple triangles, respectively), and HE QSOs from Sulentic et al. (2017).
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	[image: thumbnail]	Fig. 10Kinetic power of the BLR winds as a function of LBol. Red filled stars refer to values of Ėkin of the Weak [OIII] QSOs derived from the CIV outflow component using [image: equation]. Blue filled stars refer to values of Ėkin of the [OIII] QSOs derived from the entire CIV profile using [image: equation]. Blue and redempty stars refer to values of Ėkin derived from the entire CIV profile using [image: equation], for the [OIII] and Weak [OIII] QSOs, respectively. BLR winds are compared with WISSH NLR ionized outflows from Paper I (green diamonds).
In the text



	[image: thumbnail]	Fig. 11Left panel: Kinetic power of the CIV outflow component as a function of LBol for the WISSH QSOs (red and blue stars) compared with WISSH NLR ionized outflows from Paper I (green diamonds) and other samples from literature, (e.g., Fiore et al. 2017 for details; purple triangles). The error bar (bottom right corner) is calculated as described in Sect. 4.3.2. Right panel: Wind momentum load as a function of the outflow velocity. The BLR winds traced by the CIV outflow 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 magenta diamond and circle, respectively.
In the text



	[image: thumbnail]	Fig. 12The velocity shift [image: equation] as a function of LBol (a) and as a function of λEdd (b), for the WISSH sample (blue and red stars) compared to the PG QSOs from Baskin & Laor (2005) and Tang et al. (2012; greendiamonds), WLQs from Plotkin et al. (2015; orange circles), SDSS QSOs from Shen (2016) and Coatman et al. (2016;magenta squares and purple triangles), and HE QSOs from Sulentic et al. (2017, and reference therein). The LBol for the HE sample has been derived from L5100 applying a bolometric correction of 5.6, as suggested by Runnoe et al. (2012) for the luminosity range of the HE sample. c) Residuals plot of λEdd–LBol and [image: equation]–LBol relations. d) Residuals plot of LBol–λEdd and [image: equation]–λEdd relations. The black lines indicate the best linear fits to the data and the purple lines correspond to the 68% confidence interval.
In the text



	[image: thumbnail]	Fig. 13The velocity shift [image: equation] as a function of LBol (a) and αOX (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 circles). c) Residuals plot of [image: equation]–LBol and αOX –LBol relations. d) Residuals plot of [image: equation]–αOX and LBol –αOX relations. The black lines represent the best linear fits to the data and the purple lines correspond to the 68% confidence interval.
In the text



	[image: thumbnail]	Fig. B.1Thered line shows the best fit of the spectrum. Green curve refers to the core component associated with the NLR emission of Hβ and [OIII] emission lines. Blue curve refers to the broad blueshifted emission of [OIII]λλ4959,5007 Å, indicative of outflow. Gold curve indicates the broad component of Hβ associated with BLR emission. FeII emission is indicated in magenta. Grey band indicates the region excluded from the fit because of the presence of sky line residual. Lower panel shows the fit residuals.
In the text



	[image: thumbnail]	Fig. C.1SDSS DR10 UV rest-frame spectra. The red line shows the best-fit 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 outflow. Gold curve indicates the broad virialized component associated with the BLR emission. FeII emission is indicated in magenta. Grey bands indicate the region excluded from the fit because of the presence of absorption lines. The dashed line denotes the CIVλ1549 Å rest-frame wavelength. Lower panel shows the fit residuals.
In the text
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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)



	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)
	(9)
	(10)
	(11)
	(12)
	(13)





	J0801+5210
	08:01:17.79
	+52:10:34.5
	3.217
	19.73
	17.26
	16.90
	16.76
	16.69
	15.71
	15.34
	14.61
	0.0



	J0958+2827
	09:58:41.21
	+28:27:29.5
	2.120
	20.95
	18.50
	17.84
	17.71
	17.51
	16.31
	16.04
	15.41
	0.0



	J1106+6400
	11:06:10.72
	+64:00:09.6
	2.205
	16.44
	16.11
	16.01
	15.98
	15.81
	15.06
	14.55
	13.95
	0.0



	J1111+1336
	11:11:19.10
	+13:36:03.9
	3.462
	22.26
	18.11
	17.30
	17.18
	17.05
	15.89
	15.51
	15.03
	0.0



	J1157+2724
	11:57:47.99
	+ 27:24:59.6
	2.214
	19.98
	19.11
	18.25
	17.77
	17.31
	16.14
	15.43
	14.48
	0.2



	J1201+0116
	12:01:44.36
	+01:16:11.6
	3.240
	19.50
	17.72
	17.39
	17.32
	17.27
	15.90
	15.88
	14.84
	0.0



	J1236+6554
	12:36:41.45
	+65:54:42.1
	3.358
	20.52
	17.81
	17.29
	17.19
	16.96
	16.00
	15.47
	15.31
	0.0



	J1421+4633
	14:21:23.97
	+46:33:18.0
	3.404
	21.96
	17.97
	17.38
	17.22
	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
	18.15
	17.57
	17.11
	15.81
	15.21
	14.46
	0.1



