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ABSTRACT

We present a UV spectroscopic study of ionized outflows in 21 active galactic nuclei (AGN), observed with the Hubble Space Telescope (HST).
The targets of the Supermassive Black Hole Winds in X-rays (SUBWAYS) sample were selected with the aim to probe the parameter space of the
underexplored AGN between the local Seyfert galaxies and the luminous quasars at high redshifts. Our targets, spanning redshifts of 0.1–0.4 and
bolometric luminosities (Lbol) of 1045–1046 erg s−1, have been observed with a large multi-wavelength campaign using XMM-Newton, NuSTAR,
and HST. Here, we model the UV spectra and look for different types of AGN outflows that may produce either narrow or broad UV absorption
features. We examine the relations between the observed UV outflows and other properties of the AGN. We find that 60% of our targets show a
presence of outflowing H i absorption, while 40% exhibit ionized outflows seen as absorption by either C iv, Nv, or Ovi. This is comparable to
the occurrence of ionized outflows seen in the local Seyfert galaxies. All UV absorption lines in the sample are relatively narrow, with outflow
velocities reaching up to −3300 km s−1. We did not detect any UV counterparts to the X-ray ultra-fast outflows (UFOs), most likely due to their
being too highly ionized to produce significant UV absorption. However, all SUBWAYS targets with an X-ray UFO that have HST data demonstrate
the presence of UV outflows at lower velocities. We find significant correlations between the column density (N) of the UV ions and Lbol of the
AGN, with NH I decreasing with Lbol, while NO VI is increasing with Lbol. This is likely to be a photoionization effect, where toward higher AGN
luminosities, the wind becomes more ionized, resulting in less absorption by neutral or low-ionization ions and more absorption by high-ionization
ions. In addition, we find that N of the UV ions decreases as their outflow velocity increases. This may be explained by a mechanical power that
is evacuating the UV-absorbing medium. Our observed relations are consistent with multiphase AGN feeding and feedback simulations indicating
that a combination of both radiative and mechanical processes are in play.
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1. Introduction

A major finding in modern astronomy has been the discov-
ery that the growth of supermassive black holes (SMBHs) may
be linked to the growth of their host galaxies. The obser-
vational relations between SMBHs and their host galaxies
(Kormendy & Ho 2013; Gaspari et al. 2019) have suggested that
they undergo a process of co-evolution; however, the underly-
ing mechanism is not yet fully understood. In active galactic
nuclei (AGN), accretion onto the SMBH leads to the release
of an enormous amount of power, but how this power is trans-
ferred from the small scale of the SMBH to the larger scale
of the galaxy is uncertain (see Gaspari et al. 2020 for a recent
review). Importantly, accretion in AGN is accompanied by out-
flowing winds, which can transfer matter and energy away from
the nucleus and into the interstellar medium (ISM) of the host
galaxy. Thus, the AGN outflows may couple the SMBHs to
their host galaxies (King & Pounds 2015; Gaspari & Sądowski
2017; Harrison et al. 2018). The resulting feedback mechanism
between the AGN and star formation may have important impli-
cations for understanding how the observed galaxy popula-
tion in the universe is formed and how macro-scale cooling

flows are quenched (Silk & Rees 1998; King & Pounds 2015;
Gaspari et al. 2013a).

Case studies, alongside statistical surveys, both play an
important role in advancing our understanding of winds in AGN.
Bright Seyfert-1 galaxies in the local universe have been ideal
laboratories for carrying out the most detailed high-resolution
UV/X-ray spectroscopic analyses of outflows (e.g., the multi-
wavelength campaign on Mrk 509, Kaastra et al. 2011). Such
case-studies have uncovered and mapped the multi-component
ionization and kinematic structure of winds at the core of
AGN (e.g., in NGC 5548, Kaastra et al. 2014; Arav et al. 2015).
Statistical surveys of the parameters of both the ionized disk
winds (e.g., Blustin et al. 2005; Kriss 2006; Tombesi et al. 2010;
Laha et al. 2014; Mehdipour & Costantini 2019) and the large
galactic-scale molecular and ionized outflows (Cicone et al.
2014; Fiore et al. 2017; Veilleux et al. 2017; Brusa et al. 2018;
Husemann et al. 2019; Roberts-Borsani 2020; Fluetsch et al.
2021) have established important relations between winds
and the parameters characterizing the AGN and the galaxy
(e.g., Carniani et al. 2015; Feruglio et al. 2015; Tombesi et al.
2015; Fiore et al. 2017; Smith et al. 2019; Marasco et al. 2020;
Tozzi et al. 2021). These scaling relations provide us with key
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insights into the launch and driving mechanisms of AGN winds
and understanding how their energy and momentum are propa-
gated throughout the AGN and its host galaxy. Such wind sur-
veys, conducted over wide ranges of luminosities and redshifts,
are needed for tracing the role and impact of AGN outflows in
the evolution of galaxies. Such observational results would pro-
vide useful constraints and diagnostic information for theoret-
ical campaigns and hydrodynamical simulations that are aimed
at advancing our overall understanding of the SMBH growth and
the AGN feedback cycle together on all scales. One example is
the chaotic cold accretion (CCA) scenario (Gaspari et al. 2013b,
2017, 2018), which is suggested to trigger powerful multi-phase
AGN outflows that are capable of quenching star formation and
macro-scale cooling flows (Gaspari & Sądowski 2017).

Different types or forms of ionized outflows, with their
distinct characteristics, have been discovered in AGN. High-
resolution UV spectroscopy, facilitated by HST, has played a
crucial role in studies of these AGN outflows by constrain-
ing their kinematics and physical structure. The HST spec-
troscopy, alongside studies in other wavelengths, allows for a
more complete picture of AGN ionized outflows to be obtained.
The UV and X-ray observations of bright AGN have revealed
a complex and multifarious landscape of ionized outflows and
winds in AGN, seen as the broad absorption line (BAL) out-
flows (e.g., Arav et al. 2001; Xu et al. 2020), warm absorber
(WA) outflows (e.g., Mathur et al. 1994, 1995; Kaastra et al.
2000; Crenshaw & Kraemer 2012; Laha et al. 2021), ultra-
fast outflows (UFOs, e.g., Chartas et al. 2002; Tombesi et al.
2010; Reeves et al. 2018), and transient obscuring winds (e.g.,
Kaastra et al. 2014; Mehdipour et al. 2017). In addition, each
type of outflow is commonly seen with multiple ionization and
velocity components. Currently, the relations between these dif-
ferent types of AGN outflows are not fully understood and their
origin and driving mechanisms – either thermal (Krolik & Kriss
2001; Mizumoto et al. 2019), radiative (Proga & Kallman 2004;
Giustini & Proga 2019), or magnetic (Fukumura et al. 2010;
Sądowski & Gaspari 2017) – are still open questions. It has
not yet been determined whether different types of outflows
are manifestation of the same primary outflow (Tombesi et al.
2012) or if they are outflows with different origins and launch-
ing mechanisms. Moreover, their association with molecular and
galactic-scale outflows has not been fully explored as studying
the connection between different spatial and time scales remains
challenging (Cicone et al. 2018). The above types of outflows
are found to produce spectral signatures in the UV band either
as narrow and/or broad absorption lines. Thus, their UV spec-
troscopy complements the X-ray studies of the outflows and pro-
vides additional information, such as details of their kinematic
and ionization structure, as well as their metalicities, which can-
not currently be fully ascertained from the X-rays alone.

Models of AGN feedback suggest that the kinetic lumi-
nosity of AGN outflows needs to be at least 0.5–5% of the
Eddington luminosity to exert a significant impact on the galaxy
evolution (Di Matteo et al. 2005; Hopkins & Elvis 2010). The
energetic UFOs, with relativistic outflow velocities, are a cru-
cial component of AGN outflows as they have an adequate
level of kinetic luminosity to play a key role in AGN feed-
back (Tombesi et al. 2010, 2012, 2013; Gofford et al. 2015;
Nardini et al. 2015). UFOs usually consist of highly ionized
outflows, which primarily imprint their absorption signatures
in hard X-rays in the Fe-K band, namely through the Fexxv
and Fexxvi lines; as seen, for instance, in the case stud-
ies of APM 08279+5255 (Chartas et al. 2002), PG 1211+143
(Pounds et al. 2003), and PDS 456 (Reeves et al. 2018). X-ray

studies of nearby Seyfert-1 galaxies find that about 40% of
them have highly ionized UFOs, detected in dozens of tar-
gets (Tombesi et al. 2010; Gofford et al. 2013). The presence
of UFOs alongside molecular outflows have been discov-
ered, suggesting a physical connection between the small-scale
winds from the accretion disk and large-scale galactic out-
flows (Tombesi et al. 2015; Feruglio et al. 2015; Longinotti et al.
2018; Chartas et al. 2020; Marasco et al. 2020; Tozzi et al.
2021). However, this connection is not straightforward
and outstanding questions remain (Nardini & Zubovas 2018;
Bischetti et al. 2019; Zubovas & Nardini 2020; Marasco et al.
2020; Tozzi et al. 2021). There are still significant gaps in our
understanding of how UFOs operate and how they relate to
the less energetic warm-absorber outflows (Blustin et al. 2005;
Tombesi et al. 2013; Laha et al. 2014) – which are seen as
narrow lines with moderate velocities in the UV and X-ray
bands and which may also originate from the AGN torus
(Krolik & Kriss 2001).

Observational results in recent years show that highly ion-
ized UFOs may have lower ionization counterparts in the UV
and soft X-rays (e.g., Gupta et al. 2013, 2015; Longinotti et al.
2015; Reeves et al. 2016; Parker et al. 2017; Kriss et al. 2018b;
Serafinelli et al. 2019; Chartas et al. 2021; Krongold et al. 2021;
Mehdipour et al. 2022a). The UV spectral signatures of X-ray
UFOs have been discovered with HST as a broad and relativis-
tically blueshifted H I Lyα absorption feature in PG 1211+143
(Kriss et al. 2018b), and possibly a relativistic C iv feature in
PDS 456 (Hamann et al. 2018). In addition, a multi-component
UV UFO has been found in quasar J1538+0855 (Vietri et al.
2022). Recently, the UV counterpart of a multi-component X-ray
UFO was found in IRAS 17020+4544 as a narrow, relativisti-
cally blueshifted, Lyα absorption line (Mehdipour et al. 2022a).
Interestingly, the ionization parameter ξ of the UV and soft
X-ray UFOs is much lower than that of the hard X-ray UFOs,
yet their outflows travel at relativistic velocities. The ionization
parameter ξ (Krolik et al. 1981) is defined as ξ = L / nHr2, where
L is the luminosity of the ionizing source over 1–1000 Ryd,
nH the hydrogen density, and r the distance between the gas
and the ionizing source. One plausible explanation that has
been proposed for the low-ionization UFOs is the entrained-
UFO model (Gaspari & Sądowski 2017; Sanfrutos et al. 2018;
Serafinelli et al. 2019; Longinotti 2020), where the inner primary
UFO moving at relativistic speeds, entrains the surrounding gas,
pushing it at velocities comparable to that of the UFO, while
retaining its ionization state and column density. This results in
the formation of multi-ionization phase UFOs, including lower
ionization components, which would be detectable in the HST
band mainly through Lyα absorption, as well as (possibly) other
lines such as C iv and Nv.

