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Stellar mass locked in galaxies increases with time

Stellar Mass

stars

Marchesini et al. 2008
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Hopkins & Beacom 2006

What drives the star formation history?

Cosmic star formation drives the stellar mass growth

stars

Star Formation
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Leroy et al. 2008

 H2

SFE (H2)

Star formation efficiency is very constant at z=0

Molecular gas is a transition phase that should be replenished at all times.

Molecular Gas
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Zafar et al. 2013
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The observed evolution of the cosmic and “local” star 
formation requires a large gas reservoir and gas accretion 
from the intergalactic medium at all redshift

Credit: ESO/L. Calçada/ESA/AOES Medialab

Where is the gas … ?
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• Many simulations predict that gas is 
accreted by galaxies in two forms 
(e.g. Birnboim & Dekel 2003, Keres et al. 2005, 2009).  

• Hot accretion flows are gas that is 
shock-heated to the virial 
temperature; T > 105 K 

• Cold accretion flows remain below 
Tvir, < 105 K, and falls onto galaxy 
along filaments.  

• At z=0, cold mode should be 
dominant for Mhalo ≤ 1011 M⦿ and in 
low density environments.  

Forms of accretion

Credits: NASA/CXC/M.Weiss/Ohio State/A Gupta et al                   Credit: ESA-AOES Medialab

Hot

Cold

Credit: ESA-AOES Medialab

Forms of accretion
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Multi-phase extraplanar gas

NGC 5775 (Rand+)

NGC 891 (Oosterloo+)

10
 k

pc

Wang Hoopes

Deep observations of (edge-on) spirals show thick, vertically 
extended, multi-phase layers of gas, dust, and magnetic fields

Howk

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

• What is the importance 
of (cold) accretion and 
can we detect it

This talk

Questions:

NGC 891 (Oosterloo+)
(ESA-AOES Medialab)
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Popping et al. 2009

Simulated Gas

SPH simulation
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Simulated HI Gas

SPH simulation

Popping et al. 2009
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GIMIC: Crain et al.

Gas in the extended halo of galaxies is 
clumpy

NHI ~ 1018-19 cm-2 required at ~kpc 
resolution to detect and resolve the 
environment of  individual galaxies.

16        17        18        19        20        21        22

Individual  galaxies
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Improving observations
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Deeper Higher Resolution Surveys
20 A. Popping et al.: The simulated H�sky at low redshift
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80 kpc gridding
2 kpc gridding
Corbelli & Bandiera 2002
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This work (80 kpc grid.)
This work (2 kpc grid.)
Braun & Thilker 2004
Zwaan et al. 2005
Corbelli & Bandiera 2002

Fig. 5. Left panel: H�distribution function after gridding to 80 kpc (dashed (red) line). The solid (blue) line corresponds to data gridded to a 2 kpc
cell size. Filled dots correspond to the QSO absorption line data (Corbelli & Bandiera 2002). Right panel: combined H�distribution functions
of the simulation, gridded to a resolution of 2 kpc (solid (blue) line) and 80 kpc (dashed (purple) line). Overlaid are distribution function from
observational data of M 31 (Braun & Thilker 2004), WHISP (Swaters et al. 2002; Zwaan et al. 2005) and QSO absorption lines (Corbelli &
Bandiera 2002) respectively. The reconstructed H�distribution function corresponds very well to all observed distribution functions.

4.2. H I distribution function

As mentioned above, the low and intermediate column densities
(NHI < 1019 cm�2) do not have a very significant contribution to
the total mass budget of H�.

For comparison with our simulation, the H�distribution
function derived from QSO absorption line data will be used as
tabulated in Corbelli & Bandiera (2002). For the QSO data the
column density distribution function f (NHI) is defined such that
f (NHI)dNHIdX is the number of absorbers with column density
between NHI and NHI+dNHI over an absorption distance interval
dX. We derive f (NHI) from the statistics of our reconstructed H�
emission. The column density distribution function in a recon-
structed cube can be calculated from,

f (NHI) =
c

H0dz
A(NHI)
dNHI

cm2, (11)

where dX = dzH0/c and A(NHI) is the surface area subtended by
H�in the column density interval dNHI centred on NHI.