	J1521+5202
	15:21:56.48
	+52:02:38.5
	2.195
	16.44
	15.90
	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
	18.17
	17.17
	17.00
	16.84
	15.67
	15.48
	14.72
	0.0



	J2123−0050
	21:23:29.46
	−00:50:52.9
	2.269
	17.16
	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
	18.69
	17.91
	17.75
	17.56
	16.87
	16.13
	15.30
	0.0



	




	J0745+4734a
	07:45:21.78
	+47:34:36.1
	3.214
	19.56
	16.63
	16.35
	16.29
	16.19
	15.08
	14.61
	13.95
	0.0



	J0900+4215a
	09:00:33.50
	+42:15:47.0
	3.297
	22.97
	17.11
	16.74
	16.69
	16.58
	15.37
	14.68
	14.00
	0.0



	J1201+1206a
	12:01:47.90
	+12:06:30.3
	3.495
	20.77
	18.31
	17.41
	17.31
	17.18
	15.87
	15.25
	14.61
	0.0



	J1326−0005a
	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+1245a
	15:49:38.71
	+12:45:09.1
	2.386
	20.23
	18.67
	17.84
	17.38
	16.90
	15.86
	14.56
	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 DR10 photometric data, (10–12) 2MASS photometric data, and (13) colour excess E(B–V) (Duras et al., in prep.). (a)See Paper I for the analysis of the LBT/LUCI spectra of these objects.




    

  
    
      Table 2 

      Journal of the LBT/LUCI1 observations.

      
        


	SDSS name
	Obs. date
	texp
	Grating
	R
	Seeing



	(1)
	(2)
	(3)
	(4)
	(5)
	(6)





	J0801+5210
	Feb 10th 2015
	2400
	150 Ks
	4150
	1.05



	J0958+2827
	Mar 21th 2015
	3600
	150 Ks
	4150
	0.75



	J1106+6400
	Apr 17th 2015
	1800
	210 zJHK
	7838
	0.69



	J1111+1336
	Apr 20th 2014
	2400
	150 Ks
	4150
	0.55



	J1157+2724
	Mar 22th 2015
	1200
	210 zJHK
	7838
	0.9



	J1201+0116
	Apr 27th 2015
	1440
	150 Ks
	4150
	0.78



	J1236+6554
	Apr 20th 2014
	2400
	150 Ks
	4150
	0.66



	J1421+4633
	Apr 20th 2014
	1500
	150 Ks
	4150
	0.52



	J1422+4417
	Apr 20th 2014
	800
	150 Ks
	4150
	0.55



	J1521+5202
	Apr 20th 2014
	1200
	210 zJHK
	7838
	1.01





      

      

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) on-site average seeing (in units of arcsec).




    

  
    
      Table 3 

      Journal of the SINFONI observations.

      
        


	SDSS name
	Obs. date
	texp
	Grating
	R
	Spatial resolution



	(1)
	(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
	Aug18th–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).




    

  
    
      Table 4 

      Properties of core and BLR components of the Hβ
emission line derived from parametric model fits.

      
        


	SDSS Name
	za
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	Flux HβBLR/Flux HβTot
	Model[image: equation]



			(km s−1)
	(Å)
	(Å)
	(km s−1)
	(Å)
	




	J0801+5210
	3.257 ± 0.002
	1000b
	2.4[image: equation]
	4862  ± 1
	6080[image: equation]
	43.8[image: equation]
	0.95[image: equation]
	Gaussian



	J0958+2827
	3.434  ± 0.001
	1000b
	2.1[image: equation]
	4859  ± 1
	5060[image: equation]
	39.4[image: equation]
	0.95  ± 0.05
	Gaussian



	J1106+6400
	2.221[image: equation]
	1000b
	0.6  ± 0.2
	4850[image: equation]
	7920[image: equation]
	92.0  ± 3.0
	0.99  ± 0.01
	BPL



	J1111+1336
	3.490[image: equation]
	1000b
	0.9[image: equation]
	4871[image: equation]
	7390  ± 110
	71.0[image: equation]
	0.99[image: equation]
	BPL



	J1157+2724
	2.217  ± 0.001
	1000b
	3.0[image: equation]
	4849  ± 1
	4200[image: equation]
	56.0  ± 1.0
	0.95  ± 0.03
	BPL



	J1201+0116
	3.248 [image: equation]
	1000b
	6.8 [image: equation]
	4855  ± 2
	4670 [image: equation]
	55.0  ± 2.0
	0.89 [image: equation]
	BPL



	J1236+6554
	3.424  ± 0.001
	1000b
	1.2  ± 0.2
	4848  ± 2
	5330 [image: equation]
	64.0  ± 2.0
	0.98 [image: equation]
	BPL



	J1421+4633
	3.454  ± 0.002
	1000b
	2.2  ± 0.3
	4838  ± 3
	6480  ± 250
	55.0 [image: equation]
	0.96 [image: equation]
	BPL



