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•	
  I	
  can’t	
  really	
  help	
  you	
  with	
  this...	
  best	
  to	
  show	
  by	
  example

•	
  E.g.,	
  image	
  a	
  GMC	
  in	
  the	
  LMC	
  in	
  CO	
  1-­‐0

‣	
  choice	
  of	
  line	
  ⇒	
  band	
  3

‣	
  es,mate	
  some	
  basic	
  observables:	
  flux,	
  angular	
  size

‣	
  angular	
  size	
  ⇒	
  configura,on

‣	
  flux	
  ⇒	
  integra,on	
  ,me

‣	
  make	
  a	
  simula,on
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now providing detailed views of the youngest proto-
stars in molecular clouds. Infrared surveys of molecular
clouds show that most stars do not form singly but in
clusters ranging from 10 to 106 members [17].

The number of clusters, Nc with N* stars follows a
differential equation of the form [17,18].

dNc

dN!
/ N"2! ; ð2Þ

which implies that the probability that any given star
forms in a cluster with N* stars is P(N*)¼

R
N* dNc /

log N*. That is, a star is as likely to be born in a rare,

Figure 1. The scales of star formation. The upper panel shows a composite view of the Rosette nebula and accompanying
cloud. The nebula, shown in green from a Digitised Sky Survey image, is powered by a collection of massive stars at the centre of
a large cluster. The red image is 2.6 mm emission from the CO molecule and indicates the presence of a Giant Molecular Cloud,
about 50 pc in diameter and mass 2 6 105 M& [9]. The blue image shows the intensity of the neutral hydrogen 21 cm line, and
reveals an atomic envelope around the cloud [10], either the remnants of the diffuse gas from which the molecular cloud formed
or photodissociated gas due to the surrounding ultraviolet radiation field. The lower panels zoom in on the star formation
process. The left panel shows contours of 850 mm emission from a cold dusty envelope around a deeply embedded cluster, imaged
at 3.6 mm. The right panel shows 4.9 mm contours from embedded protostars on a 1.2 mm interferometric image of three dusty
cores lying in a filament at the centre of the clump [11]. The scale bars decrease by an order of magnitude in each panel
demonstrating the enormous change in scale from cloud to clump to core.
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•	
  M	
  ~	
  104-­‐106	
  M⊙◉☉
•	
  L	
  ~	
  10-­‐100pc
⇒	
  Σ	
  ~ 0.02 g/cm2

⇒	
  N(H2)	
  ~ 5x1021 cm-2

•	
  σ	
  ~	
  (GM/R)1/2	
  ~ 3-10 km/s

• highly sub-structured
‣ clumps
‣ cores

Typical	
  proper,es	
  
of	
  a	
  GMC



Translate	
  into	
  observables	
  at	
  LMC
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•	
  distance	
  to	
  LMC	
  ~	
  50	
  kpc

•	
  angular	
  scale,	
  θ	
  ~	
  L/D	
  ~	
  40-­‐400‘’	
  ➞	
  mosaic	
  the	
  larger	
  clouds
‣	
  aim	
  to	
  resolve	
  clumps	
  within	
  clouds,	
  L	
  ~	
  1pc	
  → θmin	
  ~ 4’’

•line	
  flux
‣	
  CO	
  is	
  op,cally	
  thick,	
  so	
  traces	
  temperature
‣	
  TCO	
  ~	
  Tkin	
  ~	
  10	
  K	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (higher	
  in	
  SF	
  regions)
‣	
  ICO	
  ~ TCO Δv ~ 50 K km/s
‣	
  FCO3-­‐2	
  =	
  2kTΔv/λ2	
  Ω	
  ~ 2Jy	
  km/s	
  	
  (Ω	
  =	
  10-­‐10	
  ster	
  for	
  θ	
  =	
  4’’)

• check against literature / related observations
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Properties of GMCs in the LMC 2069

Figure 2. A 12CO (J = 1 → 0) integrated intensity map of an example
GMC in the MAGMA cloud list. The contour spacing is 2 km s−1, with the
lowest contour at ICO = 1.5 km s−1. The ellipse represents the fit derived
by CPROPS, from which the major and minor axis and position angle of the
GMC were taken. As explained in Section 3, we are interested to identify
GMCs in the MAGMA data subcubes, rather than structure on smaller scales
corresponding to the spatial resolution of the survey. The black circle in the
lower right corner represents the Mopra beam.