As the simulations contain H�column densities over the full
range between NHI = 1014 and 1021 cm�2, we can plot the
H�column density distribution function f (NHI) over this en-
tire range with excellent statistics, in contrast to what has been
achieved observationally. In the left panel of Fig. 5 we over-
lay the H�distribution functions we derive from the simulations
with the data values obtained from QSO absorption lines as tab-
ulated by Corbelli & Bandiera (2002) (black dots). The hori-
zontal lines on the QSO data points correspond to the bin-size
over which each data point has been derived. Vertical error bars
are not shown, as these have the same size as the dot. Around
NHI = 1019 cm�2 there is only one data bin covering two or-
ders of magnitude in column density, illustrating the di�culty
of sampling this region with observations. This corresponds to
the transition between optically thick and thin gas, where only
a small increase in surface covering is associated with a large
decrease in the column density.

The dashed (red) line corresponds to data gridded to a 80 kpc
cell size. At low column densities the simulated distribution
function agrees very well with the QSO absorption line data.

The transition from optically thick to optically thin gas happens
within just a few kpc of radius in a galaxy disk (Dove & Shull
1994). Clearly a reconstructed cube with a 80 kpc cell size does
not have enough resolution to resolve such transitions. Some
form of plateau can be recognised in the coarsely gridded data
above NHI = 1016 cm�2, however it is not a smooth transition.
Furthermore because of the large cell size, no high column den-
sity regions can be reconstructed at all. The cores of galaxies
have high column densities, but these are severely diluted within
the 80 kpc voxels.

To circumvent these limitations, structures with an H�mass
exceeding 5�108 M� in an 80 kpc voxel have been identified for
individual high resolution gridding. This mass limit is chosen to
match the mass-resolution of the simulation. The mass of a typ-
ical gas particle is �2.5 � 107 M�, when taking into account the
abundance of hydrogen with respect to helium, we need at least
20 gas particles to form a 5 � 108 M� structure. As the neutral
fraction is much less than one for most of the particles, the num-
ber of particles in one object is much larger. We find 719 struc-
tures above the mass limit and grid a 300 kpc box around each
object with a cell size of 2 kpc.

We emphasise that gridding to a higher resolution does not
mean that the physics is computed at a higher resolution. We are
still limited by the simplified physics and finite mass resolution
of the particles. A method of accounting for structure or clump-
ing below the resolution of the simulation is described in e.g.
Mellema et al. (2006). To derive the clumping factor, they have
used another simulation, with the same number of particles, but a
much smaller computational volume, and thus higher resolution.
In our analysis, we accept that we cannot resolve the smallest
structures, since we are primarily interested in the di�use outer
portions of galactic disks. We have chosen a 2 kpc voxel size,
as this number represents the nominal spatial resolution of the
simulation. The simulation has a gravitational softening length
of 2.5 kpc h�1, but note that the smoothing lengths can go as low
as 10% of the gravitational softening length.

Distribution functions are plotted for simulated H�using
the two di�erent voxel sizes of 80 and 2 kpc in the left panel
of Fig. 5. When using a 80 kpc voxel size, the reconstructed
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maps are unable to resolve structures with high densities,
causing erratic behaviour at column densities above NHI �
1017 cm�2. When using the smaller voxel size of 2 kpc, there
is an excellent fit to the observed data between about NHI =
1015 and 1020.5 cm�2. The lower column densities are not repro-
duced within the sub-cubes (although they are in the coarsely-
gridded full simulation cube), while the finite mass and spatial
resolution of the simulation do not allow a meaningful distribu-
tion function to be determined above about NHI = 1021 cm�2.