	J1422+4417
	3.648  ± 0.001
	1000b
	3.0 [image: equation]
	4851  ± 2
	4430 [image: equation]
	21.0  ± 1.0
	0.89  ± 0.20
	Gaussian



	J1521+5202
	2.218  ± 0.001
	1000b
	1.2  ± 0.1
	4861  ± 1
	7240 [image: equation]
	25.9  ± 0.5
	0.96 [image: equation]
	Gaussian



	J1538+0855
	3.567 [image: equation]
	1000b
	2.1 [image: equation]
	4843  ± 2
	5490 [image: equation]
	104.0 [image: equation]
	0.98  ± 0.02
	BPL



	J2123–0050
	2.282  ± 0.001
	1000b
	1.2  ± 0.2
	4850  ± 2
	4900 [image: equation]
	41.1  ± 0.5
	0.97 [image: equation]
	BPL



	J2346–0016
	3.511 [image: equation]
	1000b
	4.2  ± 0.9
	4864 [image: equation]
	5820 [image: equation]
	66.0 [image: equation]
	0.94 [image: equation]
	BPL



	




	J0745+4734c
	3.225  ± 0.001
	470  ± 170
	–
	4862  ± 1
	8600 [image: equation]
	85.5 [image: equation]
	0.98 [image: equation]
	BPL



	J0900+4215c
	3.294  ± 0.001
	300  ± 130
	0.2 [image: equation]
	4861  ± 1
	3210  ± 190
	54.9 [image: equation]
	0.98  ± 0.02
	BPL



	J1201+1206c
	3.512  ± 0.002
	700  ± 200
	10.2  ± 1.5
	4865  ± 2
	6160  ± 250
	68.4 [image: equation]
	0.86  ± 0.07
	Gaussian



	J1326-0005c
	3.303  ± 0.001
	710  ± 170
	0.4 [image: equation]
	4862  ± 1
	3700  ± 160
	96.3 [image: equation]
	0.93 [image: equation]
	BPL



	J1549+1245c
	2.365  ± 0.001
	270  ± 160
	0.3 [image: equation]
	4871  ± 2
	8340  ± 280
	63.9 [image: equation]
	0.98 [image: equation]
	BPL





      

      
Notes. Objects in boldface belong to the [OIII] sample (see Sect. 3.1 for details). (a) Redshifts are based on the core component of Hβ emission linefrom NIR spectroscopy. (b)Best-fit value corresponding to the maximum allowed value of FWHM (see Sect. 3.1). For these objects we only report the [image: equation] corresponding to the best-fit values. (c)WISSH QSOs with LUCI1 spectra analyzed in Bischetti et al. (2017). For these objects the redshifts are based on the core component of the [OIII] emission line.




    

  
    
      Table 5 

      Properties of the core (C) and broad (B) components of the [OIII]λ5007 emission line derived from parametric model fits (see Sect. 3.1).

      
        


	SDSS Name
	Component
	FWHM[OIII]
	λ[OIII]
	REW[OIII]
	L[OIII]



			(km s−1)
	(Å)
	(Å)
	(1042 erg s−1)





	J0801+5210
	C
	1000a
	5007  ±   1
	<0.1
	<2.3



		B
	1210 [image: equation]
	5026  ±   5
	0.7 [image: equation]
	15.0  ± 7.0



	J0958+2827
	C
	1000a
	5007  ±   2
	1.0  ± 0.2
	13.0  ± 3.0



		B
	2500a
	4980a
	3.5 [image: equation]
	44.0  ± 5.0



	J1106+6400
	C
	1000a
	5007  ±   4
	0.6  ± 0.2
	10.0 [image: equation]



		B
	500a
	5022  ±   2
	0.3  ± 0.1
	5.0 [image: equation]



	J1111+1336
	C
	1000a
	5007 [image: equation]
	<0.04
	<0.6



		B
	1020 [image: equation]
	5029  ±   2
	0.9  ± 0.2
	16.0  ± 4.0



	J1157+2724
	C
	1000a
	5007  ±   1
	<0.1
	<1.5



		B
	500a
	4995  ±   2
	0.5  ± 0.1
	6.0  ± 2.0



	J1201+0116
	C
	1000a
	5006  ±   1
	<0.2
	<3.0



		B
	500a
	5022 [image: equation]
	0.2  ± 0.2
	4.7 [image: equation]



	J1236+6554
	C
	1000a
	5007  ±   2
	1.3  ± 0.2
	16.0  ± 3.0



		B
	820 [image: equation]
	5022  ±   2
	1.0 [image: equation]
	12.0  ± 4.0



	J1421+4633
	C
	1000a
	5007  ±   2
	<0.01
	<1.4



		B
	700  ±   140
	5027  ±   2
	1.4  ± 0.2
	26.0  ± 6.0



	J1521+5202
	C
	1000a
	5007  ±   1
	<0.1
	<0.1



		B
	1270  ±   140
	5033  ±   1
	1.5  ± 0.1
	46.0  ± 4.0



	J1538+0855
	C
	1000a
	5007  ±   3
	<0.6
	<16.0



		B
	1980 [image: equation]
	4987 [image: equation]
	7.7  ± 0.9
	210.0 [image: equation]



