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Abstract

The launch of JWST opens a new window for studying the connection between metal-line absorbers and galaxies
at the end of the Epoch of Reionization. Previous studies have detected absorber—galaxy pairs in limited quantities
through ground-based observations. To enhance our understanding of the relationship between absorbers and their
host galaxies at z > 5, we utilized the NIRCam wide-field slitless spectroscopy to search for absorber-associated
galaxies by detecting their rest-frame optical emission lines (e.g., [O 1] + HB). We report the discovery of a
Mg II-associated galaxy at z=5.428 using data from the JWST ASPIRE program. The Mg II absorber is detected
on the spectrum of quasar J0305-3150 with a rest-frame equivalent width of 0.74 A. The associated galaxy has an
[O 1] luminosity of 10**” ergs~' with an impact parameter of 24.9 pkpc. The joint Hubble Space Telescope—
JWST spectral energy dlstrlbutlon (SED) implies a stellar mass and star formation rate of M, ~ 10%% M.,
star-formation rate &~ 10 M, yr~'. Its [O IlI] equivalent width and stellar mass are typical of [O III] emitters at this
redshift. Furthermore, connecting the outflow starting time to the SED-derived stellar age, the outflow velocity of
this galaxy is ~300kms ™', consistent with theoretical expectations. We identified 31x additional [O IIT] emitters
with impact parameters of up to ~300 pkpc at similar redshifts (|dv| < 1000 kms™"). The observed number is
consistent with that in cosmological simulations. This pilot study suggests that systematically investigating the
absorber—galaxy connection within the ASPIRE program will provide insights into the metal-enrichment history in
the early Universe.

Unified Astronomy Thesaurus concepts: Quasar absorption line spectroscopy (1317); Circumgalactic medium
(1879); High-redshift galaxies (734)

1. Introduction (Tumlinson et al. 2017). However, CGM is nearly invisible
and difficult to be detected directly. Intervening metal-line
absorbers, detected along the lines of sight of quasars, is a
unique tracer for CGM gas in the early Universe. For example,
the MUSE Analysis of Gas around Galaxies (MAGG) team has
T identified 220 C1IV absorbers from 28 quasar sight lines at
0 lﬁta”“{“;a‘fr §°H°W~ 3 < z< 4.5 (Galbiati et al. 2023). Similarly, at higher redshifts
ppararco Fetow. (z25), Chen et al. (2017), Becker et al. (2019), Cooper et al.
(2019), Zou et al. (2021), and D’Odorico et al. (2022) have
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The circumgalactic medium (CGM), diffuse gas surrounding
galaxies and inside their virial radii, plays an important role in
our understanding of galaxy formation and evolution
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2 < z< 6.5 (Davies et al. 2023). Detecting metal absorbers will
help us to understand the details of the chemical enrichment of
gaseous reservoirs surrounding galaxies.

Theoretical models show that early star formation and
associated feedback processes are responsible for enriching the
early Universe with metals (Greif et al. 2010; Wise et al. 2012;
Sorini et al. 2020). The absorber—galaxy correlation, directly
linking galaxies and metal-enriched gas, is thus necessary to
study the physical conditions of galaxies dominating the metal
enrichment in the early Universe. Some cosmological simula-
tions suggest that the typical stellar mass (M,,) of absorber host
galaxies ranges from ~10” to 10°> M, with impact parameters
(projected distance) ranging from a few to ~150 pkpc (Keating
et al. 2016). At higher redshift, more recent simulations, such as
the Technicolor Dawn simulations, suggest that less massive
galaxies (with M, <10®M_.) could be responsible for metal
absorbers at z>5, with impact parameters < 300 pkpc
(Finlator et al. 2020). Measurements of the impact parameters
and star-formation rates (SFRs), stellar masses (M), and halo
mass (M},) are proposed to be useful for constraining the detailed
physical process of metal enrichment (e.g., Oppenheimer et al.
2009; Finlator et al. 2013; Hirschmann et al. 2013). Therefore,
identifying and characterizing galaxies hosting the metal-
absorbing gas at high redshifts and studying their properties is
crucial for understanding the early chemical enrichment process.