Below NHI = 1020 cm�2 a transition can be seen with the dis-
tribution function becoming flatter. The e�ect of self-shielding is
decreasing, which limits the amount of neutral hydrogen at these
column densities. Around NHI = 1017 cm�2 the optical depth to
photons at the hydrogen ionisation edge is equal to 1 (Zheng
& Miralda-Escudé 2002). Self-shielding no longer has any ef-
fect below this column density and a second transition can be
seen. Now the neutral fraction is only determined by the bal-
ance between photo-ionisation and radiative recombination. The
distribution function is increasing again as a power law toward
the very low column densities of the Lyman-alpha forest. The
slope in this regime agrees very well with the QSO data. Note
that the 2 kpc gridded data are slightly o�set to lower occur-
rences compared to the 80 kpc gridded data. This is because we
only considered the vicinity of the largest mass concentrations in
the simulation for high resolution sampling. For the same reason
the function is not representative below NHI � 3 � 1014 cm�2,
while for the full, 80 kpc gridded cube it can be traced to
NHI � 5 � 1013 cm�2. Of course, lower column density sys-
tems can be produced in these simulations when artificial spectra
are constructed (e.g. Davé & Tripp 2001; Oppenheimer & Davé
2009), but our focus here is on the high column density systems
that are well-described by our gridding approach.

The distribution functions after gridding to 2 kpc (solid line),
and the low column density end of the 80 kpc gridding (dotted
line) are plotted again in the right panel of Fig. 5, but now with
several observed distributions overlaid. The high column den-
sity regime is covered by the WHISP data (Swaters et al. 2002;
Noordermeer et al. 2005) in H�emission; a Schechter function
fit to this data by Zwaan et al. (2005) is shown by the dashed
line. The dash-dotted line shows H�emission data from the ex-
tended M 31 environment after combining data from a range of
di�erent telescopes (Braun & Thilker 2004). Since this curve is
based on only a single, highly inclined system, it may not be as
representative as the curves based on larger statistical samples.
Our simulated data agrees very well with the various observed
data sets. The distribution function indicates that there is less H�
surface area with a column density of NHI � 1019 cm�2 than at
higher column densities of a few times 1020 cm�2. This is indeed
the case, which can be seen if the relative occurrence of di�erent
column densities is plotted. In Fig. 6 the fractional area is plot-
ted (dashed line) as function of column density on logarithmic
scale, which is given by:

f A =
A(NHI)

d log(NHI)
· (12)

The surface area first increases from the highest column densi-
ties (which are poorly resolved in any case above 1021 cm�2)
down to a column density of a few times 1020 cm�2, but then re-
mains relatively constant (per logarithmic bin). Only below col-
umn densities of a few times 1018 cm�2 does the surface area per
bin start to increase again, indicating that the probability of de-
tecting emission with a column density near NHI � 1017 cm�2

is significantly larger compared to detecting emission with a
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Fig. 6. Fractional area of reconstructed H�(dashed line, right-hand axis)
and cumulated surface area (solid line, left-hand axis) plotted against
column density on a logarithmic scale with a bin size of d log(NHI) =
0.2. The probability of detecting emission with a column density near
NHI � 1017 cm�2 is significantly larger than around NHI � 1019.5 cm�2.
The cumulated surface area is normalised to that at a column den-
sity of NHI = 1016 cm�2. At column densities of NHI � 1017 cm�2,
the area subtended by H�emission is much larger than at a limit of
NHI � 1019.5 cm�2, which is the sensitivity limit of most current obser-
vations of nearby galaxies.

column density of NHI � 1019 cm�2. Also of interest are plots
of the cumulative H�mass and surface area.

The solid line in Fig. 6 shows the total surface area subtended
by H�exceeding the indicated column density. The plot is nor-
malised to unity at a column density of NHI = 1016 cm�2. At high
column densities the cumulative fractional area increases only
moderately. Below a column density of NHI � 1018 cm�2 there
is a clear bend and the function starts to increase more rapidly.
At column densities of NHI � 1017 cm�2, the area subtended by
H�emission is much larger than at a limit of NHI � 1019.5 cm�2,
which corresponds to the sensitivity limit of most current obser-
vations of nearby galaxies.

