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Overview

“MeerKAT is South Africa’s 1% SKA demonstrator 
interferometer. The 80 dish telescope is designed to be 
a versatile instrument ideal for a wide range of science 
cases. I will provide some insights into the configuration 
design and the simulation study currently being started. 
From a scientific perspective, I will also provide an 
overview of some of the large HI science cases that are 
being planned for MeerKAT, as well as some results 
from my current work in the comparison of HI and CO 
dynamics of local galaxies.”
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Overview

• MeerKAT Configuration

• Background

• Current Status

• Performance Simulations

• Point Sources

• Extended Emission
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MeerKAT
Table 1: MeerKAT final system properties

Number of dishes
a

80 (central array)

+ 7 (spur)

Dish diameter 12 m

Aperture efficiency 0.7

System temperature 30 K

Low frequency range
a

0.58–2.5 GHz

High frequency range
a

8–14.5 GHz

Field of view 1 deg
2

at 1.4 GHz

6 deg
2

at 580 MHz

0.5 deg
2

at 2 GHz

Ae/Tsys 200 m
2
/K

Continuum imaging dynamic range
b

1:10
5

Spectral dynamic range
b

1:10
5

Instrumental linear

polarisation purity −25 dB across field

Minimum and maximum bandwidth

per polarization
a

8 MHz–4 GHz

Number of channels 16384

Minimum sample time 0.1 ms

Minimum baseline 20 m

Maximum baseline 8 km (without spur)

60 km (with spur)

Notes: a: Final values. See Table 2 for roll-out schedule.
b: Dynamic range defined as rms/maximum.

MeerKAT commissioning will take place in 2012 with the array coming online for

science operations in 2013. Table 1 summarizes the final MeerKAT specifications.

Table 2 gives an overview of the various phases of the MeerKAT construction and

commissioning leading up to these final specifications.

MeerKAT will be preceded by a smaller prototype array of seven antennas,

called KAT-7. The commissioning of this science and engineering prototype will

start in 2010, with test science observations expected later that year. KAT-7 will

be used as a test bed for MeerKAT, as well as for the data reduction pipelines etc.

and is more limited in its science scope, with smaller frequency coverage (1.2-1.95

GHz), and longest and shortest baselines of 200m and 20m respectively, as also

indicated in Table 2.

The maximum processed bandwidth on MeerKAT will initially be 850 MHz per

polarization. This will gradually be increased to 4 GHz. There will be a fixed num-

ber of channels, initially 16384, though this may be increased if demand requires.

By choosing smaller processed bandwidths (down to 8 MHz) the velocity resolution

may be increased. Note that not all combinations of specifications will be realized.

For example, fully correlating the long 60 km baselines with the full array at the min-

imum sample time with the maximum number of channels will result in prohibitive

data rates.
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Table 2: MeerKAT Phasing Schedule

KAT-7 Phase 1 Phase 2 Phase 3 Phase 4

2010 2013 2014 2015 2016

Number of dishes 7 80 80 87 87

Low freq. range (GHz) 1.2–1.95 0.9–1.75 0.9–1.75 0.9–1.75 0.58–2.5

High freq. range (GHz) — — 8–14.5 8–14.5 8–14.5

Maximum processed

bandwidth (GHz) 0.256 0.850 2 2 4

Min. baseline (m) 20 20 20 20 20

Max. baseline (km) 0.2 8 8 60 60

4.1 Configuration

The MeerKAT array will be constructed in multiple phases (see Table 2). The first

phase will consist of 80 dishes distributed over two components.

• 1. A dense inner component containing 70% of the dishes. These are dis-

tributed in a two-dimensional fashion with a Gaussian uv-distribution with a

dispersion of 300 m, a shortest baseline of 20 m and a longest baseline of 1

km.

• 2. An outer component containing 30% of the dishes. These are also dis-

tributed resulting in a two-dimensional Gaussian uv-distribution with a dis-

persion of 2500 m and a longest baseline of 8 km.

This will be followed by a second phase which will involve the addition of a number

of longer baselines.

• 3. A spur of an additional 7 antennas will be distributed along the road from

the MeerKAT site to the Klerefontein support base, approximately 90 km SE

from the site. This will result in E–W baselines of up to 60 km. The positions

of these antennas will be chosen to optimize the high-resolution performance

of the array to enable deep continuum imagine and source localisation.

Figure 1 shows a concept configuration of components 1 and 2 listed above.

Positions of individual antennas may still change pending completion of geologi-

cal measurements, but will remain consistent with the concept of a 70/30 division

between a 1 km maximum baseline core and an 8 km maximum baseline outer

component. X and Y positions of the antennas with respect to the centre of the ar-

ray are given in the Appendix. Representative uv-distributions for observations of

different duration towards a declination of −30
◦

are given in Fig. 2. A histogram of

the total baseline distribution for an 8h observation towards −30
◦

is given in Fig. 3.