Observationally, identifying the host galaxies of metal
absorbers at high redshifts has been proven to be challenging
with ground-based observations. To date, only ~10 absorber—
galaxy pairs have been identified at z > 5 (Cai et al. 2017; Diaz
et al. 2021; Kashino et al. 2023b). Diaz et al. (2014, 2015)
investigated the projected distribution of galaxies around two
high column density C IV absorbers at z ~ 5.7 by searching for
Lya emitters (LAEs) around them. The closest galaxy to the
C 1V absorbers lies at ~200 pkpc from the C IV absorber along
the line of sight of the z=6.3 quasar J1030 + 0524. This
galaxy has an SFRyy ~ 10 M, yr~ ! and is at the high-mass end
of the LAEs at these redshifts. These studies suggest that the
high-C IV column density and C IV absorbers with high column
density are either produced by large-scale outflows from
relatively massive galaxies or outflows from undetected dwarf
galaxies at closer distances. To explore galaxies at the
luminosity faint end, Diaz et al. (2021) conducted deep Very
Large Telescope (VLT)-MUSE observations of this sight line
and identified a 4 times fainter LAE at a projected distance of
~11 pkpc to the CIV absorber. Cai et al. (2017) used deep
Hubble Space Telescope (HST) narrowband observations to
probe CIv-associated LAEs candidates at z~5.5. They
identified a candidate LAE with SFRyy ~4 M. yr' with a
projected impact parameter of 42 pkpc from the absorber.
However, they cannot rule out that this LAE candidate could be
an O I emitter at a much lower redshift because of the lack of
spectroscopic observations. ALMA can also be used to search
for UV-faint galaxies around metal absorbers and is not
affected by dust obscuration. Wu et al. (2021) found one [C II]
emitter candidate could be responsible for an O 1 absorber at
7~ 6. For highly ionized absorbers, Kashino et al. (2023b)
reported two ALMA-detected [CII] emitters are associated
with a C1V absorber at z~5.7.

NIRCam/wide-field slitless spectroscopy (WFSS) on JWST
has been proven to be highly effective in enabling galaxy
surveys at z2>5.5 by detecting strong rest-frame optical
emission lines (e.g., [O ], HG; e.g., Sun et al. 2022, 2023;
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Kashino et al. 2023a; Oesch et al. 2023). Because of the large
survey area and high sensitivity provided by WFESS observa-
tions, it is now possible to crossmatch galaxies and absorbers in
the early Universe. For example, the Emission-line Galaxies
and Intergalactic Gas in the Epoch of Reionization (EIGER)
project presented early JWST observations linking [O 1I1], Hey,
and He I emitters with metal absorbers at z 2> 5.5 (Kashino et al.
2023a; Bordoloi et al. 2023).

In this Letter, we report the discovery of an absorber—galaxy
pair at z=15.428 along the line of sight of quasar J0305-3150
identified with the A SPectroscopic Survey of Biased Halos In
the Reionization Era (ASPIRE) program (Wang et al. 2023;
Yang et al. 2023). Remarkably, the absorber host galaxy also
traces galaxy overdensity. We named the host galaxy as
ASPIRE-J0305M31-03-038 (03-038) in this Letter.

The Letter is structured as follows. In Section 2, we
summarize the data used in this Letter and present the details of
data reduction. We present the absorber searching, host galaxy
identification, and the spatial distribution of the galaxies
associated with the absorber host galaxy in Section 3. We
compare our measurements with both the observational and
theoretical studies in Section 4. Finally, we summarize our
findings in Section 5. Throughout this Letter, we assume a flat
ACDM cosmological model with Q,;,=0.3, 2, =0.7, and
Hy=70kms ™' Mpc ™. In this cosmological model, an angular
size of 1” corresponds to a physical scale of 6.024 pkpc
at z=>5.4.

2. Target Selection, Observations, and Data Reduction

The quasar, J0305-3150 at z=6.61, was discovered by
Venemans et al. (2013) and covered by extensive multi-
wavelength observations. To investigate the environment
around this quasar, Farina et al. (2017) conducted deep MUSE
observations to detect LAEs. Champagne et al. (2023) used
deep HST imaging to find Lyman break galaxies surrounding
this quasar. In this work, we select J0305-3150 as our pilot
field to demonstrate the application of JWST observations in
conjunction with existing data for investigating early metal
enrichment.

