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ABSTRACT

We investigate the origin of intervening cool Mg ii absorption detected in the spectra of background quasars and the nature of as-
sociated galaxies across a broad redshift range of 0.3 ≤ z ≤ 1.6, and a largely unexplored galactrocentric distance of .20 kpc.
Using nebular [O ii] λλ3727, 3729 emission lines identified in DESI fibre spectra centred on quasars, we detect 342 galaxies at a
typical detection rate of ∼0.45% at z . 1, which increases with the Mg ii equivalent width (W2796). A significant fraction (74%)
of these galaxies are associated with strong absorbers with W2796 ≥ 2 Å. These absorbers trace galaxies spanning stellar masses of
8.4 ≤ log(M?/M�) ≤ 11.6 and star formation rates (SFRs) of −1 ≤ log(SFR [M� yr−1]) ≤ 2.7, located at projected galactocentric
distances of 4−24 kpc. We find that the average Mg ii absorber strength increases from 2.1 Å to 2.8 Å between redshifts of z ∼ 0.4
and 1.2, indicating evolution in the cool gas content of galaxy halos. The relatively constant absorber strength with galactocentric
distance implies a clumpy structure of cool gas in the circumgalactic medium (CGM). Further, we find a positive correlation between
W2796 versus stellar mass (M?), and the SFR, suggesting that the distribution of metal-enriched cool gas in the CGM is closely tied
to the properties of the host galaxies. The redshift evolution of gas-phase metallicity suggests that strong Mg ii absorbers trace the
general population of star-forming galaxies. The velocity dispersion of the cool gas increases with halo mass, and the wide range of
the line-of-sight velocity offset (−389 to 364 km s−1) between the galaxy systemic velocity and absorbers highlights the dynamical
nature of CGM. However, the majority of this gas remains gravitationally bound to the dark matter halos, consistent with a picture of
gas recycling via galactic fountains.

Key words. galaxies: evolution – galaxies: formation – galaxies: high-redshift – galaxies: ISM – quasars: absorption lines –
galaxies: star formation

1. Introduction

Galaxies across the wide spectrum of stellar mass and morpholo-
gies, including actively star-forming and quiescent galaxies, har-
bour cool gas reservoirs within their halo (Chen et al. 2010;
Nielsen et al. 2013; Huang et al. 2021; Chen et al. 2025). This
metal-rich cool gas extending up to the virial radius is believed
to originate in galactic winds driven by active galactic nucleus
(AGN) feedback or supernova explosions (Rahmati et al. 2015;
Schroetter et al. 2019; Ho et al. 2021; Huscher et al. 2021;
Zabl et al. 2021; Schroetter et al. 2024). The supernova-driven
outflow models require high-energy coupling from the super-
novae to the gas, and with supernova efficiencies of nearly unity
in transferring energy to the wind (Afruni et al. 2021). Further-
more, the continuous accretion of pristine gas from the inter-
galactic medium replenishes the gas reservoir, the circumgalac-
tic medium (CGM), which is fundamental for maintaining the
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galaxy growth (Tumlinson et al. 2017). However, tracing this
low-density gas has remained challenging (Péroux et al. 2020;
Peroux & Nelson 2024).

The Mg ii absorption in the background quasar spec-
tra gives access to the cool photoionized gas of tempera-
ture '104 K and high neutral hydrogen column density of
log N(H i) [cm−2]∼ 18−22 (Tumlinson et al. 2017; Péroux et al.
2020). The studies based on absorber-galaxy connection show
that Mg ii absorbers are a generic feature near ordinary galax-
ies, largely tracing the underlying gas kinematics around them,
including: inflowing and outflowing gas (Bouché et al. 2007;
Nestor et al. 2011; Ho et al. 2017; Lan & Mo 2018; Zabl et al.
2021; Guo et al. 2023; Bacon et al. 2023; Nateghi et al. 2024;
Kacprzak et al. 2025); the multiple halos of a galaxy group
(Kacprzak et al. 2010; Bielby et al. 2017; Péroux et al. 2017;
Nielsen et al. 2018; Fossati et al. 2019; Dutta et al. 2020;
Lundgren et al. 2021; Fernández-Figueroa et al. 2024); the intra-
group medium (Gauthier 2013); and/or cool stripped gas from
environmental processes (Dutta et al. 2020; Anand et al. 2022;
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Mishra & Muzahid 2022). The statistical analysis of millions
of quasar-galaxy pairs revealed an excess mean Mg ii absorp-
tion extending on a spatial scale of 20 kpc to 10 Mpc, with an
excess around emission line galaxies (ELGs) compared to lumi-
nous red galaxies (Lan & Mo 2018; Wu et al. 2025; Chen et al.
2025; Anand et al. 2021). The studies based on cosmological
hydrodynamic zoom-in simulations further highlight that the
CGM around L* star-forming galaxies has experienced sub-
stantial evolution in both its physical structure and dynamical
state from the present epoch until cosmic noon, i.e. z ∼ 2−3
(Huscher et al. 2021). The signature of cool gas evolution is
further supported by the stronger Mg ii absorption in the halos
of high-z galaxies than in the ones of their low-z counterparts
(Wu et al. 2025). On the contrary, Chen (2012) found a simi-
lar spatial extent and mean absorption equivalent width in the
CGM at low and high redshifts across the 11 Gyr (see also,
Rudie et al. 2019).

The strong interplay between galaxy and CGM is further
highlighted by the observed increase in absorption strength
with the SFR and stellar mass of absorber host galaxies, sup-
porting the galactic wind origin of Mg ii gas (Bouché et al.
2007; Zibetti et al. 2007; Bouché et al. 2012; Zabl et al. 2019;
Schroetter et al. 2019). Mapping the disc–halo interface within
.50 kpc, where gas accretion and outflows are more pro-
nounced, offers a pathway to understand how the physical
state of the CGM regulates feedback, accretion, and long-term
galaxy growth (Bouché et al. 2007). However, finding quasar-
galaxy pairs at these close separations remained observation-
ally expensive. In previous studies, the absorber host galaxies
were generally found at an average galactocentric distance of
∼100 kpc (Kacprzak et al. 2008; Chen et al. 2010; Nielsen et al.
2013; Lundgren et al. 2021). In MusE GAs FLOw and Wind
(MEGAFLOW) studies, targeting the CGM at close galactocen-
tric distances (.100 kpc) around galaxies at intermediate red-
shifts (z ∼ 0.5−1.5), found the signature of biconical outflow
and co-rotating gaseous discs, suggesting that the mass accretion
rates from the CGM are adequate for sustaining star formation
(Schroetter et al. 2019; Zabl et al. 2021; Schroetter et al. 2024).