2.2 Ancillary data

2.2.1 H I data

To trace the atomic gas in the LMC, we use the H I map published
by Kim et al. (2003), which combines data from the Australia
Telescope Compact Array (Kim et al. 1998) and the Parkes single-
dish telescope (Staveley-Smith et al. 2003). The angular resolution
of the H I data is 1 arcmin, well matched to the reduced MAGMA
CO data. The H I data cube has a velocity resolution of 1.65 km s−1,
with a column density sensitivity of 7.2 × 1018 cm−2 per channel.
We construct an H I-integrated intensity emission map of the LMC,
IH I, by integrating the H I data cube over the heliocentric velocity
range from 196 to 353 km s−1. We assume that the H I emission
is optically thin everywhere and derive a map of the LMC’s H I

column density, N(H I), according to

N (H I) (cm−2) = 1.82 × 1018IH I (K km s−1). (1)

Our estimate for N(H I) is likely to be a lower limit since the H I

emission in the LMC may have significant optical depth, espe-
cially along the sightlines towards molecular clouds (Dickey et al.
1994; Marx-Zimmer et al. 2000; Bernard et al. 2008; see also
Section 7.2.2).

2.2.2 Stellar mass surface density

To trace the mass distribution within the LMC’s stellar disc, we
use the stellar mass surface density map presented in fig. 1(c) of
Yang et al. (2007). The map is based on number counts of red giant
branch (RGB) and asymptotic giant branch (AGB) stars, selected
by their colours from the Two-Micron All-Sky Survey Point Source
Catalogue (Skrutskie et al. 2006). The star counts are binned into
40 × 40 pc2 pixels and then convolved with a Gaussian smoothing
kernel with σ = 100 pc. The resulting map is normalized to a

measure of absolute stellar mass surface density by adopting a total
stellar mass for the LMC of 2 × 109 M$ (Kim et al. 1998). The
resolution of the stellar surface density map is considerably coarser
than the angular resolution of our MAGMA data subcubes, so it
is possible that the average stellar mass surface density of smaller
GMCs is underestimated due to beam dilution. RGB and AGB stars
are relatively old populations, however, so their spatial distribution
is likely to be smooth. In particular, we do not expect them to be
strongly clustered in the vicinity of molecular clouds (e.g. Nikolaev
& Weinberg 2000).

2.2.3 Interstellar radiation field

To estimate the interstellar radiation field at the locations of molec-
ular clouds within the LMC, we use the dust temperature (Td) map
presented in fig. 7 of (Bernard et al. 2008). The map is derived
using the ratio of the IRIS 100 µm to Spitzer 160 µm emission
maps (Miville-Deschênes & Lagache 2005; Meixner et al. 2006),
assuming that dust emission can be modelled as a grey body:

Iν ∝ νβBν(Td), (2)

with β = 2 at far-infrared wavelengths.4 Bernard et al. (2008) find
that dust temperatures in the LMC vary from 12 up to 34.7 K, with
an average value of 18.3 K. This is significantly colder than previous
determinations, especially for estimates that attempted to constrain
the dust temperature using the IRAS 60 µm flux density. As noted
by Bernard et al. (2008), emission at 60 µm is highly contaminated
by out-of-equilibrium emission from very small grains (VSGs), and
this is especially true in the LMC, due to the presence of excess
70 µm emission. Temperatures derived from the IRAS 60/100 µm
flux density ratio may therefore be strongly overestimated.

For dust grains in thermal equilibrium, the strength of the radi-
ation field, G0, is related to the dust temperature by G0 ∝ T 4+β

d
(e.g. Lequeux 2005). The average strength of G0 across the entire
LMC is thus only a factor of ∼1.3 greater than in the solar neigh-
bourhood, G0,$, where the dust temperature is 17.5 K (with β =
2; Boulanger et al. 1996). At the locations observed by MAGMA,
G0/G0,$ varies between 0.5 and 58.8, with a median value of 1.7.
For G0/G0,$ averaged over the projected cloud areas, we obtain
values in the range from 0.5 to 8.0. Our derived value for the strength
of the radiation field near the well-known LMC star-forming region
N159W (G0/G0,$ = 8.4) is very low compared to the value ob-
tained by previous estimates (e.g. Israel et al. 1996; Pineda et al.
2008, 2009). Part of the discrepancy may be due to beam dilution
since the resolution of the Bernard et al. (2008) dust temperature
map is 4 arcmin, which corresponds to a spatial scale of 60 pc in
the LMC. However, we also note that our method for determining
G0/G0,$ is extremely sensitive to the assumed dust temperature,
which is colder than reported by previous analyses. At the locations
of the molecular clouds in the Bernard et al. (2008) dust temperature
map, the mean (maximum) formal error on Td is 2 per cent (12 per
cent). These errors do not include potential variations in the value of
β, however, so the true uncertainty is likely to be greater than this.
Despite the uncertainties regarding the absolute value of G0/G0,$,
we emphasize that our analysis concerns the relationship between
GMC properties and the relative strength of the radiation field, and