2.1. JWST Observations

The JWST/NIRCam (Rieke et al. 2023) WFSS were
obtained by Program #2078 (PL: F. Wang) with grism
spectroscopic observations in F356W and imaging observa-
tions in F115W, F200W, and F356W. The on-source grism
exposure time is 2834 s. The direct-imaging exposure times are
472, 2800, and 472s in the F115W, F200W, and F356W
filters, respectively. The data were reduced using the
combination of the standard JWST pipeline (Bushouse et al.
2022)*' v1.8.3 and some custom scripts as detailed in Wang
et al. (2023) and Yang et al. (2023). We use calibration
reference file version of “jwst_1015.pmap”. We refer
readers to Wang et al. (2023) and Yang et al. (2023) for a more
detailed description of the process.

2.2. X-SHOOTER Observations

The VLT/X-SHOOTER NIR spectroscopy was obtained
through Program ID: 098.B-0537(A) (PI: Farina) with a
resolving power of R~ 8100 and an exposure time of 16,

21 https://github.com/spacetelescope /jwst
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800's. The data are reduced with PypeIt?? (Prochaska et al.
2020) and presented in Schindler et al. (2020). We briefly recap
the reduction procedures below. Sky subtraction was per-
formed based on a standard ABBA method. We obtained the
wavelength solutions by fitting the observed sky OH lines. The
1D spectrum was optimally extracted following the optimal-
extraction method (Horne 1986). After that, the flux calibra-
tions and telluric-absorption corrections were performed. For
more detailed information, we refer readers to Schindler
et al. (2020). We normalized the quasar continuum using
Linetools? by manually adding knots for a spline fitting.

2.3. HST Observations

HST imaging observations of the field around quasar JO305
were obtained from the program GO #15064 (PI: Casey) for
investigating the environment surrounding quasars at z~6
(Champagne et al. 2023). Five bands were observed: F606W,
F814W, F105W, F125W, and F160W. The exposure times are
2115.0, 2029.7, 2611.8, 2611.8, and 2611.8 s, respectively. All
HST data were reduced using the standard drizzlepac®
pipeline and with the astrometry registered to the JWST
images. All the HST and JWST images are point-spread
function (PSF)-matched to the F160W filter. Photometry is
performed with SourceXtractor++>> (Bertin et al. 2020;
Kiimmel et al. 2020) on the PSF-matched images. More details
of the reduction procedures and the photometry measurements
are presented in Champagne et al. (2023).

3. Analysis and Results
3.1. Mg lI-absorber Searching and Voigt-profile Fitting

We briefly summarize our Mg II-absorber searching method
in what follows, and more details on the method will be
presented in a forthcoming paper (Y. Wu et al. 2023, in
preparation.). Following Matejek & Simcoe (2012) and Chen
et al. (2017), we first generated a normalized kernel using two
Gaussian functions with the separation of the intrinsic
Mg II-doublet interval (~751 km s ). The FWHM of these
two Gaussian profiles ranges from 37.5 (the minimal resolution
element) to 150 km s~ , corresponding to reasonable line
widths (Chen et al. 2017). The X-Shooter spectrum was
convolved with the matched filter. We identify Mg IT absorbers
from the convolved spectrum by identifying peaks with a
signal-to-noise Ratio (S/N) threshold of 2.5. We then visually
inspected all identified MgII absorber candidates to remove
artifacts caused by sky-line residuals. Two MgIl absorbers
passed the visual inspection and are identified along this sight
line. This MgII absorber has a typical rest-frame equivalent
width (REW) of Mg II absorbers at z = 5-6 (Chen et al. 2017).

To obtain the detailed physical parameters from observed
Mg II-absorption systems, we used VoigtFit to fit the
absorption lines*® (Krogager 2018). We need he initial guesses
of the column densities (10g(Nyg ni/cm~2) = 13) and Doppler
parameters (b= 10 km s~ ') to make a fitting. The absorption-
line fitting results for our target are shown in the bottom left
panel of Figure 1. The derived log N, b, and the REWs are

22 hitps: //pypeit.readthedocs.io/en/release/
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24 https://github.com/spacetelescope /drizzlepac
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26 https: //voigtfit.readthedocs.io/en/latest/
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listed in Table 1. We also use the “apparent optical depth
method” (AODM; Savage & Sembach 1991) developed in
linetools to check the fitting results. The column density
measured using AODM is log(Ny n/cm™2) = 13.43 + 0.05,
which is consistent with our Voigt fitting results.

