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of NGC 3109 toward the south (Jobin & Carignan
1990) and those of Antlia in the direction of NGC
3109 (Penny et al. 2012).

However, recent derivation of various merger
and/or interaction parameters (e.g. asymmetry,
clumpiness) by Pimbblet & Couch (2012) are con-
sistent with Antlia being an undisturbed dwarf
elliptical. In fact, despite its dSph appearance,
Antlia is better classified as a dSph/dIrr transi-
tion type (Grebel, Gallagher & Harbeck 2003) be-
cause of its high Hi content. With high sensitivity
and mainly better spatial resolution observations
(KAT–7 vs HIPASS), it should be possible to map
much better the traces of that interaction, if it
exists. An encounter/interaction that has signif-
icantly altered NGC3109’s kinematics would give
less weight to the finding that MOND cannot re-
produce the rotation curve.

The remainder of this paper is as follows. In
Sec. 2, a description of the new radio interferom-
eter KAT-7 is given. Sec. 3.1 describes in details
the new Hi data obtained with KAT–7, Sec. 3.2
those from the VLA–ANGST survey and Sec. 3.3
compares the different data sets. Sec. 3.4 derives
the optimal RC that is used for the DM (ISO and
NFW) and MOND models of Sec. 4. A discussion
follows in Sec. 5 and a summary of the results and
the final conclusions are given in Sec. 6.

2. A New Radio Interferometer: KAT–7

The seven-dish KAT–7 array, shown in Fig. 1,
was built as an engineering testbed for the 64-
dish Karoo Array Telescope, known as MeerKAT,
which is the South African pathfinder for the
Square Kilometer Array (SKA). KAT–7 and
MeerKAT are located close to the South African
SKA core site in the Northern Cape’s Karoo desert
region. KAT–7 is remotely controlled from Cape
Town, some 800 km away from the site. Construc-
tion of the array started in early 2008 and was
completed in December 2010, with ”first light”
fringes obtained between two antennas in Decem-
ber 2009. The instrument is now in its science
verification stage.

The array is extremely compact, with base-
lines ranging between 26 m to 185 m. The
KAT-7 layout was determined using the opti-
mization algorithm described in de Villiers (2007),
which determined a layout with a Gaussian UV

Fig. 1.— Aerial view of the KAT–7 array in the
Northern Cape’s Karoo desert, South Africa.

distribution for a specified observation setting.
The observation setting being optimized in this
case was an 8 hour track (symmetric hour an-
gle range), on a target at a –60 degree declina-
tion. The optimization objective was a Gaus-
sian UV distribution at 1.4GHz, yielding a Gaus-
sian synthesized beam with low sidelobes. Sev-
eral randomly seeded layouts were generated and
were evaluated for a set of observation options
(time durations: snapshot, 4hr, 8hr, 12hr; de-
clinations: 0, –30,–60, –90 degrees). The lay-
out selected had the lowest sidelobes for the
largest number of test observation settings con-
sidered. The antenna layout can be found at
https://sites.google.com/a/ska.ac.za/public/kat-
7.

The KAT-7 dishes have a prime-focus alt-az de-
sign with a F/D of 0.38, optimized for single-pixel
L-band feeds. The low noise amplifiers (LNAs)
for the feeds are cryogenically cooled to 80 K us-
ing Stirling coolers. The key system specifications
for KAT–7 are summarized in Table 3. The dig-
ital backend of the system is an FPGA (Field
Programmed Gate Array)-based, flexible packe-
tised correlator using the Reconfigurable Open
Architecture Computing Hardware (ROACH:
https://casper.berkeley.edu/wiki/ROACH), which
is a flexible and scalable system enabling spectral
line modes covering a wide range of resolutions.
Table 4 gives the details of the recently commis-
sioned correlator modes. Digital filters give a flat
bandpass over the inner 75% of the band with a
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rapid roll-off at the edges of the band.

Table 3: KAT–7 specifications.