4.2 Sensitivity

The multi-resolution configuration of the telescope means a taper or similar kind

of weighting of the uv-samples needs to be used to produce a synthesized beam
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MeerKAT RFP
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MeerKAT V1
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MeerKAT V1

• MeerKAT RFP

• 80 x 12m Dishes

• 2 Gaussian Components

• 56 Dishes in σinner = 300m 

• 24 Dishes in σouter = 2500m

• Optimized for 8hr, δ = -30˚ pointing

• Used Weighted PSS as Measure of Imaging 
Performance 
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MeerKAT V1

Figure 1: Overview of the MeerKAT configuration. The inner component contains

70% of the dishes, using a two-dimensional Gaussian uv-distribution with a disper-

sion of 300 m and a longest baseline of 1 km. The outer component contains 30%

of the dishes, and is distributed as a two-dimensional Gaussian uv-distribution with

a dispersion of 2.5 km and a longest baseline of 8 km. The shortest baseline is 20

m. The three circles have diameters of 1, 5 and 8 km. The inset on the right shows

a more detailed view of the inner core.

of the desired resolution. Tapering will increase the noise with respect to natural

weighting (as it reduces the effective number of uv samples). Figure 4 and Table

3 list the correction factors to be applied to the expected noise for tapering to a de-

sired resolution with respect to the untapered, naturally-weighted noise, assuming

a frequency of 1420 MHz.

As a guideline, for an 8 hr spectral line observation, assuming a channel width

of 5 km s
−1

(23.5 kHz at 1420 MHz), a system temperature of 30K at 1420

MHz, two polarizations, and a system efficiency of 0.7, the expected untapered,

naturally-weighted 5σ-noise level is 1.8 mJy/beam. Similarly, a 24 hour continuum

observation with a similar setup, but a 500 MHz bandwidth gives a 5σ naturally

weighted noise level of 7.2 µJy. These are naturally-weighted, untapered noises

and need to be scaled with the factors listed in Table 3 and Figure 4 for the desired

resolution.

5 Call for Large Project proposals

5.1 Key Science Areas

MeerKAT observing time will be allocated for Large Project proposals and shorter

PI proposals, with the intention that 75% of telescope time will be made available
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MeerKAT V1
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MeerKAT V3.6
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MeerKAT V3.6
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MeerKAT V3.6, 64-Dish
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Sensitivities
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MeerKAT V1 and V3.6
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MeerKAT V1 and V3.6
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• Assumed that we can image by weighting

• Used weighted sensitivity as a measure of imaging 
fidelity - how valid is this?

• Have we managed to suppress sidelobes?
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Simulation Studies

• In Support of Science Cases and Commissioning

• Uses CASA’s simdata2 simulation task (hacked a 
little)

• Simulations

• 10 Point Sources across FoV, Single Channel, 
Zenith Snapshot

• NGC628 Clean Component Model (THINGS)

• 58 Channel, 1.4GHz, Δν = 12kHz, Fitted across 
0.5˚ x 0.5˚, 8hr, δ=-30˚
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Point Sources
Input
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Point Sources
MeerKAT VLA-C
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Point Sources
MeerKAT VLA-C
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Simulation Studies

• In Support of Science Cases and Commissioning

• Uses CASA’s simdata2 simulation task (hacked a 
little)

• Simulations

• 10 Point Sources across FoV, Single Channel, 
Zenith Snapshot

• NGC628 Clean Component Model (THINGS)

• 58 Channel, 1.4GHz, Δν = 12kHz, Fitted 
across 0.5˚ x 0.5˚, 8hr, δ=-30˚
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NGC628
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NGC628
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Results
FLAT

Cleaned Image
Briggs

Robustness = 0
Niter(max) = 1000

Fidelity
Input

max[difference, 0.7*rms(difference)]

Abs. Diff.
abs[Input - Cleaned]

______________________________
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MeerKAT V1
FLAT Abs. Diff.

Fidelity
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MeerKAT V3.6
FLAT Abs. Diff.

Fidelity
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MeerKAT 64-Dish
FLAT Abs. Diff.

Fidelity
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Comparisons
MeerKAT V1 MeerKAT V3.6 MeerKAT-64
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Moving Forward...

• Use S3 for Model Inputs for Deep HI and Continuum

• More Imaging Simulations

• Noisify (only works properly for ALMA)

• Import MeerKAT Specs into CASA

• Release Documentation and Use Cases to Local 
Community (end of 2010)
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Moving Forward...

• First Light Spectral Line Imaging with MeerKAT 
Demonstrator KAT-7 (2011)

• Commissioning later this year

• Independent Scientific Component

• Comparisons of CO and HI Dynamics of THINGS 
Galaxies

• Member of SKA-SA Configurations Working Group, 
consultant slave at MeerKAT Project Office
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