3.2. The Host Galaxy and Environment of a Mg lI-absorber

Metal-line absorbers are thought to be from metal-polluted
gas blown out by their host galaxies. In this scenario, the
velocity offset between the absorbers and their host galaxies is
typically within Ay < +200kms™' (e.g., Steidel et al. 2010;
Keating et al. 2016; Diaz et al. 2021). The velocity offsets
between Mg II-absorbers and [O III] emitters are calculated as
Av([Om] — Mgy = oy — 2mg,)/(1 + 2mg,) X ¢,  where
ZMmg, and zjo,,; denote the redshifts of the Mg II absorber and
[O 1] emitters, respectively, and c is the speed of light. To
identify the host galaxies of the Mg II absorbers, we matched
redshifts of the Mgl absorbers with those of [OIII] emitters
reported in Wang et al. (2023). Along the line of sight of
J0305-3150, we identified an [OII] emitter, ASPIRE-
J0305M31-03-038 (hereafter 03-038), located at the exact
redshift of the MgIl absorber at z=5.428£0.003 (dv=
—2.9+ 140 km sfl). The JWST spectrum of the [O III] emitter
and the absorption spectrum of the Mg II absorber are shown in
the left panel of Figure 1. As shown in the right panel of
Figure 1, the observed impact parameter between the MgII
absorber and the [O1I] emitter is 4”1, corresponding to
24.9 pkpc at 7 =5.428.

We compare the observed impact parameter with the
expected halo virial radius to determine if this Mg II absorber
belongs to CGM gas of O3-038. To obtain the virial radius and
physical properties of the galaxy, we performed SED fitting
using photometry from HST and JWST with the Bayesian
Analysis of Galaxy SEDs codes, BEAGLE?’ (Chevallard &
Charlot 2016), following the procedures described in Lin et al.
(2023), Whitler et al. (2023), and Chen et al. (2023). We note
that, to get precise SED estimation, it is necessary to subtract
the emission line contributions from the photometry. We
measured the rest-frame [OIII] equivalent widths from the
grism observations. The measured [OII] flux is fiom =
(1.013 4 0.084) x 10~ ergs ' cm 2 We then estimated the
continuum level by subtracting the line flux from the broad-
band photometry and obtained EW g iy = 490 & 80 A. From
the SED fitting, we derive the stellar mass, SFR, and stellar
age of this galaxy to be M ~ 1088°0: M,, SFR =~
9.7%43 M, yr~!, and age =79"17 Myr, respectively (also see
Appendix). We note that we do not have HJ detection for O3-
038 due to a low transmission at the expected wavelength
(Figure 2 in Wang et al. 2023). Thus, we do not have the
comparison between Hp-derived and SED-derived SFRs.
Further, by utilizing the stellar mass to halo mass relation
employed in Ma et al. (2018), we estimate the halo mass of
~1.2 x 10" M_,. At z~ 5.5, the corresponding virial radius is
~25 pkpc. We also obtain a consistent estimation using the
empirical relation reported in Sun & Furlanetto (2016). We
note that the estimated virial radius is consistent with the
measured impact parameter. This simple estimation suggests
that the O3-038 is the host galaxy of metal absorber at
7=15.428.

2 https: //www.iap.fr/beagle/
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Figure 1. Top left: the JWST/NIRCam WESS spectrum of ASPIRE-J0305M31-03-038. The error spectrum is shown in pink lines. Bottom left: normalized
X-SHOOTER spectrum of the quasar JO305 with Mg I A\2796, 2803 and Fe I1 A 2382, 2600 absorptions at z = 5.4284. Red shaded regions denote the best-fit Voigt
profile. Dashed blue lines indicate the redshift. Right: JWST /NIRCam composite the red, green, and blue map of the quasar field with the pixel scale of 0703 (blue:
F115W, green: F200W, red: F356W). White circles denote the location of ASPIRE-JO305M31-03-038 and the quasar J0305. We note that the Mg II absorber is in
front of the quasar with the redshift of z = 5.428. The impact parameter between the Mg II absorber and ASPIRE-JO305M31-03-038 is 4”1, corresponding to

24.9 pkpc at z = 5.428.

