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ABSTRACT

The Large Magellanic Cloud (LMC) is the nearest massive galaxy to the Milky Way. Its circumgalactic
medium is complex and multi-phase, containing both stripped H1 structures like the Magellanic Stream and
Bridge, and a diffuse warm corona seen in high-ion absorption. We analyze 28 AGN sightlines passing within 35
kpc of the LMC with archival HST/COS spectra to characterize the cool (T ~ 10* K) gas in the LMC CGM, via
new measurements of UV absorption in six low ions (O 1, Fe1r, Sit, Al S11, and Nir) and one intermediate
ion (Sitm). We show that a declining column-density profile is present in all seven ions, with the low-ion profiles
having a steeper slope than the high-ion profiles in C1v and Si1v reported by Krishnarao et al. 2022. Crucially,
absorption at the LMC systemic velocity is only detected (in all ions) out to 17 kpc. Beyond this distance, the
gas has a lower velocity and is associated with the Magellanic Stream. These results demonstrate that the LMC’s
CGM is composed of two distinct components: a compact inner halo extending to 17 kpc, and a more extended
stripped region associated with the Stream. The compactness and truncation of the LMC’s inner CGM agree
with recent simulations of ram-pressure stripping of the LMC by the Milky Way’s extended corona.

Keywords: Galactic and extragalactic astronomy (563) — Galaxy dynamics (591) — Galaxy physics (612) —
Magellanic Clouds (990) — Magellanic Stream (991) — Milky Way Galaxy (1054)

1. INTRODUCTION

The Large Magellanic Cloud (LMC), merely 50 kpc away
(Pietrzynski et al. 2013), is the closest massive galaxy to the
Milky Way (MW). Dynamic interactions with the MW and
the Small Magellanic Cloud (SMC) are profoundly impacting
the LMC and its gaseous circumgalactic medium (CGM). The
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gaseous structures in this system exhibit complex morphol-
ogy and structure, as evidenced by the Magellanic Bridge,
Magellanic Stream (hereafter the Stream), and Leading Arm
(LA), which together with the LMC and SMC are known
as the Magellanic System (D’Onghia & Fox 2016, see refer-
ences therein). The Stream, an approximately 200°-long tail
of multi-phase gas, has been extensively mapped in both neu-
tral hydrogen (Putman et al. 2003b; Briins et al. 2005; Nidever
et al. 2008, 2010; Westmeier 2018) and in ionized gas using
UV surveys (Richter et al. 2013; Fox et al. 2013, 2014) and
Ha surveys (Putman et al. 2003a; Barger et al. 2017; Bland-
Hawthorn et al. 2019), see also Kim et al. (2024). The Stream
is thought to have been stripped out of the Magellanic Clouds,
either by tidal forces (Fujimoto & Sofue 1977; Besla et al.
2012; Pardy et al. 2018) or ram pressure (Moore & Davis
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1994; Diaz & Bekki 2011; Salem et al. 2015; Wang et al.
2019).

In addition to the stripped gas, recent simulations and ob-
servations have revealed that the LMC is surrounded by its
own diffuse ionized CGM, or “corona”. Such a corona is mo-
tivated by the high mass of the LMC (>10'! Mg; Erkal et al.
2019; Petersen & Pefarrubia 2021; Watkins et al. 2024) and
the need to explain the high mass of ionized gas of the Stream,
which was previously not reproduced in tidal or ram-pressure
models (Lucchini et al. 2020, 2024). Observational evidence
for the corona was provided by Krishnarao et al. (2022) —
hereafter K22(see also de Boer & Savage 1980; Wakker et al.
1998). Using 28 HST/COS sightlines of background quasar
passing through the LMC, K22 found a declining column-
density profile of high ions (including O VI, C IV and Si IV)
out to 35 kpc from the LMC. They conclude that the C IV
and Si IV likely exist in the interfaces between the cooler
(~10*K) clouds and the hotter (~10°- K) corona traced di-
rectly by O VI. K22 found evidence for the cool LMC CGM,
but did not discuss this phase in detail. Its properties and
connection to the warm-hot corona are crucial for develop-
ing a complete picture of the LMC CGM and the history of
the LMC. In this Letter, we present the results from a de-
tailed study of the cool LMC CGM and its connection to the
Magellanic System.