Apart from BAL outflows, warm absorbers, and UFOs, a
new form of outflow has come into light in recent years: tran-
sient obscuring outflows. In contrast to the warm absorbers,
which are located at pc-scale distances from the black hole with
moderate column densities (Kaastra et al. 2012; Krolik & Kriss
2001), the obscuring winds that have been found in NGC 5548
(Kaastra et al. 2014) and NGC 3783 (Mehdipour et al. 2017)
are a different type of AGN wind. They are more massive and
faster, and are located at only a few light days from the black
hole. Also, they are transient, highly variable, and partially
cover the central X-ray source. In particular, UV spectroscopy
with HST (Longinotti et al. 2013; Kaastra et al. 2014) has been
crucial in understanding the nature of the X-ray transient obscu-
ration events (Markowitz et al. 2014) and in deriving the param-
eters of the obscuring outflows. These obscuring winds, which
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heavily absorb the soft X-ray continuum, can appear with an
associated blue-shifted and broad UV absorption component
(Kriss et al. 2019a,b; Kara et al. 2021), and in some cases with a
high ionization component in the Fe K band (Mehdipour et al.
2017). The studies suggest the location of these obscuring
winds is the broad-line region (BLR) and they are likely to
be accretion disk winds (Kaastra et al. 2014; Mehdipour et al.
2017; Longinotti et al. 2019). This nuclear obscuration has a
significant impact on the ionization state and our interpreta-
tion of both the warm absorbers and the BLR emission lines
(Dehghanian et al. 2019a,b, 2020). Such obscurations may also
be a result of the CCA’s condensation phase, which can produce
large column density variations near the SMBH (Gaspari et al.
2013b, 2017).

Our SUBWAYS program and its objectives are described in
the following section. In Sect. 3, we describe the HST obser-
vations and their data processing and preparation. The spectro-
scopic analysis and modeling of the HST spectra are presented
in Sect. 4. We discuss our findings in Sect. 5 and give our con-
cluding remarks in Sect. 6.

2. The SUBWAYS campaign

The SUBWAYS campaign, introduced in Matzeu et al. (2023,
hereafter Paper I), is designed to probe the AGN wind properties
of the previously underexplored region of the luminosity-and-
redshift parameter space: between the low-luminosity Seyfert-1
galaxies in the local universe and the more luminous quasi-stellar
objects (QSOs) at higher redshifts. This corresponds to AGN at
intermediate redshifts of 0.1 < z < 0.4 with bolometric luminos-
ity Lbol of about 1045–1046 erg s−1. By deriving the parameters of
all types of outflows that are seen in the UV and X-ray spectra of
the SUBWAYS sample, their statistical properties and relations
to each other and other AGN properties are established. A com-
parison of the wind parameters and energetics in the SUBWAYS
sample with those in AGN populations at lower and higher red-
shifts and luminosities is useful for investigations of the AGN
feedback models as a function of redshift and luminosity.

We selected targets for the SUBWAYS campaign from
the XMM-Newton serendipitous survey catalog (3XMM-DR7,
Rosen et al. 2016), with confirmed matches in either the Sloan
Digital Sky Survey catalog (SDSS-DR14, Abolfathi et al. 2018)
or in the Palomar bright quasar survey catalog (Schmidt & Green
1983). Thus, from their known X-ray and UV characteristics, the
required exposures with XMM-Newton, NuSTAR, and HTS were
planned. At the end, 24 AGN satisfied the selection for the SUB-
WAYS sample with z of 0.1–0.4 and Lbol of 1044.6–1046.3 erg s−1.
These comprise 19 objects proposed in a dedicated XMM-Newton
large program (PI: M. Brusa) in 2019–2020 (with only 17 out
of 19 actually observed), along with five AGN with high quality
archival XMM-Newton data that were already available.

The SUBWAYS targets observed with HST (21 AGN)
are listed in Table 1. This HST study covers the same
targets observed in X-rays (Paper I), with the follow-
ing exceptions. Paper I includes three additional targets
(2MASS J10514425+3539306, 2MASS J16531505+2349427,
and WISE J053756.30-024513.1), which, due to their being
heavily reddened, were not observed with HST. Furthermore, the
HST program has two targets (2MASS J14025120+2631175 and
PG 1427+480) that are not included in Paper I due to a lack of
adequate X-ray data. The HST targets with proposal ID 15890
in Table 1 (16 targets) are those observed most recently through

our proposal in HST Cycle 27 (PI: G. Kriss). For the remaining
five targets, we made use of the archival HST UV spectra.

In Paper I, the results of the X-ray spectroscopy of the
SUBWAYS sample were presented. In seven of the targets, evi-
dence of X-ray UFOs was found, where high-velocity Fe K
absorption was detected at &95% confidence level. In this paper,
we study the ionized outflows with HST and also look for any
counterparts of the X-ray UFOs. We identify and parameter-
ize all the intrinsic UV absorption lines in the sample. We also
model the UV emission lines and examine their asymmetry. We
look for relations between the parameters of the UV outflows and
other properties of the AGN such as their bolometric luminosity.

3. HST observations and data processing

The log of the HST observations of 21 targets in the SUBWAYS
sample are provided in Table 1. For 17 out of 21 objects, we used
HST spectra taken with the Cosmic Origins Spectrograph (COS,
Green et al. 2012), 16 of which were observed by our proposal in
HST Cycle 27. For the remaining four targets, which lack any COS
data, we made use of archival HST data taken with the Space Tele-
scope Imaging Spectrograph (STIS, Woodgate et al. 1998) and
the Faint Object Spectrograph (FOS, Harms & Fitch 1991).

In planning our HST/COS observation of a SUBWAYS tar-
get, its redshift and UV brightness were taken into account, so
that the selected COS gratings and settings would provide broad
spectral coverage, spanning from the Lyβ and Ovi regions to
the C iv line, with an adequate signal-to-noise ratio (S/N). The
exposure times were calculated to provide a S/N > 10 per reso-
lution element in the continuum, thereby allowing the absorp-
tion lines to be significantly detected and their parameters to
be constrained. Furthermore, the COS exposures were taken at
all four grating offset positions (FP-POS), so that the spectrum
falls on slightly different areas of the detector, thus eliminat-
ing the effects of detector artifacts such as the flat-field features
(Hirschauer 2021).

All fully calibrated HST data (COS, STIS, and FOS) were
retrieved from the Mikulski Archive for Space Telescopes
(MAST). The COS data have been processed with the latest
COS calibration pipeline, CalCOS v3.3.10. Individual exposures
of an observation were combined to produce one calibrated
merged spectrum. The COS spectra were binned by four pixels
to improve the S/N while still oversampling the resolution ele-
ment on the detector (Fox et al. 2018). The STIS and FOS spec-
tra were binned by two pixels. An overview of the HST spectra
of the SUBWAYS sample is shown in Fig. 1. We note that in all
our tables and figures in this paper the targets are ordered alpha-
betically by their name for ease in looking them up.

We carried out an examination of the HST data to verify
the wavelength calibration and accuracy of the final spectra. We
selected suitable Galactic ISM absorption lines that have been
detected and we measured their wavelengths. The lines we used
for our checks are: S ii doublet λ1250.6 and λ1253.8, Si iv dou-
blet λ1393.8 and λ1402.8, Si ii λ1526.7, and Al ii λ1670.8. At
least lines from two ions were examined in each spectrum. For
each line, its corresponding velocity shift in the local standard
of rest (LSR) was calculated and compared with the velocity of
the H i 21 cm line in the same line of sight (Wakker et al. 2011).
Thus, the difference (δ) in wavelength between the COS ISM
lines and the 21 cm line were obtained. We found the mean
and median δ for the COS spectra in our sample are 8 and
10 km s−1, respectively. The δ measurements in our sample have
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Table 1. Log of the HST UV grating observations of the targets in the SUBWAYS sample.

Object Redshift log Lbol log MBH Prop. HST Grating/ Obs. Date Exp.
Name z (erg s−1) (M�) ID Inst. Central λ yyyy-mm-dd (ks)

2MASS J02201457-0728591 0.21343 (1) 46.33 8.42 15890 COS G140L/1105 2020-01-03 4.4
2MASS J10514425+3539306 0.15881 (1) 44.88 8.40 – – – – –
2MASS J14025120+2631175 0.18762 (1) 45.44 8.55 15890 COS G140L/1105 2019-12-03 4.4
2MASS J16531505+2349427 0.10344 (1) 45.37 6.98 – – – – –
HB89 1257+286 0.09117 (1) 44.58 7.46 4952 FOS G130H/1600 1993-07-15 0.8
HB89 1529+050 0.21817 (1) 45.17 8.75 15890 COS G140L/1105 2019-08-30 7.0
LBQS 1338-0038 0.23745 (1) 45.27 7.77 15890 COS G140L/1105 2020-01-28 4.3
PG 0052+251 0.15445 (2) 45.72 8.41 15890 COS G140L/1105 2019-11-20 1.8
” ” ” ” 14268 COS G130M/1291,1327 2015-10-03 3.0
” ” ” ” 14268 COS G160M/1589,1623 2015-10-03 3.0
PG 0804+761 0.10000 (3) 45.27 8.31 11686 COS G130M/1291,1300,1309,1318 2010-06-12 6.0
” ” ” ” 11686 COS G160M/1589,1600,1611,1623 2010-06-12 6.3
PG 0947+396 0.20553 (1) 45.89 8.68 15890 COS G140L/1105 2020-04-25 0.3
” ” ” ” 15890 COS G130M/1222 2020-04-25 0.7
” ” ” ” 15890 COS G160M/1600 2020-04-25 0.6
” ” ” ” 15890 COS G185M/1953 2020-04-26 1.0
PG 0953+414 0.23410 (4) 46.33 8.24 15890 COS G140L/1105 2020-04-04 1.5
” ” ” ” 12038 COS G130M/1291,1300,1309,1318 2011-10-18 5.3
” ” ” ” 12038 COS G160M/1589,1600,1611,1623 2011-10-18 5.6
PG 1114+445 0.14373 (1) 45.87 8.59 6484 FOS G130H/1600 1996-11-23 12.8
” ” ” ” 6484 FOS G190H/2300 1996-11-23 4.4
” ” ” ” 6781 FOS G130H/1600 1996-05-13 9.3
” ” ” ” 6781 FOS G190H/2300 1996-05-13 1.6
” ” ” ” 9871 STIS G140M/1173,1400 2004-05-28 5.3
” ” ” ” 9871 STIS G230M/1769 2004-05-28 2.9
PG 1202+281 0.16501 (5) 46.30 8.61 15890 COS G140L/1105 2019-12-14 0.9
” ” ” ” 15890 COS G130M/1327 2019-12-14 2.9
” ” ” ” 12248 COS G130M/1309,1327 2011-04-14 2.9
” ” ” ” 12248 COS G160M/1577,1600 2011-04-14 4.8
PG 1216+069 0.33130 (6) 45.84 9.20 15890 COS G140L/1105 2019-12-26 1.8
” ” ” ” 15890 COS G185M/1953 2019-12-26 2.3
” ” ” ” 12025 COS G130M/1291,1300,1309,1318 2012-02-04 5.1
” ” ” ” 12025 COS G160M/1589,1600,1611,1623 2012-02-04 5.6
PG 1307+085 0.15384 (1) 44.86 7.90 15890 COS G140L/1105 2019-11-30 1.8
” ” ” ” 12569 COS G130M/1309,1327 2012-06-16 2.0
PG 1352+183 0.15147 (1) 46.26 8.42 15890 COS G140L/1105 2020-01-12 1.8
” ” ” ” 13448 COS G130M/1291 2014-07-31 8.2
” ” ” ” 13448 COS G160M/1600 2014-07-31 8.7
PG 1402+261 0.16430 (7) 46.34 7.94 6781 FOS G130H/1600 1996-08-25 1.6
” ” ” ” 6781 FOS G190H/2300 1996-08-25 0.2
PG 1416-129 0.12894 (2) 45.74 9.05 6528 FOS G190H/2300 1996-08-23 1.0
PG 1425+267 0.36361 (1) 46.06 9.22 15890 COS G140L/1105 2020-01-25 3.6
” ” ” ” 15890 COS G230L/3360 2020-01-25 0.4
” ” ” ” 12603 COS G130M/1291,1327 2012-06-23 2.2
” ” ” ” 14729 COS G160M/1600 2017-05-29 5.4
PG 1427+480 0.22063 (1) 45.82 8.09 15890 COS G140L/1105 2019-10-28 0.9
” ” ” ” 15890 COS G185M/1864 2019-10-28 5.6
PG 1435-067 0.12900 (8) 45.51 7.77 15890 COS G140L/1105 2020-01-19 1.8
” ” ” ” 12569 COS G130M/1291,1309 2012-02-29 2.1
PG 1626+554 0.13170 (9) 46.02 8.54 15890 COS G140L/1105 2020-07-13 1.8
” ” ” ” 12029 COS G130M/1291,1300,1309,1318 2011-06-15 3.9
” ” ” ” 12029 COS G160M/1589,1600,1611,1623 2011-06-15 4.3
SDSS J144414.66+063306.7 0.20768 (1) 45.34 8.10 15890 COS G140L/1105 2019-12-22 1.8
WISE J053756.30-024513.1 0.10983 (1) 44.86 7.73 – – – – –

