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A MeerKAT Large Survey Project to use 
ultra-deep HI observations of nearby spiral 

and dwarf galaxies to study cold gas 
accretion and the link with star formation

MHONGOOSE

MeerKAT HI Observations of Nearby Galactic Objects: Observing Southern Emitters 

one of 7 LSPs 
1650h (~68 days) observing time (55h per galaxy) 

(300 observations of 5.5 hours)

mhongoose.astron.nl 



• brief science motivation 
• the survey 
• observations  
• some science from the 

deep data 
• some sample wide 

science from the shallow 
data 

• summary 

Overview



• proto SKA-MID 
• located in the Karoo 

desert, South Africa 
• 64 dishes of 13.5m 
• Tsys = 22K 
• baselines 29m-8km 
• 70% of baselines in a 1 

km core 
• high resolution and high 

column density sensitivity 

MeerKAT



Cold Gas Accretion

NGC 2403 (Simone Veronese)

• To have galaxies form stars over their 
lifetime they must acquire hydrogen 

• This gas most likely comes from the IGM 

• Anecdotal, but circumstantial evidence   

• Direct accretion of clouds and dwarfs at 
1020 cm-2 order of magnitude too low to 
sustain star formation 

• Confirmed by HALOGAS (Heald+ 2011, 
2021, Kamphuis+ 2022) down to ~1019 
cm-2


• Can we see accretion happening at lower 
column densities in the local universe? 

• Simulations predict “cold accretion” of 
gas 

Veronese et al 2023

Talk Simone Veronese



Simulated Accretion

NGC 2403 (Simone Veronese)

• Simulations predict “cold 

accretion” of 105 K gas 

out to ~100 kpc 
• Can we observe HI 

accretion happening at 

lower column densities 

(1017-18 cm-2) in the local 

universe?

Ramesh et al. 2023 



5 1017 cm-25 1019 cm-2

The CGM at 1 kpc uniform spatial resolution L3

Figure 1. 200 ⇥ 200 kpc2 images of the gas in and around a Milky Way-mass galaxy at z = 0 in a simulation with only mass refinement (left-hand panels), a
simulation with additional spatial refinement of ⇡ 2 kpc (middle panels), and a simulation with additional spatial refinement of ⇡ 1 kpc (right-hand panels).
Top panels: an infinitesimally thin slice of the hydrogen number density. Middle panels: total hydrogen column density in a 600 kpc column. Bottom panels:
neutral hydrogen column density in a 600 kpc column. Higher resolution in the halo results in more small-scale structure, including more dense gas clumps
and thin filaments. The covering fraction of high-column density H � is highest in the 1 kpc simulation.

spatially refined simulations is enhanced substantially, by a factor
of 10 and 82, respectively. The computational e�ort, however, only
increases by a factor of 2 and 8, respectively. This new method is
therefore cheap compared to increasing the resolution by using a
higher mass resolution. Simulations of this type are well suited for
high-resolution studies of the gas in galaxy haloes and potentially
in other regimes. When adding spatial refinement, most of the addi-
tional resolution elements are added to the low-density outer halo.
The resolution increase within 150 kpc (⇡ 0.45Rvir) is only a factor
of 3 (19) for the 2 kpc (1 kpc) spatially refined simulations.

Fig. 1 shows 200 ⇥ 200 kpc2 images centred on the Milky
Way-mass galaxy in our three simulations. The left-hand panels
show a simulation with standard mass refinement (5 ⇥ 104 M�),
which means that the resolution decreases with decreasing density.
The middle and left-hand panels show simulations with the same
mass refinement, but additional spatial refinement, resulting in a
maximum cell volume of about (2 kpc)3 and (1 kpc)3, respectively.