	J2123–0050
	C
	1000a
	5007 ± 2
	<0.01
	<0.3



		B
	2300
	4980a
	2.8 [image: equation]
	50.0  ± 10



	J2346–0016
	C
	1000a
	5007  ±   2
	<0.2
	<3.5



		B
	1480  ±   350
	5030 [image: equation]
	3.2  ± 0.5
	50.0  ± 20.0



	




	J0745+4734b
	C
	470  ±   170
	5007  ±   1
	3.6  ± 0.6
	170  ± 80



		B
	1630  ±   180
	4999  ±   1
	24.8  ± 0.8
	1140  ± 290



	J0900+4215b
	C
	300  ±   130
	5007  ±   1
	1.1  ± 0.6
	50 [image: equation]



		B
	2240  ±   170
	4999  ±   1
	12.5  ± 1.0
	530  ± 100



	J1201+1206b
	C
	1670  ±   190
	5007  ±   2
	18.8  ± 1.1
	500  ± 100



		B
	940  ±   210
	4990  ±   2
	5.6  ± 1.0
	150  ± 80



	J1326–0005b
	C
	710  ±   170
	5007  ±   1
	26.5  ± 0.6
	600  ± 310



		B
	1870  ±   170
	4997  ±   1
	50.4  ± 0.8
	1140  ± 260



	J1549+1245b
	C
	270  ±   160
	5007  ±   1
	0.6  ± 0.5
	20 [image: equation]



		B
	1240  ±   210
	5012  ±   1
	13.6  ± 0.7
	470  ± 90





      

      
Notes. Objects in boldface belong to the [OIII] sample. (a)Best-fit value corresponding to the minimum or maximum allowed value of FWHM or centroid (see Sect. 3.1). (b) WISSH QSOs analyzed in Paper I.




    

  
    
      Fig. 1 

      
        [image: thumbnail]
      

      
        Parametrization of the Hβ-[OIII] region of the WISSH QSO J0958+2827. The red line shows the best fit to the data. Green curve refers to the core component associated with the NLR emission of Hβ and [OIII] emission lines. The blue curve refers to the broad blueshifted emission of [OIII]λλ4959, 5007 Å, indicative of outflow (but see Sect. 3.1 for more details). Gold curve indicates the broad component of Hβ associated with BLR emission. FeII emission is marked in magenta.

      

    

  
    
      Table 6 

      Properties of CIVλ1549 emission line derived from parametric model fits (see Sect. 3.2).

      
        


	SDSS Name
	[image: equation]
	[image: equation],a
	REWCIV
	FWHMCIV
	LCIV



		(Å)
	(km s−1)
	(Å)
	(km s−1)
	(1045 erg s−1)



	 	 	 	 	 	 





	J0745+4734
	1548  ± 1
	190  ± 120
	31.0 [image: equation]
	4320  ± 120
	8.3 [image: equation]



	J0801+5210
	1535  ± 1
	2720  ± 180
	16.5  ± 0.6
	10930 [image: equation]
	2.9  ± 0.1



	J0900+4215
	1546  ± 1
	560 [image: equation]
	31.6 [image: equation]
	4200  ± 150
	6.4 [image: equation]



	J0958+2827
	1520  ± 1
	5640  ± 180
	19.0  ± 4.0
	9970 [image: equation]
	1.7  ± 0.2



	J1106+6400
	1534  ± 1
	2870 [image: equation]
	20.6  ± 0.3
	7830  ± 160
	2.8  ± 0.1



	J1111+1336
	1540  ± 1
	1920  ± 130
	20.0  ± 1.0
	8210 [image: equation]
	3.0  ± 0.2



	J1157+2724b
	1529 [image: equation]
	3840 [image: equation]
	71.0 [image: equation]
	7620 [image: equation]
	0.9  ± 0.1



	J1201+0116
	1531  ± 1
	3390  ± 130
	17.4  ± 0.9
	8460 [image: equation]
	1.8  ± 0.1



	J1201+1206
	1544  ± 1
	980 [image: equation]
	37.0 [image: equation]
	5110  ± 110
	4.4 [image: equation]



	J1236+6554
	1532  ± 1
	3360  ± 110
	19.9 [image: equation]
	7380 [image: equation]
	2.9  ± 0.1



	J1326–0005b
	1549  ± 1
	–50 [image: equation]
	82.0 [image: equation]
	2110 [image: equation]
	17.0  ± 2.0



	J1421+4633
	1523  ± 1
	5010 [image: equation]
	16.0  ± 2.0
	10240 [image: equation]
	2.1  ± 0.2



	J1422+4417
	1525  ± 1
	4670  ± 230
	20.0  ± 3.0
	12410 [image: equation]
	5.9  ± 0.1



	J1521+5202
	1511  ± 1
	7420  ± 200
	8.3  ± 0.6
	11500 [image: equation]
	2.1  ± 0.1



