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Abstract

We present the first detection of molecular emission from a galaxy selected to be near a projected background
quasar using the Atacama Large Millimeter/submillimeter Array (ALMA). The ALMA detection of CO(1-0)
emission from the z = 0.101 galaxy toward quasar PKS 0439433 is coincident with its stellar disk and yields a
molecular gas mass of My, ~ 4.2 X 10° M, (for a Galactic CO-to-H; conversion factor), larger than the upper
limit on its atomic gas mass. We resolve the CO velocity field, obtaining a rotational velocity of 134 + 11 kms ™"
and a resultant dynamical mass of >4 x 10'° M. Despite its high metallicity and large molecular mass, the
z = 0.101 galaxy has a low star formation rate, implying a large gas consumption timescale, larger than that typical
of late-type galaxies. Most of the molecular gas is hence likely to be in a diffuse extended phase, rather than in
dense molecular clouds. By combining the results of emission and absorption studies, we find that the strongest
molecular absorption component toward the quasar cannot arise from the molecular disk, but is likely to arise from

diffuse gas in the galaxy’s circumgalactic medium. Our results emphasize the potential of combining molecular
and stellar emission line studies with optical absorption line studies to achieve a more complete picture of the gas

within and surrounding high-redshift galaxies.
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ALMA Observation

from z =0.101 galaxy
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Results
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Modeling the CO(1-0) emission
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Kinematic Structure of the molecular gas
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Figure 4. Top: line of sight (LOS) velocity component along PA = 172°, The
gray points are measurements of the LOS velocity of the CO emission, whereas
the orange shaded region is the LOS velocity along this PA for the best-fit
model. The green data points are the two absorption components.
Bottom: rotation curve of the molecular disk. The CO(1~-0) emission profile
(with raw and binned measurements in gray and red, respectively) is well
described by a model with constant rotational velocity (orange). Both plots
show that the main absorption complex (component 2) is inconsistent with
coming from an extended molecular disk.



The Gas and Dynamical Mass of the Galaxy
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Surface Mass Density of the Molecular Gas
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Figure 5. Surface density of molecular hydrogen as a function of radius. The
red dashed line indicates the 2o detection limit of the ALMA data. Integrated
CO(1-0) emission features of =2¢ significance are plotted in black with
associated error bars, whereas those below this limit are shown in gray. The
blue line marks the exponential disk model used for the MCMC analysis. This
model is convolved with the ALMA beam (orange region), showing the
excellent agreement between the model fit and the data. The surface densities
computed from the H, absorption lines are plotted at the distance the line of
sight crosses the plane of the disk, showing that neither absorption component
trace the same molecular phase responsible for the CO(1—0) emission.
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Conclusion

We present the first detection of molecular emission from a galaxy selected to be near a projected background
quasar using the Atacama Large Millimeter/submillimeter Array (ALMA). The ALMA detection of CO(1-0)
emission from the z = 0.101 galaxy toward quasar PKS 0439433 is coincident with its stellar disk and yields a
molecular gas mass of My, ~ 4.2 X 10° M, (for a Galactic CO-to-H; conversion factor), larger than the upper
limit on its atomic gas mass. We resolve the CO velocity field, obtaining a rotational velocity of 134 + 11 kms ™"
and a resultant dynamical mass of >4 x 10'° M. Despite its high metallicity and large molecular mass, the
z = 0.101 galaxy has a low star formation rate, implying a large gas consumption timescale, larger than that typical
of late-type galaxies. Most of the molecular gas is hence likely to be in a diffuse extended phase, rather than in
dense molecular clouds. By combining the results of emission and absorption studies, we find that the strongest
molecular absorption component toward the quasar cannot arise from the molecular disk, but is likely to arise from

diffuse gas in the galaxy’s circumgalactic medium. Our results emphasize the potential of combining molecular
and stellar emission line studies with optical absorption line studies to achieve a more complete picture of the gas
within and surrounding high-redshift galaxies.
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