The fibre-based spectroscopic surveys, using a finite fibre
size of radius 1−1.5 arcsec, trace a physical area of 5−10 kpc
over a redshift window of 0.3 ≤ z ≤ 1.5 around the central
quasar. Thus, enable to probe the galaxies at quasar proximity of
.20 kpc (Noterdaeme et al. 2010; Straka et al. 2015; Joshi et al.
2017; Das et al. 2025). Das et al. (2025, hereinafter Paper II),
investigated the galaxies hosting Mg ii absorbers over a redshift
range of 0.4 ≤ z ≤ 1 by searching strong nebular emission lines
(O [ii], O [iii], Hβ) in background quasar spectra and associated
photometric counterparts within 2 arcsec proximity of quasars in
the DECaLS imaging survey. It resulted in 216 elusive quasar-
galaxy pairs at exclusively low impact parameters of .20 kpc,
predominantly tracing galaxies with a star formation rate (SFR)
of −3.7 ≤ log SFR [M� yr−1] ≤ 2.3 and a stellar mass rang-
ing between 7.9 ≤ log(M?/M�) ≤ 11.1. A positive correlation
between the absorber strength and SFR and specific SFR sup-
ports the wind origin. It is further reinforced by the near-constant
absorption intensity at low-impact parameters, which points to
the possible contribution of strong outflows and satellite galaxies
in the metal enrichment of the galaxy halo (Weng et al. 2024).

In this study, we advance the investigation of Mg ii absorber
host galaxy from Paper II by leveraging 270 529 Mg ii absorbers
from the value-added catalogue of the Dark Energy Spec-
troscopic Instrument (DESI) Data Release-1 (Napolitano et al.
2023) and ≈14 000 square degrees imaging data from the
Dark Energy Spectroscopic Instrument (DESI) Legacy Surveys

Table 1. Summary of the sample of Mg ii absorbers.

Survey Mg ii Galaxies O [ii] No. of bands SED
absorbers <2′′ emission with 4σ

detections

DESI1 162 836 24 848 480 ≥3 (400) 306a

94b

<3 (80b) –

SDSS2 ,3 58 993 (z > 1) 9193 79 ≥3 (65) 36a

29b

<3 (14b) –

Notes. 1: https://data.desi.lbl.gov/doc/releases/dr1/
vac/mgii-absorber/, 2: https://wwwmpa.mpa-garching.
mpg.de/SDSS/MgII/ (Anand et al. 2021), 3: https://www.
guangtunbenzhu.com/jhu-sdss-metal-absorber-catalog
(Zhu & Ménard 2013), a: Primary Sample; b: Secondary Sample.

(DECaLS1; Dey et al. 2019). This paper is structured as follows.
Section 2 describes our sample selection and analysis. Section 3
examines the absorber galaxy association and the nature of
galaxies associated with Mg ii absorbers. The conclusions of this
study are summarized in Sect. 4. Throughout, we have assumed
a flat Universe with H0 = 70 km s−1 Mpc−1, Ωm = 0.3, and
ΩΛ = 0.7.

2. Sample and analysis

We used the DESI-DR1 value-added catalogue of Mg iiabsorbers,
comprising 137 328 quasar sightlines, hosting 162 836 absorbers
with a redshift of zabs ≤ 1.6, ensuring a coverage of
[O ii] λλ3727, 3729 nebular emission in DESI spectra. In addi-
tion, we augmented the sample with 58 993 Mg ii absorbers
within 1 ≤ z ≤ 1.5 along 52 369 SDSS quasar sightlines
(Zhu & Ménard 2013; Anand et al. 2021), extending our Mg ii
absorber host galaxy search beyond the redshift window of z ∼ 1
adopted in Paper II. To find the absorber host galaxy, we followed
the procedure adopted in Paper II. In brief, firstly we searched
the quasar sightlines that have at least one photometric counter-
part within 2 arcsec of the quasar in the DECaLS imaging sur-
vey2. The DECaLS covers≈14 000 sq. degrees of sky in the g, r, z
optical passbands at a 5σ survey depth of g = 24.0, r = 23.4,
and z = 22.5 AB magnitudes (Dey et al. 2019). The sample sum-
mary is given in Table 1, including 24 848 and 9193 photometric
objects near quasars from DESI and SDSS, respectively.

2.1. Searching nebular emission lines

Next, for the absorber-galaxy association, we searched for the
strong nebular emission lines from potential host galaxies. Fol-
lowing Paper II, we searched for the [O ii] λλ3727, 3729 nebular
emission for each Mg ii absorber close to the absorber redshift
(zabs) in the quasar continuum-subtracted spectrum. We mod-
elled the emission feature with a Gaussian kernel over the veloc-
ity range of ±400 km s−1 around zabs and determined the detec-
tion significance based on the signal-to-noise ratio defined in
Bolton et al. (2004) as S/N =

∑
i fiui/σ

2
i√∑

i u2
i /σ

2
i

, where fi is the residual

line flux in the ith pixel, σi is the flux error, and ui is a Gaussian

1 https://www.legacysurvey.org/decamls/
2 https://datalab.noirlab.edu/data/legacy-surveys
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kernel, normalized such that
∑

i ui = 1. The position and line
width of the kernel were determined by minimizing the χ2 over
the defined velocity window. This resulted in a sample of 556
galaxies with a O [ii] emission line detected at a level of >2.5σ,
including 533 galaxies at a level of O [ii] >3σ. Furthermore, we
searched Hβ, and [O iii] λλ4959, 5007 nebular emissions from
the galaxy. We performed a visual search for any bad pixels,
continuum, or strong skyline regions. Among 556 O [ii] selected
galaxies, we found 53 galaxies with additional [O iii] λ5007 and
Hβ as well as 81 galaxies with only [O iii] λ5007 nebular emis-
sion, detected at a level of ≥3σ. Furthermore, three additional
systems were found based on only [O iii] λ5007 and Hβ nebu-
lar emission, resulting in a final sample of 559 Mg ii galaxies.
The sample summary, including the absorber sightlines, proxi-
mate galaxies, and emission line-selected galaxies, is given in
Table 1.