Table 1
Physical Properties of ASPIRE-JO305M31-03-038
Galaxy ASPIRE-J0305M31-03-038
R.A. (deg) 46.32023
Decl. (deg) —31.84999
Zspec 5.428 £ 0.003
impact parameter (pkpc) 25

Absorption Properties

Zabs 5.4284 + 0.0001
log(Nyg n/cm™2) 13.41 4+ 0.06
b (kms™") 56.54+9.3
REW(Mg I1A2796) (A) 0.74 £ 0.10
REW (Mg I1A2803) (A) 0.53 +0.19

Photometric Properties

F356W (AB mag) 25.71 £ 0.04

Physical parameters

fqomy* (1077 erg s~ cm™?) 1.013 £ 0.084
L(O m])* (10% ergs™") 3.30 £0.51
EW([O m))* (A) 490 + 80
SFR® (Mgyr™) 9.7133
log[ My /(M)1° 8.807
tageb (Myr) 79+79

Notes.
# For [O 11] doublet AN4959, 5007.

Stellar mass and age are derived based on a constant star formation history in
BEAGLE SED fitting (see Appendix).

We further estimate the one-dimensional velocity dispersion
(014) and the mass scale (Mp_overdensity) for this overdensity,
following the procedure described in Ferragamo et al. (2020)
and Evrard et al. (2008). We estimate 014 by calculating the
variance of the line-of-sight velocities (Evrard et al. 2008), i.e.,

oty = : El_l(v, — ¥)2, where v; is the velocity of halo member

N,
i, N, is the number of halo members, and v is the mean velomty
of these member galaxies. The calculated o4 = 346.4 km s

For the mass scale, we used the scaling relations between o4

and the halo mass (Ferragamo et al. 2020; Munari et al. 2013),

a0 _ gl HOM N here A=1177.0kms ™", and a =
st = Al sy, | - Where A= Okms ', and a=

1/3 (Munari et al. 2013). Therefore, the estimated halo mass of
this overdensity is Mp,_overdensity = 4.1 X 102 M ®

Interestingly, we found that O3-038 resides 1n an overdense
environment. In the field of quasar J0305, six additional [O 1]
emitters were detected with WESS within a velocity offset of
+1000 km s~' to z=25.428. Our detection limit is Liom

>10"*? ergs~'. To determine the significance of this overdensity,
we compared our observations with the expected number of [O III]
emitters in a random field. We calculated the mean number density
using the [O I] luminosity function reported by Sun et al. (2023)
and Matthee et al. (2023). The mean number density is
n(Lio my > 103 ergs ")~ 1.873 x 10~ cMpc>. In a compar-
able survey volume to our case (a cube with an area of
~5.5 arcmin? and height of 41000 km s~ ', corresponding to a
survey volume of ~607 cMpc?), the number of randomly detected
[O 1] emitters brighter than our detection limit is ~1.1. Therefore,

ie.
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Figure 2. Left: spatial distribution of [O III] emitters relative to the quasar. The location of the quasar is shown with a blue star. Dots represent the locations of [O 1II]
emitters, while the shaded circles correspond to the virial radii of galaxies estimated from their best SED-derived stellar masses. Right: the redshift distribution of
[O 1] emitters at z < 6 in this quasar field (J0305). The hatched bar indicates [O III] emitters clustering at z ~ 5.4. Targets at other redshifts (|dv| > 1000 km s~ are
shown in blank bars, Av([Om] — Mgy) = (zjop) — Zmgy,) /( 1 + zmg,) x c. The velocity offsets and impact parameters are shown in the top right panel. The Mg 1I-

associated galaxy is highlighted in red.
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Figure 3. Left: [O 1lI] EWs and derived stellar masses at z ~ 6, compared to those of local galaxies (shaded region; MPA-JHU catalog (Kauffmann et al. 2003;
Brinchmann et al. 2004)). The measurement of the absorber-associated [O I1I] emitter is shown as the red star. Gray dots indicate results obtained from the EIGER
sample (Matthee et al. 2023). Right: SFR distribution of metal-absorber-selected galaxies. Galaxies at z > 5 are marked as hatched bars. At z < 5, the C IV-associated
LAEs selected from the MAGG survey (Galbiati et al. 2023) are shown in gray. The blue bars show the C Iv-associated LAEs at z > 5 (Cai et al. 2017; Diaz
et al. 2021). At z ~ 6, one ALMA-detected O I-associated emitter is shown in pink (Wu et al. 2021). The [O 1] emitter detected with JWST is shown in red.

we observe a number density 6 times higher than expected in a
blank field. This suggests that the Mg Il absorber is associated with
an overdense environment. The spatial and redshift distributions of
these [O I] emitters are shown in Figure 2.