4.3. H I column density

In Fig. 7 column density maps are shown of the total and the
neutral hydrogen distribution. The maps are integrated over the
full 32 h�1 Mpc depth of the cube, with the colour-bar showing
logarithmic column density in units of cm�2. The total hydro-
gen map reaches maximum values of NH � 1021 cm�2, while the
connecting filaments have column densities of approximately an
order of magnitude less. In the intergalactic medium, the col-
umn densities are still quite high, NH � 1019 cm�2, yielding a
very large mass fraction when the large surface area of the inter-
galactic medium is taken into account.

In the column density map of neutral hydrogen it can be seen
that it is primarily the peaks which remain. At the locations of
the peaks of the total hydrogen map, we can see peaks in the
H�map with comparable column densities, that correspond to
the massive galaxies and groups. The filaments connecting the
galaxies can still be recognised, but with neutral column den-
sities of the order of NHI � 1016 cm�2. Here the gas is still
relatively dense, but not dominated by self-shielding, resulting
in a lower neutral fraction. In the intergalactic regime, the neu-
tral fraction drops dramatically. The gas is highly ionised with
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Fig. 14. Column density maps of four reconstructed objects as seen in neutral hydrogen with contours of Dark Matter (left panels), Stars (middle
panels) and molecular hydrogen (right panels). For both the Dark Matter and the stars contour levels are at N = 3, 5, 10, 20, 30, 50 and 100 �
106 M� kpc�2. For the molecular hydrogen contours are drawn at NH2 = 1018, 1019, 1020 and 1021 cm�2. Stars are concentrated in the very
dense parts of the H�objects, dark matter is more extended, however the extended H�does not always trace the dark matter. The H�satellites or
companions are within the same Dark Matter Halo, but do not always contain stars.

H�structures in the simulation may be similar to those occur-
ring in nature. The simulation cannot reproduce structures that
resemble actual galaxies in detail. Besides the finite mass reso-
lution of the SPH-particles of �107 M�, there are the inevitable
limitations on the included physical processes and their practical

implementation. Nonetheless, we may begin to explore the fate
of partially neutral gas in at least the di�use outskirts of major
galaxies.

Despite the limitations, the simulations can reproduce many
observed statistical aspects of H�in galaxies, which is very

Figure 5: Figures from Popping et al. (2009). Left panel: the HI column density distribution function. Note
the dip near 1019 cm�2 causing an “edge” to the HI disks of galaxies. Middle panel: fractional area (green)
of a galaxy disk. The blue line shows the increase in area towards lower column densities. The area at 1016

cm�2 has been arbitrarily set to 1. Right panel: simulation of the morphology of the low column density
material. The material is expected to be clumpy. The bar indicates the column density levels, contours
indicate the locations of the stellar component.

density gas. MeerKAT is currently the only telescope with the sensitivity and resolution that are
needed to make sense of this and is therefore uniquely placed to address this SKA1 key science
question.

The regular MHONGOOSE observations reach a depth of ⇠ 5.5 · 1017 cm�2 after a nominal
48 hours on-source (3�, 16 km s�1, 9000). Increasing this to 900 hours, would increase the depth
of the observations by a factor 4.2, bringing us down to column densities of 1.3 · 1017 cm�2 at
9000. Equivalently, it would allow probing the original limit of 5.5 · 1017 cm�2, but at an angular
resolution of ⇠ 3000 instead of 9000. This increase in resolving power would not just enable detection
and characterization of the global properties of the expected low-column density clumps, but at
a physical resolution of ⇠ 1 kpc or better, it would allow addressing the internal structure and
dynamics of the clouds. Important contraints on whether these clumps contain dark matter or not
(cf. the missing CDM satelites problem) would be addressed with these observations.

These observations would thus be deeper than any other previous HI observation, and would
allow us to properly explore the cosmic web. They would be unique in the resolving power they
have, and would enable addressing issues that current deep single-dish observations cannot.