2.2. Mg ii absorber host in DECaLS residual images

To search for galaxies producing strong Mg ii absorption, we
further explored the residual images provided by DECaLS. For
this, we explored DESI residual images with non-zero residual
flux at the quasar location with 5 contiguous pixels at a level of
≥3σ. The residual images were obtained using the Tractor algo-
rithm, which models each source, detected in three individual-
band image stacks at the 6σ level. In the Tractor, each source
was modelled using a small set of parametric light profiles,
including a delta function for point sources, a de Vaucouleurs
law, an exponential disc, or a composite de Vaucouleurs plus
an exponential. Assuming the same model across all the bands,
the same light profile (an exponential disc, de Vaucouleurs, or
combination) was consistently fitted to all images to determine
the best-fit source position, source shape parameters, and pho-
tometry (Dey et al. 2019). We note that modelling uncertainties
related to source morphology, blending, and saturation may lead
to more false positives in residual-based searches. To mitigate
this, we firstly searched for the O [ii] nebular emission for all
Mg ii absorbers in our sample (see column 1 Table 1). Since our
search relies solely on O [ii] emission, we imposed a strict detec-
tion criterion of ≥3σ to reduce false positives, which resulted
in 900 detections (see also, Joshi et al. 2017). Among them, we
found 562 bona fide Mg ii absorber host galaxies with O [ii]
nebular emission and a photometric counterpart in the residual
images. Figure 2 shows examples of absorber galaxy candidates
identified in DECaLS residual images.

2.3. Modelling the spectral energy distribution

To determine the key physical parameters of a galaxy, such as
the SFR and stellar mass, we performed multi-band SED fit-
ting. From the DECaLS photometric catalogue, we included
DECaLS optical passband g, r, i, z fluxes, along with the mid-
infrared passbands W1 and W2 from unblurred Wide-field
Infrared Survey Explorer (unWISE) co-added images reaching
up to a 5σ depth of 20.0 and 19.3 AB magnitudes in W1 and
W2, respectively (Dey et al. 2019). The mid-infrared unWISE
fluxes were obtained with forced photometry whereby each opti-
cally detected source was modelled by forcing the location and
shape of the model by convolving with the WISE PSF and fit-
ting to the WISE stacked image (see also, Lang et al. 2016).
Furthermore, we searched for near-infrared J,H,Ks passband
images from the VISTA Surveys3. We found 185 sources in

3 http://vsa.roe.ac.uk/

the VHS (at a 5σ depth of J = 21.2, H = 20.6, Ks =
20.0) survey and 100 in the VIKING (at a 5σ depth of J =
22.1) survey. We obtained the near-IR fluxes by simultaneously
modelling the quasar and the galaxy at the centroid obtained
from DESI images. In the case of non-detection, we estimated
the flux upper limits at a level of 4σ. For reasonable SED model
parameters, we demanded that the target be detected (at a level
of 4σ) in any of the three filters mentioned above, resulting in
465 sources, of which more than ∼75% of the systems have a
minimum four-band detection. The galaxy SED were modelled
using BAGPIPES4 (Carnall et al. 2018) and the MultiNest sam-
pling algorithm (Feroz et al. 2009). For this, we fixed the galaxy
redshift determined based on O [ii] nebular emission. Here, we
used a simple model considering a delayed star formation his-
tory with a wide parameter space for the age, of between 50 Myr
to 13.5 Gyr, mass formed (6 ≤ log(M∗/M�) ≤ 13), and metallic-
ity (0.005 < [Z/H] < 5). We assumed the dust extinction law of
Calzetti et al. (1994) with a total extinction of 0 < Av < 4.

3. Results and discussions

In this section, among 559 legitimate Mg ii absorber galaxies
from the present study, we use 342 galaxies with robust SED-
based estimation of stellar mass and SFR to explore the nature
of galaxies hosting Mg ii absorbers. The examples of Mg ii
absorber galaxies from our detection set are shown in Fig. 1.
To strengthen the statistical analysis, we complement the above
sample with 216 galaxies from Paper II with well-constrained
SFR and stellar mass parameters. This results in a large dataset of
558 galaxies, providing access to the largely unexplored impact
parameter ranges of 4 to 24 kpc over a wide redshift range of 0.3
to 1.6.

3.1. Detection rate of emission selected Mg ii absorber
galaxies

Firstly, we estimated the detection rate of Mg ii galaxies at close
impact parameters of .20 kpc. The detection rate is defined as
the ratio of the number of absorbers associated with a host
galaxy identified based on O [ii] detections to the total number
of absorbers. The histogram in the top panel of Fig. 3 shows
the detection fraction as a function of redshift for our primary
sample (hatched), including only galaxies with good SED fit,
and a secondary sample (dashed) with O [ii]-based selection. For
z . 1, the average detection rate for the primary set was found
to be 0.45%, which reduces to .0.1% at z > 1. This is similar to
the detection rate of 0.5% from the SDSS-based selection from
Paper II. The detection fraction increases by 22% when we con-
sider the secondary detection set. In the bottom panel of Fig. 3,
we show the detection fraction with rest-frame W2796. The detec-
tion rate increases from ∼0.01% for W2796 . 1 Å to ∼0.6% for
ultra-strong Mg ii absorbers with W2796 ≥ 3 Å for the primary
set. However, the detection fraction mentioned above represents
a lower limit, constrained by the finite fibre size, and limited
imaging and spectroscopy sensitivity in identifying faint galax-
ies. In addition, the W2796 was found to be ≥1 Å for ∼95.9%
of detections, which can be understood with the observed anti-
correlation between W2796 and the impact parameter (Chen et al.
2010; Nielsen et al. 2013; Huang et al. 2021). This further sug-
gests that the stronger absorbers likely trace the complex gas
flows within the halos of galaxies, such as those driven by out-
flows or associated with accretion processes.