2. SAMPLE AND ANALYSIS

We use the published archival dataset from K22 to map the
CGM of the LMC. This dataset includes Hubble Space Tele-
scope (HST)/Cosmic Origins Spectrograph (COS) spectra of
28 ultraviolet (UV)-bright background quasars that probe the
LMC upto 35 kpc distance from the LMC’s center. This dis-
tance corresponds to an angular separation of approximately
45", Sightlines beyond 45" are not included because at these
large angles, geometrical distortions complicate the separa-
tion of absorption from the MW and the LMC. Fig. 1 shows
the location of these sightlines (circles) relative to the LMC
at the center. All the sightlines except two (RX J0503.1-6634
and PKS 0552-640) probe the LMC CGM towards the Galac-
tic south (b < bpmc). This is because high dust extinction
from the MW hinders the identification of AGN closer to the
galactic plane.

The data reduction steps for the COS spectra, including
pipeline reduction, additional wavelength alignment, and re-
moval of geocoronal airglow contamination in O I 11302 and
Si II 21304, are based on the steps described in K22. To
merge the G130M and G160M grating COS spectra for each
quasar, we join the spectra at the wavelength where the aver-
age SNR per pixel from both gratings is approximately equal.
Each quasar spectrum is binned by 3 pixels using the Python
routine SpectRes (Carnall 2017). To fit a global continuum
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Figure 1. Velocity-coded map of the Magellanic System in an ortho-
graphic projection with LMC at the center, displaying the locations
of 28 HST/COS background quasar sightlines (circles) from K22
with respect to the H1 emission (color-scale). The sightlines are
color-coded based on the column-density-weighted central LSR ve-
locity of Magellanic Si 11 absorption. Magellanic absorbers are those
with v gg > 150kms~! (see text in Section 2). Sightlines with Si
non-detections at Magellanic velocities are marked with open red
symbols. The map includes high-velocity 21 cm H1 emission data
from Westmeier (2018), color-coded by LSR velocity.

across individual quasar spectra, we employ a method similar
to that outlined in Mishra & Muzahid (2022).

To trace the cool CGM of the LMC, we focus on the fol-
lowing transitions: O I 41302, Fe 11 411143, 1144, 1608,
Si 1T 221190, 1193, 1260, 1304, 1526, Si II 211206, Al 11
A1670, S 1 111250, 1253, Ni I 241317, 1370. To identify
the absorption associated with the Magellanic System, we
impose a velocity threshold of vpgr > 150 km s7!, to avoid
contamination from the Milky Way and therefore separate the
Galactic and Magellanic components (de Boer et al. 1990;
Wakker & van Woerden 1997; Lehner & Howk 2011; Richter
et al. 2015). For the maximum velocity threshold we used
VLsR < 445 kms~!, which is calculated by finding the velocity
dispersion around the LMC systematic velocity of 280 km s~!
that encloses 99.9% of Magellanic gas.

@ Non-Detection
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Figure 2. HST/COS metal-line profiles showing the absorption at
Magellanic velocities toward 1H0419-577, as an example of our
data quality and fitting methodology. Normalized flux is plotted
against the LSR velocity in blue. The solid red lines represents the
full Voigt profile fits to the low ions from this study, while the solid
green lines shows the fits to the high ions from K22. The individual
components are shaded in different colors, with centroids marked by
tick marks. The color scheme differs between low and high ions.

We use the Voigt-profile fitting software VPFIT (v12.3,
Carswell & Webb 2014) to model these absorption profiles
from the LMC CGM. Using a x> minimization algorithm,
VPFIT fits the line centroid, Doppler parameter (b), and col-
umn density (N) for each absorption component. To begin,
we identify Magellanic components in each ion by visual in-
spection of the line profiles, and then compare across ions of
the same ionization state (low or high) to establish the com-
ponent structure in each sightline. We then simultaneously fit
multiple lines of the same ion. For lines from different ions,
we tie the centroid velocity of the components only when they
are aligned based on the visual inspection.

For all ions, we label components as saturated absorption
if the normalized flux drops below 0.2 for at least three con-
secutive rebinned pixels. For ions with multiple transitions,
we exclude the saturated components from the fitting process
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unless there are unsaturated components available from the
weaker transitions. For ions with only one transition, we pro-
vide a lower limit for the column density if there is even a
single saturated component (commonly the case for Si III). If
there are velocity offsets between the transitions of the same
ion falling on the G130M and G160M gratings, we applied
a shift to align these transitions together. For non-detected
transitions of an ion, we measure the 30 upper limit using
the SNR of the absorption-free region and assume the line
extends over a width equal to the mean b-value of detected
transitions for that ion. The adopted upper limit for an ion
with multiple transitions is taken from the upper limit from
the strongest transition (with the highest oscillator strength),
since this gives the strongest constraint.

