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Abstract
We study the molecular gas content in a large sample of 67 star-forming galaxies at 0.02 < z < 0.4 selected from the Herschel Astrophysical Terahertz Large Area
Survey (H-ATLAS), via ALMA Band 3 observations targeting the 12CO(1–0) and 13CO(1–0) emission lines. With source extraction aided by optical spectroscopic
redshifts, we detect 12CO(1–0) emission in greater than 75% of the sample with > 5σ significance, permitting an estimate of the molecular gas mass. From the CObased H2 gas masses, [CII]-based HI masses and stellar masses from ancillary data, we determine the gas fractions for these sources. A significant number of galaxies
have high gas fractions similar to those measured in high-redshift systems. By comparing the 12CO(1–0) and [CII] line emission to the predictions of photodissociation
region (PDR) models, we determine the averaged gas density, <n>, and far-UV radiation field, <G0>, interacting with the star-forming gas, allowing us to constrain the
evolution of these quantities as a function of redshift. These results will be crucial for the interpretation of imminent ALMA observations of higher redshift galaxies.

1. VALES sample and observations
Our sample of galaxies is drawn from H-ATLAS (Eales et al.
2010), the only Herschel programme capable of providing a
sufficient number of far-IR bright galaxies up to z < 0.4 over
150 deg2. Ultraviolet to submillimetre photometry is
available from H-ATLAS and GAMA (see Liske et al. 2015).
Selection criteria: (1) a flux limit of S(160 μm) > 150 mJy;
(2) no neighbours at 160 μm within 2’; (3) an unambiguous
SDSS identification; (4) a Petrosian SDSS r-band radius <15;
(5) high-quality GAMA spectroscopic redshifts; (6) redshifts
of 0.02 < z < 0.4 for observing the CO(1-0) emission line.
12CO(1–0)

from ALMA: ALMA Cycle 1 and 2 observations taken in Band 3 target
the 12CO(1-0) emission line for a total sample of 67 sources down to an rms of
1.5-2 mJy beam-1 at 50 km s-1 and 3-5” resolution. We detect the CO line in 49
galaxies (75%) with > 5σ significance (see Villanueva et al. 2017).
.

2. Example ALMA 12CO(1-0) moment maps
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3. Molecular gas fractions

4. Estimating gas mass from the dust continuum

H2 gas masses are measured using an XCO factor of 4.6 Mʘ (K km s-1 pc2)-1 and
compared with the properties of other CO-based samples at varying redshifts.

The relation is found between the H2 gas mass and the dust continuum
luminosity at 850 μm, Lν850, which we estimate via fitting the UV-submm SED.

In addition to studying the
redshift evolution of the
gas fraction, left, we also
calculate gas consumption
timescales from the SFRs
(Villanueva et al. 2017).

We compare our results
with those of Scoville et
al. (2016). We find good
agreement in the relations
despite differences in our
datasets and methods.

We have identified gasrich galaxies (fgas > 0.3)
that may act as analogues
of the thick-disk galaxies
seen at high redshift, that
we are studying with
ALMA, APEX, VLT/MUSE
(P.I.: Hughes).

We provide relations for
estimating the H2 gas
mass from the rest-frame
Lν850 for various
XCO
factors, that may be useful
for estimating the ISM
content at high redshifts
(see Hughes et al. 2017a).

5. Interstellar gas properties from PDR modelling
The PDR model we adopt is that of Tielens &
Hollenbach (1985), updated by Kaufman et al.
(1999, 2006), which describes the PDR regions
as semi-infinite, plane-parallel slabs of
hydrogen, characterised by two parameters:
G0 - strength of the incident FUV
radiation field at the slab,
n - the density of hydrogen nuclei
in the slab .

6. Conclusions
(1) We detect 12CO(1–0) emission in greater than 75% of
the sample and spatially resolve the CO in a third of the
galaxies with ALMA.
(2) The properties and physical conditions of the
interstellar gas in the VALES sample are similar to those
found in previous studies of normal star-forming galaxies
in the very nearby Universe.

We apply the model using the PDR Toolbox
(http://dustem.astro.umd.edu).
Here, we compare our galaxies (red circles) to
other galaxies in the literature, using the plot
of Hailey-Dunsheath et al. (2010). We find a
strong redshift evolution of the gas density for
these different samples (Hughes et al. 2017b).

(3) Follow-up observations of several gas-rich galaxies
may provide us with local analogues for understanding
the thick-disk systems typically seen at higher redshifts.
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