Notes. The SUBWAYS targets observed with HST overlap with those observed in X-rays (Paper I) with the following exceptions: three of the
SUBWAYS targets that are studied in X-rays in Paper I are too heavily reddened and thus are not observed with HST: 2MASS J10514425+3539306,
2MASS J16531505+2349427, and WISE J053756.30-024513.1; two of the targets that are observed with HST are excluded in Paper I due to lack
of sufficient X-ray data: 2MASS J14025120+2631175 and PG 1427+480. The new HST data that we obtained in HST Cycle 27 correspond
to the proposal ID number 15890 (16 targets) and the remaining targets have only archival HST data (5 targets). References for cosmological
redshifts z are: (1) Albareti et al. (2017); (2) Ho & Kim (2009); (3) Schmidt & Green (1983); (4) Marziani et al. (1996); (5) Albareti et al. (2015);
(6) Ganguly et al. (2013); (7) Hu et al. (2021); (8) Monroe et al. (2016); (9) Tang et al. (2012). For references of the bolometric luminosities, Lbol,
and the black hole masses, MBH, see Paper I and references therein. Targets are ordered alphabetically by their name for ease in looking them up.

a standard deviation of 18 km s−1. All δ measurements are less
than 50 km s−1. Also, for each target there is consistency between
the COS wavelength measurements taken with different gratings
and in different observations. These δ differences between the
ionized ISM lines in the COS spectra and the 21 cm line are suf-

ficiently low that they do not require wavelength re-adjustment.
This is particularly appropriate as there are also cases of high
velocity clouds (HVCs) toward some SUBWAYS targets that
would contribute to the observed δ differences between the neu-
tral 21 cm and the ionized ISM lines.
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Fig. 1. Overview of the HST spectra of the AGN in the SUBWAYS sample. The observed flux Fλ is in units of 10−14 erg s−1 cm−2 Å−1. The
observed (bottom axis) and rest-frame (top axis) wavelengths are shown in each panel. The most prominent AGN emission features are labeled.
The geocoronal emission lines are indicated with the symbol ⊕. The “ID” label on the panels of this figure and the subsequent figures refers to the
HST proposal ID number (Table 1). The figure is continued on the next page.

4. Spectral analysis and modeling

We began our analysis of the HST spectra by first selecting
the most reliable cosmological redshifts (z) for the SUBWAYS
sample. We assessed the different optically-determined redshift
publications for each object, as provided on the NASA/IPAC
Extragalactic Database (NED). We examined their reported
uncertainties and gave preference to studies with the Sloan Digital
Sky Survey (SDSS) for accurate measurements. Our selected red-
shift values and their references are provided in Table 1.

In the following subsections, we describe our steps in mod-
eling the HST spectra of the SUBWAYS sample. We note that in
this paper, we do not explore any time variability of the objects
and our best-fit parameters are given for one epoch. For tar-
gets that have multiple COS observations taken in different times
and with different gratings, we gave preference to observations
with COS G130M and G160M gratings over COS G140L as
their higher spectral resolution is beneficial in fitting the nar-
row absorption lines. Nonetheless, the G140L spectra were also
analyzed because their broad spectral range is useful for search-
ing for UV counterparts to the X-ray UFOs. In our notation in
this paper, negative v means systematic blueshift (outflow) and

positive v means systematic redshift (inflow), with respect to the
local rest frame of the object. The errors on parameters are given
at the 90% confidence level.

4.1. Identification of the spectral features in the HST data

We started by identifying all the significantly-detected (≥5σ)
spectral features. Since we are interested in modeling only the
AGN spectral features, we first identified all the non-AGN fea-
tures and excluded them from our fitting. These non-AGN fea-
tures consist of absorption lines from the Galactic ISM and the
intergalactic medium (IGM), as well as the geocoronal airglow
emission features. The wavelengths of the ISM and airglow lines
are well-established and, hence, these lines were readily identi-
fied and excluded. On the other hand, any intervening IGM in our
line of sight, would produce H i lines at its intervening redshift
with its strongest feature (i.e., the Lyα line) appearing at wave-
lengths longer than 1215.7 Å. Thus, such contaminating IGM
features need to be excluded from our modeling of the intrin-
sic AGN absorption lines. To distinguish between an IGM and
AGN Lyα line we took the following steps.
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Fig. 1. continued.

First, we checked for the presence of any associated ionized
lines at the same velocity as the Lyα line: if there is either a
C iv, Nv, or Ovi line accompanying the Lyα feature at the same
velocity, then the feature is considered to be intrinsic to the AGN.

Second, we assessed the implied velocity shift if attributed to
the AGN: if the Lyα feature is at around the rest-frame wavelength
of the AGN, then the line is determined to likely be intrinsic to the
AGN. However, if an isolated Lyα line has an extremely shifted
wavelength, with no ionized absorption counterpart at that veloc-
ity in either the UV or X-ray bands (including the X-ray UFO),
then that line is not likely to be intrinsic to the AGN.

Third, we examined the velocity broadening: since narrow
absorption lines from the AGN are still typically broader than
IGM lines (FWHM of IGM lines is most often about 50 km s−1,
Danforth et al. 2016), if an isolated absorption line shows too
little velocity broadening, with no other UV and X-ray counter-
parts, it is likely to be an IGM line.

Next, we checked for any previous IGM identifications in
the literature: we verified our identification of the IGM lines
by checking the literature for any previous reports of IGM lines
toward our targets.

Danforth et al. (2016) carried out an IGM study of 82 UV-
bright AGN at z < 0.85 using HST/COS observations. They
identified IGM lines in the COS spectra and derived a cumu-
lative column density distribution of IGM H i systems. Six of
our targets are in the Danforth et al. (2016) sample, namely:
PG 0804+761, PG 0953+414, PG 1216+069, PG 1307+085,
PG 1435-067, and PG 1626+554. The results of Danforth et al.
(2016) are consistent with our identification of IGM lines
in these targets. Shull et al. (2017) also conducted a survey
of H i systems using HST/COS spectra of 102 AGN. Apart
from the aforementioned targets, some of which are also
included in the sample of Shull et al. (2017), PG 0052+251 and
PG 1352+183 have IGM identification in Shull et al. (2017),
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which is consistent with ours. Furthermore, the distribution of
IGM H i absorbers as a function of redshift and column den-
sity (Danforth et al. 2016; Shull et al. 2017) is a useful statistical
benchmark. These IGM distributions confirm that the high col-
umn density and the high detection frequency of our intrinsic
AGN Lyα lines (modeled in Sect. 4.2) cannot be explained by
IGM absorbers in 0.1 < z < 0.4.

Following our line identification procedure, we could see
intrinsic absorption lines in 13 of the 21 targets in the
SUBWAYS HST sample (∼60%). These intrinsic absorption
lines belong to Lyα, Lyβ, C iv, Nv, and Ovi. In some targets
intrinsic absorption by multiple outflow velocity components
were found. We detected no significant intrinsic Si iv absorption
lines in our HST spectra. In Sect. 4.2, we describe our spectral
modeling of the intrinsic absorption lines and we also present
our search results for the UV counterparts to the X-ray UFOs.