The top panels show the hydrogen number density in an in-
finitesimally thin slice through the centre of the halo. The CGM
shows significantly more small-scale structure at high resolution,
including a larger number of dense clumps and smaller turbulent
eddies. The middle panels show the total hydrogen column density
integrated over 600 kpc along the line-of-sight. Although the con-
trast in the CGM is not as large as for the density slice, because the
fluctuations average out in projection, the amount of structure on
small scales is still clearly enhanced in the spatially refined simula-
tions. The neutral hydrogen column density is shown in the bottom
panels. The small-scale structure of dense clumps and thin filaments
is much more visible even though the dynamic range spans a much
larger range. Also striking is that the average NH � is higher in the
1 kpc spatial refinement simulation and that the covering fraction
of high-column density systems is larger by a substantial amount.
We quantify this result below. Some of the high-column density

MNRAS 000, 1–6 (2018)
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Simulation of HI distribution



Simulated Accretion

NGC 2403 (Simone Veronese)

Ramesh et al. 2023 

• Simulations predict “cold 

accretion” of 105 K gas 

out to ~100 kpc 
• Can we observe HI 

accretion happening at 

lower column densities 

(1017-18 cm-2) in the local 

universe?

image size ~1 MeerKAT primary beam



• 30 nearby field disk and dwarf galaxies 
from SINGG 

• MHI ~ 107 - 1011 M☉ 

• each 55h 

• HI @ 4 x 1019 cm-2 with 10’’ resolution 

• HI @ 5 x 1018 cm-2 with 30’’ resolution 

• HI @ 1 x 1018 cm-2 with 60’’ resolution 

• HI @ 5 x 1017 cm-2 with 90’’ resolution 

• (3σ / 16 km s-1) 

• a factor 10 more sensitive than 
previous interferometer surveys 

• An interferometric survey with single 
dish sensitivities

MHONGOOSE

J0335-24 (NGC 1371) 9.84

These images show the neutral hydrogen distribution in the MHONGOOSE galaxies as observed with MeerKAT. The images all measure 15’ x 15’. The HIPASS designation and alternative 
identification are given in the bottom-left of each panel. The logarithm of the neutral hydrogen mass in the bottom-right. From top-left to bottom-right, galaxies are presented in order of 

increasing neutral hydrogen mass. Background image: credit SARAO. Poster by Erwin de Blok. 

MeerKAT HI Observations of Nearby Galactic Objects: Observing Southern Emitters 

The MeerKAT Large Survey Project of HI in Nearby Galaxies 

http://mhongoose.astron.nl

J0445-59 (NGC 1672) 10.1910.19J1153-28 (UGCA250) 10.00

9.55J1254-10a (NGC 4781) J0516-37 (ESO 362-G011) 9.68

J2357-32 (NGC 7793) 9.01 J1303-17b (UGCA320) 9.12 J1318-21 (NGC 5068) 9.16J0309-41 (ESO 300-G014) 9.00 J0546-52 (NGC 2101) 9.18

J1253-12 (UGCA 307) 8.67 J2009-61 (IC 4951) 8.87 J0331-51 (IC1954) 8.96J1106-14 (KKS 2000-23) 8.62

J0135-41 (NGC 625) 8.09 J0320-52 (NGC 1311) 8.25 J0429-27 (NGC 1592) 8.25J1337-28 (ESO 444-G084) 8.03J0031-22 (ESO 473-G024) 8.01

J0454-53 (NGC 1705) 7.96J1321-31 (KK 98-195) 7.56 J0310-39 (ESO 300-G016) 7.95J0008-34 (ESO 349-G031) 7.17J0049-20 (UGCA 105) 6.99

J0351-38 (ESO 302-G014) 8.55

J1103-23 (NGC 3513 and NGC 3511) 9.62

MeerKAT-16

SINGG

J2257-41 (NGC7424) 10.04 J0419-54 (NGC 1566)

J0549-26 (NGC 1744) 9.56

J0052-31 (NGC 289) 10.34

MHONGOOSE: the sample
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AZer	 the	 summer	 we	 will	 provide	 previews	 of	 these	 data,	 and	 as	 before,	 we	 will	 ask	 team	
members	with	an	 interest	 in	working	with	these	data	to	define	science	projects	 they	propose	to	
carry	out	with	these	data.	More	details	on	this	will	follow	in	a	further	update	closer	to	the	/me.	

Deep	data	case	studies	
AZer	 the	 u=0	 flagging	 for	 the	 en/re	 sample	 was	
completed	 earlier	 this	 year,	 we	 inves/gated	 the	
noise	behaviour	for	one	of	the	completed	galaxies	
and	 found	 that	 the	 noise	 in	 the	 data	 keeps	
decreasing	with	 the	 square	 root	 of	 /me	over	 the	
full	 dura/on	 of	 the	 observa/on	 and	 reaches	 the	
sensi/vi/es	 as	 originally	 envisaged.	 This	 is	 shown	
in	Figure	1.	This	is	of	course	great	news	and	shows	
that	we	will	 be	 able	 to	 reach	our	 original	 science	
goals.	
		
