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3aKoH4YUIM HaKoHeL, 063op!

The MUSE-ALMA Halos survey targets 32 Ly-« absorbers with
m]umndenmtma]og[N(H 1)/cm~2] > 18.0 atredshift0.2 < z < 1.4
(see Péroux et al. 2022, for an overview). In total, 79 galaxies are
detected within £500 km s~! of the absorbers at impact parameters
ranging from 5 to 250 kpc (Weng et al. 2022). The stellar masses
of these associated galaxies have been measured from broadband
imaging in Augustin et al. (in prep) and their morphologies studied
in Karki et al. (submitted). Gas flows for a subsample of galaxies
have already been studied in earlier works (Péroux et al. 2017; Klitsch
etal. 2018; Rahmani etal. 2018a.b; Hamanowicz et al. 2020; Szakacs
et al. 2021) and our work is a continuation of these studies for the full
MUSE-ALMA Halos survey. With the complete sample of absorbers
and their galaxy counterparts, we examine the azimuthal dependence
of metallicity in the circumgalactic medium and identify the gas flows
being probed by QSO sightlines. We adopt the following ACDM
cosmology: Hy = 70 km s~ Mpe™!, Qpr = 0.3 and Q, = 0.7.

Table 2. Sample summary of modelled galaxies. We consider only the
sample of modelled galaxies with inclinations i > 307 to limit potential
errors in the position angle measurement.

Criterion Tool Number  Total
Kinematic modelling GALPAK 48
Photometric modelling  GarLFT 19 79
Not modelled 12
Inclination > 30 56 67

Inclination < 30° 11
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Figure 3. Polar plots illustrating the distribution of the H1 absorbers as a function of azimuthal angle and impact parameter. Diamonds represent galaxies that
are found at closest impact parameter to a given absorber and each point is coloured by the Hr column density (left) or the absolute value of the line of sight
velocity difference between galaxy and absorber (right). Crosses show the location of associated galaxies at larger impact parameters when multiple galaxies are
associated with a single absorber. Points located near 90° are found near the galaxy minor axis. The black dashed line marks an impact parameter of b = 20 kpc.
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Figure 2. The distribution of azimuthal angles between absorbers and galaxies with inclination ¢ > 30°, We set this restriction on the inclination to remove
face-on galaxies with large errors in their modelled position angle. In the left histogram, the purple and blue colours respectively represent galaxies with
measured kinematic and photometric PAs, derived from modelling the MUSE cubes and HST imaging respectively. Opaque bars represent galaxies found at the
closest impact parameter to the Q50O sightline, while translucent bars represent PA measurements of the other galaxy counterparts further from the absorber.
To test whether the distribution of azimuthal angles is bimodal, we generate 5,000 iterations of the initial distribution by randomly sampling the uncertainties
in @ and perform the Hartigan’s dip test for each iteration (Hartigan & Hartigan 1985). The final frequency distribution from the 5,000 samples is shown in
the middle histogram and the corresponding distribution of p-values are shown on the right. The median p-value is =~ 0.1 (indicated by the vertical green bar)
which suggests there is marginal evidence for a bimodal distribution in azimuthal angles.
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Figure 4. The absorber metallicity as a function of azimuthal angle. Diamonds represent results from this survey and previous works (Péroux et al. 2011, 201
Bouché et al. 2013, 2016) that measured metal abundances directly. The coloured lines are the trends predicted by the TNG50 simulation (Péroux et al. 202(
‘or galaxies of different stellar masses at z = 0.5 and & = 100 kpc. The shaded regions represent a lo deviation. Each galaxy is coloured by their stellar ma:
orresponding to the coloured lines, while the unfilled black diamonds are galaxies without M. measurements. At present, there are too few H 1 absorbers wil
‘obust metallicities and galaxy counterparts to confirm gas near the minor axis is more metal-enriched than gas near @ = 0°.
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Table 3. Comparison of line of sight absorber velocity with the escape
velocity for galaxy-absorber pairs consistent with outflows. The line of
sight velocity of the absorber relative to the galaxy is roughly equal to the
escape velocity assuming a singular isothermal sphere. Given that Awvygg
does not account for velocities orthogonal to the line of sight, it is possible
that the Hr absorbers trace neutral gas escaping the potential of the galaxy.
While |Avw os| < Vesc, the radial velocity of the gas may be larger than the
escape velocity.

QS0 Tahs log N (H1) b |AvLos | Vesc
log(em™2) kpe kms™!  kms!
Q04544039  1.1532 18.39 60 290 300
Q1229-021  0.3930 20,73 6 70 80
Q1554-203  0.7869 <19.0 23 210 270

4.3.1 Does the gas escape?

‘We can determine whether the neutral gas escapes the galaxy halo by
comparing the absorber velocity with the escape velocity (Vesc). The
escape velocity at a given radius, r, is calculated assuming a singular
isothermal sphere (Veilleux et al. 2005):

R..
Vie = Vi % 2(1+1ni), (1)
.
where Vy;, and Ry; are the virial velocity and radius respectively.
Here, we assume the radius to be the impact parameter (r = b).
We estimate Vi, using the prescription in Schroetter et al. (2019)

where Vii; = 1.2 x Sy5. Here, Sp5 = .\/0.5 X V2.« + 02 is the
kinematic estimator and is a function of the rotational velocity and
velocity dispersion, ¢ (Weiner et al. 2006). Using Vy;,. we can then
approximate the virial radius to be Ry;, = Vi /10H(z) where H(z)
is the Hubble constant at redshift z. The estimated escape velocity
values are tabulated in Table 3.
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Figure 6. The stellar properties of the galaxies associated with an absorber, The left plot shows the stellar mass of galaxies associated with absorbers at a given
azimuthal angle. Swllar masses are derived from spectral energy distribution (SED) fining of the HST broadband imaging (Augustin ¢t al. in prep). Differem
symbaols represent galaxy-absorber pairs that are found © trace inflowing, outflowing or gus in the disk while Taind crosses represent pairs with ambiguous
origing. Svmbols with a black border are cases where the gas origin has been confidently identified, while those with lower ransparency are possible cases.
Each palaxy 15 coloured by the impact parameter from the absorber. We find absorbers are associated with galaxies that span four dex in stellar mass, On the
right, we show the dust-uncomected star-formation mte of galaxies measured using the Hee or [0 o] emission lines (Weng ¢ al, 2022), We find that the galaxies
associated with inflows and outllows do not differ significantly in their SFRs, The median errors in the ploted properies are shown as 8 cross in the bottom lefi

of bath plots.