We propose here to choose one galaxy from each of the 6 HI mass bins in the MHONGOOSE
sample. Taking into account an overhead of 15%, and the already approved regular MHON-
GOOSE observations of these galaxies, the total additional time request would be 980 hours per
galaxy, or 5880 hours in total. We envisage that these ultra-deep observations would commence
in the second half of the LSP period, so that possible systematic effects due to, e.g., bandpass
stability, calibration, etc. are understood. At the moment we expect the management plan for these
ultra-deep observations to be similar to that of the regular MHONGOOSE observations, but would
be happy to provide an updated plan if these observations were approved.

As noted, this additional request would make it possible for MeerKAT to address scientific
questions that are firmly in SKA1 Key Science Project territory.

5 Observational Strategy and Updated Time Request

The observational strategy is flexible. The 55 hours per galaxy can be built up in several observing
sessions. Depending on the optimum scheduling length of a single observing track (presumably
around 8-9 hours), each galaxy will need about 6 to 7 tracks. The only constraint on the timing
of the tracks is that the short baselines should be unaffected by solar interference which implies
night-time observing.
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At 1017 cm-2 area is twice that at 1019 cm-2

but virtually nothing is known about the morphology

Popping et al 2009

column density function 

HI distribution function
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Braun & Thilker 2004

HI Filaments

HI between M31 & M33 and 
to the northwest of M31 

Very faint emission NHI~1017 cm-2 

WSRT used as an array of single dish telescopes

http://www.imagine-survey.org
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A Deep GBT survey

Wolfe et al. 2016

12 square degrees between M31 and M33 
NHI ~ 2x1017 cm-2 

9’ GBT beam, 5 km/s 
Deep pointing to the northwest of M31

http://www.imagine-survey.org
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ATCA: New opportunities

Wouldn’t it be nice to image the environment of not 
one, but a whole sample of galaxies down to NHI~1018 
cm-2. And even better, do this with an interferometer to 
have decent resolution…. 

http://www.imagine-survey.org
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IMAGINE

ATCA legacy project C3157

Imaging Galaxies Intergalactic and Nearby Environment 

PI: Attila Popping (ICRAR / UWA) 

• Observe 28 spiral Galaxies and their direct environment  
• Use 8 most compact configurations of ATCA (12 hours each) 
• Total time  2688 hours 
• NHI~2.5x1017 cm-2 over 20 km s-1. 
• resolution 1’ to 2.5’ 

www.imagine-survey.org 
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IMAGINE Science

• Measure the extended gas content of galaxies to detect gas accretion and outflows. 

• Determine the environment of gas accretion

• Detect the densest peak of the underlying Cosmic Web. 

• Missing satellite problem.
• Continuum source variability at low flux levels over the full survey area. 
• Studies of warps and lopsidedness in spiral galaxies.
• Studies of HI in absorption by using bright background sources.
• Studies of angular momentum.
• Lower column densities by stacking sight-lines in the halos of galaxies. 
• Linear polarisation

• Circular polarisation

• OH mega-masers

• SKA-SDP testing

• …

http://www.imagine-survey.org
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IMAGINE team

Craig Anderson 
Erwin de Blok 
Thanapol Chanapote 
Richard Dodson 
Jonah Gannon 
George Heald 
Jane Kaczmarek 
Dane Kleiner 
Baerbel Koribalski 
Karen Lee-Waddell 
Angel Lopez-Sanchez 
Juan Madrid 
Martin Meyer 
Vanessa Moss 
Danail Obreschkow 

DJ Pisano 
Attila Popping (PI) 
Chris Power 
Jonghwan Rhee  
Aaron Robotham 
Amy Sardone 
Lee Spitler 
Lister Staveley-Smith 
Kevin Vinsen 
Jing Wang 
Tobias Westmeier 
Andreas Wicenec 
Christian Wolf 
Chen Wu 
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IMAGINE  sample