4. Discussion
4.1. Properties of the Absorption-selected Galaxy

The primary goal of this work is to investigate the nature of
galaxies that host metal line absorbers. The left panel of
Figure 3 shows the measurements of [O IlI] EWs and M, from
galaxies in both high redshift (Matthee et al. 2023) and local
Universe (Kauffmann et al. 2003; Brinchmann et al. 2004).
Generally, lower-mass galaxies exhibit higher [O1II] EW,
which will be expected if they have relatively higher specific

SFRs (Mannucci et al. 2010; Tang et al. 2019; Endsley et al.
2021). We find that the [OIII] EW and stellar mass of
03-038 are consistent with the general population of [OII]
emitters at z~ 6. Similar to other [OIII] emitters, O3-038
exhibits a larger EW than local star-forming galaxies (SFGs) at
matched stellar mass. Similar to other [O III] emitters, O3-038
exhibits a larger EW than local SFGs at matched stellar mass.
The observed large [OII] equivalent width (EWom =
490 £ 80) suggests the presence of the stellar population with
the age of ~50Gyr (Tang et al. 2019). Such young stellar
populations could generate hard ionizing photons. Conse-
quently, the observed [O IlI] EW will be relatively higher than
local SFGs, given a specific stellar mass.

We also examine the similarity between this Mg II-selected
[O1] emitter and other metal-absorber-selected galaxies.
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Because different galaxies were identified by different tracers,
e.g., Lya or [CIH] emission, we compare their SFRs for
consistency. For example, for metal-related LAEs, we convert
their measured Ly« luminosity to the SFRs according to the
relation in Ouchi et al. (2020). For metal-selected [CII]
emitters, we followed the L;cu—SFR relation reported by
Schaerer et al. (2020). Figure 3 right panel shows our results.
We find that ASPIRE-JO305M31-03-038 has a higher SFR
than the majority of the absorber-selected galaxy sample. We
note that there will be internal systematic offsets between
different SFR tracers.

4.2. Absorber—Galaxy Cross-correlation Function

Determining the correlation function between galaxies and
metal-line absorbers is critical for our understanding of which
galaxies are responsible for the metal enrichment in the early
Universe (Keating et al. 2016; Meyer et al. 2019; Finlator et al.
2020). We calculate the galaxy number excess relative to the
blank field around absorbers as a function of impact parameters

(r):

1LNe
ng AV (r)

L, ey

fgalfabs (}") =

where ny is the comoving number density of [O I] emitters with
Lo m brighter than our detection limit, N(r) indicates the number
of [O1I] emitters around an absorber, and AV(r) is the survey
volume physically associated with the absorber as the function of
impact parameters. We note that, to compare observations and
simulations fairly, we obtained n, by integrating the observed
[O 11] luminosity from our detection limit to the bright end. Thus,
we obtain 1o = n(Ljo m > 103 erg sfl) ~1.873x 1073 chcf3.
Here, we define the survey volume as different cylinders with radii
ranging from 20 to 300 pkpc and heights of |Av| < 1000 km s~ .
In Figure 4, we show the observed number abundance of galaxies
surrounding this Mgl absorber. The errors are estimated by
assuming Poissonian noise (84% confidence level) on the number
of observed galaxies (Gehrels 1986).

In order to understand the relationship between metal
absorbers and galaxies, as well as the environments in which
they exist, we compare the observed correlation function with
the predictions obtained from cosmological simulations. We
focus on the Technicolor Dawn (Finlator et al. 2020), a
hydrodynamic cosmological simulation for generating metal
absorption and galaxies from z =5 to 7 and taking into account
radiative transfer effects. In Technicolor Dawn simulations, the
correlation function is measured by linking the simulated Mg 11
absorber with similar EWs to our target (REW,796 > 0.74 A)
and these simulated galaxies with Myy < — 18 (comparable to
our [OTII] detection limit). We show the comparison in
Figure 4. The measured clustering effect between Mg Il
absorber and bright [OII] emitters is consistent with the
simulated predictions. Our pilot study highlights that JWST
NIRCam/WFSS observations offer an efficient method to
understand the metal-enrichment process in the early Universe
by detecting galaxies with M, ~ 10° M, and linking them with
metal absorbers.