4 https://bagpipes.readthedocs.io/en/latest/
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Fig. 1. Postage stamps DECaLS colour composite, centred on the quasar. The SDSS fibre, with a radius of 1.5′′, is indicated by dashed circles,
while the solid circular aperture highlights the MgII host galaxy. The second column exhibits the multi-band SED fit at the absorber redshift.
Columns three, four, and five show the detected Mg ii absorption, and the [O ii] λλ3727, 3729 and [O iii] λ5007 nebular emission line from the
Mg ii absorber host, respectively.
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Fig. 2. Faint Mg ii absorber galaxy revealed in the DECaLS residual images. These galaxies remained undetected in DECaLS photometry due to
the glare of the bright quasar. Each panel shows the g (blue), r (green), z (red) band colour composite inverted-image centred on the quasar (grey
contour), marked as star, and the SDSS fibre of radius 1.5 arcsec (dotted circle). The associated Mg ii absorption and [O ii] λλ3727, 3729 nebular
emission line profiles are shown in the bottom left and right insets, respectively.

3.2. Physical properties of Mg ii absorber host galaxies

Using the largest set of spectroscopically identified Mg ii
absorber host galaxies at a quasar proximity of .24 kpc, we
performed multi-band SED modelling to derive the key phys-
ical parameters, such as stellar mass and SFR (see Sect. 2.3).
We found that the Mg ii galaxies, traced by strong nebular
emission lines, probe a wide range of stellar mass (7.9 ≤

log(M?/M�) ≤ 11.6), with an average 〈log M?〉 = 9.9 M�. These
galaxies form stars with −1.7 ≤ log SFR [M� yr−1] ≤ 2.7, at
a median 〈log SFR[M� yr−1]〉 of 0.9. At first, we explored the
Mg ii absorber galaxies on the star formation main-sequence
plane (see Fig. 4). The stellar mass versus star formation dis-
tribution shows that the majority of Mg ii galaxies are consistent
with the main-sequence relation for 〈z〉 ∼ 0.8 star-forming galax-
ies. The best fit relation from Popesso et al. (2023) is shown as
a solid red curve. A large fraction of galaxies with masses of
log(M?/M�) > 10.5 are at a higher redshift of z > 0.8, lead-
ing to the small deviation from the main-sequence relation. In
the top panel of Fig. 4, we compare the SFR, normalized at the

respective stellar mass and redshift based on the main-sequence
relation. Overall, ∼13.1% of galaxies hosting Mg ii absorbers
show a starburst nature, with an SFR that is a factor of three to
four higher than the one of main-sequence galaxies (Elbaz et al.
2018). For absorption-selected galaxies at the average z ∼ 0.8,
the starburst fraction is higher than the 1−3% of the general
galaxy population (Arango-Toro et al. 2025). We note that the
large fraction of star-forming galaxies in our sample primarily
reflects a sample selection bias, as the galaxies were selected
based on the presence of strong O [ii] nebular emission.

Assuming that host galaxies do not harbour AGNs and
stars as the ionizing source, we derived the O [ii]-based SFR
from the scaling relation given in Eq. (5) of Zhuang & Ho
(2019). The O [ii]-based SFRs were found in the range of 0.1 to
14.9 M� yr−1. Furthermore, considering the characteristic lumi-
nosity of log(L? [erg s−1]) = 40.58, for the O [ii] luminosity func-
tion at an average redshift of 〈z〉 ∼ 0.8 in our sample, the O [ii]
nebular line luminosity ranges between 0.3−68.9 L?O [ii]. It is
worth recalling that the fibre aperture encompasses only a frac-
tion of the total galaxy extent, resulting in the flux losses in the
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Fig. 3. Detection probability of Mg ii absorbers. Top: Detection fraction
as a function of redshift for primary (hatched), and after incorporating
the secondary (dashed) set. The average DECaLS rmag of galaxies per
redshift bin is shown as a square, along with the 16th and 84th per-
centiles. Bottom: Detection rate of Mg ii absorber host galaxies with
equivalent width (W2796) for primary sample with z < 1.6 (square). The
cumulative fraction for all detections, including primary and secondary
samples, is given by the right-hand-side ordinates.

finite fibre size (López & Chen 2012; Joshi et al. 2017). There-
fore, the measured O [ii] emission line fluxes represent the lower
limits. In addition, the derived SFRs are systematically smaller
than the SED-based SFRs due to the fact that dust reddening is
not taken into account. Henceforth, we used the SED-based SFR
to study the characteristics of absorber host galaxies.

In Fig. 5 we explore the dependence of Mg ii absorber
strength on galaxies’ key physical parameters, such as M?,
SFR, specific star formation (sSFR), and SFR surface density
(ΣSFR [M� yr−1 kpc−2]). The median W2796 over three equal bins
of M?, SFR, sSFR, and ΣSFR are shown as a square. The
strength of W2796 is mildly correlated with the stellar mass,
with Kendall’s τ correlation coefficient of τk = 0.07 and a
null probability of pnull = 0.01. Analysing the average Mg ii
absorption strength in the halo of ∼0.4 million star-forming
galaxies (ELGs), Chen et al. (2025) found that W2796 strongly
depends on stellar mass with W2796 ∝ M0.5

? over ρ < 100 kpc
for galaxies with log(M?/M�) ≤ 10 and remains independent
for higher-mass galaxies (see also, Dutta et al. 2020). In con-
trast to the lack of correlation reported in Paper II, the statis-
tically robust sample reveals a weak correlation. It can be par-
tially explained by the higher covering fraction observed in the
halos of high-z galaxies (Zahedy et al. 2019; Dutta et al. 2020;
Anand et al. 2021) and simulations (Ho et al. 2020; Nelson et al.
2020; Ramesh & Nelson 2024). In addition, the large spread in
W2796 suggests that the CGM is not smooth, homogeneous, and
isotropic near the disc-halo interface, where strong outflows and
gas accretion are evident (Nielsen et al. 2013; Tumlinson et al.
2017; Ponti et al. 2023; Bisht et al. 2025).

