Formation and Evolution of Galaxy Outskirts
Proceedings IAU Symposium No. 321, 2016 © International Astronomical Union 2017
A. Gil de Paz, J.H. Knapen & J.C. Lee, eds. doi:10.1017/51743921316009376

The MUSE QSO Blind Survey: A Census of
Absorber Host Galaxies

Lorrie A. Straka! and the MUSE GTO consortium?

!Sterrewacht Leiden, Leiden University
Niels Bohrweg 2, NL-2333CA, Leiden, the Netherlands
email: straka@strw.leidenuniv.nl
% Centre de Recherche Astrophysique de Lyon (CRAL), France; Leibniz Institute for
Astrophysics Potsdam (AIP), Germany; The Research Institute in Astrophysics and
Planetology (IRAP) Toulouse, France; Leiden Observatory/NOVA, the Netherlands;
Georg-August-Universitat Gottingen, Germany; ETH Zurich, Switzerland; ESO

Abstract. Understanding the distribution of gas in galaxies and its interaction with the IGM is
crucial to complete the picture of galaxy evolution. At all redshifts, absorption features seen in
QSO spectra serve as a unique probe of the gaseous content of foreground galaxies and the IGM,
extending out to 200 kpc. Studies show that star formation history is intimately related to the
co-evolution of galaxies and the IGM. In order to study the environments traced by absorption
systems and the role of inflows and outflows, it is critical to measure the emission properties of
host galaxies and their halos. We overcome the challenge of detecting absorption host galaxies
with the MUSE integral field spectrograph on VLT. MUSE’s large field of view and sensitivity
to emission lines has allowed a never-before seen match between the number density of absorbers
along QSO sightlines and the number density of emission line galaxies within 200 kpc of the
QSO. These galaxies represent a sample for which previously elusive connections can be made
between mass, metallicity, SFR, and absorption.
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1. Introduction

Gas inflows and outflows are critical ingredients in models for the formation and evo-
lution of galaxies. However, these elements are also the most poorly understood. Models
predict the existence of two accretion modes: a cooling flow from a hot, hydrostatic halo
and cold (T ~ 10* K) filamentary streams. The hot and cold modes are thought to dom-
inate accretion onto low- and high-mass galaxies respectively. Galaxies residing in haloes
with masses ~ 10'? M, benefit from both modes, with cold filaments penetrating the hot
halo. Models in which most of the gas that accretes onto galaxies is converted into stars
predict far too high stellar masses. It is widely believed that outflows driven by feedback
from massive stars and/or AGN are the solution to this overcooling problem. Indeed, ob-
servations of starburst galaxies consistently reveal the presence of absorption lines that
are blueshifted by hundreds of km s~! relative to the galaxies systemic velocities (Steidel
et al. 2010), as would be expected if the galaxies drive winds into intergalactic space.
Although these outflows are too dilute to be observed in emission (with column densi-
ties Ny; = 1012 — 10?2 cm™2), observations of QSO absorption lines indicate ubiquitous
metal enrichment suggesting gas flows fill a large fraction of the volume (Booth et al.
2012).

Observing the circumgalactic medium (CGM) where gas flows reside is difficult be-
cause of the aforementioned low column densities of the diffuse gas. Absorption line
spectroscopy of bright background QSOs allows observers to circumvent this difficulty, is
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Figure 1. Two interacting Ly« emitters with associated C III] emission detected with
VLT/MUSE. The vertical dashed lines indicate the wavelength used to determine the red-
shift. The difference in emission lines between frames a) and b) is due to slight overlap in the
extraction aperture centered on each of the Ly« emitters.

luminosity independent and therefore less biased towards high gas densities, and provides
us with an accurate and sensitive probe of the CGM. As the strongest absorption lines
are ubiquitous in the rest-frame UV, this work can be done with high resolution spec-
trographs on ground-based telescopes at high-z and with HST/COS at low-z. Such high
resolution spectra can provide critical information on the column density, kinematics,
metallicity, and physical state of the gas being probed. However, though great progress
has been made in detecting QSO absorption host galaxies (e.g. Chen et al. 2010; Péroux
et al. 2012; Straka et al. 2015), the relationship between these absorption properties in
the halo and the emission properties of the central host galaxies remains an open ques-
tion. Understanding the luminosity, star formation rate, position angle, and morphology
(to name a few) of QSO absorption host galaxies is a critical step to formulate a com-
plete picture of gas flows in and around galaxies and their role in galaxy formation and
evolution.

2. Galaxy Detection

Traditionally, detecting QSO absorption host galaxies has involved several steps, in-
cluding deep imaging, frequently in multiple filters, and followup spectroscopy (multi-
object or long-slit) of the galaxies detected photometrically. These techniques are also
biased towards the most luminous galaxies, relying on their detection in imaging. Al-
though surveys around z ~ 1 QSOs have yielded thousands of galaxy redshifts using
these techniques, nearly all of the galaxies have impact parameters of many Mpc, far
exceeding the extent of the CGM and hence limiting the science to studies of large-scale
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structure (Tejos et al. 2014). At ultra-low redshift, z ~ 0.01, there are currently redshifts
for ~ 10% galaxies with impact parameters ~ 350 kpc from QSOs for which HST spec-
tra are available (Liang & Chen 2014). However, as these galaxies are nearly all dwarfs
(M< 10° Mg,), these separations far exceed the size of the galaxies haloes. At high red-
shifts, spectroscopic surveys yield fewer than 4 galaxies per unit redshift compared to 30
metal line absorption systems seen along the QSO line of sight (Steidel et al. 2010). With
the onset of the integral field spectroscopy age, we are able to address these problems
with a more efficient observing strategy.

3. The MUSE QSO Blind Survey

The MUSE QSO Blind Survey is a blind survey for galaxies within 200 kpc of QSO
sight lines without prior knowledge of their absorption properties. The survey is designed
to utilize the large 1’ x 1’ field of view of the Multi Unit Spectroscopic Explorer (MUSE)
on the Very Large Telescope (VLT) (Bacon et al. 2010). MUSE is sensitive to emission
from even faint galaxies that might not otherwise be detected in continuum through deep
imaging, allowing us to simultaneously determine redshift and impact parameter with
the QSO line of sight. Our survey searches for galaxies in 24 fields centered on QSO sight
lines, with the aim to cross correlate these galaxies with absorption systems cataloged
from high-quality archival QSO spectra (from HST/COS and VLT /UVES). The sample
is divided into two categories, 16 QSOs at 0.4 < z < 1.5 and 8 QSOs at z ~ 3.8, in order
to probe [O IT] and Ha emission correlated with absorption at z < 1.5 and Ly« emitters
correlated with absorption at 2.9 < z < 3.8.

Figure 1 shows for example a pair of Lya emitters detected with MUSE which show
corresponding C III] emission. Assuming a systemic redshift measured from C III] of
2z = 3.2442, the Ly« emission is shifted ~ 430 km s~! from systemic. In addition, this
system exhibits corresponding C IV and Si IV absorption ~ 550 km s~! from systemic.
We have successfully used MUSE to find hundreds of emission line and continuum galaxies
along these lines of sight, probing physical impact parameters ranging from 50 kpc at
z = 0.1, to 250 kpc at z = 1, and up to 225 kpc at z ~ 3. MUSE has allowed us to
establish a sample of galaxies for which SFR, metallicity, galaxy orientation (position
and inclination angles), and kinematics are known and for the first time matched in
number density to that of absorbers along QSO sight lines.
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