4.3. Constraints on Outflow Velocities

The metal-enrichment history of CGM is related to galactic
outflows (Simcoe et al. 2004; Oppenheimer & Davé 2006).
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Figure 4. Number excess of galaxies around Mg Il absorbers at z =5,
oal—abs () = %% — 1. The red dots are the measurements obtained from our
observations. Error bars are estimated by assuming Poissonian uncertainties in
the 84% confidence level (Gehrels 1986). The blue solid line indicates
simulation-predicted values obtained from Doughty & Finlator (2023). The
observed values are consistent with that predicted from cosmological

simulations.

One key parameter that describes this process is the “outflow
velocity” (voy). Nelson et al. (2019) calculated v, from the
TNGS50 cosmological simulation. They found that, at z~ 5, a
galaxy with a stellar mass of ~10° M. will have a typical
outflow velocity of vou ~ 250 km s~ ' at an impact parameter of
~20 pkpc. Observationally, Diaz et al. (2021) estimated the
mean outflow velocity to be ~200kms~' based on the
measured impact parameter between LAEs and C IV absorbers.
In their measurement, they assumed that the metal-enriched gas
starts being ejected at z= 10 since they do not know the star
formation history of the galaxy (Figure 19 in their work).
Similarly, Galbiati et al. (2023) also assumed a gas launching
time and then estimated a mean outflow velocity of
~200kms ™",

From the SED fitting, we derived a stellar age of
(7972 Myr) by assuming a constant star-forming history for
03-038. Together with the observed impact parameter
(24.9 pkpc), we estimate an outflow velocity of Vo =

impact parameter _ . . . .
pstelfw ~ 300 km s~!. This value is consistent with the

simulated prediction (Muratov et al. 2015; Nelson et al. 2019).

5. Summary

In this Letter, we report the discovery of the host galaxy of a
Mg I absorber at z=5.428 using NIRCam/WFSS data from
the JWST ASPIRE program (Wang et al. 2023). This galaxy
is bright in [OII] with an [OM] luminosity of Liom =
3304+ 0.51 x 10" ergs~' and an [O111] REW of 490 + 80 A.
Based on SED fitting to its HST+JWST photometry,
we estimate the stellar mass, SFR, and stellar age of
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this absorber-selected galaxy as My ~ 1088°0i),, SFR~
9.743 M, yr~!, and Age = 7971 Myr, respectively. The
derived stellar mass and measured [O1II] EW suggest that
ASPIRE-J0305M31-03-038 shares the same properties as
other typical [O III] emitters at z ~ 6. Meanwhile, the SFR of
this Mg II-selected galaxy is higher than the majority of metal-
absorber-selected galaxies at z ~ 5 (Cai et al. 2017; Diaz et al.
2021; Wu et al. 2021). Furthermore, we find that the galaxy
resides in a galaxy overdensity at z~ 5.4 with six additional
galaxies located at A, < 1000 km s~ '. We measure the number
excess of galaxies around the Mg II absorber in the radius range
of 20-300 pkpc and find that it is consistent with that obtained
from cosmological simulations (Doughty & Finlator 2023).
This pilot experiment demonstrates the capability of NIRCam/
WESS in detecting the host galaxies of high-redshift metal
absorbers. With the full data set of 25 quasar sight lines in the
ASPIRE program, we expect to finally build up a statistical
sample of absorber—galaxy pairs at z >5 and constrain the
metal enrichment in the early Universe.
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Appendix
SED-fitting Result

To obtain the stellar properties, we fit the HST + JWST
photometries with Bayesian Analysis of Galaxy SEDS
(BEAGLE; Chevallard & Charlot 2016). We assume a
constant star formation history and apply a flat prior in the
ranges of metallicity (0.01 <Z/Z., <0.1) and stellar mass
(5 < log(My/M;) < 12). For more details, we refer interested
readers to Section 3.1 in Lin et al. (2023). The best-fit SED
fitting results are shown in Figure 5 and listed in Table 1. We
note that the absolute UV magnitude (Myy) is derived from the
posterior SED by integrating the model spectra with a 100 A
width window at rest frame 1500 A. Following Tacchella et al.
(2023), we also include a noise floor of 5% in our SED-fitting
results.
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Figure 5. Best SED solution based on BEAGLE. The photometric data points from HST+ JWST are represented by blue triangles, while the corresponding model
photometries are shown in red. The median value of the posterior distribution of SEDs is shown with the black line. The gray region represents the 16th and 84th

confidence intervals.
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