Fig. 4. Star formation main-sequence relation for Mg ii absorber host
galaxies. The symbols are colour-coded with the equivalent width. The
shaded and hatched regions indicate the 1σ confidence interval. Addi-
tionally, the dotted line represents the SFR threshold for wind launching
from Murray et al. (2011). Top: SFR of Mg ii galaxies normalized by the
main-sequence star-forming galaxy at the respective redshift.

In addition, the W2796 is found to be more strongly corre-
lated with the SFR with Kendall’s τ correlation coefficient of
τk = 0.19 with a null probability of pnull . 0.01 (see Fig. 5).
The increase in the incidence of outflows with SFR suggests
that the Mg ii absorbers in our sample preferentially originate in
galactic outflows (see also, Cicone et al. 2016). To further exam-
ine this relationship, we analyse W2796 dependence on the ΣSFR
in the bottom right panel of Fig. 5. The average ΣSFR was esti-
mated by normalizing the SED-based SFR with the galaxy area
measured from the best-fit ellipse parameters (Dey et al. 2019).
The W2796 shows a strong dependence on ΣSFR with Kendall’s
τ correlation coefficient of τk = 0.21 and a null probability
of pnull . 0.01. The majority 428/558 (76.7%) of galaxies
have ΣSFR & 0.05 M� yr−1 kpc−2, sufficient to drive outflows of
104 K gas in galaxy halos out to 50−100 kpc (Murray et al. 2011;
Hopkins et al. 2012; Schroetter et al. 2024; Reichardt Chu et al.
2025). The higher SFR of Mg ii selected galaxies, along with a
strong correlation with key physical parameters, i.e. SFR, ΣSFR,
and M?, suggests that Mg ii absorbers have a wind origin (see
also, Rubin et al. 2018; Bordoloi et al. 2011; Schroetter et al.
2024).

3.3. Redshift evolution of cool gaseous halo

The galaxies evolve significantly in morphology, having more
compact and asymmetric profiles, and excess star-formation
at high-z, than their low-z counterparts of similar masses
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Fig. 5. Distribution of Mg ii equivalent width with the galaxy stellar
mass (top left), SFR (top right), specific SFR (bottom left), and SFR
surface density (bottom right). The square symbols represent the median
values over three equal bins. The error bar represents the 68th percentile
confidence interval.

(Behroozi et al. 2013). In particular, galaxies at z ∼ 2 are seen
actively forming stars and hosting super-galactic winds that are
likely effective in replenishing the CGM with metal-enriched
gas (Nielsen et al. 2020). Cosmological hydrodynamical simula-
tions show that along with the galaxy, the gaseous halos undergo
considerable changes in physical and dynamical states, such as
density, temperature, metallicity, velocity, and angular momen-
tum. For instance, high-z gaseous halos have nearly as much cool
(T < 105 K) gas as hot (T ≥ 105 K) gas out to R200, while low-z
halos have five times more hot gas than cool gas (Huscher et al.
2021).

From an observational perspective, Chen (2012) compared
the average equivalent width of H ii, C iv, and Mg ii absorp-
tion profiles from various absorption-line surveys conducted
in the vicinities of galaxies over redshifts of z ∼ 0 to 2.2.
They observed a good agreement in the spatial extent and mean
absorption equivalent width between the CGM at low and high
redshifts across the 11 Gyr of galaxy evolution. It primarily
reflects a similar kinematics and volume filling factor of gaseous
clumps in galactic halos (see also Rudie et al. 2019; Dutta et al.
2020). Using DESI-Y1 data of 2.5 million ELGs and 1.4 mil-
lion background quasars, Wu et al. (2025) studied the evolu-
tion of cool gas, traced by Mg ii absorption, in galaxy halos
over z = 0.75 to 1.65. Conversely, they found that ELGs at
higher redshifts, 1.0 < z < 1.65, harbour systematically higher
gas fractions over spatial scales ranging from 20 kpc to 1 Mpc.
Interestingly, in a follow-up analysis with the DESI-EDR data,
Chen et al. (2025) found no such trend over ≤1 Mpc scales. The
excess absorber strength of high-z galaxies in the stacking analy-
sis (Wu et al. 2025) is attributed to high-z galaxies having higher
M? than their low-z counterparts (see also Chen et al. 2025).

Fig. 6. Radial dependence of Mg ii absorption strength. Mg ii absorber
rest-frame equivalent width versus impact parameter normalized by the
galaxy’s virial radius (ρ/Rvir). The best fit for high-z (z ∼ 1.1) and low-
z (z ∼ 0.5) subsets comprising the top and bottom 30% of the sample
is shown as a dashed and solid line, with 1σ uncertainty as a hatched
region. The average W2796 for the z ≤ 0.5 (blue square), 0.5 ≤ z ≤ 1.0
(green triangle), and z ≥ 1 (red circle) subsets, for ρ/Rvir bins shows a
clear evolution of mean absorption strength.

In order to discern the evolution of cool gas in halos with
redshift at small impact parameters of <20 kpc, in Fig. 6 we
show the W2796 versus galactocentric distances from the galaxy,
normalized by the virial radius (ρ/Rvir), for our entire sam-
ple, colour-coded with redshift. Further, we estimated the halo
mass by converting the stellar mass into the halo mass using
the stellar-to-halo mass relation from Girelli et al. (2020). It is
apparent that the absorbers at higher redshift show higher W2796
than their low-z counterparts. We subdivided the sample into
three redshift intervals of z ≤ 0.5, 0.5 ≤ z ≤ 1.0, and z > 1,
consisting of 50, 379, and 129 galaxies, respectively. Despite
higher-z absorbers probing larger galactocentric distances, due to
a larger projected fibre area, a systematic increase in the average
W2796 of 2.1 Å, 2.4 Å, and 2.8 Å (each with mean error of 0.1 Å)
is observed with z. Further, we compared the average W2796 as
a function of ρ/Rvir over the above three z bins. The absorbers
at z > 1 clearly show a higher W2796 (red-circle) compared to
absorbers at z ≤ 0.5 (blue square), 0.5 ≤ z ≤ 1.0 (green trian-
gle).