4.2. Modeling of the intrinsic spectral lines

Following the identification of all spectral lines, we proceeded
to model the intrinsic AGN emission and absorption lines (H i
Lyα and Lyβ, C iv, Nv, and Ovi). Since we are not concerned
with the study of the broadband continuum in this paper, we car-
ried out local continuum modeling in each spectral region. This
is adequate for our purpose of parameterizing the intrinsic emis-
sion and absorption lines. We thus fitted a linear function to the
feature-free spectral bands surrounding each emission line. We
then modeled the emission lines by applying Gaussian functions,
while ignoring all data bins that contain absorption lines. We fit
the flux, wavelength (line-centroid velocity shift v), and the full
width at half maximum (FWHM) of the emission lines. For those
BLR emission lines where their doublet lines are blended into one
apparent line (such as C iv), we used a single Gaussian to take
into account the doublet, as well as the average of the doublet’s
rest wavelengths as reference for calculating v. Broad AGN emis-
sion lines are commonly composed of multiple velocity broaden-
ing components, so for lines that clearly display such a profile,
we applied multiple Gaussian components until a good fit with
reduced chi-squared approaching unity (χ2

ν ∼ 1) was achieved.
Our best-fit model to the UV emission lines and their param-

eters is provided in Appendix A. The Lyα and Nv emission lines
of the SUBWAYS sample are displayed in Fig. A.1 and the C iv
emission lines in Fig. A.2. The best-fit parameters of these emis-
sion lines are given in Table A.1. For the C iv emission line,
which is least contaminated by foreground absorption or blend-
ing with other emission features, we calculated its line asym-
metry (Netzer 1990). The nearest known emission lines, such as
He ii λ1640, are sufficiently far away from C iv, and also we do
not detect any other significant contaminating emission feature
in modeling the C iv emission line. The intrinsic asymmetry of
emission lines is thought to be an indicator of disk wind activ-
ity (e.g., Coatman et al. 2016). We made use of two definitions
for the line asymmetry (a f and ap). The a f is the “flux asym-
metry” parameter, defined as the ratio of flux on the blue over
red side of the line centroid. The ap is the “profile asymmetry”
parameter, defined as (λ3/4 − λ1/4)/FWHM, where λ3/4 and λ1/4
are the line centroids at 3/4 and 1/4 of intensity, respectively
(see e.g., Baskin & Laor 2005 for line asymmetry characteri-
zation of C iv). Hence, in these definitions, a line with a f = 1
and ap = 0 would be fully symmetrical. The obtained asymme-
try parameters of the C iv lines for the SUBWAYS HST sample
are provided in Table 2. In this table, we also give the flux-
weighted average velocities (vmean and FWHMmean) of the C iv

Table 2. Parameters of the C iv emission line in the HST spectra of the
SUBWAYS AGN sample.

Object a f ap vmean FWHMmean

2MASS J02201457-0728591 1.19 −0.09 +220 6330
2MASS J14025120+2631175 0.83 +0.12 +100 6190
HB89 1257+286 N/A N/A N/A N/A
HB89 1529+050 1.01 −0.00 −530 8320
LBQS 1338-0038 1.37 −0.18 +680 5180
PG 0052+251 0.93 +0.03 −260 6710
PG 0804+761 0.96 +0.02 −310 5790
PG 0947+396 0.99 +0.00 −150 7170
PG 0953+414 0.98 +0.02 −340 6500
PG 1114+445 0.98 +0.01 −40 6660
PG 1202+281 1.06 −0.05 −300 7340
PG 1216+069 0.91 −0.05 +230 4970
PG 1307+085 0.86 +0.12 −670 5940
PG 1352+183 0.77 +0.14 −1040 5540
PG 1402+261 0.83 +0.11 −1050 6450
PG 1416-129 0.88 +0.04 −460 7000
PG 1425+267 N/A N/A N/A N/A
PG 1427+480 1.15 −0.10 +60 5900
PG 1435-067 0.95 +0.04 −320 6580
PG 1626+554 1.08 −0.08 +160 7060
SDSS J144414.66+063306.7 1.15 −0.10 +160 6890

Notes. The a f is the “flux asymmetry” parameter and ap the “pro-
file asymmetry” parameter, as defined in Sect. 4.2. The vmean and
FWHMmean are the flux-weighted mean velocity shift and width of the
line, respectively, in km s−1. The parameters in this table are calculated
using the best-fit model parameters given in Table A.1. For the two
objects labeled with “N/A” the HST spectra do not cover the C iv emis-
sion line.

emission line, calculated using the individual model components
that comprise the line.

After fitting the continuum and the emission lines, we mod-
eled all the intrinsic absorption lines. Each absorption line was
modeled with a Gaussian function. We fit the parameters of each
line, obtaining its equivalent width (EW), central wavelength
(outflow velocity, v), and its FWHM. In the case of doublet lines
(e.g., the C iv doublet), their line ratios are required to remain
physically plausible: ranging from 2:1 to 1:1 ratio for the blue
and red transitions, respectively. In rare cases where one of the
intrinsic doublet lines fully overlaps with a strong non-intrinsic
absorption line and cannot be de-blended, we gave the param-
eters only of the other uncontaminated line of the doublet. For
those doublet lines that their line ratios are <2:1 (indicating line
saturation), the higher Nion that is inferred from the red transition
is used in our statistical analysis of the sample, to minimize the
effect of line saturation. The absorption lines and their best-fit
models are shown in Fig. 2 (Lyα and Nv region), Fig. 3 (Lyβ
and Ovi region), and Fig. 4 (C iv region). To save space in these
figures, panels that show no significant absorption line of any
kind are excluded. The corresponding best-fit parameters of all
the intrinsic absorption lines are provided in Table A.2 (spanning
two pages).

In the XMM-Newton study of the SUBWAYS sam-
ple (Paper I), statistically significant Fe K absorp-
tion by UFOs, at &95% confidence level according to
Monte Carlo simulations, was found in seven targets:
2MASS J10514425+3539306, 2MASS J16531505+2349427,
LBQS 1338-0038, PG 0804+761, PG 0947+396, PG 1114+445,
and PG 1202+281. We used the measured outflow velocity
of the X-ray UFOs (Paper I) and the redshift of the targets
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Fig. 2. Absorption lines in the Lyα and Nv region of the HST spectra of the SUBWAYS sample. The continuum and the emission lines are
subtracted in the displayed data. The ISM lines are labeled in blue, IGM lines in green, and the intrinsic AGN lines in magenta. The best-fit
model to the AGN absorption lines is shown as a dotted magenta line. The significance σ is defined as (D−M)/E, where D is the data, M the
continuum+emission line model without absorption, and E the error on the data.
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Fig. 3. Absorption lines in the Lyβ and Ovi region of the HST spectra of the SUBWAYS sample. The continuum and the emission lines are
subtracted in the displayed data. The ISM lines are labeled in blue, IGM lines in green, and the intrinsic AGN lines in magenta. The geocoronal
emission lines are indicated with the symbol ⊕. The best-fit model to the AGN absorption lines is shown as a dotted magenta line. The significance
σ is defined as (D−M)/E, where D is the data, M the continuum+emission line model without absorption, and E the error on the data.
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Fig. 5. Regions of the HST spectra where the blueshifted Lyα counterparts of the X-ray UFOs (Paper I) would be expected. In each panel, the
region highlighted in yellow between the vertical dotted lines corresponds to the velocity uncertainty of the X-ray UFO. The significant UV
absorption features are labeled. The ISM lines are labeled in blue, IGM lines in green, and the intrinsic AGN absorption lines in magenta. No
apparent UV counterparts to the X-ray UFOs are detected in the HST spectra. The intrinsic absorption lines in LBQS 1338-0038 (top-left panel)
are from the warm absorber and have moderate velocities. The parameters of the AGN absorption lines are provided in Table A.2. We note that
for three of the objects with X-ray UFO in Paper I, the UV counterpart cannot be checked and thus are not included in this figure: the heavily
reddened 2MASS J10514425+3539306 and 2MASS J16531505+2349427 do not have any HST UV spectra, and in the case of PG 0947+396, the
potential Lyα counterpart of the X-ray UFO would fall outside the detection range of the HST data.

in Table 1 (which are also used in Paper I) to calculate
where any corresponding UV absorption counterpart would
appear in the HST spectra. As described in Sect. 2, the
heavily-reddened 2MASS J10514425+3539306 and 2MASS
J16531505+2349427 do not have any HST UV spectra. Also,
in the case of PG 0947+396, the potential Lyα counterpart of
the X-ray UFO would fall outside the detection range of the
available HST data and thus cannot be investigated. For the
four remaining targets, we show the HST spectral regions cor-
responding to potential Lyα counterparts in Fig. 5. In previous

UV UFO studies, the strongest UV signature of X-ray UFOs has
been seen as Lyα (Kriss et al. 2018b; Mehdipour et al. 2022a) at
the same velocity as the X-ray UFO. In Fig. 5, the highlighted
regions between the vertical dotted lines correspond to the
velocity uncertainty of the X-ray UFO. All absorption lines are
identified in Fig. 5 and we find no relativistically blueshifted
Lyα counterpart to the X-ray UFOs.

The velocity shift of the intrinsic absorption lines in the HST
spectra of the SUBWAYS sample ranges from +600 km s−1 to
−3300 km s−1 (Table A.2). All the absorption lines are relatively
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Fig. 6. Chart illustrating what outflows are found in each AGN. Gray
space means the data is unavailable. White space means WA or UFO is
not found in the data.

narrow (40 < FWHM < 680 km s−1) and no apparent broad-
absorption lines are found in the spectra. We discuss the UV
outflow properties of the SUBWAYS HST sample in Sect. 5.1.

For each intrinsic UV absorption line, we calculated an esti-
mate for its column density, N, (see the techniques described in
Savage & Sembach 1991). Assuming the line is optically thin
and lies on the linear part of the curve-of-growth, its equivalent
width (EW) can be used to calculate a minimum column density
for the absorbing ion (Nion) according to:

Nion(cm−2) =
me c2 τ

π e2 f λ2 ≈
1.13 × 1020

f λ2 EW(Å), (1)

where me is electron mass, c the speed of light, τ the opti-
cal depth, e the electric charge, f the oscillator strength, and λ
the laboratory wavelength of the line. For each line, we used
the λ and f values provided by the Atomic Spectra Database
v5.9 (Kramida et al. 2021) of National Institute of Standards and
Technology (NIST). Our calculation of Nion assumes the UV
absorber has a full covering fraction (C f = 1) and, thus, Nion is
considered a minimum column density. In this work where we
carry out an empirical analysis of the absorption lines for a sam-
ple of objects, this approach is practical and adequate for the
purpose of estimating the column densities of the UV ions.

After completing the spectral analysis and parametrization
of all the intrinsic emission and absorption lines, we assessed
the statistical properties of our results and examined the relations
between different parameters. The chart in Fig. 6 illustrates the
types of outflows that are found for each AGN. The histograms
of Fig. 7 illustrate the distribution of the C iv ap and a f asymme-
try parameters, as well as the velocities, vmean and FWHMmean,
for the SUBWAYS HST sample. In Fig. 8, using the best-fit
parameters of the intrinsic absorption lines for the SUBWAYS
sample (Table A.2), the column density, Nion, of each ion (top
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Fig. 7. Distributions of the parameters of the C iv emission line in
the SUBWAYS HST sample. The histograms are produced using the
derived parameters given in Table 2. The targets that have intrinsic
absorption by ionized outflows are indicated with hatched lines.

panel), and its turbulent velocity, σv, (bottom panel), are plot-
ted versus the velocity shift v (i.e., flow velocity). The turbu-
lent velocity, σv, is calculated from the line’s measured FWHM
(Table A.2) according to σv = FWHM/

√
ln 256. The displayed

uncertainty on Nion in Fig. 8 corresponds to the fractional uncer-
tainty of the line’s EW (Table A.2). In Fig. 9, we show the kine-
matic plot (k-plot) for the SUBWAYS UV measurements. The
k-plot, introduced in Gaspari et al. (2018), is a useful diagnostic
tool for exploring the kinematics of inflows and outflows in the
CCA feeding and feedback mechanism. Finally, in Fig. 10, we
show how our obtained parameters of the intrinsic UV absorp-
tion are related (or unrelated) to other AGN properties: the bolo-
metric luminosity, Lbol, the Eddington ratio, Lbol/LEdd, and its
redshift. The Spearman’s rank correlation coefficient (rs) and the
corresponding null hypothesis p-value probability (pnull) from
the two-sided t-test are calculated for the data points shown in
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Fig. 8. Column density Nion (top panel) and turbulent velocity, σv,
(bottom panel) plotted versus the flow velocity, v, of the intrinsic
UV absorption lines detected in the SUBWAYS HST sample. The
data points correspond to the best-fit parameters of Table A.2. The
σv is calculated from the FWHM of the absorption line according to
σv = FWHM/

√
ln 256. The Spearman’s rank correlation coefficient, rs,

and the null hypothesis probability, pnull, are given in the inset. There is
a statistically significant correlation between Nion and v, even includ-
ing the four outlier data points on the far left, which belong to only
one object (PG 1307+085). All data points with a positive value for v
(i.e., inflow) belong to only one component of one object (Comp. 1 of
PG 0804+761). All other targets show only outflows.