The absorption parameters for the high ions C IV and Si IV
are taken from K22. However, for the sightlines RBS 567
and IRAS Z06229-6434, we identify several additional Mag-
ellanic components, specifically two C IV components in
each sightline, and two and one Si IV components toward
RBS 567 and IRAS Z06229-6434, respectively. We fit these
new components in a similar manner to the low ions using
VPFIT.

An example of our Voigt fits to the UV absorption-line pro-
files is shown in Fig. 2, for the sightline towards 1H0419-577,
which passes 12.1 kpc from the LMC. These spectra show
multiple Magellanic components in both the low and high
ions. The relative strength of the low and high ions varies
between components. The stack plots for the remaining sight-
lines are shown in Figs. Al — A6. In Table A1, we present
the Voigt-fit parameters for all Magellanic absorption com-
ponents (v sgr>150 km s~1) in the sample.

3.RESULTS

We present in Fig. 3, the total column density of Magel-
lanic components (v sg> 150kms™!) for six low ions (O1,
Aln, Fen, Nin, Sim, S1) and one intermediate ion (Si 1)
plotted against both the impact parameter (opmc, bottom x-
axis) and the normalized impact parameter (ormc / Rooo!,
top x-axis). We use Rpgo = 115+15 kpc for LMC (see K22).
For comparison, we have included the column density mea-
surements for C IV and Si IV from K22 along with our new
column density estimates for these ions along the RBS 567
and IRAS Z06229-6434 sightlines. A declining column den-
sity profile is observed in all nine ions shown.

To model our dataset, we use Bayesian regression with
censoring via the PyMC3 package (Salvatier et al. 2016). This
approach effectively accounts for upper limits and lower limits
in our data. PyMC3 is a Python-based probabilistic program-
ming framework, that employs Markov chain Monte Carlo

'Ryqo is the radius enclosing a mean overdensity of 200 times the critical
density.
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Figure 3. Total column density of Magellanic gas as a function of LMC impact parameter. The profiles of six low ions and one intermediate ion
(Sim) are shown in red. For comparison, the profiles for the high ions Si IV and C IV are included in green; these data are taken from K22 along
with additional C IV and Si IV components identified towards RBS 567 and IRAS Z06229-6434. Open circles with downward arrows indicate
30 upper limits, while circles with upward arrows represent lower limits from saturated lines. The best-fit log-linear relations for MCMC runs
with 1o scatter (shaded regions) are shown as solid lines with the relation labeled in the bottom-left corner of each panel. The best-fit relations
using the normalized impact parameter instead of ppyc are the same with the slopes scaled by Rogg = 11515 kpc (see K22). In this plot,
Magellanic components are defined as those with v g >150km 571
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Figure 4. Velocity-position analysis of gas in the LMC CGM. LSR velocity is plotted against LMC impact parameter both for individual
components (steel-blue stars) and for the column density-weighted central velocity of all Magellanic components along each sightline (large
blue stars). The solid vertical lines in steel-blue connect the different velocity components of each sightline and illustrate the dispersion of LMC
gas in each direction. The horizontal dashed black line represents the LMC systemic velocity of 280kms~!. The shaded gray area indicates the
region within 50 kms~! of the LMC velocity. The shaded area in magenta marks the region where the gas velocities change substantially; this

truncation point separates the inner CGM from the Stream.

(MCMC) and variational inference algorithms to estimate the
posterior distributions of model parameters. A detailed illus-
tration of this method is described in Zheng et al. (2024a) (see
their Appendix C). For each ion profile, we model the column
density (log N) and impact parameter (opyc) simultaneously
for detections, lower limits from saturated absorption, and
upper limits from non-detections using a log-linear relation
(exponential fit), mathematically expressed as log (N/cm™2)
=c + m (poLmc/kpe). A declining trend in the total column
density with increasing ppmc for all the ions is evident in
Fig. 3. The slopes of the log-linear relation for the low and
intermediate ions are consistent with each other within 1o
Additionally, the column density profiles for low and inter-
mediate ions are steeper compared to those for high ions, as
indicated by the slopes of the fits, with the only exception
being the Ni 11 profiles. However, since Ni 1 is detected along
only four quasar sightlines, the fit has higher uncertainty,
and hence we do not infer anything conclusive from the Nin
profile.