4‘IRIS’ is an abbreviation for Improved Reprocessing of the IRAS Survey.
As described in Miville-Deschênes & Lagache (2005), IRIS images have
improved zodiacal light subtraction, absolute calibration and scanning stripe
suppression than the IRAS Sky Survey images.

C© 2010 The Authors. Journal compilation C© 2010 RAS, MNRAS 406, 2065–2086
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Table 1. Average physical properties of the MAGMA clouds and results of the KS tests for the young GMC sample. Columns 2 to
4 list the median and median absolute deviation of th properties of clouds in the MAGMA cloud list, the young GMC sample and
the control sample respectively. Column 5 lists the median P value obtained in the error trials, and column 6 lists the standard
deviation of the P values in the trials (see text).

Cloud Property MAGMA Young GMCs Control 〈P 〉 σ(P )

R (pc) 28±8 30±8 30±7 0.96 0.05
σv ( km s−1) 2.3±0.5 2.4±0.7 2.1±0.5 0.54 0.18
〈Tpk〉 (K) 1.1±0.1 1.0±0.1 1.1±0.1 0.007 0.007
Tmax (K) 2.2±0.4 1.7±0.2 2.3±0.4 0.003 0.003
LCO (104 K km s−1 pc2) 1.2±0.6 1.2±0.5 1.2±0.5 0.89 0.11
Mvir (105 M") 1.5±0.9 1.7±1.0 1.5±0.8 0.78 0.18
Axis Ratio, Γ 1.7±0.4 1.5±0.2 1.8±0.4 0.25 0.10
ΣH2

(M" pc−2) 55±22 73±21 52±23 0.13 0.10
ICO (K km s−1) 4.8±1.5 4.3±0.8 4.6±1.3 0.78 0.15

XCO ( cm−2 (K km s−1)−1) 4.7±1.6 6.9±2.3 5.4±2.0 0.06 0.05
VLSR ( km s−1) 255±22 248±18 256±23 0.18 0.00
Rgal (kpc) 1.8±0.9 2.3±0.9 1.8±0.8 0.43 0.00
N(H I) (×1021 cm−2) 2.7±0.7 2.7±0.4 2.7±0.7 0.66 0.18
Σ∗ (M" pc−2) 48±24 50±16 42±19 0.25 0.10
G0/G0," 1.7±0.5 1.3±0.5 2.0±0.6 0.003 0.003
〈Tpk(HI)〉 (K) 68±10 51±10 68±8 0.0001 0.0001
Ph/kB (104 K cm−3) 6.4±2.5 6.4±0.9 5.54±2.1 0.54 0.18

the control sample contains 51 clouds). Kawamura et al. (2009) found that young GMCs in the NANTEN catalogue tend to
be smaller than star-forming GMCs, but here we wish to determine whether there are differences between star-forming and

non-star-forming GMCs that persist even after variations in cloud size are suppressed. The average discrepancy between the

radius of a young GMC candidates and their three corresponding control clouds was 2 per cent, with a maximum discrepancy
of 8 per cent. The average properties of GMCs in the MAGMA cloud list, the young GMC sample and the control sample are

listed in Table 1.