Parameter Value
Number of antennas 7
Dish diameter 12 m
Min baseline 26 m
Max baseline 185 m
Frequency range 1200 - 1950 MHz
Max instantaneous bandwidth 256 MHz
Polarisation Linear H & V
Tsys 26 K
Aperture efficiency 0.65
System Equivalent Flux Density 1000 Jy
Latitude -30:43:17.34
Longitude 21:24:38.46
Elevation 1038 m
Digital back-end ROACH boards

Table 4: KAT–7 correlator modes.

mode total BW number of channel BW
(MHz) channels (kHz)

c16n2M4k 1.5625 4096 0.381
c16n7M4k 6.25 4096 1.526
c16n25M4k 25 4096 6.104
c16n400M4k 256 1024 390.625

CASA (Common Astronomy Software Applica-
tions; McMullin et al. 2007) is the standard data
reduction package being used for the reduction of
the KAT–7 data and is anticipated to be used for
MeerKAT.

3. Hi Observations of NGC 3109

The KAT–7 Hi observations of NGC 3109
provide a unique opportunity to simultaneously
achieve Hi spectral-line science verification and an
original scientific result. They complement the
high spatial resolution (∼ 10′′) but small field of
view (∼ 30′) of the VLA–ANGST data (Ott et al.
2012) and the high sensitivity (∼ 1017 cm−2) but
low spatial resolution (∼ 15.5′) Multibeam data
(Barnes & de Blok 2001). With its short baselines
and low system temperature (Tsys ∼ 26K), KAT–

7 is very sensitive to low surface brightness and
large scale Hi emission, characteristic of the signal
expected from NGC 3109.

3.1. KAT–7 data on NGC 3109

In order to observe the Hi in both NGC 3109
and Antlia, plus possible signs of interaction be-
tween the two, a mosaic of 3 fields was obtained to
have good sensitivity over a region of 1.5o(EW)×
3o(NS). The data was collected over 13 observing
sessions between 2012 November 20 and 2012 De-
cember 26 using the c16n7M4k spectral line mode
(Table 4) for a median of 11 hours in each session
and a total of 122h43m56s, including calibration.
This yielded a total time on source of ∼ 25 hours
for each pointing.

The first three sessions were taken with 6 cold
antennae, but the entire array was available for
the remaining 10 observing sessions. The roughly
1 degree beam of KAT-7 is just large enough to
image NGC 3109 in a single pointing. We used
three pointings positioned in a straight line and
extending slightly to the SE to mosaic the region
between NGC 3109 and Antlia. The distance be-
tween pointings was chosen to give a uniform cov-
erage between the phase centers. The c16n7M4k
correlator mode gives velocity channels of 0.32 km
s−1 over a flat bandpass of ∼ 1000 km s−1 , cen-
tered at 1417 MHz. The large bandwidth allows
to collect Hi data on background galaxies in the
field.

The basic data reduction was done in CASA
3.4.0 and 4.0.0. More advanced analysis was
done using either AIPS (Greisen 2003), MIRIAD
(Sault, Teuben & Wright 1995) and/or GIPSY
(van der Hulst et al. 1992). To start with, the
data was flagged in an automated way to discard
data for shadowing and flux calibrators below 20
degrees in elevation. The data was additionally
examined as a function of frequency and baseline,
and flagged by hand.

This testing of the HI spectral line mode led
to the discovery of faint, very narrow, internally
generated radio frequency interference (RFI) orig-
inating along the signal path, which has since been
successfully eliminated in KAT-7 by the insertion
of a low-pass filter. The RFI in our data is antenna
dependent and only affects about 30 channels out
of the central 3000 on three antennae. One of the

4

A	
  return	
  to	
  strong	
  radio	
  flaring	
  by	
  
Circinus	
  X-­‐1	
  observed	
  with	
  the	
  
Karoo	
  Array	
  Telescope	
  test	
  array	
  
KAT-­‐7	
  (Armstrong	
  et	
  al	
  2013)	
  
	
  
KAT-­‐7	
  Science	
  VerificaAon:	
  Using	
  
Hi	
  ObservaAons	
  of	
  NGC	
  3109	
  to	
  
Understand	
  its	
  KinemaAcs	
  and	
  
Mass	
  DistribuAon	
  (Carignan,	
  
Frank,	
  Hess,	
  Lucero	
  et	
  al	
  2013)	
  