We	 also	 chose	 two	 galaxies	 for	 a	 high-priority	 in-
depth	 study	 of	 the	 data,	 enabling	 to	 us	 test	 our	
methods,	but	also	to	test	the	science	quality	of	the	
final	data.	MeerGas	postdocs	Filippo	Maccagni	and	
Julia	 Healy	 are	 looking	 more	 detail	 at	 the	 deep	
data	 for	 these	 two	 galaxies	 (J0419-54/NGC1566	
and	J1318-21/NGC5068)	to	gauge	the	data	quality	
further,	 and	 two	 representa/ve	 plots	 from	 their	
work	so	far	are	shown	in	Fig.	2	and	3.	These	clearly	
show	 the	 power	 of	 these	MeerKAT	 observa/ons.	
and	 clearly	 indicate	 the	 presence	 of	 low	 column	
density	HI	in	these	galaxies.	The	figures	are	work	in	
progress	so	please	do	not	distribute	these	further.	

Feedback	18-month	review	SARAO	
Last	April	we	provided	our	first,	18-month	progress	report	to	SARAO.	Over	the	past	few	weeks	we	
received	their	feedback	and	had	some	discussions	about	this	already	with	SARAO.	 In	general	the	
feedback	was	posi/ve.		

SARAO	made	two	important	recommenda/ons/requests	that	we	will	start	to	address	 in	the	next	
few	months.	The	first	one	was	to	provide	a	more	concrete	/me	scale	and	details	on	internal	data	
releases.	We	are	 star/ng	 to	address	 this	with	 the	upcoming	data	 release	 to	 the	 team	described	
above	and	will	develop	this	further.	

The	second	one	urged	us	to	consider	a	public	data	release	on	a	reasonable	/me	scale.	AZer	some	
discussions	we	are	now	considering	a	release	of	single-track	(5.5h)	data	products	for	each	galaxy.		
This	 would	 then	 be	 done	 in	 conjunc/on	 with	 the	 publica/on	 of	 the	 MHONGOOSE	 survey	
descrip/on	paper	on	which	work	has	now	also	started.	We	do	not	expect	that	release	of	the	single-
track	 data	will	 interfere	with	 the	 science	we	want	 to	 do	with	 the	 deep	 data	 and	 it	 would	 give	
addi/onal	exposure	to	the	survey.	A	preliminary	/me	line	is	to	do	in	the	second	half	of	this	year	in	
conjunc/on	with	the	survey	paper.		

 

Fig 1. Noise per 1.4 km/s channel measured in natural-
weighted data cubes created by combining an 
increasing number of tracks for one galaxy. Blue points 
indicate the measured noise (slope -0.504). Open points 
indicate the expected noise (slope -0.500), based on the 
number of visibilities and assuming 13.5m dishes and  
Tsys/!  = 20.5 K. The very small offset between the lines is 
equivalent to an offset in Tsys/!  of ~0.4K in the sense that 
MeerKAT performs slightly better than our assumptions. 
The red star indicates the target noise used to define the 
science requirement. 

• Observations started 
Oct 2020 

• Now 73% complete 
• 14 galaxies to full 

depth 
• Processing ongoing 
• Noise well-behaved 

Work in progress

0.11 mJy over 1.4 km/s after 55h

t



• Calibration and reduction in 
CARACal (https://
github.com/caracal-pipeline/
caracal) 

• Pipeline produces quality 
control plots and reports 

• Automatically uploaded to 
MHONGOOSE GitHub 
repository 

• Enables rapid turn-around - 
check data ASAP!