	J1538+0855
	1538  ± 1
	2190  ± 110
	20.8  ± 0.2
	5160 [image: equation]
	4.0  ± 0.1



	J1549+1245b
	1547  ± 1
	370 [image: equation]
	23.0  ± 1.0
	5720 [image: equation]
	3.8 [image: equation]



	J2123–0050
	1537  ± 1
	2330 [image: equation]
	12.4 [image: equation]
	6700 [image: equation]
	1.7  ± 0.1



	J2346–0016
	1532  ± 1
	3380 [image: equation]
	13.0  ± 2.0
	8600 [image: equation]
	1.2  ± 0.1





      

      

Notes. Objects in boldface belong to the [OIII]sample. (a)Velocity shifts of the CIV emission line are calculated from the peak of the multiple Gaussians modeling the CIV profile, with respect to the systemic redshift (see Fig. 2). (b) Sources J1157+2724and J1549+1245 are classified as BAL QSOs according to the Balnicity Index (BI, Weymann et al. 1991) while J1326–0005 is classified according to the modified absorption index (AI1000> 100, Bruni et al. 2012), a more conservative version of the Hall et al. (2002) AI definition. 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 emission line affects the spectral parameters.




    

  
    
      Fig. 2 

      
        [image: thumbnail]
      

      
        Parametrization of the CIV emission line profile of the Weak [OIII] quasar J1422+4417 (upper panel) and the [OIII] quasar J0745+4734 (lower panel). In both panels the red, yellow, and blue curves refer to the best fit of the spectrum, virialized component, and outflow component of the CIV emission line, respectively. The black dashed line indicates the λCIV at 1549 Å. The red dotted-dashed line denotes the peak of the CIV emission line and[image: equation] represents its velocity shift with respect to the systemic λ1549 Å. The blue dotted-dashed line indicates the peak of the outflow component and
[image: equation]
is its velocity shift with respect to the systemic redshift. In the lower panel the green curve refers to an additional Gaussian component required by the fit, in order to better describe the CIV profile in this QSO.

      

    

  
    
      Fig. 3 

      
        [image: thumbnail]
      

      
        Observed distribution of the WISSH QSOs for the [OIII] and Weak [OIII] samples of (a) REW[OIII] and (b) REWH β, compared to the best fit of the REW[OIII] and REWHβ observed distribution of SDSS DR7 AGNs of Bisogni et al. (2017a) (black solid line).

      

    

  
    
      Fig. 4 

      
        [image: thumbnail]
      

      
        Average SEDs corresponding to WISE photometry of the WISSH [OIII] (dashed blue line) and Weak [OIII] samples (red line), normalized at 15 μm (dot-dashed line).

      

    

  
    
      Table 7 

      Logarithm of bolometric luminosity, Logarithm of intrinsic luminosity at 5100 Å, Hβ-based SMBH mass, and Eddington ratio of the WISSH QSOs.

      
        


	SDSS Name
	Log LBol [Log [image: equation]]a
	Log L5100
	[image: equation]
	λEdd



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



	 	 	 	 	 





	J0745+4734
	48.0[48.2]
	47.3
	15.7  ± 10.8
	0.5 [image: equation]



	J0801+5210
	47.8
	47.1
	6.2  ± 4.3
	0.7  ± 0.5



	J0900+4215
	48.0[48.1]
	47.2
	2.1  ± 1.5
	3.1 [image: equation]



	J0958+2827
	47.6
	46.9
	3.5  ± 2.4
	0.8  ± 0.6



	J1106+6400
	47.8
	47.0
	10.0  ± 6.9
	0.5  ± 0.3



	J1111+1336
	47.7
	47.0
	8.5  ± 5.9
	0.5  ± 0.3



	J1157+2724
	47.6
	47.0
	2.6  ± 1.8
	1.3  ± 0.9



	J1201+0116
	47.6
	47.0
	3.2  ± 2.3
	1.0  ± 0.7



	J1201+1206
	47.8[47.9]
	47.1
	6.5  ± 4.5
	0.7 [image: equation]



	J1236+6554
	47.7
	47.0
	4.3  ± 3.0
	0.8  ± 0.6



	J1326–0005
	47.8[48.3]
	47.0
	2.1  ± 1.6
	2.1 [image: equation]



	J1421+4633
	47.7
	47.0
	6.2  ± 4.3
	0.6  ± 0.4



	J1422+4417
	48.0
	47.3
	4.4  ± 3.1
	1.8  ± 1.3



	J1521+5202
	47.9
	47.2
	9.98  ± 6.8
	0.7  ± 0.5



	J1538+0855
	47.8[47.8]
	47.1
	5.5  ± 3.8
	1.0 [image: equation]



	J1549+1245
	47.8[47.9]
	47.1
	12.6  ± 8.7
	0.4 [image: equation]



	J2123–0050
	47.7
	47.0
	3.9  ± 2.7
	1.1  ± 0.7



	J2346–0016
	47.5
	46.8
	4.3  ± 3.0
	0.7  ± 0.2





      

      
Notes. Objects in boldface belong to the [OIII] sample. The following information is listed: (1) SDSS name, (2) Logarithm of SED-based bolometric luminosity (in units of erg s−1; Duras et al., in prep), (3) Logarithm of SED-based intrinsic luminosity at 5100 Å (in units of erg s−1; Duras et al., in prep), (4) Hβ-based SMBH mass (in units of 109 M⊙), and (5) Eddington ratio. (a)Value of bolometric luminosity corrected for orientation effect, calculated as described in Sect. 4.2. (b) The error associated with the MBH includes both the statistical uncertainties and the systematic uncertainty in the virial relation itself (~ 0.3 dex; see Bongiorno et al. 2014, for a complete discussion).




