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Scientific Interest of NGC 3109 

MOND: Randriamampandry 2013, Msc thesis, UCT 



KAT-7 



HI observations of NGC 3109 

 The KAT-7 observations of NGC 3109 provide a 
unique opportunity to simultaneously: 
 achieve HI spectral-line verification, and 

 get an original scientific result. 

 It complements: 
 the high spatial resolution (~10”) but small FOV (~30’) of 

the VLA ANGST data (Ott et al. 2012) 

 the high sensitivity (~1017 cm-2) but low spatial resolution 
(~15’) HIPASS data (Barnes & de Blok 2001). 

 



HI observations of NGC 3109 

Observational “niche” for KAT-7: 

 Short baselines (26 to 185 m) 

 Low system temperature (26 K) 

 Large FWHM of the primary beam (~1o) 

 KAT-7 is very sensitive to low surface brightness and 
large scale HI emission                  characteristic of the 
signal expected from NGC 3109 



HI observations of NGC 3109 

Mosaic of 3 fields ~uniform sensitivity in a region of 
1.5o(EW) x 3.0o(NS)  

Data collected over 13 observing sessions between 
2012 November 20 and 2012 December 26 for a 
median 11 hours/session, total 122h43m56s, including 
calibration                 ~25 hours/pointing/on source 

 4 sessions with 6 cooled ant.s, 9 with the 7 ant.s 



HI observations of NGC 3109 

 The c16n7M4k correlator mode was used giving channels of 0.32 
km s-1 over a flat bandpass of ~1000 km s-1  (3/4 of the band), which 
allowed to collect HI data on background galaxies 

 CASA 3.4.0 & 4.0.0 were used for the pre data reduction 

 AIPS, MIRIAD & GIPSY for post data analysis 

 The testing of the HI line mode led to the discovery of faint, very 
narrow, internally generated RFI along the signal path (30 out of 
3000 channels), eliminated by the insertion of a low-pass filter 

 One of the primary goal of the science verification phase is exactly 
to identify these types of problems and correct for them 



HI data reduction of NGC 3109 

 The 13 sessions were reduced individually 
 Data were automatically flagged for shadowing and calibrators 

below 20o elevation 
 Data were interactively flagged as a function of frequency and 

baseline 
 Continuum subtraction was done by selecting line free channels 
 Calibration was applied and the three mosaic pointings were then 

SPLIT from the calibrators 
 Data were averaged in time (from 5 to 10 sec.) and spectrally (from 

0.32 to 1.28 km s-1) 
 All 13 data sets were then combined in CONCAT 



HI data reduction of NGC 3109 

 KAT-7 does not use Doppler tracking & CASA does not 
fully recognized frequency keywords, so special care was 
taken to produce image cubes with the proper velocity 
coordinates: 
 Setting MEAS_FREQ_REF and REF_FREQUENCY keywords in the 

SPECTRAL WINDOW table; 
 Specifying the reference frequency and setting the output frame 

to optical, barycentric in CVEL, and 
 Specifying the rest frequency again in the task CLEAN. 

 The data was imaged using the mosaic mode and the 
multi-scale clean option 



KAT-7 Data on NGC 3109 



KAT-7 Data on NGC 3109 



Comparison of the different HI data sets 

Both the KAT-7 & the HIPASS data detect 40% more flux than the VLA 
because the VLA lacks the proper short baselines to see scales larger than 15’ 



Derivation of the RC: Tilted-ring Model 



Mass Models Analysis 

 Despite the uncertainties on the exact M/L ratio of the 
luminous disk, Low Surface Density (LSD) galaxies, such 
as NGC 3109, are clearly DM dominated at all radii 

 They can be used to:  
 constrain important properties of DM halos: 

Characteristic scale density & radius 
Concentration & virial mass 
 Exact shape of the mass density profile 

 test the results obtained by numerical simulations (LCDM –
NFW 1996, 1997) 

 test alternative gravity theory (e.g. MOND – Milgrom 1983) 



Mass Models Analysis 

 The study of the mass distribution of LSD galaxies has 
generated in the last 15 years the so-called cusp-core 
controversy: 
 Are RCs of LSD better reproduced by: 

A cuspy halo as seen in LCDM simulations 
A nearly constant central density core as seen in most high spatial 

resolution observations 

 Nowadays, galaxies are expected to form inside cuspy 
CDM halos while some physical process could have 
turned initially cuspy DM halos into cored ones (e.g. 
Governato et al. 2010) 



Mass models: ISO & NFW 

VLA KAT-7 



Mass models: MOdified Newtonian Dynamics (MOND) 

VLA 



Mass models: MOdified Newtonian Dynamics (MOND) 

KAT-7 



SUMMARY 

A total HI mass of 4.6 x 108 Msol is measured for NGC 
3109, 40% larger than the value measured by the 
VLA. This is surely a better estimate of the total mass 
of NGC 3109 since KAT-7 is sensitive to large scales 
for which the VLA is not. 

 The KAT-7 rotation curve agrees in the inner parts 
with the VLA data while allowing to extend the 
rotation data by a factor of 2 out to 32’ 



SUMMARY 

 The observationally-motivated DM ISO model reproduces very well 
the KAT-7 rotation curve while the cosmologically-motivated NFW 
model gives a much poorer fit, with a non-physical M/L = 0 for the 
best-fit NFW model. NGC 3109 has definitely a cored and not a 
cuspy halo 

 While it is clear that having the proper gas distribution has reduced 
the discrepancies between the observed RC and the MOND models, 
the unreasonable (M/L) and large a0 values obtained bring us to 
conclude that we cannot get acceptable MOND models for NGC 
3109 

 Besides some elongation of the outer isophotes, already seen in 
previous observations, no further evidence is found of past 
encounter and/or interaction between the Magellanic-type spiral 
NGC 3109 and the dIrr/dSph Antlia. 



CONCLUSIONS 

 Those observations with KAT-7 have shown that despite 
its relatively small size (7 x 12 m), this telescope really 
has a niche for detecting large scale low surface 
brightness emission over the ~1o FWHM of its antennae. 

 Since KAT-7 was built primarily as a testbed for MeerKAT, 
any scientific result that can be obtained is a bonus. 

 While most of the extragalactic HI sources would be 
unresolved by the ~4’ synthesize beam, many projects 
such as this one on NGC 3109 can be done on nearby 
very extended objects such as Local Group Galaxies or 
galaxies in nearby groups like Sculptor. 
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Examples of suitable targets for KAT-7  
in HI spectral line mode 

 The nearest “starburst” galaxy NGC 253 in Sculptor 

 

 The “merger” NGC 5128 (Centaurus A) 

 

 The Local Group galaxy NGC 6822 



The case of NGC 253 (nearest starburst) 

Bland-Hawthorn, Freeman, Quinn 1997  



The case of NGC 253 

Hlavacek-Larrondo, Carignan et al. 2011  Bland-Hawthorn, Freeman, Quinn 1997  



The case of NGC 5128 (Centaurus A) 

Struve et al. 2010, A&A, 515, 67 Struve et al. 2010, PASA, 27, 390  



The case of NGC 6822 

De Blok & Walter 2000  Faintest contour: 1 x 1020 cm-2  