To test whether young GMCs have distinct physical properties, we conducted Kolmogorov-Smirnov (KS) tests between the

young GMC sample and the control sample. The KS test is a non-parametric test that compares the cumulative distribution
functions of two samples in order to determine whether there is a statistically significant difference between the two popu-

lations. The test is reliable when the effective number of data points, Ne ≡ N1N2

N1+N2
, is greater than 4, where N1 and N2 are

the number of data points in the first and second samples. The result of the KS test can be expressed as a probability, P ,
that the sample distributions are drawn from the same underlying distribution. As the traditional KS test does not account

for uncertainties in the measurements of the cloud properties, we performed 1000 trials of each KS test. For each trial, the

value of each cloud property measurement was displaced by k∆x, where ∆x is the absolute uncertainty in the cloud property
measurement and k is a uniformly distributed random number between -1 and 1. A summary of the KS test results is shown

in Table 1. If the results of the error trials are narrowly distributed around zero – i.e. if 〈P 〉 ! 0.05 and σ(P ) ! 0.05, where
σ represents the standard deviation – we consider that there is statistically significant evidence against the null hypothesis

that the cloud samples are drawn from the same underlying population.

Table 1 shows that the properties of both the young GMC and the control sample show a large dispersion around their average
value, and that differences between the samples are not always obvious from measures of central tendency. The results of the

KS tests indicate that the null hypothesis cannot be rejected for many of the intrinsic cloud properties. Both the maximum
peak CO brightness within a GMC (Tmax) and the average peak CO brightness (〈Tpk〉, i.e. the peak CO intensity at the line

centre for all independent sightlines through the cloud, averaged over the projected cloud area) tend to be lower for young

GMCs. There is no significant difference between the distributions of the total CO luminosity (LCO) or CO surface brightness
(ICO) however. The median XCO value for the young GMC sample (〈XCO〉 = 6.9× 1020 cm−2 (Kkm s−1)−1) is ∼ 50 per cent

greater than the median XCO value for the entire MAGMA LMC cloud list. Some of this variation may be due to cloud size,

since the discrepancy is reduced once we restrict our comparison to the control sample. The KS test results indicate that the
difference is only marginally significant.

For properties of the local interstellar environment, young GMCs appear to be distributed throughout the LMC in a similar
fashion as star-forming GMCs (i.e. across a similar range of galactocentric radii and radial velocities), and they are detected

across a comparable range of stellar mass surface densities and H I column densities. There is a clear trend, however, for young

GMCs to be located in regions where the H I peak brightness (〈Tpk(HI)〉) is relatively low, and the radiation field (G0) is

c© 0000 RAS, MNRAS 000, 000–000
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Fig. 1. Left. ALMA CO morphology shown on top of our CFHT K-band continuum image (H11). Dotted boxes mark the two ALMA mosaics,
the solid box marks the overlap region. Right. H2 1−0 S(1) morphology as seen with SINFONI. Boxes mark individual SINFONI fields-of-view,
contours show CO(3−2) from 2 to 42 Jy km s−1 beam−1 in steps of 8 Jy km s−1 beam−1. The inset at the bottom left of the right panel shows the
ALMA beam. We also mark massive and young SSCs (asterisks), and the compact H2 source PCC discussed in Sect. 3.

intrinsic spectral resolution of 0.85 km s−1 and were binned into
channels of 10 km s−1. We used the reduced data cubes publicly
available on the ALMA website1, which we corrected for the
primary beam attenuation. Low spatial frequencies were filtered
out because of missing short spacings that cause a loss of ex-
tended structures >4′′ and negative sidelobes adjacent to bright
emission. To measure fluxes we used a clipped cube where all
pixel values <2σ (6 mJy beam−1) were set to zero. To quantify
the missing flux, we constructed spectra at the center of the over-
lap region with the angular resolution of the single-dish JCMT
and HHT CO(3−2) observations of Zhu et al. (2003) and Schulz
et al. (2007), respectively. We found about half the total flux of
the single-dish data. The total flux of the SGMCs in the overlap
region agrees with the SMA observations (Ueda et al. 2012).
Second, we used VLT/SINFONI imaging spectroscopy of ro-
vibrational H2 lines in the near-infrared K-band at R = 3000
in four regions each 8′′ × 8′′ in size (Fig. 1). They were observed
in February 2011 with on-source integration times of 40 min per
pointing. Our previous observations of SGMC 2 have been dis-
cussed by H11. We obtained and reduced the data of the three
additional fields in a similar way.

Figure 1 shows the spatial distribution of the H2 and CO
emission in the Antennae overlap region at a spatial resolution
of ≤1′′ (100 pc). The right panel displays the color image of the
H2 1−0 S(1) emission with CO(3−2) contours for comparison.
Intensity maps were obtained from the SINFONI and ALMA
data cubes by fitting Gaussian profiles to the spectra in each spa-
tial pixel, using one component for SINFONI and up to three
components for the higher spectral resolution ALMA data. In
Fig. 2 we compare the velocity fields of these two lines. For the
CO velocities we computed the first moment map, and for H2 we
constructed the velocity map from Gaussian fits.