~5000	
  km/s	
  



Supercluster/Large	
  Scale	
  Structure	
  

1136 D. J. Radburn-Smith et al.

Figure 4. Aitoff projections of redshift slices containing galaxies in the range 240◦ < l < 360◦ and −30◦ < b < +30◦ from this survey and the NED data
base (as of 2006 February 15). The projected circles in the first panel represent the actual size of each 2dF target field located in the region. The dashed circle
represents the core radius used in the spherical GA model of Faber & Burstein (1988) centred on (306◦, +9◦). Panels 3b and 4b illustrate the key features
observed in the corresponding redshift slices. Abell clusters within 8000 km s−1 are labelled in panel 7, whilst in panel 8, Abell clusters between 8000 and
16 000 km s−1 are plotted and the clusters comprising the SSC are indicated.

hypothesis if the associated p value, calculated via the analytical
approach of Royston (1995), is greater than 0.05.

If the W statistic for a sample indicates that the redshifts were
taken from a normal distribution, the corresponding velocity dis-
persion was determined using a method that includes measurement

errors on individual redshifts (Danese, de Zotti & di Tullio 1980).
Uncertainties on the derived values were calculated by bootstrap
resampling.

The masses of the corresponding systems were calculated using
the classical virial mass estimator, defined by Heisler, Tremaine &
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•  Vsys	
  	
  =	
  2900	
  km/s	
  ~	
  40	
  kpc:	
  3rd	
  most	
  nearby	
  cluster	
  
•  Southern	
  hemisphere	
  &	
  low	
  galac5c	
  la5tude	
  
•  No	
  previous	
  HIPASS	
  detec5ons	
  
•  Has	
  an	
  X-­‐ray	
  halo;	
  lacks	
  “cool	
  core”	
  component	
  



KAT-­‐7:	
  Antlia	
  Cluster	
  Mosaic	
  

•  7	
  poin5ng	
  mosaic	
  
•  ~150	
  hours	
  on	
  source	
  =	
  ~21	
  hours	
  per	
  
poin5ng	
  

•  ~4	
  square	
  degrees	
  mosaic	
  
•  4	
  arcmin	
  =	
  48kpc:	
  galaxies	
  are	
  unresolved	
  
•  RMS	
  =	
  0.85	
  mJy/channel	
  
– MHI	
  sensi5vity	
  =	
  3.4x107	
  Msun	
  (3	
  sigma,	
  50	
  km/s)	
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Commissioning:	
  RFI	
  or	
  Sogware?	
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HI	
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MHI	
  >	
  4x108	
  MSun
	
  



Flux	
  =	
  -­‐0.8	
  Jy	
  

WISE	
  3.4	
  μm	
   4.6	
  μm	
   12	
  μm	
   22	
  μm	
  

NGC	
  3281	
  



Stellar	
  Content:	
  WISE	
  



HI	
  traces	
  infalling	
  substructure	
  



WISE	
  W1,W2,W3	
  



Summary	
  
•  23	
  HI	
  detected	
  objects,	
  +11	
  more	
  candidate	
  detec5ons	
  
•  Antlia	
  is	
  HI	
  deficient	
  at	
  its	
  center	
  –	
  like	
  many	
  dynamically	
  

older	
  clusters	
  
•  HI	
  traces	
  substructure/infall	
  on	
  the	
  outskirts	
  of	
  the	
  cluster	
  
•  Only	
  ~half	
  of	
  the	
  HI	
  detected	
  sources	
  are	
  detected	
  in	
  WISE	
  
•  Interes5ng	
  individual	
  sources:	
  	
  

–  Seyfert	
  II	
  with	
  HI	
  absorp5on	
  &	
  emission.	
  
•  KAT-­‐7	
  is	
  a	
  niche	
  instrument	
  producing	
  science	
  quality	
  data	
  

Future	
  Work	
  
•  48	
  hours	
  on	
  ATCA	
  for	
  resolved	
  observa5ons	
  of	
  known	
  
HI	
  sources:	
  evidence	
  of	
  interac5on	
  between	
  hot	
  ICM/
cold	
  ISM.	
  

•  Spectroscopic	
  redshigs	
  for	
  cluster	
  member	
  candidates	
  



Thanks!	
  


