The Correlation Between CO and HI Emission in the
Large Magellanic Cloud
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HI and CO Surveys of the Large Magellanic Cloud

Above: HI (left) and CO (right) integrated intensity maps. HI has been smoothed and regridded
to match CO resolution. Black solid contour represents area observed with NANTEN.

Over the past decade, significant progress has been
made in detailing the distribution of atomic and
molecular gas in the LMC, with the 1’-resolution
ATCA HI survey [6,7] and the 2.6’-resolution
NANTEN CO survey [5]. Integrated intensity maps
(left) reveal that the distributions of the two tracers, at
~40 pc resolution, are related yet still very distinct.
Here we describe a comparative study of these two
maps, aimed at clarifying the processes involved in
molecular cloud formation.
The gas kinematics are dominated by rotation and by
the transverse motion of the galaxy, but subtracting a
circular rotation model (right) reveals “anomalous”
gas components, especially in HI, recognized even in
low-resolution surveys [8]. Note that the CO emission
is related to the dominant HI emission, and is not
preferentially associated with the “disk” component.

Integrated CO vs. Integrated HI Emission
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Above: HI (top) and CO (bottom) channel maps averaged over three velocity ranges
given with respect to a circular rotation model.

HI Peak Tb and Velocity Width
(d)

We have performed a pixel correlation analysis using every 2nd pixel in RA and DEC (pixel size: 2’) to ensure independence. Black points
represent CO detections, red arrows represent CO upper limits (3σ). Spearman rank correlation coefficients are given for detected pixels
(rdet) and for all pixels using a survival analysis (rsurv). Upper limits vary due to varying sensitivity across the map. Blue histograms indicate
the fraction of CO-detected pixels, with √N error bars shown. Individual panels are discussed below:
(a) No strong correlation is evident, but high HI intensity increases the likelihood of CO detection. Still, many bright HI pixels do not show CO.
(b) Converting both axes to column density units, assuming optically thin HI and a Galactic CO-to-H2 conversion factor, indicates that N(H2)
rarely exceeds N(HI) (slanted line represents equality).
(c) Binning to 8’ pixel size (120 pc) improves the correlation slightly, but there are still many HI-bright regions without associated CO.
(d) Fitting 3 Gaussians to each HI spectrum, and plotting the integrated intensity of the highest amplitude component on the x-axis, appears to
worsen the correlation, even though this “dominant” component is usually (in 78% of cases) the one closest in velocity to CO.
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We have also examined the CO intensity and detection likelihood as a
function of HI peak temperature (Tb) and velocity width (σv). High Tb
has been suggested as an indicator of the cold neutral medium [3],
while large σv may indicate cloud collisions, a suggested mechanism
for molecular cloud formation [1]. We find the following:
(e) As with the HI integrated intensity, the peak HI Tb appears to be
necessary but not sufficient for CO detection. CO is detected mainly
in regions where Tb>20 K, but not all such regions show CO emission.
(f) HI velocity dispersion is a poor predictor of whether CO emission is
detected: the detection probability is largely independent of σv.

H2/HI Ratio and Interstellar Pressure

Ongoing Project: MAGMA

Conclusions

Blitz & Rosolowsky [2] hypothesized that the interstellar gas pressure (Pgas) controls
the molecular to atomic gas ratio in galactic disks. Pgas can be estimated from the
surface densities of gas and stars and their relative velocity dispersions (e.g. [4]).
This assumes that the turbulent gas layer is confined by the combined gravitational
force of gas and stars within it. Estimates of mass surface densities in the LMC (left
figure) indicate that stars dominate the mass and therefore the pressure, unless their
distribution is much thicker than that of the HI. However, we find no clear relationship
between the CO/HI ratio and the local surface density of stars (right figure).

As part of the Magellanic Mopra Assessment
(MAGMA), we are mapping the brightest CO clouds
detected by NANTEN with the ATNF Mopra telescope
in its On-the-Fly mode. These observations have
sufficient resolution (~10 pc) to resolve GMC sizes and
probe the CO-HI relationship at the scales of individual
clouds and their envelopes (see poster by A. Hughes).

 Significant HI column density is a necessary but not sufficient
condition for detection of CO in integrated emission.
 High peak Tb can also be shown to be necessary but not sufficient
for CO. A comparison in velocity (see poster by Fukui et al.) may
clarify the relative importance of Tb and integrated intensity.
 HI linewidth appears unrelated to CO detectability, suggesting that
colliding HI flows do not immediately lead to GMC formation.
 The H2/HI ratio shows no relationship with stellar surface density,
suggesting that simple expressions for Pgas are insufficient to
determine this ratio.
 While the CO velocity tends to match that of the dominant HI
component, CO intensity seems to relate to the entire HI column.
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Azimuthally averaged radial profiles for stars,
HI, and H2. Stellar data are taken from [9].

H2/HI ratio vs. stellar surface density in 2’ pixels.
Red arrows indicate 3σ CO upper limits.

If Pgas controls the H2/HI ratio, external pressure due to hot coronal gas or vertically
extended magnetic fields may need to be included. Alternatively, the dust-to-gas ratio
and/or FUV radiation field may play a more significant role in the HI to H2 transition.
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