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Future HI science

The connection, over time, between star formation, HI, 
dynamics and accretion, is one of the main issues to 
address in the coming years through large, deep 
surveys of the H I in the local and distant Universe 

- How do galaxies assemble and evolve? 

- How is star formation regulated? 

- How are outer disks and cosmic web linked?
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NGC891: Oosterloo et al (2007)
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MHONGOOSE science

MHONGOOSE:  

• Ultra-deep observations of 30 nearby galaxies 

• 200 hours per galaxy; 6000 hours total 

• 25 times longer than THINGS 

• twice as deep as HALOGAS 

High resolution:  

• star formation  

• dynamics 

• structure of the ISM 

High sensitivity: 

• cosmic web 

• accretion



Scale-dependent SF

RESULTS: We place apertures of varying sizes (75 to 1200 pc) on each of the ~150 GMCs and bright HII regions that we identify.  Inside each aperture
we measure the CO surface brightness (which we can translate to �H2) and the extinction corrected Hα brightness (which we can express in units of
�SFR).  Comparing the ratio of these two quantities (τdep = �H2 /�SFR ∝ CO/Hα) as a function of scale we find:

CONCLUSIONS: The molecular Schmidt-Kennicutt relation shows substantial scale dependence if one focuses on either CO or Hα bright peaks. The median

depletion time (τdep) measured in 75pc apertures (derived from averaging ~150 such regions) varies by more than one order of magnitude between CO and

Hα peaks. At large scales this difference vanishes. We argue that the scale for breakdown is set by the spatial separation of high-mass star-forming regions,

with the breakdown occurring when an apertures includes only one or two such regions in specific evolutionary states, which corresponds to ~300pc in M33.

The Scale Dependence of the Molecular Gas Depletion Time in M33

Andreas Schruba (MPIA), Adam Leroy (NRAO), Fabian Walter (MPIA),

Karin Sandstrom (MPIA) and Erik Rosolowsky (University of British Columbia)

BACKGROUND: Many recent studies show that averaged over substantial (kpc) areas of normal spiral disks, the surface densities of molecular gas
(�H2) and recent star formation (�SFR) scale as a power law: �SFR = a�H2

b with index b≈1-1.7 and ratios of �H2/�SFR ≈1-2 Gyr. However, there is little
work linking these results to the scales on which stars actually form (but see Evans et al. 2009). We know that star formation occurs in discrete mole-
cular clouds and that the energy output of recently formed massive stars is destructive to their parent clouds. As a result there is a widely expected
but a seldom observed scale dependence of the Schmidt-Kennicutt relation.

ABSTRACT: We study the scale dependence of the Schmidt-Kennicutt relation in the nearby spiral galaxy M33, one of the few places where both
individual molecular clouds and the whole galaxy are accessible. We recover the expected relation on large (kpc) scales. On smaller (few 100pc)
scales the ratio �H2 /�SFR depends strongly on the actual spatial scale and type of region targeted. We argue that when one resolution element
corresponds to one SF region, the evolutionary state of that region dominates its position in the Schmidt-Kennicutt plot. We show that the observed
scale dependence can be reproduced by a basic model that averages together SF regions in two different evolutionary states ("old" and "young").

DATA & METHODOLOGY: M33 is a unique system: it is external to the Milky Way, allowing us to clearly view it as a whole galaxy but also close enough
that we can easily distinguish individual giant molecular clouds (GMCs) and HII regions. To test the “breakdown” of the Schmidt-Kennicutt relation
we measure the ratio between CO emission (a tracer of H2) and extinction corrected Hα (a measure of recent star formation) as a function of scale

and position. Specifically:

1. We trace the molecular gas distribution
(�H2) using a combination of BIMA and

FCRAO CO data produced  by Rosolow-

sky et al. (2007).

2. We determine the recent star formation
(�SFR) by a combination of Hα and 24µm

following Calzetti et al. (2007). The KPNO
Hα traces unobscured and the MIPS 24µm

traces obscured high-mass star formation.
We subtract diffuse emission not directly

associated to current star formation.