Figs. 8 and 10. We discuss and interpret the statistical results and
the relations between the AGN outflow parameters in Sect. 5.2.

5. Discussion

5.1. UV properties of ionized outflows in AGN at intermediate
redshifts

Ionized outflows have been studied via X-ray and UV
spectroscopy in mainly the local Seyfert-1 galaxies at red-
shift z < 0.1 (e.g., Blustin et al. 2005; Dunn et al. 2007;
Crenshaw & Kraemer 2012; Laha et al. 2014). The SUBWAYS
campaign extends the X-ray (Paper I) and UV (this paper) spec-
troscopy of the outflows to higher redshifts (0.1–0.4) and lumi-
nosities (1045–1046 erg s−1). We derived parameters of the AGN
outflows that are detected in the UV band. Below we compare
our findings and statistics on the properties of the SUBWAYS
sample with previous UV sample studies of ionized outflows
in Seyfert galaxies (Crenshaw et al. 1999; Dunn et al. 2007;
Crenshaw & Kraemer 2012) and quasars/QSOs (Misawa et al.
2007; Culliton et al. 2019; Veilleux et al. 2022). Similar to
our study, using HST/COS observations of the QUEST
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Fig. 9. Diagnostic kinematic plot (k-plot) for the intrinsic UV absorbers
in the SUBWAYS sample, where the log of turbulent velocity σv is plot-
ted versus the log of the flow velocity v. The SUBWAYS measurements
are over-plotted on the 1–3σ confidence contours of the CCA simula-
tions from Gaspari et al. (2018).

(Quasar/ULIRG Evolutionary Study) sample, Veilleux et al.
(2022) investigated the properties of ionized Nv and Ovi out-
flows in quasars at z . 0.3.

Using our HST observations of the SUBWAYS sample we
looked for UV spectral signatures of different types of AGN out-
flows: narrow and low-velocity absorption lines (i.e., the warm-
absorber outflows), broad and intermediate-velocity absorption
lines (i.e., the obscuring disk winds), and broad and narrow rel-
ativistic absorption lines (i.e., UFOs). We find that the charac-
teristics and parameters of all the intrinsic absorption lines in
the SUBWAYS AGN sample are consistent with warm-absorber
outflows. The absorption lines in the SUBWAYS sample are rel-
atively narrow (40 < FWHM < 680 km s−1) with velocity shifts
ranging from +600 to −3300 km s−1. We note that only one
component of one object (Comp. 1 of PG 0804+761) shows
positive v (inflow); hence, apart from this outlier, the compo-
nents of all other objects only show outflows. We find that
the column densities and velocities of the UV absorbers in the
SUBWAYS sample (Table A.2) are generally comparable to
those found in the Seyfert galaxies (Crenshaw et al. 1999) and
quasars (Veilleux et al. 2022).

We do not detect significant Si iv absorption in any of
the QSOs in the SUBWAYS HST sample, whereas narrow
Si iv absorption lines from warm absorbers are sometimes
seen in Seyfert-1 galaxies (e.g., Mathur et al. 1997; Gabel et al.
2005). The reason for this may be due to an ionization effect
(Mathur et al. 1997), where Si iv originates from a lower ion-
ization phase than the other UV ions we see in the SUBWAYS
sample (C iv, Nv, and Ovi). The photoionization computations
of Mehdipour et al. (2016) show that Si iv concentration peaks at
significantly lower ionization parameters than those of the other
aforementioned higher ionization ions. Since the SUBWAYS tar-
gets are more luminous than typical Seyfert-1 galaxies, for com-
parable WA parameters there will be less Si iv in spectra of the
SUBWAYS QSOs. Hence, due to the lower ionic column den-
sity, Si iv may not produce detectable absorption features.

Previous UV surveys of ionized outflows in Seyfert galax-
ies suggest that they have a global covering fraction of
about 0.5 (Dunn et al. 2007; Crenshaw & Kraemer 2012). In
our investigation we find that 13 out of 21 AGN (about
60%) exhibit intrinsic UV absorption lines. This includes tar-
gets that only show intrinsic H i absorption (Lyα and Lyβ
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Fig. 10. Relations between parameters of the UV outflows and other AGN parameters in the SUBWAYS HST sample. In the corner of each
panel, the Spearman’s rank correlation coefficient, rs, and the null hypothesis probability, pnull, are given. In panels with statistically significant
correlations (pnull < 0.05) the data points are displayed in magenta and in those with no significant correlation in blue. The UV measurement
uncertainties are displayed in this figure, however, they are significantly smaller than the explored scales.

lines). If one sets a criterion for ionized absorption (i.e.,
showing either C iv, Nv, or Ovi absorption lines), then 9
out of 21 (about 40%) targets show intrinsic ionized outflows
(see Fig. 6). This is comparable to those of Seyfert galaxies
(Dunn et al. 2007; Crenshaw & Kraemer 2012) and the recent
results of Veilleux et al. (2022), where they find 60% of the
quasars show Nv and Ovi outflows. Similarly, Culliton et al.
(2019) found the fraction of quasars with at least one intrin-
sic absorption system is about 40%, and Misawa et al. (2007)
reported that half of their observed quasars contain intrinsic nar-
row absorption lines. Thus, the ionized outflows in the SUB-
WAYS HST sample and similar quasars are likely to have a
geometry and global covering fraction similar to those of local
Seyfert galaxies. Since the outflow parameters and physical char-
acteristics of ionized outflows in the AGN spanning low to inter-
mediate redshifts (z < 0.4) and luminosities (Lbol < 1046 erg s−1)
are consistent with each other, this points to a common mecha-
nism for the launch and driving of the AGN outflows.

The asymmetry of emission lines can provide useful diag-
nostic information, serving as an indicator of disk wind activ-
ity in AGN (Coatman et al. 2016) and even in X-ray binaries
(Mata Sánchez et al. 2022). Broad and blueshifted absorption

lines, such as the UV counterparts of obscuring disk winds,
can modify the shape of the emission lines; see, for instance,
the case of NGC 5548 (Kaastra et al. 2014; Kriss et al. 2019a;
Mehdipour et al. 2022b). Such absorption would produce dis-
cernible asymmetry in the observed line profiles. As shown
in Table 2 and the histograms of Fig. 7, the C iv line pro-
files in the SUBWAYS sample do not deviate substantially
from being symmetrical. Also, the frequency distributions of
the asymmetry parameters are symmetrical (Fig. 7) and peak at
a f = 1 and ap = 0.0 (i.e., peaking at fully symmetrical values).
Figure 7 also shows that there are no links between the asymme-
try parameters and the presence of narrow UV outflows in the
SUBWAYS sample. This lack of significant asymmetry in the
SUBWAYS sample suggests that broad and blueshifted absorp-
tion lines do not modify the C iv profile. This is consistent with
our spectroscopic search for intrinsic narrow and broad lines in
the COS spectra. We do not find BALs in the 21 targets of the
SUBWAYS HST sample, which is consistent with the ∼5% find-
ing of Culliton et al. (2019).

In our analysis of the HST spectra of the SUBWAYS sample,
we searched for UV absorption counterparts to the X-ray UFOs
(Fig. 5). Importantly, any unidentified line candidate must be
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verified that it is not an IGM line. Any intervening IGM Lyα line
can only appear at redshifted wavelengths >1215.7 Å. Therefore,
in the case of IRAS 17020+4544 (Mehdipour et al. 2022a), due
to its relatively low redshift (z = 0.06040, de Grijp et al. 1992),
its UFO Lyα feature at 1192 Å could not possibly be an IGM
line. However, in the case of the SUBWAYS sample, the targets
are at higher redshifts (Table 1), and so IGM lines can potentially
be observed over a wider region of the HST spectrum. So both
a UFO and the IGM can produce lines at wavelengths >1216 Å.
In the case of some SUBWAYS targets with an X-ray UFO, we
detected lines in the regions where Lyα counterparts of the X-ray
UFOs are expected (see Fig. 5). However, these lines are identi-
fied as either the warm absorber or the ISM lines and the remain-
ing lines cannot be ruled out as IGM lines. Because there are
no accompanying ionized UFO lines (either C iv, Nv, or Ovi),
and the unidentified lines are consistent with characteristics of
IGM lines (including verification in some cases in the literature,
see Sect. 4.1), we conclude that these unidentified lines are most
likely IGM lines.

The lack of detections for UV counterparts to the X-ray
UFOs is most likely because X-ray UFOs that produce Fexxv
and Fexxvi absorption (like in the SUBWAYS sample) are too
highly ionized to produce significant absorption lines in the UV
band (ionization parameter log ξ & 3.7, Kriss et al. 2018a) or due
to variability between the non-contemporaneous X-ray and UV
observations (see Kriss et al. 2018a). Although in the case of
LBQS 1338-0038, the HST and XMM-Newton observations are
relatively close to each other (four days apart). Furthermore, if
the X-ray UFO is near the accretion disk, it may not cover enough
of the UV source, which is larger than the compact X-ray source
and this means that it may not produce detectable UV absorption.
For more details, we refer to the recent behavior of the disk wind
in NGC 5548 (Mehdipour et al. 2022b). Interestingly, all targets
with an X-ray UFO (Paper I) that have HST data (five targets)
demonstrate the presence of UV ionized outflows (Fig. 6). While
five targets is a limited number, this is nonetheless in agreement
with the suggestion that the warm absorbers and UFOs are ulti-
mately physically connected to each other, as shown by recent the-
oretical and numerical AGN feedback entrainment models (e.g.,
Gaspari & Sądowski 2017). However, this does not imply that
warm absorbers are exclusively formed by UFOs, as there can
be additional origins and mechanisms that give rise to the warm
absorbers, as discussed in the following section.