Next, we explore the LMC CGM kinematics using the mea-
sured velocity centroids of low and high ions. In Fig. 4, we
show the centroid velocities of individual components with
vLsr>150kms~! as a function of prmc for Sim, Sim, Si 1V,

and C IV. These four ions are chosen to represent gas in
different phases, although the results are consistent with all
nine ions presented in Fig. 3. We observe more kinematic
complexity, indicated by more velocity components, closer
to the LMC (with an average of ~3 components per sight-
line for ppmc <17 kpc) compared to farther regions (with an
average of ~1 component per sightline for pypmc >17kpe).
This result holds separately for low, intermediate, and high
ions. The dispersions in the velocity centroids for <17 kpc
(>17 kpc) are 67 kms~! (42 kms™!) for low, 65kms™! (43
kms™!) for intermediate, and 67 kms™' (42 kms™") for high
ions respectively. The mean and standard deviation of cen-
troid velocities of individual LMC CGM components in Si1i,
Simm, Si IV, and C IV are 276+71, 281+71, 275+60, and
281+72kms™! respectively, all closely consistent with each
other.

We then estimate the column density-weighted velocity
z:VcomeNcomp
2 Ncomp
to give an estimate of the mass-weighted average velocity of

the Magellanic gas. In Fig. 4, we plot these weighted veloci-
ties for the ions as a function of pp pmc. The mean and standard
deviation of the weighted velocity for the four ions are consis-

centroids, defined as Vyeighted= , for each sightline,
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tent with each other, with an average value of 274+56 km sl
In Fig. 4, the horizontal black dashed line indicates the sys-
tematic velocity of the LMC of 280 km s~!. with the shaded
gray region representing the +50 kms~! region around it,
consistent with our average dispersion of 56kms~! for the
LMC in all phases. From the figure, we observe a drop near
17 kpc (shown as a shaded region in magenta) where the
N-weighted centroids fall sharply for all ions, with the gas
further out only observed at lower LSR velocities. We con-
firm that the velocity distributions of absorbers inside and
outside 17 kpc differ significantly at the 99.9% confidence
level using a two-sample Kolmogorov—Smirnov test. We ar-
gue in Section 4 that the gas beyond 17 kpc mostly traces the
stripped gas in the Stream. Therefore, in the next section, we
use a more restrictive limit of v >230kms~! to identify the
gas with the (non-stripped) LMC CGM.

4. DISCUSSION

The relationship between metal-line column density and
impact parameter has been widely used to characterize the
CGM of galaxies (e.g. Prochaska et al. 2011; Tumlinson et al.
2013). Fig. 3 shows this relationship for six low, one inter-
mediate, and two high ions in the LMC CGM. We find a
declining trend in these profiles as inferred from the slope
of the log-linear fits given in each panel. The declining col-
umn density profile is a characteristic signature of the CGM
(Tumlinson et al. 2017). We note that all our sightlines probe
at least 3° (i.e. > 3 kpc) off the LMC, which is beyond the
known extent of LMC winds arising from stellar feedback
(see Barger et al. 2016; Zheng et al. 2024b).

From the slopes of the LMC column density profiles
(Fig. 3), the following observations can be made: (1) All
the low-ion and intermediate-ion profiles have similar slopes,
consistent within the errors. (2) The high-ion slopes from
Si1v and C1v are consistent with each other. (3) The low-ion
slopes are steeper by a factor of two than the high-ion slopes
(similar to the M31 CGM; Lehner et al. 2020). The declining
column density profiles with ppmc are seen for all ions at 30
significance (see Fig. 3).

One interpretation of the declining column density profiles
across multiple ions is that the gas originates from the mul-
tiphase CGM of the LMC. The steeper slope of the low ions
compared to the high ions indicates that the LMC CGM is
(relatively) more ionized at larger distances. One possible
multiphase CGM model is the interface or boundary-layer
scenario as favored by K22, where high ions, such as Si1v and
C1v, arise at the turbulent or conductive interfaces between
10* K low-ion clouds and the hot ~10°7 K diffuse gas of the
Magellanic Corona (e.g. Kwak et al. 2015; Faucher-Giguere
& Oh 2023). This interface scenario is consistent with our
kinematic findings shown in Fig. 4, which show that the low
and high ions are kinematically related. On the other hand,

the flatter profiles of high ions compared to low ions may
also result if the high-ion gas includes components produced
by both photoionization and collisional ionization. Howeyver,
K22 found that the influence of photoionization is strongest
within 7 kpc of the LMC, while beyond that distance, the
gas traced by Sitv and C1v is almost entirely collisionally
ionized, making this explanation less likely.