    

  
    
      Fig. 5 

      
        [image: thumbnail]
      

      
        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). Luminosity in fractions of 0.1, 0.5, and 1 Eddingtonluminosity 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).

      

    

  
    
      Fig. 6 

      
        [image: thumbnail]
      

      
        REWCIV as a functionof [image: equation] for different samples. The WISSH QSOs are indicated by blue and red stars, for the [OIII] and Weak [OIII] 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 to the SDSS DR7 sample from Shen et al. (2011). The green diamonds indicate the PG QSOs from Baskin & Laor (2005) and Tang et al. (2012). 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 the HE QSOs from Sulentic et al. (2017), the ERQs from Hamann et al. (2017) are indicated with purple triangles. The purple dashed line marks the REWCIV = 10 Å, which is the threshold for the WLQs. The distribution of the REWCIV and [image: equation] are on the right and on the bottom, respectively.

      

    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
        Rest-frame EW of [OIII]λ5007 as a functionof REWCIV (left) and [image: equation] (right) for the WISSH targets with blue stars for the [OIII] sample and red stars for the Weak [OIII] sample, compared to the samples of Shen (2016), Tang et al. (2012), and Sulentic et al. (2017, and reference therein). The dashed red line refers to the WISSH [OIII] dichotomy, with REW[OIII] boundary value of 5 Å.

      

    

  
    
      Fig. 8 

      
        [image: thumbnail]
      

      
        FWHMCIV of the entire emission line profile as a function of [image: equation] for the WISSH sample, compared to PG QSOs from Baskin & Laor (2005) and Tang et al. (2012; green diamonds), WLQs from Plotkin et al. (2015; orange circles), SDSS QSOs from Shen (2016) and Coatman et al. (2016: magenta squares and purple triangles respectively), and HE QSOs from Sulentic et al. (2017; top) and FWHM(CIV) of the outflow component (bottom) as a function of[image: equation] for the WISSH sample. The black solid line indicates the best linear fits to the data and the purple dashed lines correspond to the 68% confidence interval.

      

    

  
    
      Fig. 9 

      
        [image: thumbnail]
      

      
        [image: equation] as a functionof [image: equation] for the WISSH sample, compared to PG QSOs from Baskin & Laor (2005) and Tang et al. (2012; green diamonds), WLQs from Plotkin et al. (2015; orange circles), SDSS QSOs from Shen (2016) and Coatman et al. (2016; magenta squares and purple triangles, respectively), and HE QSOs from Sulentic et al. (2017).

      

    

  
    
      Table 8 

      Properties of the CIV outflows derived from the outflow component of the CIV emission line.

      
        


	SDSS Name
	LCIV
	Mion
	[image: equation]
	Ṁion
	Ėkin



	 	 	 	 	 	 



		(1045erg s−1)
	(M⊙)
	(km s−1)
	(M⊙ yr−1)
	(1042erg s−1)



	 	 	 	 	 	 



	(1)
	(2)
	(3)
	(4)
	(5)
	(6)



	 	 	 	 	 	 





	J0745+4734
	1.90 [image: equation]
	570
	4200 [image: equation]
	7.3
	40



	J0801+5210
	2.6  ± 0.1
	770
	5050 [image: equation]
	11.9
	100



	J0900+4215
	1.4  ± 0.1
	420
	2580 [image: equation]
	3
	7



	J0958+2827
	0.7  ± 0.2
	220
	10700 [image: equation]
	7
	260



	J1106+6400
	2.3  ± 0.1
	690
	3820 [image: equation]
	8
	40



	J1111+1336
	2.6  ± 0.2
	780
	2360 [image: equation]
	6
	10



	J1157+2724
	0.9  ± 0.1
	270
	3840 [image: equation]
	3
	15



	J1201+0116
	0.5  ± 0.1
	150
	9830 [image: equation]
	4
	130



	J1201+1206
	1.1  ± 0.1
	340
	3640 [image: equation]
	4
	20



	J1236+6554
	2.4  ± 0.1
	710
	4620 [image: equation]
	10
	68



	J1326–0005
	6.9  ± 0.1
	2090
	1570 [image: equation]
	10
	8



	J1421+4633
	0.5  ± 0.1
	160
	10380 [image: equation]
	5
	170



	J1422+4417
	3.7  ± 0.1
	1100
	9350 [image: equation]
	31
	870



	J1521+5202
	1.1  ± 0.1
	330
	12570 [image: equation]
	13
	630



	J1538+0855
	1.9  ± 0.1
	590
	13400 [image: equation]
	24
	1360



	J1549+1245
	3.8 [image: equation]
	1070
	5230 [image: equation]
	16
	125



	J2123–0050
	1.2  ± 0.1
	350
	4720 [image: equation]
	5
	35



	J2346–0016
	0.5  ± 0.1
	150
	7580 [image: equation]
	3
	62





      

