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Technical specifications 

‣ 64x 13.5-m Gregorian offset antennas distributed over an 8-km baseline 
‣ Three GHz frequency receivers: 0.6 - 1.0 GHz  / 0.9 - 1.7 GHz / 1.6 - 3.5 GHz 
‣ Wide field of view: 1 square degree at 1.3 GHz and excellent instantaneous sensitivity 

Pathway to the Square Kilometre Array 

‣ MeerKAT was inaugurated on 13 July 2018 - MeerKAT science ongoing 
‣ To be extended by 20 SKA antennas [MeerKAT extended] - baselines up to 17 km 
‣ To be incorporated in the SKA1-MID (SKA phase 1): ~200 antennas over a 150 km baseline 

Data processing infrastructure 

‣ SARAO archive [quick look SDP image] - archive.sarao.ac.za  
‣ Inter-University Institute for Data Intensive Astronomy (IDIA) - idia.ac.za 
‣ Various dedicated pipelines, e.g. OxKAT (Heywood) 

Data releases 

‣ Various project-based releases 

 MeerKAT
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Radio Transients and Variables with MeerKAT

ThunderKAT targeted observations of transients 

‣ Cataclysmic Variables 
‣ Short Gamma-Ray Bursts 
‣ Type Ia Supernovae 
‣ X-ray Binaries 

ThunderKAT commensal observations of transients  

‣ Image domain (> 2 sec): commensal imaging of all MeerKAT LSP data 

Other image domain transient observations with MeerKAT via Open Time and DDT: 

‣ Tidal disruption events, very high energy (VHE) gamma-ray bursts, novae, etc. 

Other commensal observations with MeerKAT of transients: 
‣ Time domain (< 2 sec): MeerTRAP  

active collaboration between MeerTRAP and ThunderKAT (imaging=localisation)

ThunderKAT 

Principal Investigators: 
Rob Fender (Oxford) 
Patrick Woudt (UCT) 

92 researchers from 15 
countries (27% from South 

Africa) 

18 postgraduate students 
(MSc and PhD) 

20 papers / 27 ATels 

Nominal time allocation 
on MeerKAT: 1280 hrs over 5 

years (2018-2023)
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Radio Transients with MeerKAT (ThunderKAT)

Radio transients and the exploration of the unknown   [commensal with all MeerKAT LSPs] 

‣ Any radio transient discovered in the commensal imaging of MeerKAT survey data  

Rank-ordered list of approved MeerKAT Large Survey Projects and components 
1.  MeerTime (binary) 
2.  MHONGOOSE 
3.  MeerTIME (MSPs) 
4.  LADUMA 
5.  Fornax 
6.  TRAPUM (Fermi sources)  
7.  MeerTIME (1000 PTA) 
8.  ThunderKAT (CVs) 
9.  MIGHTEE (L band) 
10. ThunderKAT (GRBs) 
11. MeerTime (GCs) 
12. MALS (UHF and L band) 
13. TRAPUM (nearby galaxies) 
14. TRAPUM (GCs) 
15. TRAPUM (SNR, PWN, TeV) 
16. ThunderKAT (SNe Ia) 
17. MIGHTEE (S band) 
18. ThunderKAT (XRBs)

ThunderKAT commensal 
image-plane search for  
transients (2 sec and up) 
in all LSP data 

MeerTRAP commensal 
timing search (< 2 sec) in 
all LSP data

h"p://www.ska.ac.za/science-engineering/meerkat/observers/observing-programme/large-survey-projects/

ThunderKAT targeted 
ToO or monitoring

The different depths 
and cadences of 
these MeerKAT LSPs 
allow for an excellent 
coverage of transient 
phase-space.

MeerKAT as a radio 
transient discovery 
machine.

ThunderKAT 

Principal Investigators: 
Rob Fender (Oxford) 
Patrick Woudt (UCT) 

92 researchers from 15 
countries (27% from South 

Africa) 

18 postgraduate students 
(MSc and PhD) 

20 papers / 27 ATels 

Nominal time allocation 
on MeerKAT: 1280 hrs over 5 

years (2018-2023)
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Radio Transients and Variables with MeerKAT

ThunderKAT targeted observations of transients 

‣ Cataclysmic Variables  [faint: single epoch ~2-4 hours, several epochs over ~ few days] 
‣ Short Gamma-Ray Bursts   [faint: single epoch 4-6 hours, several epochs of many weeks] 
‣ Type Ia Supernovae  [faint: single epoch 4-6 hours, several epochs of many weeks] 
‣ X-ray Binaries  [weekly monitoring when in outburst, 10-15 min per source per epoch] 

GX 339-4 (XRB) observed once a week for the full duration of ThunderKAT [5 years] 
planned data release of first 2.5 years of GX 339-4 observations around Q3 2022ThunderKAT 