5.2. Relations between UV ionized outflows and other
properties of the AGN

Understanding the scaling relations of AGN winds and find-
ing correlations between winds and AGN properties, can pro-
vide useful insights into the driving mechanism and impact
of AGN winds (see e.g., Fiore et al. 2017). Interestingly, both
galaxy-scale winds and UFOs have been found to show relations
between their outflow velocity and the bolometric luminosity of
the AGN, with Lbol ∝ v5 (Fiore et al. 2017). The far-UV spec-
troscopy of type-1 AGN with the Far Ultraviolet Spectroscopic
Explorer (FUSE, Moos et al. 2000) also found a tendency in
the maximum velocity of the intrinsic UV absorbers increasing
with the source luminosity, while spanning four orders of magni-
tude in luminosity (Kriss 2006). For the SUBWAYS sample, we
investigated such relations using the results of our spectral mod-
eling with HST. In Fig. 8, we examine the relations between the
parameters of the UV outflows, whereas in Fig. 10, we check for
relations between the UV outflows and other AGN properties.

The Spearman’s rank correlation coefficient (rs) and the corre-
sponding null hypothesis p-value (pnull) are given in the insets
of panels in Figs. 8 and 10. We note that apart from the panels
and relations shown in Fig. 10, we also checked other combi-
nations of parameters and their relations were found not to be
statistically significant.

For the SUBWAYS HST sample, we do not find a signifi-
cant correlation between the maximum UV outflow velocity and
the bolometric luminosity of the AGN (Fig. 10, panel 7). One
possibility is that our sample surveys an overly limited a span
of luminosity (1045–1046 erg s−1) for the relation between v and
Lbol to become apparent. However, another explanation is that
the UV warm absorbers, with their moderate outflow velocities,
do not directly follow the velocity-luminosity relations that are
primarily seen for the more powerful UFOs and galactic-scale
winds (Fiore et al. 2017). Also, in Fiore et al. (2017), we can see
that the warm absorber data are those exhibiting the least sig-
nificant correlation and, on their own, they do not display the
Lbol ∝ v5 relation, as in our findings. The lack of significant
v-Lbolcorrelation for the warm absorbers in the SUBWAYS sam-
ple may be because of additional origins (e.g., from the torus,
Krolik & Kriss 2001) as well as additional formation processes
(e.g., cloud condensation in CCA, Gaspari et al. 2017) that may
characterize warm absorbers, in contrast to the more powerful
disk winds by comparison.

In Fig. 9, the k-plot for the intrinsic UV absorbers in the
SUBWAYS sample is compared with the CCA simulations of
Gaspari et al. (2018). The data points that fall within the 1-2σ
confidence CCA contours (i.e., the two inner gray zones) are
likely associated to the CCA condensation phase. Those data
points that fall outside the 1–2σ confidence counters (right-
hand region of the plot) are likely to be associated with the
AGN ejection phase. In the CCA scenario, the relatively slow
outflows (within the 1–2σ) contours can still be condensing
(Gaspari et al. 2018). The results of Fig. 9 show that the UV
absorbers in the SUBWAYS sample are potentially consistent
with the CCA scenario, suggesting that both CCA conden-
sation/feeding and ejection/feedback are taking place in these
AGN. The lack of any significant correlation between v and σv
(Fig. 8, bottom panel) is a signature of such superposing pro-
cesses (i.e., condensation and feedback).

Interestingly, we find significant statistical correlations
(pnull < 0.05) between the column density (N) of the UV ions
and Lbol values of the AGN in the SUBWAYS sample. Our
results show that the NH I value of the fastest outflow component
decreases with Lbol (Fig. 10, panel 1), while the total column
density of Ovi increases with Lbol (Fig. 10, panel 2). The ratio of
these Ovi to H i column densities is significantly correlated with
Lbol (Fig. 10, panel 3). In a recent Chandra study of the ionization
distribution in nine Seyfert-1 galaxies, Keshet & Behar (2022)
found that log of the total column density of the X-ray outflow
is anti-correlated with the log of the X-ray luminosity. This
is similar behavior to the NH I–Lbol relation we found for the
SUBWAYS QSO sample. Our Nion–Lbol relations are likely
to be a manifestation of the photoionization process in AGN,
where, toward higher source luminosities, the wind becomes
more ionized, resulting in weaker absorption by the neutral and
low-ionization ions (such as H i) and stronger absorption by
high-ionization ions (such as Ovi). This trend of increasing
column density with AGN luminosity that we see for Ovi may
also be attributed to the CCA scenario (e.g., Gaspari et al. 2013b,
2017), in which stronger cloud condensation and raining onto the
SMBH (also boosting AGN luminosity or power) results in higher
column densities along the line of sight (Gaspari et al. 2017).
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Finally, we find a significant correlation between the outflow
velocity and the column density of the UV absorbing ions for the
SUBWAYS HST sample (Fig. 8). As the outflow velocity of the
UV ions increases, their column density decreases. This correla-
tion also holds statistical significance for both neutral and ionized
ions. The data points with positive v (i.e., inflow) in Fig. 8 belong
to only one component of one object (Comp. 1 of PG 0804+761)
and their inclusion does not significantly alter the measured cor-
relations. The observed relation between the outflow velocity
and the column density can be explained by a mechanical power
that evacuates the UV-absorbing medium (Gaspari et al. 2011;
Sądowski & Gaspari 2017). Overall, this N–v relation, and the
N–Lbol relation that we found, are consistent with AGN feedback
simulations that show a composition of radiative and mechanical
processes, such as general relativistic, radiative magnetohydro-
dynamic simulations (Gaspari & Sądowski 2017). In a follow-up
SUBWAYS paper, our team plans to combine the X-ray (Paper I)
and UV (this paper) outflow results of the SUBWAYS sample
with those of AGN at other luminosities and redshifts, with an aim
to further study the observed relations and investigate the AGN
feedback models.

6. Conclusions

In this UV spectroscopic study with HST, we determined the
parameters of ionized outflows in a sample of 21 QSOs at
intermediate redshifts (0.1 < z < 0.4) and bolometric luminosi-
ties (1045 < Lbol < 1046 erg s−1). The spectroscopic characteris-
tics and parameters of the ionized outflows in the SUBWAYS
sample are found to be comparable to those seen in the less
luminous Seyfert-1 galaxies in the local universe. We find
60% of our targets show the presence of intrinsic outflow-
ing H i absorption, while 40% exhibit ionized outflows seen
as absorption by either C iv, Nv, or Ovi. In two-thirds of
these, the UV outflow exhibits multiple velocity components.
All the absorption lines in the SUBWAYS sample are relatively
narrow (40 km s−1 <FWHM< 680 km s−1), with outflow veloci-
ties ranging up to −3300 km s−1. In targets with an X-ray UFO
that have HST data, we find no significant UV absorption coun-
terpart; this is most likely due to the UFO gas being too highly
ionized to produce UV absorption and/or due to its low covering
fraction of the UV source. However, all SUBWAYS targets with
an X-ray UFO show presence of UV outflows at lower veloci-
ties, which is in agreement with a physical connection between
these two types of outflows, as suggested by current theoretical
and hydrodynamical simulations of self-regulated AGN feeding
and feedback (see the review by Gaspari et al. 2020).

Broad and blueshifted UV absorption lines, such as those
associated with BAL quasars or the UV counterparts of X-ray
obscuring disk winds, are not detected in the SUBWAYS HST
sample. Moreover, our analysis of the asymmetry parameters of
the C iv emission lines in the SUBWAYS sample shows that they
are relatively symmetrical. Our investigation of the UV spectral
signatures of different types of AGN outflows concludes that all
the UV ionized outflows in the SUBWAYS sample are consis-
tent with warm-absorber outflows and potentially CCA conden-
sation, as in the case of those typically seen in Seyfert-1 galaxies.

The assessment of the results of our HST spectral model-
ing reveals interesting relations between the UV ionized outflows
and other properties of the AGN. We find that the column den-
sity H i of the fastest UV absorber component decreases with
the bolometric luminosity of the AGN, while the total Ovi col-
umn density increases with the bolometric luminosity. This is
likely a manifestation of the photoionization process in AGN,

where, toward higher AGN luminosities, the wind becomes more
ionized, resulting in weaker UV absorption by neutral or low-
ionization ions (H i) and stronger absorption by high-ionization
ions (Ovi). In addition, we find that as the outflow velocity of
the UV ions increases, their column density decreases. This may
be interpreted as a consequence of a mechanically-powered wind
that evacuates the UV-absorbing medium. Overall, the observed
relations we find for the SUBWAYS HST sample are consistent
with both radiative and mechanical outflow mechanisms, which
theoretical simulations have shown act together in AGN feedback.
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Appendix A: Parameters of the UV emission and
absorption lines in the SUBWAYS HST sample

In Sect. 4.2, we described the modeling of the intrinsic UV spec-
tral lines in the SUBWAYS HST sample. In this appendix, plots

of the UV emission lines, and their best-fit models, are shown in
Fig. A.1 for Lyα and Nv, and in Fig. A.2 for C iv. The best-fit
parameters of these emission lines are given in Table A.1. The
best-fit parameters of all the intrinsic absorption lines are pro-
vided in Table A.2 (spanning two pages).
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Fig. A.1. Ly α and Nv emission lines of the SUBWAYS sample. The HST UV spectra (in black) are continuum-subtracted. The total emission-
line model is shown in dashed red line, and its individual emission components (Table A.1) in dotted blue line. The observed flux Fλ is in 10−14

erg s−1 cm−2 Å−1.
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Fig. A.2. C iv emission lines of the SUBWAYS sample. The HST UV spectra (in black) are continuum-subtracted. The total emission-line model is
shown in dashed red line, and its individual emission components (Table A.1) in dotted blue line. The observed flux Fλ is in 10−14 erg s−1 cm−2 Å−1.

A183, page 19 of 23



M. Mehdipour et al.: A&A 670, A183 (2023)

Table A.1. Best-fit parameters of the Lyα, Nv, and C iv emission lines of the AGN in the SUBWAYS HST sample.