1 http://almascience.eso.org/alma-data/
science-verification

The ALMA channel maps are very similar to the SMA ob-
servations in Ueda et al. (2012). We identified all SGMCs dis-
covered by Wilson et al. (2000) except for SGMC 3, which is
not covered by ALMA. The new data show two velocity com-
ponents in SGMC 1 and 2. We also decomposed SGMC 4/5 into
two smaller complexes at positions (−3, −9.5) and (−3, −3.5) in
Fig. 1, each of which has two velocity components. We kept the
name SGMC4/5 for the first complex, and labeled the northern
extension SGMC 6. CO and H2 spectra of each SGMC are dis-
played in Fig. 2. The CO spectra were integrated over each box
in Fig. 1 using the clipped cube.

Table 1 lists the CO line properties of each SGMC and each
velocity component, named a and b. Fluxes, velocities and line
widths of all components are measured from Gaussian fits to the
spectra in Fig. 2. Error bars include only fit uncertainties, not
the systematic errors owing to the missing short spacings. We
estimated the R3−2/1−0 = ICO(3−2)/ICO(1−0) ratios of the SGMCs
by comparing the ALMA and OVRO data, after smoothing to a
common resolution. ICO is the integrated intensity in K km s−1.
This ratio varies from source to source between 0.3−0.8, with
a mean value of 0.5, consistent with what Schulz et al. (2007)
found from single-dish data for the entire overlap region, as well
as the peak line ratios measured with the SMA for each individ-
ual SGMC (Ueda et al. 2012).

We estimated gas masses from the CO fluxes, where the XCO
factor is the main source of uncertainty. To be consistent with
previous studies, we used the same XCO factor for CO(1−0) as
Wilson et al. (2000), XCO = 3 × 1020 H2 cm−2 (K km s−1)−1,
and adopted the scaling R3−2/1−0 = 0.59 of Schulz et al. (2007).
Our mass estimates (Table 1) are comparable to those of Wilson
et al. (2000). Similar to H11, our data show that most of the
H2 emission away from SSCs is powered by shocks, not UV
heating in PDRs. The observed H2 2−1/1−0 S(1) ratios, 0.1−0.2
(Table 1) can be accounted for by PDR models, but only for
high UV fields (χ > 104, in units of the mean value in the

L9, page 2 of 4
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Fig. 3. (Left) CO(3−2) emission from SGMC 2, where emission be-
tween 1350−1540 km s−1 and between 1540−1750 km s−1 are shown in
blue and red, respectively. Contours show the H2 1−0 S(1) morphology.
(Right) CO(3−2) (red) and CRIRES H2 (blue) spectrum of PCC. The
H2 spectrum is smoothed to 18 km s−1 resolution. The bar corresponds
to 77 mJy beam−1 for CO(3−2) and 4.4 × 10−17 erg s−1 cm−1 Å−1 for
H2 1−0 S(1).

found similar velocity gradients in the extended emission around
the SGMCs, which further supports this idea. The two compo-
nents in SGMC 2 are spatially separated and resolved by ALMA.
We estimated their sizes and found their virial masses to be com-
parable to the molecular masses derived from the CO fluxes.

3. The compact H2 source
The ALMA maps also give new insight into the nature of the
bright, compact H2 emitter associated with SGMC 2, PCC, re-
cently discovered by H11. PCC is the brightest H2 line emitter
in the overlap region. It is not detected in the lower-resolution
CO(1−0) data, but is an emission peak in the SMA and ALMA
maps (Fig. 1). Isolating the PCC CO counterpart from the sur-
rounding extended emission is difficult with an algorithm like
CLUMPFIND because of the large velocity gradient across PCC
(see right panel in Fig. 2). This may explain why the source is
not specifically listed in Table B.1 of Ueda et al. (2012). There
is no other CO peak in the SGMCs with an obvious counterpart
in the near-IR, except for the embedded SSC in SGMC 4/5.

