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Abstract

We study the molecular gas content of 24 star-forming galaxiss at4, with a median stellar mass of°tM,,
from the MUSE Hubble Ultra Deep Fiel(HUDF) Survey. Selected by their Ly 1216 emission and
He1sowband magnitude, the galaxies show an aveﬁ\}}q?y s 8 20A, below the typical selection threshold for

Ly emitter:a(EWEy s 25A), and a rest-frame UV spectrum similar to Lyman-break galaxies. We use rest-frame
optical spectroscopy from KMOS and MOSFIRE, and the UV features observed with MUSE, to determine the
systemic redshifts, which are offset from Lypy v(Ly ) = 346 kms?, with a 100 to 600 kms' range.
Stacking’COJ=4 3and[CI]?°P; 3P, (and higher CO lineg from the ALMA Spectroscopic Survey of the
HUDF, we determine 3 upper limits on the line luminosities of 4010°Kkms pc® and 5.6x
10°K kms 'pc?, respectively(for a 300 kms? line width). Stacking the 1.2 mm and 3 mm dust-continuum

ux densities, we nd a 3 upper limits of 9 Jy and 1.2 Jy, respectively. The inferred gas fractions, under the
assumption of &Galacti¢ CO-to-H, conversion factor and gas-to-dust ratio, are in tension with previously
determined scaling relations. This implies a substantially highgr 10 and gpr 1200, consistent with the
subsolar metallicity estimated for these galafi@s log(O/H 7.8 @). The lowkmetallicity oz & star-
forming galaxies may thus make it very challenging to unveil their cold gas through CO or dust emission,
warranting further exploration of alternative tracers, sudiCas.

Uni ed Astronomy Thesaurus concepiilecular gag1073; High-redshift galaxie$734); Interstellar medium
(847); CO line emissior(262); Dust continuum emissiof#12); Spectroscopy1558

1. Introduction Dessauges-Zavadsky et2015 2017 Pavesi et aR019 Cassata
The recent decade has witnessed a tremendous advance ?r% al. 2029, sometimes serendipitousigtected and only ideréd
o as such a posteriofGGowardhan et ak019.
the characterization of the cold molecular gas content of star- The Atacama Large Millimeter Array Large Program
forming galaxw_zs ar> 1. Ev_|dence IS now mounting that the ASPECS(The ALMA Spectroscopic Survey in the Hubble
cold gas fraction of massive star-forming galaxies strongly Ultra Deep Field HUDF): Walter et al.2016 Decarli et al.

increases up to at least 3 (e.g., Genzel et ak01Q 2015 2019 : ; .
. X provides a unique opportunity to study the gas content of
Tacconi et al201Q 2013 2018 Geach et aR011 Dessauges-  giar forming galaxies a 3. ASPECS consists of spectral

Zavadsky et aI2015 2020 Aravena et al2019 202Q Tacconi scans in ALMA Bands $85—115 GHa and 6(212—272 GHa,

et al. 2020. As the cold H gas itself is radiatively dark, the  prohing molecular gas and dust in galaxies without any target
molecular gas has to be traced by the emission from the groun(greselection. These data unveil emission from [&], and

state rotational transition of carbon monoxtd€0, hereafter CP dust continuum in several star-forming galaxieszatl—4

or other tracers such as the emission from neutral atomic carbofBoogaard et al2019 2020 Gonzélez-Lopez et aR019
([C1]) or the long-wavelength dust continuum. Yet, observations 2020, providing key constraints on the empirical scaling
of CO in (optically selecteustar-forming galaxies a> 3 remain  relations describing the evolution of the gas and dust content in
challenging and have been limited to massive Lyman-break- orgalaxies (Aravena et al.2019 2020, the evolution of the
main-sequence-selected galaxies' andtrongly lensed systems, cosmic molecular gas densi@ecarli et al.2019 2020, and

with known redshifts(Baker et al.2004 Coppin et al.2007, the baryon cycléWalter et al.2020.

Riechers et al.201Q Livermore et al.2012 Magdis et al. Key to the exploration of the ASPECS data are the large
2012 2017 Tan et al. 2013 Saintonge et al.2013 number of spectroscopic redshifts provided by the Multi Unit
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