      

Notes. Objects in boldface belong to the [OIII] sample. The following information is listed: (1) SDSS name, (2) CIV luminosity (in units of 1045 erg s−1), (3) ionized gas mass (in units of M⊙), (4) velocityshift of the outflow component (in units of km s−1), (5) ionized gas mass rate (in units of M⊙ /yr−1) and (6) kinetic power (units of 1042 erg s−1). (a) We used [image: equation] and [image: equation] in the calculation of the outflow properties of the Weak [OIII] and [OIII] QSOs respectively (see Sect. 4.3.2).




    

  
    
      Table 9 

      Properties of the CIV outflows derived from the entire CIV emission line.

      
        


	SDSS Name
	LCIV
	Mion
	[image: equation]
	Ṁion
	Ėkin



	 	 	 	 	 	 



		(1045erg s−1)
	(M⊙)
	(km s−1)
	(M⊙ yr−1)
	(1042erg s−1)



	 	 	 	 	 	 



	(1)
	(2)
	(3)
	(4)
	(5)
	(6)



	 	 	 	 	 	 





	J0745+4734
	8.3 [image: equation]
	2500
	190  ± 120
	2
	0.02



	J0801+5210
	2.9  ± 0.1
	860
	2720  ± 180
	7
	17



	J0900+4215
	6.4 [image: equation]
	1940
	560 [image: equation]
	3
	0.3



	J0958+2827
	1.7  ± 0.2
	520
	5640  ± 180
	9
	90



	J1106+6400
	2.8  ± 0.1
	840
	2870 [image: equation]
	7
	19



	J1111+1336
	3.0  ± 0.2
	900
	1920  ± 130
	5
	6



	J1157+2724
	0.9  ± 0.1
	270
	3840 [image: equation]
	3
	15



	J1201+0116
	1.8  ± 0.1
	540
	3390  ± 130
	6
	20



	J1201+1206
	4.4 [image: equation]
	1350
	980 [image: equation]
	4
	1



	J1236+6554
	2.9  ± 0.1
	870
	3360  ± 110
	9
	32



	J1326–0005
	17  ± 2
	4990
	50 [image: equation]
	1
	0.001



	J1421+4633
	2.1  ± 0.2
	640
	5010 [image: equation]
	10
	78



	J1422+4417
	5.9  ± 0.1
	1780
	4670  ± 230
	25
	174



	J1521+5202
	2.1  ± 0.1
	620
	7420  ± 200
	14
	250



	J1538+0855
	4.0  ± 0.1
	1210
	2190  ± 110
	8
	12



	J1549+1245
	3.8 [image: equation]
	1130
	370 [image: equation]
	1
	0.01



	J2123–0050
	1.7  ± 0.1
	520
	2330 [image: equation]
	4
	6



	J2346–0016
	1.2  ± 0.1
	350
	3380 [image: equation]
	4
	13





      

      

Notes. Objects in boldface belong to the [OIII] sample. The following information is listed: (1) SDSS name, (2) CIV luminosity (in units of 1045 erg s−1), (3) ionized gas mass (in units of M⊙), (4) velocity shift (in units of km s−1), (5) ionized gas mass rate (in units of M⊙ /yr−1), and (6) kinetic power (units of 1042 erg s−1).




    

  
    
      Fig. 10 

      
        [image: thumbnail]
      

      
        Kinetic power of the BLR winds as a function of LBol. Red filled stars refer to values of Ėkin of the Weak [OIII] QSOs derived from the CIV outflow component using [image: equation]. Blue filled stars refer to values of Ėkin of the [OIII] QSOs derived from the entire CIV profile using [image: equation]. Blue and redempty stars refer to values of Ėkin derived from the entire CIV profile using [image: equation], for the [OIII] and Weak [OIII] QSOs, respectively. BLR winds are compared with WISSH NLR ionized outflows from Paper I (green diamonds).

      

    

  
    
      Fig. 11 

      
        [image: thumbnail]
      

      
        Left panel: Kinetic power of the CIV outflow component as a function of LBol for the WISSH QSOs (red and blue stars) compared with WISSH NLR ionized outflows from Paper I (green diamonds) and other samples from literature, (e.g., Fiore et al. 2017 for details; purple triangles). The error bar (bottom right corner) is calculated as described in Sect. 4.3.2. Right panel: Wind momentum load as a function of the outflow velocity. The BLR winds traced by the CIV outflow 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 magenta diamond and circle, respectively.