Work in progress

https://github.com/caracal-pipeline/caracal
https://github.com/caracal-pipeline/caracal
https://github.com/caracal-pipeline/caracal


u=0

• u=0 RFI causes stripes 

• implemented method to automatically 
remove these (Maccagni+ 2021) 

• now in CARACal



last 56 channels of 1024-
ch chunk n moved to  

chunk (n-1)

increase frequency of each  
channel by 56 x 3.2 kHz

the “56 channel bug”

manual fix with casatools (Kleiner+, MFS)



10 kpc



First full-depth

NGC 1566

11”, ~3 x 1019 cm-2

Maccagni et al in prep 2023

Poster Filippo Maccagni



First results: NGC 1566



First results: NGC 1566
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First results: NGC 1566

1.5 deg / 460 kpc

NGC 1556 is a massive spiral galaxy in the 
backbone of the Dorado group (DL = 18 Mpc) 
For the very first time, MeerKAT reveals 


- a past massive interaction with NGC1581  
shaped the lopsided spiral disk 


- on-going tidal interactions with smaller 
satellites are shaping the spiral arms

Moment 2 (σ,km/s): the disk is kinematically lopsided

- South: intertwining spiral arms with high velocity 

dispersion and enhanced star formation.

- West: relaxed and regularly rotating 

- East: diffuse lagging HI stream leads to high 

moment-2 values (σ>25 km/s)  

- remnant of a recent tidal interaction with 

PGC075137 in the North. 

- The lost gas is swept up along the spiral arms 

and accreted into the disk.

Filippo Maccagni, Julia Healy, Erwin de Blok

IAUGA 2022 Busan - S373 Resolving the Rise and Fall of  Star Formation in Galaxies 

This project has received funding from the European Research Council 
(ERC) under the European Union’s Horizon 2020 research 
and innovation programme (grant agreement no. No 882793/MeerGas).

MeerKAT 55 hours L-band:  deepest neutral atomic 
hydrogen HI observation of a massive (M(HI) = 1.2 x 1010 
M ) grand design spiral star forming galaxy: NGC 1556 

Mass limit at 20’’ (1.8 kpc) : MHI = 1.5 x105 M  (S/N =3)

Column density limit at 20’’:  NHI =  4.1 x 1018 cm-2 (S/N =3)

Cold gas accretion in NGC1566

Moment 0 multi-resolution map 90’’, 70’’, 30’’, 20’’, 12’’

deep HI imaging with MeerKAT
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NGC 1549NHI = 2.0£1019 £2n cm°2
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NHI = 3.2£1017 £2n cm°2

moment-2



NGC 1566: HI distribution and kinematics
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For the first time: 
- 5 new HI detections 

associated with low-
mass (MHI = 106-7 
M☉) galaxies 

- N1566 low column 
density broad line-
width clouds

- Eastern arm: diffuse 
lagging HI stream leading 
to broad line-width 

- Diffuse gas remnant of a 
recent tidal interaction with 
PGC075137 in the north 

- The lost gas may be 
swept up along the spiral 
arms and accreted into 
the disk Poster Filippo Maccagni
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Fig 2. Primary beam corrected integrated HI emission in NGC 1566 (J0419-54) seen at 7.6” resolution, overlaid with the 

contours of the HI emission detected at 12, 30, 60, 90” (in red, lime, blue, olive and purple, respectively). The first 

emission contour at each resolution always corresponds to S/N = 5 in the moment map. Contours increase with 2n (n = 

0, 2, 4..). The lowest purple contour marks column densities of 5.8 × 1017 cm-2 at the resolution of 90”. The lowest red 
contour marks column densities of 6.1 × 1019 cm-2 at the resolution of 7.6”. (Figure courtesy of Filippo Maccagni).
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Fig 2. Primary beam corrected integrated HI emission in NGC 5068 (J1318-21) at various resolutions superimposed on 
an optical MeerLICHT image. The contours and corresponding beam sizes are indicated in the scale bar. (Figure 
courtesy of Julia Healy).

NGC 5068

Healy et al in prep 2023



 

Fig 2. Primary beam corrected integrated HI emission in NGC 1566 (J0419-54) seen at 7.6” resolution, overlaid with the 

contours of the HI emission detected at 12, 30, 60, 90” (in red, lime, blue, olive and purple, respectively). The first 

emission contour at each resolution always corresponds to S/N = 5 in the moment map. Contours increase with 2n (n = 

0, 2, 4..). The lowest purple contour marks column densities of 5.8 × 1017 cm-2 at the resolution of 90”. The lowest red 
contour marks column densities of 6.1 × 1019 cm-2 at the resolution of 7.6”. (Figure courtesy of Filippo Maccagni).
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Fig 2. Primary beam corrected integrated HI emission in NGC 5068 (J1318-21) at various resolutions superimposed on 
an optical MeerLICHT image. The contours and corresponding beam sizes are indicated in the scale bar. (Figure 
courtesy of Julia Healy).