Furthermore, we modelled the Mg ii absorption strength as a
function of ρ by fitting a log-linear model, logW2796 (Å) =α+ β×
(ρ/Rvir), with a likelihood function given in Eq. (7) of Chen et al.
(2010). For this, we generated the high-z and low-z subsets using
the top and bottom 30% of the sample, each consisting of 168
absorbers with average z of 0.5 (0.3−0.7), and 1.1 (0.9−1.6),
respectively. The best-fit parameter for the high-z and low-z
subsets are α = 0.43+0.06

−0.06, β = 0.06+0.48
−0.50 and α = 0.33+0.06

−0.06,
β = 0.10+0.76

−0.77, respectively. Figure 6 shows the best-fit log-
linear model, along with a 1σ uncertainty in the shaded region.
The Mg ii absorber strength as a function of ρ/Rvir is observed
to be near-constant across all redshifts, whereas the enhanced
mean absorber strength is evident in high-z halos. It reiterates
the higher gas covering fraction and non-homogeneous nature of
CGM due to strong outflows and strong accretion events near
the disc, which are more prevalent at higher redshift, where
galaxies exhibit a higher SFR and sSFR (Tumlinson et al. 2017;
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Fig. 7. Left: Mass-metallicity relation for Mg ii absorber host galaxies considering the top and bottom 30% sample of redshift distribution with
〈z〉 of ∼0.5 (square) and ∼0.8 (circle), respectively. The mass metallicity relation, median (solid and dashed curve), and 1σ scatter (hatched region
at −45 and 90◦), observed for z ∼ 0.1 (Mannucci et al. 2010) and z ∼ 0.95 galaxies (Huang et al. 2019), respectively. Right: Metallicity gradient
with galactrocentric distance for the subset of low (square) and high (circle) mass galaxies with 〈log(M?/M�)〉 of 9.7, and 10.2, respectively. The
dashed and solid curves represent the gas-phase metallicity profiles for star-forming galaxies at z ∼ 0 (red curve) and z ∼ 0.8 (blue curve) in
IllustrisTNG-50 (Garcia et al. 2023).

Dutta et al. 2020; Ponti et al. 2023; Ramesh & Nelson 2024;
Bisht et al. 2025; Das et al. 2025; Joshi et al. 2025).

We note that the high-z and low-z subsets differ in stel-
lar masses. To address the contribution of stellar mass to
the observed excess W2796 at high-z halos (Wu et al. 2025;
Chen et al. 2025), we constructed two stellar mass matched sub-
sets by selecting the galaxies with log(M?/M�) > 9.9, com-
prising 123 and 67 galaxies in high-z and low-z bins, respec-
tively. A Kolmogorov-Smirnov (KS) test statistic of D = 0.11
at pnull = 0.66 indicates no significant difference in the M? dis-
tribution of the two subsets. The average W2796 for the mass-
matched high-z and low-z subsets is 2.9± 0.1 Å, and 2.2± 0.1 Å,
respectively. The KS-test null probability of the sample being
drawn from the parent W2796 distribution is rejected with D =
0.37 at pnull = 0.001. This suggests that the stronger absorption
observed in the halos of high-z galaxies reflects an evolution of
cool CGM gas with redshift, particularly at small impact param-
eters. Interestingly, the SFR distribution of the above two sub-
sets is found to be different with KS-test statistics with D = 0.48
and pnull < 0.0001. The median SFR of 21.6 M� yr−1 for the
high-z subset and 3.7 M� yr−1 for low-z subsets is comparable
and a factor of half that of the main-sequence galaxies, respec-
tively, underscoring the role of feedback processes in enriching
the CGM.

3.4. Gas-phase metallicity

The local galaxies exhibit a tight correlation, with a scatter of
only ∼0.1 dex, of increasing gas-phase metallicity with increas-
ing galaxy stellar mass across several orders of magnitude,
suggesting a close link between metal content and galaxy evo-
lution (Tremonti et al. 2004; Finkelstein et al. 2012). The mass-
metallicity relation is observed out to z ∼ 4, with a decrease

in the overall metallicity of galaxies with increasing redshift
(Zahid et al. 2011, 2014). The metal-enriched outflows and gas
accretion play a crucial role in shaping the observed fun-
damental metallicity relation, with massive and highly star-
forming galaxies possessing a higher metallicity than their
lower-mass and star-formation counterparts (Mannucci et al.
2010; Lequeux et al. 1979; Tremonti et al. 2004). In this section
we explore whether the fundamental relation holds for Mg ii
absorber host galaxies that are selected based on the O [ii] nebu-
lar emission line.