3. Using these two maps we identify 154
bright regions in CO (red) and 172 in Hα

(blue), overlapping regions are shown in
purple. These closely correspond to the

GMC and HII region catalogs by Rosolow-
sky et al. (2007) and Hodge et al. (2002).

References & Works Cited: star formation law: Schmidt 1959, ApJ, 129, 243; Kennicutt 1998, ARA&A, 36, 189; Heyer et al. 2004, ApJ, 602, 723; Bigiel et al. 2008, AJ, 136, 2846; Leroy et al. 2008, AJ,

136, 2782; Evans et al. 2009, ApJS, 181, 321; Verley et al. 2010, A&A, 510, 64: CO data: Heyer et al. 2004, ApJ, 602, 723; Rosolowsky et al. 2007, ApJ, 661, 830; Hα data: Greenawalt 1998, PhD thesis,

AA; Hoopes & Walterbos 2000, ApJ, 541, 597; MIPS data: Gordon 2009 (private communication); SFR calibration: Calzetti et al. 2007, ApJ, 666, 870

1. We recover a molecular version of the

Schmidt-Kennicutt relation at kpc scales,
previously seen by Heyer et al. (2004) and

Verley et al. (2010).

2. At smaller scales, the ratio �H2/�SFR is a

strong function of scale and type of region
targeted, corresponding to increasing

intrinsic (physical) scatter in the Schmidt-

Kennicutt relation. By the smallest (75pc)
scales we study this effect is an order of

magnitude or more.

3. A simple model: Consider two sets of

objects, "young" GMCs with high �H2/�SFR

(5:1) and “old” HII regions with a low ratio

(1:5). The expected ratio given the type of

the first region and the average number of
additional objects for a given aperture size
results in a prediction for τdep vs. scale.
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we measure the CO surface brightness (which we can translate to �H2) and the extinction corrected Hα brightness (which we can express in units of
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strong function of scale and type of region
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Kennicutt relation. By the smallest (75pc)
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Schruba et al 2009
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Kennicutt-Schmidt law breaks down (in M33) at scales of ~300 pc 
Below that evolutionary state of SF regions becomes important



• What is the nature of extra-planar gas in 
galaxies 

• What is the importance of (cold) accretion

NGC 891 (Oosterloo+)
(ESA-AOES Medialab)

Accretion



Fraternali (2013)



Selecting a Sample

HI detected 

• HIPASS-based sample 

• Galactic latitude |b| > 30o, Galactic standard of rest velocity 
> 200 km s-1

• Projected distance from the LMC > 10o 

Detected in SINGG (Survey for Ionization in Neutral Gas Galaxies) 
and SUNGG (Survey for Ultraviolet emission in Neutral Gas Galaxies)
(P.I. Meurer) 

•  Hα, photometry, WISE and GALEX are available 
 à 151 galaxies.  



Pre-cursor Sample

• cut at 30 Mpc (MeerKAT 
beam 1 kpc)  

• Galaxies with dec < -10 

• Exclude galaxies in Paolo 
Serra's Fornax survey 
region.  

• à 88 galaxies  



Pre-cursor Sample

• representative number of galaxies as uniformly as 
possible over log(MHI) 

 6    < log MHI < 8   5  
 8    < log MHI < 8.5       16  
 8.5 < log MHI < 9       18  
 9    < log MHI < 9.5       26  
 9.5 < log MHI < 10       15  
 10  < log MHI < 11       7  