Figure 3 shows a comparison of the CO and CRIRES high-
resolution (6 km s−1) H2 1−0 S(1) spectra of PCC (H11). The
CO spectrum is the peak emission at the position of the PCC
corrected for the surrounding emission, measured over an an-
nulus outside the source, to isolate the CO velocity component
associated with the PCC. CO(3−2) and H2 1−0 S(1) spectra are
remarkably similar. Table 1 lists the parameters of our Gaussian
fit. The H2-luminous PCC has a velocity dispersion (40 km s−1)
significantly higher than those of GMCs with the same sizes in
the Milky Way (5 km s−1; Falgarone et al. 2009; Heyer et al.
2009).

Using the velocity dispersion of CO(3−2), we obtain a virial
mass of Mvir = 5Rσ2/G = 4.6 × 107 × (σv/40 km s−1)2 M#.
Since ALMA does not spatially resolve the PCC, we instead
used the 50 pc size measured with SINFONI. The exceptionally
high H2 1−0 S(1)-to-Brγ line ratio (>15, H11) provides unam-
biguous evidence that the H2 emission of the PCC is powered
by shocks (Puxley et al. 1990). The H2/CO ratio, i.e. the energy
dissipation rate per unit mass, is also exceptionally high, a factor
5 higher than that of the SGMC 2 complex overall.

PCC appears to be located at the interface between blue and
redshifted gas (Fig. 3) where CO shows a steep velocity gradient

(∼1 km s−1 pc−1 in the position-velocity diagram in Fig. 2). The
observed properties of PCC are consistent with a scenario where
the formation of SSCs is triggered by interactions between two
gas flows. In SGMC 2, depending on the full three-dimensional
geometry, the flows could either be colliding or creating a large
velocity shear, and most likely a combination of both. In either
case, the interaction drives a turbulent energy cascade in which
kinetic energy is being dissipated. This is where we would ex-
pect the highest energy dissipation rate.

The bolometric luminosity of the PCC is ∼107 L#.
Observations of, e.g., NGC 1333 (Maret et al. 2009) show that
the bolometric luminosity of protostellar outflows is on the order
of 105 L# × Ṁwind, where Ṁwind is the stellar mass loss rate in
M# yr−1. The small embedded stellar mass of M∗ = 4 × 104 M#
(H11) makes protostellar winds an implausible energy source.

The cloud luminosity may be accounted for by the dissipa-
tion of the cloud kinetic energy for a cloud mass of a few 107 M#
– a value comparable to the virial mass 5× 107 M# – and a dissi-
pation timescale of 1 Myr. This is comparable to the cloud cross-
ing time, and also the dynamical time scale associated with the
velocity gradient of 1 km s−1 pc−1 at the position of the cloud.
The similarity of both timescales indicates that the cloud may
still be forming by accreting gas, and therefore that a significant
part of the cloud luminosity may be powered by gas accretion. In
any case, the time during which the PCC is a bright H2 emitter
is short, about 1 Myr.

This short timescale may explain why we do not find more
bright compact sources in our new H2 data. Whitmore et al.
(2010) list five massive (>105 M#), young (<5 Myr) SSCs over
the part of the overlap region covered with both ALMA and
SINFONI (Fig. 1). This is consistent with finding only a single
bright PCC with the SINFONI data if the H2-luminous phase
does not last longer than a few Myr.

Our analysis gives a foretaste of the power of combining
mass and energy tracers to study the dynamical state of molecu-
lar gas in galaxy mergers and the early stages of the formation of
SSCs. In the future, this approach can be extended with ALMA
and VLT using additional tracers of energy dissipation and mass.
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Note	
  greater	
  distance	
  of	
  22Mpc	
  and	
  different	
  
transi,on	
  doesn’t	
  maker	
  if	
  the	
  CO	
  is	
  op,cally	
  thick	
  
and	
  uniform	
  surface	
  brightness	
  within	
  the	
  beam.



Step	
  2:	
  Observa,onal	
  requirements

11

•	
  CO	
  1-­‐0	
  → band	
  3

•	
  cloud	
  size	
  → mosaic	
  up	
  to	
  several	
  arcmin
‣	
  keep	
  to	
  most	
  compact	
  configura,on,	
  θ	
  ~ 4’’

•	
  flux	
  es,mates	
  and	
  comparison	
  with	
  literature
‣	
  line	
  sensi,vity,	
  σ	
  ~ 0.7 Jy km/s
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Step	
  3:	
  ALMA	
  observing	
  tool
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Step	
  3:	
  ALMA	
  observing	
  tool
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I’ll	
  w
alk	
  

you
	
  thr

oug
h	
  th

is...