  NGC0024                 
  NGC0045                 
  NGC0625                 
  ESO154-023              
  NGC1433
  NGC1512                     
  NGC1515                 
  NGC1617                 
  NGC1744                 
  NGC1792                 
  NGC2188                 
  ESO209-009              
  NGC2835                 
  NGC2997                 
  NGC3109                 
  NGC3137                 
  NGC3175                 
  ESO214-017              
  NGC3511                 
  ESO270-017                           
  ESO274-001              
  ESO138-010              
  NGC6300                                  
  IC5052                  
  NGC7090                 
  IC5201                  
  NGC7424                 
  NGC7793                 

http://www.imagine-survey.org
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• Spirals 
• Distance < 15 Mpc 
• Declination < -20 degrees 
• Optical diameter 5’ < D25 < 20’ 
• Inclination 35 - 80 or 90 degrees 
• HIPASS bounding box < 45 arcmin

IMAGINE  sample

http://www.imagine-survey.org
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IMAGINE  Point Spread Function

http://www.imagine-survey.org
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IMAGINE  Field of View

http://www.imagine-survey.org
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Status update

www.imagine-survey.org 

• Observations started in 
Oct 2016 (H168) 

• Continued in Jan 2016 
(EW368 & 750b) 

• About 350 hours observed 

• Observations will finish in 
the next two years 

http://www.imagine-survey.org
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Other efforts

• Computing: Dec 2016 awarded 250,000 hours on Magnus 
- automated processing

- DiLuiGe workflow

- implement other science cases


• Single dish: Dec 2016 applied for Parkes time 
- fill the zero spacings

- get extra sensitivity

- extend the area out to the virial radius


• Low surface brightness optical data 
- IMAGINE galaxies prioritised by Skymapper

- IMAGINE galaxies targets for StarFox and Huntsman

http://www.imagine-survey.org
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StarFox

NGC2997: Jonah Gannon

http://www.imagine-survey.org
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NGC2997

http://www.imagine-survey.org
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NGC2997

http://www.imagine-survey.org
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Sensitivity comparison

Figure 3: MHONGOOSE sensitivity versus other surveys. Light-
and dark-orange filled circles show the sensitivities for individual
galaxies in the THINGS survey, using robust=0.5 and natu-
ral weighting, respectively (Walter et al., 2008). Open light- and
dark-orange circles show the same for the LITTLE THINGS sur-
vey (Hunter et al., 2012). Dark-orange squares show the natural-
weighted THINGS observations spatially smoothed to 3000. Open
and filled brown trianges show the individual HALOGAS (Heald et
al., 2011) sensitivities at full resolution using robust=0, and ta-
pered with a 3000 taper, respectively. Dark-green stars indicate the
GBT observations of THINGS and HALOGAS galaxies by Pisano
(in prep.). Average sensitivities of the HIPASS, ALFALFA and
LVHIS surveys are also indicated. The MHONGOOSE sensitivity
is indicated by the thick blue line. The dotted green lines show the
expected sensitivities for SKA1-MID for certain observing times.

At the high-resolution end the MHON-
GOOSE observations will enable THINGS-like
analyses, but an order of magnitude deeper in
column density. At resolutions of ⇠ 10 they
reach the depth of the deepest GBT observa-
tions of nearby galaxies, but with an order of
magnitude better angular resolution. It is of
course the antenna configuration of MeerKAT
with no preferred scale built in that allows prob-
ing this large range in resolution by applying
different tapers.

Using the known distances to the galaxies
in MHONGOOSE and in previous surveys we
can compare the column density sensitivities
as a function of physical scale. For each galaxy
in the MHONGOOSE sample we can calculate
the column density as a function of physical
resolution, converting the angular beam size
to kpc. As we vary the beam size from 800 to
9000, each galaxy creates a track in the column
density-physical resolution plane.

In Fig. 4 we show the tracks of the galax-
ies for each of the HI mass bins used for the
sample selection. In each of the panels we
also show the galaxies from the other HI sur-
veys with HI masses that fall within that bin.
We see that the highest and lowest masses are
very much unexplored. The sample galaxies of
HALOGAS mostly lie within the 9 < log(MHI) < 10 mass bin, but even here the MHONGOOSE
observations will probe an order of magnitude deeper for a given linear size and thus lead to new
insights on the characteristics of the low column density HI.

