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‣  The ThunderKAT Large Survey Project 

‣  The MeerLICHT telescope 

‣  MeerKAT as a transient discovery machine



MeerKAT 
and the SKA

MeerKAT

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 (SKA phase 0) - MeerKAT science ongoing 
- To be extended by 16 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 
- SKA phase 2 extends on a continent wide scale
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MeerKAT 
and the SKA

From MeerKAT to the Square Kilometre Array

Conversion of unused 
telecommunication dishes  
in Africa - first African VLBI  
Network (AVN) dish in  
Kutunse (Ghana). 
Opened July 2017.

MeerKAT, core of 
SKA1-Mid in South 
Africa. 

Opened July 2018.
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Radio Transients and Variables with MeerKAT

ThunderKAT targeted observations of transients 

‣ Cataclysmic Variables 
‣ Short Gamma-Ray Bursts [LIGO O4 starts 2023] 
‣ 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)
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ThunderKAT 

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

93 researchers from 15 
countries (27% from South 

Africa) 

20 postgraduate students 
(MSc and PhD) 

25 papers / 27 ATels 

Nominal time allocation 
on MeerKAT: 1280 hrs over 5 

years (2018-2023)



Radio Transients with MeerKAT (ThunderKAT)

The VHE GRB190114C as observed by MeerKAT  

Reikantseone Diretse, MSc student UCT (DDT and Open Time programme on MeerKAT)

Cosmic explosions 

- short gamma-ray burst and nearby type Ia Supernovae 

‣ Intrinsically faint (few 10s of microJy) 
‣ nearby type Ia supernovae (< 20 Mpc) 
‣ follow up gravitational wave alerts from 

binary neutron stars if short GRB is 
detected

Not included: 
‣ long GRBs (Open Time or DDT) 
‣ core collapse supernovae

ThunderKAT 

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

93 researchers from 15 
countries (27% from South 

Africa) 

20 postgraduate students 
(MSc and PhD) 

25 papers / 27 ATels 

Nominal time allocation 
on MeerKAT: 1280 hrs over 5 

years (2018-2023)

LIGO/Virgo/KAGRA O4 starts in 2023
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Radio Transients with MeerKAT (ThunderKAT)

Black holes and neutron stars in X-ray binaries  

- 1000+ observations of selected XRBs in outburst, quasi-simultaneous with 
X-ray observations 

Radiatively efficient accreting black holes in the 
hard state: the case study of H1743-322  

Coriat, M. et al. MNRAS 414 (2011) 677-690

‣ weekly monitoring slot (1 hr/week) 
‣ between 2 and 5 sources / week 
‣ GX 339-4 every week (unique dataset)

ThunderKAT 

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

93 researchers from 15 
countries (27% from South 

Africa) 

20 postgraduate students 
(MSc and PhD) 

25 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) 

93 researchers from 15 
countries (27% from South 

Africa) 

20 postgraduate students 
(MSc and PhD) 

25 papers / 27 ATels 

Nominal time allocation 
on MeerKAT: 1280 hrs over 5 

years (2018-2023)
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MeerLICHT 

Principal Investigators: 
Paul Groot (RU/UCT/SAAO) 

Patrick Woudt (UCT) 

ZA/NL/UK consortium 

0.65-m optical telescope,  
tethered to the MeerKAT 

observing schedule 

6 filters: u g r i z q 

2.7 sq. degrees field of view, 
110 megapixel camera  

meerlicht.org 

The MeerLICHT telescope

MeerKATMeerLICHT

SALT

optical radio
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MeerLICHT operational details 

‣ located at the Sutherland station of SAAO (co-located with SALT) 
‣ fully robotic 
‣ science operations since June 2019  
‣ automated link with MeerKAT since October 2020 

MeerLICHT technical details  

‣ 110 megapixel STA camera 
‣ pixel size: 0.56”  
‣ six filters: u g r i z q 
‣ limiting magnitude q: ~20.7 mag (60 sec) 
‣ prototype for the BlackGEM telescope array 

MeerKAT data processing details 

‣ real-time processing pipeline (BlackBOX) at IDIA 
‣ full source catalogue 
‣ transient source catalogue (ZOGY difference imaging) 
‣ database accessible to consortium via web interface 
‣ special thanks to Paul Vreeswijk (BlackBOX) and Bart Scheers (Database) 

MeerLICHT 

Principal Investigators: 
Paul Groot (RU/UCT/SAAO) 

Patrick Woudt (UCT) 