In our kinematic analysis (Fig 4), the weighted centroid
velocities drop sharply beyond 17 kpc for both low-ions and
high-ions, with absorbers beyond 17 kpc predominantly found
at LSR velocities <230 km s~!. We confirm that this decrease
is neither due to the reduced number of sightlines beyond
17 kpc (see Fig. 1) nor to a decrease in the sensitivity of
the spectra beyond 17 kpc. These lower-velocity absorbers
are associated with the Magellanic Stream, as seen in Fig. 1.
Sightlines within 17 kpc of the LMC show Si at the LMC’s
systemic velocity of 280 km s~!. Beyond 17 kpc, the Si 11 ab-
sorbers have much lower velocities consistent with the Stream.
To explore the role of the Stream in more detail, we exam-
ined the low- and high-ion column densities as a function of
impact parameter for absorbers with velocities between 150
and 230kms™! (i.e. Stream velocities). These profiles do not
show a significant declining trend with pyyc. In addition,
we find no correlation between the column density and pp vc
for these lower-velocity absorbers using the Spearman rank
correlation test, further indicating that the gas beyond 17 kpc
is associated with the Stream rather than the LMC.

In principle, the compactness of a galaxy’s CGM can be ex-
plained by: (i) the galaxy not being massive enough to retain
a larger CGM that extends up to its virial radius (see Bor-
doloi et al. 2014), and/or (ii) the CGM being truncated due to
strong interactions with the surrounding environment. Since
it is now well-established that the LMC is an intermediate-
mass galaxy with Mp,, > 10" My, (Erkal et al. 2019; Watkins
et al. 2024), the first scenario is unlikely, leaving environmen-
tal effects as the likely explanation for the compactness of the
LMC CGM.

To explore the environmental effects, we compare the CGM
of the LMC with that of isolated dwarf galaxies using the
recent sample of Zheng et al. (2024a), which focuses on
the metal content in the CGM of nearby dwarf galaxies.
This sample consists of 45 isolated dwarf galaxies with 56
galaxy-quasar pairs having z = 0.0 — 0.3 and mass range of
M, = 10%°793 My, including the COS-Dwarfs sample (Bor-
doloi et al. 2014). For the LMC CGM, we do not impose
any impact parameter cut to ensure an unbiased comparison
with the isolated dwarf galaxy sample, but we only include
absorbers with v sg>230 kms~! to exclude Stream contri-
butions. For sightlines beyond 17 kpc, we treat them as non-
detections and estimate upper limits at the LMC’s systematic
velocity of 280 km/s. In Fig. 5, we show the total column den-
sity of Sill, Simi, Sitv, and C1v as a function of normalized
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Figure 5. Column density profiles of the CGM in four low ions, comparing the LMC to isolated dwarf galaxies in the literature. The red
points show the total column density of LMC components at vf sr> 230 km s range chosen to exclude the Stream) as a function of impact
parameter normalized by the virial radius. Open symbols indicate the 30~ upper limits for non-detections. The 50th percentile solution of the
power-law model for MCMC runs for the LMC is shown in red solid line with 1o~ scatter of the fit shown in shaded red. For comparison, the
profiles from the CGM of isolated dwarf galaxies taken from Zheng et al. (2024a) are shown in black in each panel with 10 uncertainty in gray.

impact parameter. To compare the corresponding column
density profiles for the isolated dwarf galaxies, we used the
best-fit log-log relation (power-law fit) presented in Figure 4
of Zheng et al. (2024a), which has the form log N=log Ny +
klog 1%00. We see clearly that the LMC profiles are steeper
than the profiles of the isolated dwarf galaxies. This dif-
ference is strongest for the low-ion Si II, also strong for the
intermediate-ion Si III, and still present but weaker for the
high-ion Si IV. The distinct differences in the profile of the
LMC halo compared to other dwarf galaxies can be attributed
to the strong dynamical interactions of the LMC with the MW
and SMC, i.e. to the highly non-isolated nature of the LMC.
Therefore, our observations of a steep column density profile
for the LMC CGM, despite its higher stellar mass and halo
mass than the galaxies in the Zheng et al. (2024a) sample,
suggest that strong environmental effects are disturbing and
stripping the LMC CGM.