4.2 A deeper MHONGOOSE

The increased sensitivity of MeerKAT offers some unprecedented opportunities to already work
on SKA Key Science Project science, even in the current pre-SKA1 era. Here we propose to
observe a limited number of the MHONGOOSE galaxies with on-source integration times of 900
hours each. These observations will make full use of the increased sensitivity, and aim to push
the column density sensitivities down to ⇠ 1 · 1017 cm�2. They will additionally allow probing
column densities down to the original MHONGOOSE depth, but at a spatial resolution that is three
times better, and will allow a unique characterization of the internal structure and dynamics of
low-column density structures.

The scientific reasons for this are illustrated in Fig. 5 (taken from Popping et al. 2009). The
left panel shows the HI column density distribution function, or the likelihood that a line of sight
encounters a certain column density. Note that around NHI ⇠ 1019 cm�2 this function shows a dip,
before increasing almost monotonously again down to lower column densities with slope of ⇠ �2.
This implies that as one goes to lower column densities, the area of a galaxy’s HI distribution
increases, except around NHI ⇠ 1019 cm�2, leading to the observed “edge” of the HI disk, where
the area hardly increases as one goes deeper.
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Figure 3: Comparison between THINGS and HALOGAS data for NGC 925. The THINGS data have
been smoothed to the same resolution (⇠ 3000) as the HALOGAS data for this purpose. Top left: THINGS
moment-0; Bottom left: HALOGAS moment-0; Right: PV diagram near the major axis (grayscale and black
contours from HALOGAS at 3,9s , cyan from THINGS at 3,9,27s ).

The unprecedented and uniform depth of the HALOGAS observations also allow some broad
conclusions about the nature of the vertical structure in disk galaxies to be drawn for the entire
sample. Some galaxies, like NGC 925 [63] (as shown in Figure 3) along with NGC 3198 [61]
and NGC 4414 [55] are seen to host thick H I disks like NGC 891 [77]. On the other hand, some
other sample galaxies like NGC 4244 [90] do not. These non-detections provide crucial leverage
to disentangle the origin of such structures. Analysis shows that the key discriminating factor
in determining the presence of a thick H I disk is the star formation rate normalized by the disk
area [64]. This conclusion is similar to the analysis of the origin of radio continuum halos [54],
which seem to be also be present when sufficient star formation energy input is available per unit
area to overcome the disk gravity (as traced by the stellar mass). This points strongly toward the
galactic fountain for being the dominant factor in creating H I thick disks in galaxies. It seems to be
consistent with the picture of galactic fountain driven positive feedback [59, 74], which would then
be the relevant observational tracer of the gas accretion process for spirals in the local Universe.
This result bears confirmation and further investigation with the SKA.

3.3 SKA Prospects

The current configuration of SKA1-MID is heavily dominated by short baselines and therefore
has an exquisite column density sensitivity at moderate resolutions. To compare its performance
with existing observations we use the HALOGAS survey [9] as a benchmark. HALOGAS is so far
the deepest interferometric HI survey of nearby galaxies. Observed using the Westerbork Synthesis
Radio Telescope it observed 24 nearby galaxies for 120 hours each to reach a typical 5s column
density sensitivity of 5 · 1018 cm�2 per 4.1 km s�1 channel at a spatial resolution of 3000. This
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Conclusion

✴ Understanding gas accretion is one of the fundamentals of Galaxy evolution
✴ To see gas accretion in HI column densities of NHI~1018 cm-2 are required
✴ New telescopes (SKA, FAST, etc) will really change this field
✴ We started the IMAGINE survey on ATCA which will set a benchmark for coming 

years

✴ If you have access to telescopes the can provide the diffuse optical component 

of these fields, please let me know 
✴ If you think data of this survey is useful for your science, please let me know 

http://www.imagine-survey.org