At first, we explored the redshift evolution of the gas-
phase metallicity of absorption-selected galaxies. For this, we
restricted our sample to galaxies with z ≤ 0.93, ensuring
that the [O iii] λλ4959, 5007 emission line falls within the
DESI spectral range. To assess the evolution with redshift, we
divided the sample into two redshift bins while considering
the absorbers from the top and bottom 30% of redshift dis-
tributions, with 〈z〉 of 0.5 and 0.8, respectively. We generated
the spectral stack for equally divided three mass bins for both
low-z and high-z subsets, and estimated the [O ii] λλ3727, 3729,
[O iii] λλ4959, 5007, Hβ line fluxes and metallicity-sensitive
emission-line ratio R23 (Alloin et al. 1979). The gas-phase
oxygen abundance 12 + log(O/H) was derived by employ-
ing a non-parametric approach based on Langeroodi & Hjorth
(2026), utilizing the genesis-metallicity tool5. It captures the
real empirical trend based on a calibration sample of 1510
galaxies at 0 < z < 10 with direct-method metallicity mea-
surements and a kernel density estimate in the 4D space of
O2 = [O ii] λλ3727, 3729/Hβ; O3 = [O iii] λ5007/Hβ; Hβ equiv-
alent width, and gas-phase metallicity. The left panel of Fig. 7
shows the distribution of metallicity as a function of stellar

5 https://github.com/langeroodi/genesis_metallicity

A238, page 8 of 11

https://github.com/langeroodi/genesis_metallicity


Chaudhary, R., et al.: A&A, 709, A238 (2026)

Fig. 8. Left: Relative Mg ii absorption velocities to the galaxy systematic redshifts as a function of inferred dark matter halo mass; colour-coded
with W2796. The line-of-sight projected halo escape velocities at distances 10 and 30 kpc, assuming an NFW profile of dark matter halos, are
marked as dashed and dash-dotted curves. Right: Area-normalized histogram of relative velocity of Mg ii absorbers in star-forming galaxies for
three mass bins of log(M?/M� ≤ 9.5 (hatched at 45◦), 9.5 ≤ log(M?/M�) ≤ 10.2 (hatched at −45◦), and log(M?/M� ≥ 10.2 (filled histogram).
The Gaussian profile for the high-mass bin (solid curve) shows a higher velocity dispersion with σ = 97 km s−1 than σ = 73 km s−1, σ = 87 km s−1

for the respective low-mass bins of log(M?/M�) ≤ 9.5 (dashed curve), and 9.5 ≤ log(M?/M�) ≤ 10.2 (dotted curve).

mass. It is evident that, as for the general galaxy population,
the metallicity for Mg ii absorber host galaxies evolves with
stellar mass. We note that at a median absorber redshift of
〈z〉 ∼ 0.8, the estimated metallicity for the Mg ii absorbers shows
a small departure from the mass-metallicity relation for the
general galaxy population (Huang et al. 2019) that most likely
results from the flux loss in the fibre, which only covers a por-
tion of the galaxy. Furthermore, the galaxies at higher redshifts
of 〈z〉 ∼ 0.8 show a lower metallicity (circle) than the lower-
redshift 〈z〉 ∼ 0.5 systems (square). The observed evolution of
Mg ii absorption strength at small galactocentric distances (see
also, Lundgren et al. 2021; Lan 2020; Wu et al. 2025) empha-
sizes the co-evolution of the CGM and its host galaxy.

The DESI fibres, centred on the quasars, sample a broad
range of impact parameters (i.e. 4−24 kpc). The finite fibre size
partially covers the absorber galaxy. In this configuration, for
galaxies at larger impact parameters, the fibre primarily probes
the galaxy’s halo or the disc–halo interface, whereas for smaller
impact parameters it captures the galaxy disc. In Fig. 7 we
present the gas-phase metallicity as a function of galactocen-
tric radius for two stellar mass bins, with log(M?/M�) ranging
from 7.9−9.8 and 9.8−11.1, and corresponding 〈log(M?/M�)〉
of 9.5 and 10.1, respectively. The higher-mass galaxies exhibit a
declining metallicity gradient with increasing radius, while the
lower-mass galaxies show an approximately flat metallicity pro-
file. We further compared it with radial gas-phase metallicity
profiles for star-forming galaxy population at redshifts of z ∼ 0
and z ∼ 0.8 from the TNG50 (Garcia et al. 2023). It is evident
that the galaxies in the TNG50 simulation exhibit a decline in
metallicity with increasing radius. In addition, the metallicity
estimates for Mg ii absorber host galaxies for high-mass bins are
consistent with the star-forming galaxy in TNG50. Conversely,
no such radial gradient is observed for the low-mass galaxies.
Decataldo et al. (2024) analysed the origin of the metal-enriched

cold CGM in the smoothed particle hydrodynamics cosmolog-
ical zoom-in simulation Eris2k. They show that the outflows
make a major contribution to the cold CGM gas budget at z < 1,
with almost 50% of the hot gas cooling in outflow. The higher
gas-phase metallicty in galaxy halos and higher SFRs reaffirms
that galaxies exhibiting strong Mg ii absorption are typically
star-forming systems characterized by ubiquitous outflows.

3.5. Absorber kinematics

The strong Mg ii absorbers in low-resolution spectra largely
trace the multiple gas cloud clumps (Churchill et al. 2013). To
map the underlying motion, we estimated the line-of-sight veloc-
ity offset (∆V) between the systemic galaxy redshift based on
O [ii] emission and Mg ii absorber cloud. Figure 8 shows ∆V
versus galaxy halo mass (see Sect. 3.3). The ∆V ranges between
−389 to 364 km s−1, with a dispersion of 88 km s−1 and mean
velocity difference of −23 km s−1. The escape velocities at an
average impact parameter of 10 kpc and 30 kpc with respect
to mass are shown as dashed and dash-dotted curves, respec-
tively. It is evident that the majority of the Mg ii absorber clouds
have velocities lower than the expected projected escape veloc-
ities, indicating that they are bound to dark matter potential
and are likely recycled back into the galaxy as galactic foun-
tains. Previous studies of gas traced by different ions, such as
Mg ii, C iv, and Ovi, show similar results (Tumlinson et al.
2011; Bordoloi et al. 2014; Anand et al. 2021) and are consistent
with high-resolution CGM-ZOOM simulations showing halo
gas undergoing multiple phases of recycling through galactic
fountains (Suresh et al. 2019).