Lyα Nv C iv
Object F v FWHM F v FWHM F v FWHM

2MASS J02201457-0728591 0.35 ± 0.07 +60 ± 30 530 ± 120 1.28 ± 0.07 −510 ± 130 4010 ± 280 2.2 ± 0.2 −140 ± 80 2230 ± 260
" 2.9 ± 0.2 +140 ± 20 1760 ± 120 - - - 4.0 ± 0.6 +420 ± 230 8590 ± 790
" 7.6 ± 0.5 +40 ± 40 6010 ± 300 - - - - - -

2MASS J14025120+2631175 3.3 ± 0.1 +100 ± 50 1860 ± 120 0.74 ± 0.06 +860 ± 200 2840 ± 500 1.4 ± 0.1 +380 ± 60 1450 ± 180
" 10.7 ± 0.3 +330 ± 40 7890 ± 160 - - - 4.4 ± 0.5 +10 ± 180 7700 ± 590

HB89 1257+286 12.1 ± 0.8 +280 ± 60 2520 ± 140 - - - N/A N/A N/A
HB89 1529+050 2.6 ± 0.2 −230 ± 30 2240 ± 170 2.8 ± 0.4 −2390 ± 250 4560 ± 400 10.2 ± 0.3 −530 ± 80 8320 ± 240

" 8.0 ± 0.6 −1190 ± 320 7240 ± 380 - - - - - -
LBQS 1338-0038 12 ± 1 −60 ± 20 1910 ± 100 5.5 ± 0.2 −410 ± 180 5660 ± 390 10 ± 1 −70 ± 40 2310 ± 210

" 8 ± 7 +1530 ± 340 3480 ± 700 - - - 17 ± 2 +1120 ± 140 6870 ± 380
" 12 ± 6 −510 ± 1330 5070 ± 1370 - - - - - -

PG 0052+251 17.7 ± 0.3 −10 ± 10 980 ± 20 30.8 ± 0.5 −800 ± 70 4900 ± 130 6.3 ± 0.7 −170 ± 40 1080 ± 140
" 191 ± 1 −170 ± 10 5490 ± 70 - - - 25 ± 4 +300 ± 100 3690 ± 380
" - - - - - - 96 ± 7 −410 ± 70 7860 ± 200

PG 0804+761 128 ± 2 −20 ± 10 1980 ± 20 128.0 ± 0.3 −460 ± 10 3970 ± 20 73.1 ± 0.8 −200 ± 10 2540 ± 30
" 397 ± 5 −340 ± 10 5210 ± 50 - - - 166 ± 2 −360 ± 10 7220 ± 50

PG 0947+396 7.2 ± 0.6 −30 ± 30 1130 ± 90 20.7 ± 0.7 −1710 ± 310 7550 ± 840 16 ± 3 −90 ± 130 2490 ± 480
" 43 ± 2 −360 ± 60 4210 ± 250 - - - 35 ± 8 −180 ± 330 9310 ± 1270

PG 0953+414 60.5 ± 0.5 −310 ± 10 1470 ± 20 54.6 ± 0.3 −580 ± 20 5160 ± 60 44 ± 2 −230 ± 40 2490 ± 140
" 185 ± 3 −80 ± 40 5170 ± 70 - - - 95 ± 7 −390 ± 90 8350 ± 340

PG 1114+445 8.0 ± 0.9 −60 ± 50 1180 ± 120 5.6 ± 0.5 +160 ± 110 2840 ± 210 8.0 ± 0.7 +90 ± 70 2590 ± 190
" 19 ± 1 +470 ± 70 3290 ± 190 - - - 25 ± 1 −80 ± 60 7960 ± 230
" 44 ± 2 −190 ± 100 8700 ± 190 - - - - - -

PG 1202+281 6.7 ± 0.3 −50 ± 20 770 ± 30 2.0 ± 0.2 −140 ± 60 2370 ± 210 18 ± 1 −550 ± 60 2580 ± 210
" 18.0 ± 0.5 −540 ± 20 3370 ± 90 - - - 64 ± 4 −230 ± 80 8680 ± 290
" 40 ± 1 +190 ± 60 9620 ± 190 - - - - - -

PG 1216+069 18.1 ± 0.6 +140 ± 10 1500 ± 40 5.9 ± 0.3 +450 ± 60 3720 ± 200 3.7 ± 0.2 −10 ± 20 1360 ± 70
" 41 ± 1 +560 ± 20 3540 ± 70 - - - 35.5 ± 0.6 +260 ± 20 5350 ± 80
" 81 ± 2 +100 ± 40 10080 ± 120 - - - - - -

PG 1307+085 17.1 ± 0.4 +50 ± 10 750 ± 20 18.2 ± 0.3 −10 ± 20 3120 ± 60 11.5 ± 0.7 −150 ± 30 1530 ± 110
" 63.2 ± 0.9 −250 ± 10 2890 ± 40 - - - 74 ± 2 −750 ± 40 6620 ± 140
" 142 ± 2 −280 ± 20 8210 ± 80 - - - - - -

PG 1352+183 18.6 ± 0.4 −210 ± 10 1740 ± 20 13.3 ± 0.2 −260 ± 30 3710 ± 40 14.6 ± 0.8 −280 ± 40 2520 ± 140
" 27 ± 1 +230 ± 40 4110 ± 130 - - - 24 ± 2 −1510 ± 140 7370 ± 310
" 48 ± 2 −1030 ± 100 7760 ± 90 - - - - - -

PG 1402+261 44 ± 2 +100 ± 20 1840 ± 70 20 ± 1 −610 ± 140 4020 ± 350 13 ± 2 −190 ± 110 2750 ± 410
" 79 ± 5 −830 ± 130 7410 ± 330 - - - 46 ± 5 −1290 ± 160 7490 ± 400

PG 1416-129 N/A N/A N/A N/A N/A N/A 21 ± 2 +80 ± 70 3590 ± 250
" - - - - - - 32 ± 4 −810 ± 160 9230 ± 500

PG 1425+267 11 ± 1 −410 ± 50 2230 ± 120 - - - N/A N/A N/A
" 47.0 ± 0.7 −360 ± 40 12330 ± 140 - - - - - -

PG 1427+480 24 ± 1 +6 ± 20 2480 ± 100 4.2 ± 0.3 −240 ± 110 3090 ± 330 10 ± 1 −220 ± 70 1880 ± 260
" 31 ± 3 −80 ± 60 7140 ± 380 - - - 21 ± 3 +190 ± 250 7820 ± 830

PG 1435-067 21 ± 1 −170 ± 20 1460 ± 60 9.6 ± 0.2 −260 ± 40 3090 ± 100 13.8 ± 0.8 −160 ± 40 1950 ± 120
" 24 ± 2 −490 ± 40 3140 ± 180 - - - 47 ± 2 −370 ± 70 7940 ± 230
" 67 ± 2 −1030 ± 40 8140 ± 120 - - - - - -

PG 1626+554 13.3 ± 0.5 −280 ± 10 1260 ± 50 20.1 ± 0.8 −200 ± 50 3510 ± 100 17 ± 1 −200 ± 40 2210 ± 150
" 80 ± 2 +250 ± 30 3820 ± 80 - - - 72 ± 3 +240 ± 60 8200 ± 200
" 87 ± 4 +130 ± 100 8400 ± 130 - - - - - -

SDSS J144414.66+063306.7 22.4 ± 0.8 −70 ± 20 2870 ± 90 14.8 ± 0.8 +10 ± 200 6030 ± 420 10 ± 1 −400 ± 80 2580 ± 320
" 57 ± 2 −2 ± 100 7940 ± 190 - - - 41 ± 3 +300 ± 100 7940 ± 340

Notes. Each row in the table corresponds to one Gaussian line component. All line fluxes (F) are in units of 10−14 erg cm−2 s−1. The line-centroid
velocity shift v and the FWHM are in units of km s−1. Negative v means systematic blueshift (outflow) and positive v means systematic redshift
(inflow) with respect to the local rest frame of the object.
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Table A.2. Parameters of the intrinsic AGN absorption lines in the HST spectra of the SUBWAYS sample.

Object Comp. Ion / λobs EW v FWHM log(Nion)
Line (Å) (Å) (km s−1) (km s−1) (cm−2)

2MASS J02201457-0728591 - - - - - - -
2MASS J14025120+2631175 1 Lyα 1440.8 ± 0.1 1.59 ± 0.02 −610 ± 10 680 ± 40 14.47

" 1 Nv(b) 1468.4 ± 0.1 0.26 ± 0.02 −570 ± 30 500 ± 60 14.09
" 1 Nv(r) 1473.3 ± 0.1 0.13 ± 0.02 −550 ± 20 400 ± 50 14.09
" 1 Ovi(r) 1229.9 ± 0.1 0.51 ± 0.01 −590 ± 20 650 ± 50 14.91

HB89 1257+286 - - - - - - -
HB89 1529+050 1 Lyα 1480.4 ± 0.1 0.66 ± 0.02 −100 ± 10 420 ± 20 14.08

" 1 Lyβ 1249.2 ± 0.1 0.20 ± 0.01 −70 ± 10 480 ± 20 14.43
" 1 Nv(b) 1508.6 ± 0.1 0.24 ± 0.01 −90 ± 10 340 ± 30 14.05
" 1 Nv(r) 1513.5 ± 0.1 0.14 ± 0.01 −90 ± 10 300 ± 30 14.12
" 1 Ovi(b) 1256.8 ± 0.1 0.23 ± 0.01 −80 ± 10 440 ± 30 14.26
" 1 Ovi(r) 1263.6 ± 0.1 0.23 ± 0.01 −90 ± 10 490 ± 30 14.56
" 1 C iv(b) 1885.2 ± 0.1 0.36 ± 0.04 −130 ± 20 290 ± 40 13.95
" 1 C iv(r) 1888.3 ± 0.1 0.34 ± 0.04 −130 ± 20 290 ± 40 14.22

LBQS 1338-0038 1 Lyα 1504.0 ± 0.1 4.32 ± 0.04 −60 ± 10 490 ± 20 14.90
" 1 Lyβ 1269.1 ± 0.1 0.48 ± 0.01 −50 ± 10 530 ± 30 14.81
" 1 Ovi(b) 1276.8 ± 0.1 0.45 ± 0.01 −40 ± 10 390 ± 20 14.56
" 1 Ovi(r) 1283.8 ± 0.1 0.44 ± 0.01 −50 ± 10 390 ± 20 14.84
" 1 C iv(b) 1915.3 ± 0.1 1.20 ± 0.15 −80 ± 20 340 ± 60 14.47
" 1 C iv(r) 1918.5 ± 0.2 1.10 ± 0.16 −80 ± 20 340 ± 60 14.73

PG 0052+251 - - - - - - -
PG 0804+761 1 Lyα 1339.9 ± 0.1 18.01 ± 0.02 +560 ± 10 110 ± 10 15.52

" 1 Nv(b) 1365.4 ± 0.1 0.40 ± 0.04 +600 ± 10 50 ± 10 14.28
" 1 Ovi(r) 1143.1 ± 0.1 1.32 ± 0.05 +460 ± 10 70 ± 10 15.32
" 1 C iv(b) 1706.5 ± 0.1 2.97 ± 0.03 +600 ± 10 50 ± 10 14.87
" 1 C iv(r) 1709.3 ± 0.1 2.18 ± 0.04 +600 ± 10 50 ± 10 15.03
" 2 Lyα 1330.2 ± 0.2 2.13 ± 0.05 −1570 ± 50 230 ± 20 14.59

PG 0947+396 1 Lyα 1464.1 ± 0.1 1.43 ± 0.10 −290 ± 10 170 ± 20 14.42
" 1 Ovi(b) 1242.8 ± 0.1 0.95 ± 0.04 −300 ± 10 180 ± 20 14.88
" 1 Ovi(r) 1249.6 ± 0.1 0.56 ± 0.04 −300 ± 10 180 ± 20 14.95
" 2 Lyα 1454.7 ± 0.1 0.52 ± 0.05 −2210 ± 10 140 ± 20 13.98