ZA/NL/UK consortium 

0.65-m optical telescope,  
tethered to the MeerKAT 

observing schedule 

6 filters: u g r i z q 

2.7 sq. degrees field of view, 
110 megapixel camera  

meerlicht.org

MeerLICHT

The MeerLICHT telescope

STA chip (10.5k x 10.5k)

ugrizq filters

Filter Wavelength range (A)

u 3500-4100

g 4100-5500

q 4400-7200

r 5630-6900

i 6900-8400

z 8400-9900
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optical radio

The MeerLICHT telescope

MeerLICHT 

Principal Investigators: 
Paul Groot (RU/UCT/SAAO) 

Patrick Woudt (UCT) 

ZA/NL/UK consortium 

0.65-m optical telescope,  
tethered to the MeerKAT 

observing schedule 

6 filters: u g r i z q 

2.7 sq. degrees field of view, 
110 megapixel camera  

meerlicht.org

MeerLICHT scientific programme 

‣ primary objective: provide a simultaneous optical view of the MeerKAT transient radio sky 
- in practise: co-observe (real-time) every MeerKAT LSP observation at night time 

‣ complete southern sky survey (south of declination +30 deg, 12608 fields) 
‣ twilight transient programme (nearby galaxies)   

MeerLICHT sky distribution 

‣ MeerLICHT q-band source 
density showing the near-
complete coverage of 
the southern sky. 

‣ Peak is at 700,000 sources 
per image, which 
translates to 260,000 
sources per square 
degree
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New Results 
from MeerKAT 

(XRBs)

Status XRB programme on MeerKAT

GX339-4: Tremou et al. 2020

H1743-322: Williams et al. 2020

ThunderKAT XRB weekly monitoring programme: 
status at end of September 2020 (end of year 2) 
Picture: Rob Fender

Leads:  
In general new 

XRBs in the programme 
are allocated to 

postgraduate students 
or emerging researchers
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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)

New Results: 
ThunderKAT  
& MeerLICHT

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)

New Results: 
ThunderKAT  
& MeerLICHT

Public data release of first 3 years of      
GX 339-4 weekly monitoring (via IDIA)
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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

New Results: 
ThunderKAT  
& MeerLICHT
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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

New Results: 
ThunderKAT  
& MeerLICHT
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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: 

! : 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 ! are likely to be identified 

as transients or variable.

Radio transient searches in commensal data 

‣ Use TrAP (developed for LOFAR transient work) 

New Results: 
ThunderKAT  
& MeerLICHT

MeerKAT and MeerLICHT: A new look at radio transients 
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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) 

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 in press (2022) arXiv:2203.16918

Commensal observations 
ThunderKAT

New Results: 
ThunderKAT  
& MeerLICHT

MeerKAT and MeerLICHT: A new look at radio transients 
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Discovery of a radio-emitting neutron star 
with an ultra-long spin period of 76 s   

Caleb, M., et al. Nature Astronomy (2022) 6, 
828-836

A 76-s pulsar discovered in the Vela X-1 field

Commensal observations 
MeerTRAP/ThunderKAT

New Results: 
ThunderKAT  
& MeerLICHT

MeerKAT discovery of radio emission from 
the Vela X-1 bow shock   

van den Eijnden, J., et al. MNRAS (2022) 
510, 515-530

‣Only the second bow shock 
discovered at radio frequencies  

ThunderKAT commensal 

‣  Discovery of a radio emitting 
neutron star with an ultra-long 
period of 76 seconds 
‣  Synergy between MeerTRAP and 

ThunderKAT
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https://www.zooniverse.org/projects/alex-andersson/bursts-from-space-meerkat

The Zooniverse - Citizen science



New Results 
from MeerKAT

ThunderKAT is delivering impactful science 
new insights in relativistic outflow, discovery of new radio transients, enabling 
postgraduate students to lead exciting science projects on MeerKAT 

IDIA is facilitating new transient science 
create solutions for SKA data flow for rapidly variable objects, create 
expertise in IDIA/Ilifu to deal with large complex data sets, fast imaging 

MeerLICHT and MeerKAT 
unique combination: real-time optical-radio observations of astrophysical 
transients, opening up discovery space, pathfinder for LSST + SKA transients

With thanks to: Rob Fender and Paul Groot 

and the members of the ThunderKAT and MeerLICHT teams

MeerKAT as a transient discovery machine 

Patrick Woudt | Head of Department: Astronomy (University of Cape Town)    
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