The 17 kpc truncation radius of the LMC CGM can be
understood as a ram-pressure effect. A recent simulation by
Zhu et al. (2024) estimates the survival of an LMC-like CGM
against ram pressure stripping in a MW-type environment
(see their Section 5.4). By employing an isothermal spherical
CGM with a power-law density profile (power-law index of -2)
and using pericentric ram pressure value of Py ~ 2% 10713
dyne cm~2 (Salem et al. 2015), the authors predict a maxi-
mum CGM stripping radius of 15 kpc, which aligns well with

our observed LMC truncation radius of 17 kpc. The authors
found only 10% of the initial CGM mass survives. It is note-
worthy that the LMC’s CGM may no longer be spherical and
could be compressed towards the front (i.e north-side with
b > brmc), as evident from the generation of bow shocks
(Setton et al. 2023). Nonetheless, our observed LMC CGM
truncation radius of 17 kpc is also in reasonable agreement
with the simulations of Lucchini et al. (2020), Lucchini et al.
(2024), and Carr et al. (2024), which account for this front-
side compression. Specifically, the LMC corona in Lucchini
et al. (2024) extends ~20° to either side of the LMC, cor-
responding to ~18 kpc at the LMC distance. However, this
region towards the north (b > byyc) currently lacks UV
sightlines (see Fig. 1) and therefore remains unprobed obser-
vationally. We have an approved HST/COS Cycle 32 program
to probe the LMC CGM in this region (PI: S. Mishra).

5. SUMMARY

We have presented new findings on the LMC CGM using
HST/COS G130M and G160M spectra of 28 quasar sightlines
extending up to 35 kpc from the LMC. We trace the cool (~10*
K) gas using six low ions: O1, Al1, Fer, Nim, Sii, S 1, and
one intermediate ion: Simr. Our results are supplemented
by high-ion data (Sitv and C1v) from K22. We observe a
declining column density profile for both low-ion and high-
ion column densities as a function of the impact parameter,
with the low ions declining more steeply than the high ions.



The kinematic structure of both the cool and warm phases
becomes more complex closer to the LMC compared to larger
impact parameters.

Importantly, we observe a break in the LMC CGM prop-
erties at 17 kpc. Inside 17 kpc, the CGM absorption is
found within ~50kms~! of the LMC systemic velocity of
280kms~!. Beyond 17 kpc, the absorption is predomi-
nantly found at the much lower velocities (<230 km s~1) of the
Stream, indicating a clear truncation in the LMC CGM at this
distance. The truncation radius is in good agreement with re-
cent simulations (Zhu et al. 2024; Lucchini et al. 2020, 2024,
Carr et al. 2024). Our finding of a truncated LMC CGM
supports the picture of a high-mass LMC on its first infall

passage that has lost most (but not all) of its CGM to ram
pressure stripping by the MW halo. As a result, the MW halo
has gained mass, but the LMC halo has still survived. The
survival of a small halo is important for the LMC’s evolution,
as the halo protects its interstellar gas from being stripped and
allows star formation in the LMC to continue.
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APPENDIX

Table A1. Absorption parameters of Magellanic components derived from Voigt-profile fitting

Quasar Name GLON GLAT p Ton VLSR b log N Reference
(deg)  (deg)  (kpo) kms™)  Gms™h)  (em™?)

(1) (2) (3) ) 5) () ) ) &)
RX J0503.1-6634 277.18 -35.42 3.2 O1 229.6+15.1 46.8x1.6 >15.18 This work
O1 296.6+13.8 51.0+£2.5 >15.34 This work
O1 3744423 10.1+3.6  13.54+0.19 This work
Alll 162.6+£3.2  36.7+£56.2 12.34+0.57 This work
Alll 204.7+2.8 10.7+4.7  12.31£0.27 This work

Notes — (1) Quasar name; (2)-(3) galactic longitude and latitude; (4) impact parameter; (5) name of the ion; (6)-(8) centroid velocity, line width,
and column density of absorption component from VPFIT; (9) reference for the measurements. The full table is available in the online version.

Only a portion is presented here to illustrate its format and content.
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Figure A2. Same as Fig. 2.
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