PG 0953+414 1 Lyα 1499.5 ± 0.1 9.06 ± 0.02 −150 ± 10 100 ± 10 15.22
" 1 Lyβ 1265.2 ± 0.1 1.28 ± 0.01 −150 ± 10 70 ± 20 15.24
" 1 Ovi(b) 1272.9 ± 0.1 0.56 ± 0.02 −140 ± 10 80 ± 20 14.65
" 1 Ovi(r) 1280.0 ± 0.1 0.32 ± 0.03 −140 ± 10 100 ± 20 14.71
" 2 Lyα 1498.4 ± 0.1 4.93 ± 0.04 −370 ± 10 80 ± 10 14.96
" 2 Lyβ 1264.3 ± 0.1 0.25 ± 0.02 −360 ± 10 80 ± 10 14.53
" 3 Lyα 1495.7 ± 0.1 0.25 ± 0.03 −900 ± 20 60 ± 10 13.66
" 3 Ovi(b) 1270.5 ± 0.1 0.62 ± 0.02 −720 ± 20 90 ± 10 14.69
" 3 Ovi(r) 1277.2 ± 0.1 0.31 ± 0.03 −770 ± 20 90 ± 11 14.69
" 4 Lyα 1495.2 ± 0.1 0.10 ± 0.02 −1020 ± 10 40 ± 20 13.26
" 4 Ovi(b) 1268.9 ± 0.1 1.10 ± 0.02 −1080 ± 10 90 ± 20 14.94
" 4 Ovi(r) 1276.0 ± 0.1 0.55 ± 0.02 −1070 ± 10 70 ± 20 14.94

PG 1114+445 1 Lyα 1389.5 ± 0.1 3.75 ± 0.09 −200 ± 10 310 ± 20 14.84
" 1 Lyβ 1171.9 ± 0.1 0.87 ± 0.06 −322 ± 20 350 ± 70 15.07
" 1 Nv(b) 1415.6 ± 0.1 1.59 ± 0.03 −260 ± 20 350 ± 30 14.88
" 1 Nv(r) 1420.3 ± 0.1 1.05 ± 0.04 −250 ± 20 350 ± 30 14.99
" 1 Ovi(b) 1179.1 ± 0.1 1.11 ± 0.03 −280 ± 20 330 ± 50 14.95
" 1 Ovi(r) 1185.7 ± 0.1 0.57 ± 0.08 −270 ± 20 330 ± 50 14.96
" 1 C iv(b) 1769.1 ± 0.2 1.30 ± 0.30 −270 ± 60 250 ± 110 14.51
" 1 C iv(r) 1772.3 ± 0.2 1.30 ± 0.30 −240 ± 60 250 ± 110 14.81
" 2 Lyα 1388.0 ± 0.1 4.10 ± 0.04 −520 ± 10 350 ± 20 14.88
" 2 Lyβ 1170.9 ± 0.1 0.24 ± 0.04 −560 ± 20 250 ± 50 14.51
" 2 Nv(b) 1414.4 ± 0.1 1.15 ± 0.06 −520 ± 20 260 ± 30 14.73
" 2 Nv(r) 1419.0 ± 0.1 0.75 ± 0.04 −510 ± 20 260 ± 30 14.85
" 2 Ovi(b) 1178.1 ± 0.1 0.44 ± 0.05 −540 ± 20 280 ± 50 14.55
" 2 Ovi(r) 1184.8 ± 0.1 0.44 ± 0.04 −510 ± 20 280 ± 50 14.84
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Table A.2. Continued.

Object Comp. Ion / λobs EW v FWHM log(Nion)
Line (Å) (Å) (km s−1) (km s−1) (cm−2)

" 2 C iv(b) 1767.9 ± 0.2 1.20 ± 0.25 −470 ± 60 250 ± 110 14.47
" 2 C iv(r) 1770.9 ± 0.2 1.20 ± 0.25 −470 ± 60 250 ± 110 14.77

PG 1202+281 1 Lyα 1415.9 ± 0.1 0.77 ± 0.04 −80 ± 10 80 ± 10 14.15
" 2 Lyα 1415.3 ± 0.1 1.94 ± 0.08 −210 ± 10 360 ± 20 14.55
" 3 Lyα 1410.4 ± 0.1 0.22 ± 0.02 −1250 ± 10 60 ± 10 13.61

PG 1216+069 - - - - - - -
PG 1307+085 1 Lyα 1388.3 ± 0.1 2.46 ± 0.03 −3090 ± 10 130 ± 10 14.65

" 1 Ovi(b) 1178.6 ± 0.1 0.34 ± 0.02 −3070 ± 10 50 ± 10 14.43
" 1 Ovi(r) 1185.0 ± 0.1 0.19 ± 0.03 −3080 ± 10 50 ± 10 14.48
" 2 Lyα 1387.4 ± 0.1 1.79 ± 0.03 −3280 ± 10 110 ± 10 14.52
" 2 Ovi(b) 1178.3 ± 0.1 0.20 ± 0.03 −3140 ± 10 80 ± 30 14.20
" 2 Ovi(r) 1184.7 ± 0.1 0.11 ± 0.03 −3150 ± 10 80 ± 30 14.24

PG 1352+183 - - - - - - -
PG 1402+261 - - - - - - -
PG 1416-129 - - - - - - -
PG 1425+267 1 Lyα 1660.9 ± 0.1 2.31 ± 0.02 +580 ± 10 250 ± 10 14.63

" 1 Lyβ 1401.2 ± 0.1 0.40 ± 0.09 +540 ± 20 150 ± 60 14.73
" 1 Ovi(b) 1409.9 ± 0.1 0.62 ± 0.06 +580 ± 20 160 ± 40 14.69
" 1 Ovi(r) 1417.7 ± 0.1 0.31 ± 0.03 +580 ± 20 160 ± 40 14.69
" 2 Lyα 1657.4 ± 0.1 2.45 ± 0.04 −50 ± 10 250 ± 10 14.65
" 2 Lyβ 1398.4 ± 0.1 0.36 ± 0.03 −60 ± 10 90 ± 10 14.69
" 2 Nv(b) 1689.0 ± 0.1 0.55 ± 0.02 −50 ± 10 150 ± 10 14.41
" 2 Nv(r) 1694.4 ± 0.1 0.31 ± 0.02 −50 ± 10 150 ± 10 14.46
" 2 Ovi(b) 1407.0 ± 0.1 0.87 ± 0.06 −30 ± 20 190 ± 40 14.84
" 2 Ovi(r) 1414.8 ± 0.1 0.82 ± 0.06 −30 ± 20 190 ± 40 15.12
" 3 Lyα 1653.9 ± 0.1 5.68 ± 0.08 −690 ± 10 650 ± 80 15.02
" 3 Lyβ 1395.6 ± 0.1 0.62 ± 0.12 −670 ± 20 250 ± 50 14.93
" 3 Nv(b) 1685.0 ± 0.1 0.10 ± 0.03 −750 ± 20 40 ± 10 13.67
" 3 Nv(r) 1690.4 ± 0.1 0.08 ± 0.03 −750 ± 20 40 ± 10 13.88
" 3 Ovi(b) 1404.0 ± 0.1 0.62 ± 0.05 −670 ± 20 210 ± 20 14.69
" 3 Ovi(r) 1411.7 ± 0.1 0.50 ± 0.03 −670 ± 20 210 ± 20 14.90
" 4 Lyα 1652.9 ± 0.1 0.36 ± 0.04 −870 ± 10 100 ± 10 13.82
" 4 Lyβ 1394.6 ± 0.1 0.28 ± 0.04 −870 ± 10 90 ± 20 14.58
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Table A.2. Continued.

Object Comp. Ion / λobs EW v FWHM log(Nion)
Line (Å) (Å) (km s−1) (km s−1) (cm−2)

" 4 Nv(b) 1684.4 ± 0.1 0.15 ± 0.02 −870 ± 10 60 ± 20 13.85
" 4 Nv(r) 1689.8 ± 0.1 0.09 ± 0.02 −870 ± 10 60 ± 20 13.93
" 4 Ovi(b) 1403.2 ± 0.1 0.35 ± 0.04 −850 ± 10 110 ± 30 14.45
" 4 Ovi(r) 1410.9 ± 0.1 0.31 ± 0.04 −850 ± 10 110 ± 30 14.69
" 5 Lyα 1652.2 ± 0.1 0.59 ± 0.06 −1000 ± 10 140 ± 20 14.03
" 5 Lyβ 1394.1 ± 0.1 0.13 ± 0.02 −980 ± 20 120 ± 30 14.25
" 5 Ovi(b) 1402.8 ± 0.1 0.26 ± 0.04 −930 ± 20 160 ± 40 14.32
" 5 Ovi(r) 1410.5 ± 0.1 0.14 ± 0.03 −930 ± 20 160 ± 40 14.35
" 6 Lyα 1650.7 ± 0.1 1.60 ± 0.07 −1270 ± 10 280 ± 20 14.47
" 6 Lyβ 1392.7 ± 0.1 0.19 ± 0.03 −1280 ± 20 100 ± 20 14.41
" 6 Nv(b) 1682.1 ± 0.1 0.15 ± 0.03 −1270 ± 20 70 ± 20 13.85
" 6 Nv(r) 1687.5 ± 0.1 0.08 ± 0.03 −1280 ± 20 50 ± 20 13.88
" 6 Ovi(b) 1401.5 ± 0.1 0.61 ± 0.11 −1200 ± 20 200 ± 40 14.69
" 6 Ovi(r) 1409.3 ± 0.1 0.32 ± 0.08 −1200 ± 20 200 ± 40 14.71
" 7 Lyα 1648.5 ± 0.1 1.34 ± 0.02 −1660 ± 10 150 ± 30 14.39
" 7 Lyβ 1391.1 ± 0.1 0.06 ± 0.02 −1640 ± 20 50 ± 20 13.91

PG 1427+480 1 Lyα 1483.2 ± 0.2 0.72 ± 0.18 −130 ± 40 340 ± 100 14.12
PG 1435-067 1 Lyα 1370.3 ± 0.2 1.87 ± 0.20 −480 ± 30 610 ± 60 14.54

" 2 Lyα 1370.0 ± 0.1 0.35 ± 0.03 −540 ± 10 40 ± 10 13.81
" 3 Lyα 1369.4 ± 0.1 1.02 ± 0.07 −680 ± 10 130 ± 10 14.27

PG 1626+554 1 Lyα 1374.7 ± 0.1 7.35 ± 0.02 −240 ± 10 140 ± 10 15.13
" 1 Lyβ 1159.9 ± 0.1 0.61 ± 0.03 −240 ± 10 110 ± 10 14.92
" 2 Lyα 1373.8 ± 0.1 4.70 ± 0.02 −440 ± 10 100 ± 10 14.94
" 2 Lyβ 1159.1 ± 0.1 0.47 ± 0.02 −440 ± 10 80 ± 10 14.80
" 3 Lyα 1370.0 ± 0.1 0.22 ± 0.02 −1260 ± 10 50 ± 10 13.61

SDSS J144414.66+063306.7 - - - - - - -

Notes. Negative v means outflow and positive v inflow velocity. The (b) and (r) labels denote the "blue" (shorter wavelength) and "red" (longer
wavelength) lines of a doublet.
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