      

    

  
    
      Fig. 12 

      
        [image: thumbnail]
      

      
        The velocity shift [image: equation] as a function of LBol (a) and as a function of λEdd (b), for the WISSH sample (blue and red stars) compared to the PG QSOs from Baskin & Laor (2005) and Tang et al. (2012; greendiamonds), WLQs from Plotkin et al. (2015; orange circles), SDSS QSOs from Shen (2016) and Coatman et al. (2016;magenta squares and purple triangles), and HE QSOs from Sulentic et al. (2017, and reference therein). The LBol for the HE sample has been derived from L5100 applying a bolometric correction of 5.6, as suggested by Runnoe et al. (2012) for the luminosity range of the HE sample. c) Residuals plot of λEdd–LBol and [image: equation]–LBol relations. d) Residuals plot of LBol–λEdd and [image: equation]–λEdd relations. The black lines indicate the best linear fits to the data and the purple lines correspond to the 68% confidence interval.

      

    

  
    
      Fig. 13 

      
        [image: thumbnail]
      

      
        The velocity shift [image: equation] as a function of LBol (a) and αOX (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 circles). c) Residuals plot of [image: equation]–LBol and αOX –LBol relations. d) Residuals plot of [image: equation]–αOX and LBol –αOX relations. The black lines represent the best linear fits to the data and the purple lines correspond to the 68% confidence interval.

      

    

  
    
      Table 10 

      Correlations of [image: equation] with AGN fundamental parameters.

      
        


	Correlation
	Slope
	r
	P-value



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





	[image: equation] vs. LBola
	0.28  ± 0.04
	0.43
	1.8× 10−9



	[image: equation] vs. λEdda
	0.31  ± 0.09
	0.33
	7.1× 10−6



	[image: equation] vs. MBHa
	0.30  ± 0.05
	0.34
	3.5 × 10−6



	Δλ,L vs. [image: equation]
	−0.01  ± 0.06
	0.11
	1.6 × 10−1



	ΔL,λ vs. [image: equation]
	0.54  ± 0.10
	0.32
	1.1 × 10−5



	[image: equation] vs. LBolb
	0.25  ± 0.06
	0.30
	1.1 × 10−5



	[image: equation] vs. αOXb
	−1.07  ± 0.16
	−0.46
	8.7 × 10−13



	Δv,L vs. [image: equation]
	−0.97  ± 0.18
	−0.38
	1.2 × 10−8



	Δv,αox vs. [image: equation]
	0.09  ± 0.06
	0.07
	3.0 × 10−1





      

      

Notes. The following information is listed. (1) Correlations of [image: equation] with LBol, λEdd, MBH, and αOX, and between residuals (see Sect. 5.1 and 5.2), (2) least-square regression slope, (3) Spearman rank and (4) null hypothesis probability. (a) Correlations derived for the WISSH QSOs and other QSO samples from literature with Hβ measurements, as detailed in Sect. 5.1. (b)Correlations derived for the WISSH QSOs with both Hβ and X-ray measurements, as detailed in Sect. 5.2.




    

  
    
      Fig. B.1 

      
        [image: thumbnail]
      

      
        Thered line shows the best fit of the spectrum. Green curve refers to the core component associated with the NLR emission of Hβ and [OIII] emission lines. Blue curve refers to the broad blueshifted emission of [OIII]λλ4959,5007 Å, indicative of outflow. Gold curve indicates the broad component of Hβ associated with BLR emission. FeII emission is indicated in magenta. Grey band indicates the region excluded from the fit because of the presence of sky line residual. Lower panel shows the fit residuals.

      

    

  
    
      Fig. C.1 

      
        [image: thumbnail]
      

      
        SDSS DR10 UV rest-frame spectra. The red line shows the best-fit 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 outflow. Gold curve indicates the broad virialized component associated with the BLR emission. FeII emission is indicated in magenta. Grey bands indicate the region excluded from the fit because of the presence of absorption lines. The dashed line denotes the CIVλ1549 Å rest-frame wavelength. Lower panel shows the fit residuals.

      

    

  
    
      Fig. C.2 
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        Same legend as in Fig. C.1.

      

    

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

      

    

  
    
      Fig. C.4 
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        Same legend as in Fig. C.1.

      

    

  
    
      Fig. C.5 
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        Same legend as in Fig. C.1.

      

    

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

      

    

  
    
      Fig. C.7 
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        Same legend as in Fig. C.1.

      

    

  
    
      Fig. C.8 
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        Same legend as in Fig. C.1.

      

    

  
    
      Fig. C.9 
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        Same legend as in Fig. C.1.

      

    

  
    
      Fig. C.10 
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        Same legend as in Fig. C.1.

      

    

  
    
      Fig. C.11 
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        Same legend as in Fig. C.1.

      

    

  
    
      Fig. C.12 
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        Same legend as in Fig. C.1.

      

    

  
    
      Fig. C.13 
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        Same legend as in Fig. C.1.

      

    

  
    
      Fig. C.14 
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        Same legend as in Fig. C.1.

      

    

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

      

    

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

      

    

  
    
      Fig. C.17 
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        Same legend as in Fig. C.1.

      

    

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