Using galaxy-quasar pairs of 211 isolated and 43 non-
isolated galaxies at 〈z〉 ∼ 0.21 and projected distances of 〈ρ〉
86 kpc, Huang et al. (2021) found that the velocity distribu-
tion of absorbing gas depends on host galaxy properties. For
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star-forming galaxies, a 20% excess of velocity dispersion (σ)
is observed for high-mass (〈log(M?/M�)〉 ∼ 10.7) galaxies
compared to a low-mass (〈log(M?/M�)〉 ∼ 9.7) subset with
σ ∼ 83 km s−1 and 67 km s−1, respectively. In the right panel
of Fig. 8, we show the velocity dispersion for three mass bins of
log(M?/M�) ≤ 9.5, 9.5 ≤ log(M?/M�) ≤ 10.2, log(M?/M�) >
10.2, consisting of 97, 296, and 161 galaxies, respectively. For
the above three subsets, the mean velocity offset is found to be
∆V ∼ −13, −24, and −28 km s−1. Similarly, the velocity disper-
sion of Mg ii absorbers positively correlates with the increasing
stellar mass, with σ = 73, 87, and 97 km s−1, respectively. We
further estimated the 68th percentile confidence interval using a
bootstrap analysis. The σ of 78−107 km s−1 for high-mass bins
of log(M?/M�) > 10.2 is ∼30% higher than σ = 58−82 km s−1

for low-mass bins of log(M?/M�) < 9.5, suggesting a posi-
tive correlation with the halo mass. A similar dependence is
found for average gas kinematics of Mg ii absorbing gas around
emission line and luminous red galaxies (Lan & Mo 2018). The
higher velocity dispersion in massive galaxies can be understood
as a result of high star formation activity regulating the strong
winds or gas accretion in the massive halos. In addition, gas
associated with satellite galaxies, including gas ejected in winds
or ram pressure stripping, can exist in halos for an extended
period of time, and can also be smoothly accreted by the central
galaxy, leading to excess velocity dispersion (Hafen et al. 2019).
This scenario is further corroborated by the CGM in TNG50,
where ∼40% of the H i absorber fraction with column density
log N(H i) [cm−2]> 16 and ∆V of 70−250 km s−1 is associated
with the satellites around the central galaxy of M? < 109 M�
(Weng et al. 2024).

4. Conclusion

We investigated the nature of Mg ii absorber galaxies over a red-
shift range of 0.3 ≤ z ≤ 1.6, at largely unexplored galactrocentric
distances of .20 kpc. The physical properties, including stellar
mass, SFR, and ΣSFR for a large set of 342 absorber host galax-
ies identified in the present study, combined with 216 galaxies
from Paper II, compared with the associated absorber properties,
led to the following key results:
1. The average detection rate of Mg ii absorber hosts based on

a strong nebular emission line in the DESI spectroscopic
surveys is ∼0.45% below z < 1. It is preferentially higher
towards the strong absorbers, with 253/342 (74%) systems
having W2796 ≥ 2 Å. The detection rate increases by a factor
of 30, from less than 0.02% to 0.6%, for low W2796 (≤0.5 Å)
and ultra-strong absorbers. The Mg ii absorber galaxies trace
a wide range of stellar mass with 7.9 ≤ log(M?/M�) ≤ 11.6,
and SFRs of −1.7 ≤ log SFR ≤ 2.7. These galaxies follow
the star formation main sequence, with 13.1% of systems
exhibiting a starburst nature.

2. The W2796 remains near constant as a function of galactro-
centric distances, indicating a patchy structure of CGM and
high covering fraction of cool gas in galaxy halos extend-
ing out to impact parameters of .20 kpc. The mean absorber
strength rises from 2.1 Å to 2.8 Å for the galaxies at median
〈z〉 of ∼0.4 and ∼1.2, suggesting that the cool gas in halos
evolves with redshift. Furthermore, a positive correlation
between the physical properties of galaxies (M?, SFR, and
ΣSFR) and absorption strength (W2796) suggests that the dis-
tribution of the metal-enriched cool gas in the CGM signifi-
cantly depends on the properties of the central galaxy.

3. The gas phase metallicity of absorption-selected galaxies
evolves with stellar mass and redshift, following the mass
metallicity relation of general galaxies. For the massive
galaxies with 〈log(M?/M�)〉 ∼ 10.1, the gas phase metal-
licity declines as a function of radius, whereas the low-mass
galaxies 〈log M?〉 ∼ 9.5 show a relatively shallow evolution.
This trend is consistent with the TNG50 galaxies at z ∼ 0.8.
It suggests that many Mg ii absorber galaxies are representa-
tive of ordinary star-forming galaxies.

4. We find that the velocity dispersion of the cool gas increases
with halo mass. The wide range of line-of-sight velocities
(−389 to 364 km s−1) with an average of −23 km s−1 between
galaxy and absorbing gas, and dispersion of 88 km s−1, high-
lights the dynamical behaviour of CGM, largely contributed
by the gas accretion and strong winds in massive halos with
high star formation activity. These gas clouds are largely
bound to the dark matter potential.

In this study, we have investigated the properties of Mg ii
absorber host galaxies, specifically focusing on systems detected
based on strong O [ii] nebular emission and DECaLS imaging,
tracing the disc-halo interface. However, it is important to note
that the current sample, by design, is biased towards galaxies
with high O [ii] luminosity and does not represent the general
galaxy population of Mg ii absorbers. The follow-up study of
a luminosity-unbiased sample from deep HSC Subaru imaging
(see also Joshi et al. 2025) will help to provide an insight into
the diversity of mechanisms responsible for the origin of Mg ii
absorbers. Note that the previous studies on absorber-galaxy
association, tracing large-scale environments, show a prefer-
ence of a significant fraction, ∼70%, of Mg ii absorbers to be
associated with galaxy groups (Dutta et al. 2020). Furthermore,
the cool circumgalactic gas observed in galaxy clusters high-
lights the role of satellite galaxies or gas stripping from the
cluster satellites (Anand et al. 2022; Mishra & Muzahid 2022;
Fresco et al. 2024). A follow-up integral-field study of this sam-
ple, focusing on the disc–halo interface and large-scale environ-
ment, will help to assess the impact of strong winds and group
environments on the CGM.

Data availability

The Mg ii absorber host galaxy catalogue for 342 pri-
mary and 217 secondary detection set is available at
the CDS via https://cdsarc.cds.unistra.fr/viz-bin/
cat/J/A+A/709/A238
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