First results: NGC 5068

• High velocity dispersion “ring” in outer parts 
• No evidence for dwarfs infall 
• Accreting gas clouds? 

moment-2 (“velocity dispersion”)

Talk Julia Healy
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The extra-planar gas in UGCA320 (J1303-17b)

Talk by Nikki Zabel



The extra-planar gas in UGC250 (J1153-28)

Talk by Sushma Kurapati 
(Friday break-out session)



Stacking the MHONGOOSE data

Talk by Simone Veronese  
(Friday break-out session)



Dwarf galaxies
• MHONGOOSE surveys 30 deg2 in different galaxy environments from isolated to groups 
• Sensitivity to very low HI masses: MHI = 4 x 105 M☉  (for 3σ/30 km/s @ 17.8 Mpc) 
• Combination with deep photometry (VST, μg  > 26 mag/arcsec2) 

•  Discovery and study of dwarf galaxies beyond the Local Group 
• Do Local Group science outside the Local Group
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LSB-D - a low-mass galaxy in Dorado

• HI observations + deep photometry, 
VEGAS, μg > 26 mag/arcsec2) 

• Low-surface brightness galaxy in Dorado 
• MHI = 1.67 x 106 M☉;  M✭ = 2.3 x 106 M☉ 

• Mbar = 4 x 106 M☉ 
• HI is rotating, but also non-circular component
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LSB-D - a low-mass galaxy beyond the LG
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sources from McGaugh et al. 2021

Cosmological view on the 
evolution of dwarf galaxies 
beyond the Local Group

• LSB-D is on the baryonic Tully-Fisher relation 
highlighting its universality down to very small 
sources also beyond the Local Group 

• LSB-D is dark-matter dominated: Mbar ~1.3 % 
Mdyn 

• Constrain uncertainties on the low-mass end 
of the baryon-mass halo relation



Single-track data release

• Previous was based on internal data deep release of 10 galaxies 
• In the next few months public data release of moment maps of 

single tracks of entire sample 
• Zeroth, first and second moment maps  
• Two resolutions: robust = 0.5 (~10”) and robust=1.5 (~30”)



Some single-track survey science

• Global HI profiles: comparison with single dish and deep 
• Dwarfs and companions 
• Moment plots



Global HI profiles
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Global HI profiles

GBT 
HIPASS



Global HI profiles: 1-track vs 10-track
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Global HI profiles: 1-track vs 10-track
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• 10-track always detects (slightly) more flux 
• varies from <1% to 4.5% extra 
• this may not sound much, but: 

• if we assume the flux is spread evenly 
over the disk 

• then the equivalent extra column 
density varies from 2 x 1017 cm-2 to  
8 x 1018 cm-2 

• consistent with our detection limits 
• establishing presence of low-column 

density from global HI profiles 
(interferometer or single dish) is not trivial



Companion galaxies
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The 44 companions
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• many target galaxies have multiple companions 
• dwarf galaxies or companion group galaxies 
• all have optical counterparts 
• about 1/3 have new redshifts



Companions of the target galaxies

companions in cube (1 degree, ± 500 km/s) companions ± 200 km/s from target



Companion masses

10 Mpc

25 Mpc

3 Mpc

limits assume 5σ, 50 km/s and are single-track limits

single track

10 tracks



The M81 triplet moment plots  
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Moments with NGC 1672
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All galaxies together
only show bins 
with > 8 values



All galaxies together
only show bins 
with > 8 values
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decreasing m2 values  
toward low column densities?



First results: NGC 1566
red points: (5, 10, 50, 100, 500, 1000)σ 



Galaxy variations
low HI mass 

high HI mass 



The NGC 1566 case



The NGC 5068 case



The J0049-20 case



Galaxy variations
low HI mass 

high HI mass 



Moments

• Moments analysis highlights some fundamental properties of galaxies 
• Clear distinction between star forming and non-star forming gas 
• Minimum “velocity dispersion” and confirms maximum column density 
• Also shows limitations of moment maps 
• To be continued on full-depth maps



• MHONGOOSE is 
underway 

• Data quality excellent 
and as desired 

• Deep low column 
density HI reveals: 
possible cold accretion, 
interaction features, a 
variety of dwarfs beyond 
the local group
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