Principal Investigators: 
Rob Fender (Oxford) 
Patrick Woudt (UCT) 

92 researchers from 15 
countries (27% from South 

Africa) 

18 postgraduate students 
(MSc and PhD) 

20 papers / 27 ATels 

Nominal time allocation 
on MeerKAT: 1280 hrs over 5 

years (2018-2023)

Typical observing sequence: 

- start with bandpass calibrator (typically 10 min) 
- gain calibrator (short, 60 sec) 
- target (typically 15 min) 
- repeat 
- time resolution: 2 or 8 seconds 
- frequency resolution: 4096 or 32768 channels 

Average in time and frequency afterwards
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The black hole X-ray binary MAXI J1820+070

An extremely powerful long-lived superluminal ejection from the black hole MAXI J1820+070  

Bright, J.S., et al. Nature Ast 4 (2020) 697 

Relativistic X-ray Jets from the Black Hole X-ray binary MAXI J1820+070  

Espinasse, M., et al. Astrophysical Journal Letters 895 (2020) L31 

Targeted observations 
ThunderKAT (XRBs)

Radio Transients 
and Variables 
with MeerKAT

ThunderKAT targeted observations of X-ray Binaries 

‣  A substantial number of XRBs show relativistic ejecta resolved 
at MeerKAT (angular) resolution 
‣  Besides flux evolution, also capture proper motion of ejecta
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The black hole X-ray binary GX 339-4

GX339-4 (radio)

GX339-4 (optical)

Radio and X-ray detections 
of GX 339-4 in quiescence 
using MeerKAT and Swift  

Tremou, E., et al. MNRAS 
Letters 493 (2020) L132

30 arcminutes

Targeted observations 
ThunderKAT (XRBs)

Radio Transients 
and Variables 
with MeerKAT
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Radio Transients 
and Variables 
with MeerKAT

The first radio transient discovered by MeerKAT

GX339-4 (radio)

MKT J170456.2-482100 (radio)

MKT J170456.2-482011: the 
first transient discovered by 
MeerKAT  

Driessen, L.N., et al. MNRAS 
491 (2020) 560

30 arcminutes

Commensal observations 
ThunderKAT
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Radio Transients 
and Variables 
with MeerKAT

21 new long-term variables in the GX 339-4 field

21 new long-term variables 
in the GX 339-4 field: two 
years of MeerKAT monitoring  

Driessen, L.N., et al. MNRAS 
512 (2022) 5037

Commensal observations 
ThunderKAT
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Radio Transients 
and Variables 
with MeerKAT

Variables and transients in the MAXI J1820 field
Search and identification of transient and variable sources using 
MeerKAT observations: a case study on the MAXI J1820+070 field  

Rowlinson, A., et al. MNRAS submitted (2022) arXiv:2203.16918

Commensal observations 
ThunderKAT

Variability statistics: 

𝜂 : measure of the reduced chi-squared 

value when compared to a stable 
source.  

V : modulation parameter, 
ratio of the sample standard deviation 
to the mean of its flux measurements 

In general sources with large values of 
both V and 𝜂 are likely to be identified 

as transients or variable.

Radio transient searches in commensal data 

‣ Use TrAP (developed for LOFAR transient work) 
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- Observing cadence set by ThunderKAT observations of MAXI J1820+070 (XRB) 
- Frequency averaged into 4 bands (width: 215 MHz), see figure top-right 
- spectral index at each epoch 
- quasi-simultaneous optical-radio information allows initial classification (see figure top-left) 

Radio Transients 
and Variables 
with MeerKAT

Variables and transients in the MAXI J1820 field
Search and identification of transient and variable sources using 
MeerKAT observations: a case study on the MAXI J1820+070 field  

Rowlinson, A., et al. MNRAS submitted (2022) arXiv:2203.16918

Commensal observations 
ThunderKAT
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Radio Transients and Variables with MeerKAT

Key parameters from the observations: 

‣ Frequency range: UHF, L or S-band 
‣ Frequency resolution: 4096 or 32768 channels [typically binned to 107 or 215 MHz] 
‣ Time information: UTC start, end, etc. 
‣ Time resolution: 2 or 8 seconds  [typically binned to one block length: 10-15 min] 

Key parameters from the analysis (with uncertainties, respectively):  

‣ Position 
‣ Proper motion of (relativistic) ejecta (in some cases) 
‣ Flux (Stokes I) for each frequency bin 
‣ Polarisation measurement (e.g. Stokes V) for each frequency bin   
‣ Spectral index [across 4 or 8 frequency bands with MeerKAT L-band] 

Key parameters for the light curve: 

‣ Sampling time (cadence) - can be averaged to different time scales to explore 
variability on different time scales   

‣ Note: for commensal transient searches, cadence is determined by others 

‣ TraP variability indices: V and 𝜂 
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