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Past Progress
• Progress in nearby galaxies research 

driven by 

• increase in resolution

•matched resolution multi-wavelength 
obs

• prototype: THINGS/HERACLES

• including B-array leap forward enabling 
sub-kpc for D < 20 Mpc
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Heracles: The H.E.R.A. CO-line Extragalactic Survey�
Stars form out of clouds of molecular gas. The formation and evolution of this star-forming gas represents an important step in building galaxies. We carried out the Heterodyne Receiver Array CO-
Line Extragalactic Survey (HERACLES) to constrain how molecular material assembles and forms stars in the nearby universe. Using the powerful Heterodyne Receiver Array (HERA) on the IRAM 30-m 
telescope (9 beams, 2 polarizations, 13” resolution, Schuster et al. 2004), HERACLES observed molecular gas via the CO J=2-1 transition in a diverse sample of 48 nearby galaxies. By building on 
previous surveys at other wavelengths - THINGS (Walter et al. 2008), SINGS (Kennicutt et al. 2003), the GALEX NGS (Gil de Paz et al. 2007), and the LVL (Dale et al. 2009) - we are able to observe 
molecular gas in context. This allows one to compare molecular gas with recently formed stars, the atomic gas reservoir, abundances of dust and heavy elements, kinematics, old stars, spiral arms, 
and other potentially important drivers for the formation of stars and star-forming clouds. 

Team: A. K. Leroy (NRAO, co-P.I.), F. Walter (MPIA, co-P.I.), F. Bigiel (U.C. Berkeley), E. Brinks (Hertfordshire), W.J.G. de Blok (Cape Town), D. Calzetti (U. Mass.), G. Dumas (MPIA), K. Foyle (MPIA),  
R. Kennicutt(Cambridge), S. Meidt (MPIA), C. Kramer (IRAM), H.-W. Rix (MPIA), E. Schinnerer (MPIA), K. Sandstrom (MPIA), A. Schruba (MPIA), K. Schuster (IRAM), A. Usero (OAN, Spain), A. Weiss 
(MPIfR), H. Wiesemeyer (MPIfR); the IRAM 30-m is operated by IRAM, which is supported by INSU/CNRS (France), MPG (Germany) and IGN (Spain). 

Each panel shows molecular gas in context for one of our targets, with targets approximately in order of stellar mass from top to bottom. From left to right panels show: 
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Future Progress
• Use increased sensitivity to go beyond 

THINGS in distance and resolution

•Assume full sensitivity: MID ~ 6 VLA

• 6 arcsec B-VLA → 2.5 arcsec MID

• THINGS at 50 Mpc

• tens of pc at original THINGS

•multi-λ (ALMA!)
K-Sch Law breaks 

down < 300 pc



No. 2, 2009 A WIDE-FIELD HIGH-RESOLUTION H i MOSAIC OF MESSIER 31. I. 941
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Figure 3. Peak brightness of H i emission determined at 60 arcsec and 6 km s!1

resolution of the central 50% of the survey region. Peak brightness is shown on
a square-root scale which saturates at 90 K. The beam FWHM is indicated in
the lower left corner.
(A color version of this figure is available in the online journal.)
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Figure 4. Peak brightness of H i emission determined at 30 arcsec and 6 km s!1

resolution of the central 50% of the survey region. Peak brightness is shown on
a square-root scale which saturates at 120 K. The beam FWHM is indicated in
the lower left corner.
(A color version of this figure is available in the online journal.)

comparable to its own spin temperature together with a single
cooler, opaque feature in the foreground. In this simple case
the HISA temperature decrement would give some information
about the spin temperature of the foreground component. More
complicated geometries are easily conceivable. Adding a third
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Figure 5. Peak brightness of H i emission determined at about 15 arcsec and 6
km s!1 resolution of the central 50% of the survey region. Peak brightness is
shown on a square-root scale which saturates at 120 K. The beam FWHM is
indicated in the lower left corner.
(A color version of this figure is available in the online journal.)

warm, semi-opaque foreground component to make a warm–
cool–warm “sandwich” would significantly fill in the detected
temperature decrement. Clearly, the interpretation of the HISA
temperature decrements in physical terms is poorly constrained.

The largest individual features seen in the Gibson et al.
(2005) Galactic HISA sample extend over about 5" at 2 kpc
distance, and so have lengths as large as 175 pc. A subset of the
Galactic HISA features, such as those kinematically associated
with the Perseus spiral arm, is organized over tens of degrees
making the complexes at least 1 kpc long. The departure from
the Galactic edge-on geometry to the #78" inclination of M31
(Braun 1991) means that the necessary alignment conditions for
witnessing HISA are essentially eliminated on large scales in
M31. Instead, the “sandwich” geometry that can yield large-
scale HISA features in the Galaxy would be projected into
spatially resolved, parallel “slices” of semi-opaque gas of
different spin temperature. We identify the filamentary local
minima in peak brightness seen in M31 with the colder opaque
features that are responsible for large-scale HISA in the Galaxy.
We use the term “self-opaque” to emphasis the importance of
internal optical depth effects in determining the profile shapes of
these features, as distinct from “self-absorption” which implies
a substantial temperature contrast of features that overlap both
along the line of sight and in radial velocity.

By comparison to the kpc extent of Galactic HISA complexes,
the self-opaque filamentary minima in M31 (for example the one
running from (!, ") # (00:45:25, +41:36) to (00:45:55,+41:50)
in Figure 6) are often in excess of 10 arcmin in length
corresponding to more than 2 kpc. One such linear feature is seen
to cross very near the line of sight to the background continuum
source J004218+412926 (=B0039+412), as seen in Figure 7.
H i absorption measurements for this source and several others
have been published previously in Braun & Walterbos (1992).
We will comment further on these sources below. More complex

15” or 55 pc

Braun et al 2009



BD design MID

•Imaging down to 1020 cm-2 at 2.5” 
with BD or 2nd design

•20 km/s line at 5σ needs 126h at full 
sensitivity

•but noise factor ~ 2.3 to 3.1, so need 
~650 to 1200h

•~8 galaxies in one year 



BD Design SUR

•Such an experiment unfeasible for 
SUR (2200h at full sensitivity)

•THINGS at SUR: 1020 cm-2 at 5σ, 6” 
and 20 km/s HI: 68h

•noise factor ~2.0, so 270h

•FoV enables probing full halo 
volume



Velocity resolution

•With sub-kpc resolution, SF will form 
large part of science case; 
especially if linked with ALMA

•Need to separate cold/warm 
medium in spectra

•CNM can have dispersions ~1 km s-1

•Need << 1 km s-1 channels (~0.1)



Summary  

•Move beyond VLA-like studies, but current 
MID design cannot make full use of the 
“raw” sensitivity

• SUR could do THINGS-like surveys in 
different environments with census of halo 
volumes, but no higher resolution

•Need high velocity resolution to resolve 
ISM phases