• 5 galaxies per bin  à 30 galaxies



Selecting a sample

Criteria for the MHONGOOSE final sample 

• Exclude galaxies with obvious quality issues 

• Exclude interacting galaxies 

• Best edge-on, face-on and ~60 deg inclination 

• With these, range in surface brightness and SFR 



Selecting a sample

Criteria for the MHONGOOSE final sample 

• Exclude galaxies with obvious quality issues 

• Exclude interacting galaxies 

• Best edge-on, face-on and intermediate 
inclination 

• A range in surface brightness and SFR 

Ranked the remaining

←inclination

ro
ta

tio
n 

ve
lo

ci
ty
→



6  < logMHI < 8   group 1

J0008-34 J0049-20 J0310-39

J0454-53 J1321-31

DSS



6  < logMHI < 8   group 1

J0008-34 J0049-20 J0310-39

J0454-53 J1321-31

SINGG



10  < logMHI < 10.5   group 6

J0052-31 J0419-54

J0445-59 J2257-41

J1153-28

DSS



10  < logMHI < 10.5   group 6

J0052-31 J0419-54

J0445-59 J2257-41

J1153-28

SINGG

see mhongoose.astron.nl  
for further groups



J0445-59

WISE, courtesy Tom Jarrett



MHONGOOSE Science

• Work is underway to characterise the properties of the 
sample further 

• ATCA: 1/3 has been observed with one or more 
arrays 

• KAT-7 observations (Sorgho) 

• GBT (Pisano) 

• high-res IFU for internal dynamics (Mogotsi)

Sample work



MHONGOOSE ScienceKAT-7 results

Courtesy Amidou Sorgho



MHONGOOSE ScienceKAT-7 results: M83

Courtesy George Heald

Contours: KAT-7 
background: THINGS



Heald et al (in prep)WISE image courtesy Tom Jarrett

Contours start at 5.6 × 1018 cm−2 (~3σ); 
increase by powers of 1.778. 



MHONGOOSE ScienceHigh-resolution dynamics
H↵ Kinematics of SINGG Nearby Galaxies 11

Fig. 1.— Velocity field and rotation curves of J0230-02S1. The velocity field overlayed over H↵ (top left) and R-band (top
center) SINGG images. The rotation curves derived using diskfit (red) and ROTCUR (blue) are shown on the top right.
The corresponding diskfit (bottom left), rotcur (bottom center) and 3D Plane (bottom right) residual velocity plots are
overlayed over H↵ images. Crosses are used to indicate the central position of galaxy. Red ellipses are used to indicate the
photometric (in the H↵ and R-band plots) and kinematic (in the diskfit and rotcur residual plots) i and �. The red line
in the 3D residual plot is used to indicate the �3D.

Courtesy Moses Mogotsi



MeerKAT data

• MeerKAT output:  

• 5 narrowband sub-bands: 11.5 MHz/4k ch 
this is 2400 km/s at 0.6 km/s at z=0 

• 1 wideband: 856 MHz/32k ch 

• MHONGOOSE core science: 1 subband plus a 
downsampled (1MHz ch) wideband [MeerQUITTENS] 

• bonus 4 subbands: 200 h corresponds to ~MHI* at 
z=0.15



Data models

• minimum data model 

• retain one sub-band, 8s dump time: 420 TB or 14 TB 
per galaxy 

• maximum data model 

• all bands, all channels, 2s dump time: 45 PB 

• minimum data model doable; maximum data model 
not trivial 

• more info on correlator post-processing, archive 
specifications etc



Early Science

• MeerKAT16 

• Sensitivity: 0.8 old WSRT or 0.4 JVLA  

• Channel purity (“ringing”) - 1020 vs 1018 cm-2 in 
adjacent channels 

• Local MW emission can be very strong 

• Column densities 1021 to 1017: >104  

• Continuum to line ratio 

• 200h per galaxy: many tracks: stable bandpass 

• Combine in uv or image planes



Rogstad+ (1974)

Early Science

Tilted Ring Fitting Code

Used to model in 3D: warps, 
flares, thick disks, spiral 
arms, ... 
Extraordinary ability to assess 
the effect of various features 

Also: 

3D-BBAROLO (Di Teodoro), as 
well as packages developed 
by Kamphuis and Oh 



mhongoose.astron.nl


