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SDP: Science Data Processor
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SRC: SKA Regional Centre

Distributed facilities

Key Science Projects

Scientific analysis600 PB/yr
5 + 9 Tb/s
Approx 300 

high definition 
movies per 

second!

User data 
products up to 

TBs in size

SKA MID

SKA LOW



SKA telescope characteristics

SKA-unique features of the data 
products:

• In the image plane, not 
visibilities

• “Benign” dirty beam 

• Deconvolved down to 8h 
exposures

• Very deep -> towards 
confusion limit

• Very large number of sources 
to detect and classify

SKA MID 1.4 GHz beam



SKAO Science Data Challenges

Primary goals:

• Familiarise the science community with size and 
complexity of SKA data

• Support the design of future SKA observations

• Drive the development of data analysis techniques

Additional benefits:

•Familiarise the science community with data access models

•Test SKA Regional Centre prototyping

•Encourage best practices for Open Science and 
reproducibility

SDC data products are made publicly available for the long term 



Centaurus A 

Credits: ESO, NRAO

Science Data Challenge 1 (SDC1)
Continuum emission

Continuum science with the SKAO:

• explore our Universe from the 
nearest star-forming galaxies to 
high-redshift clusters of galaxies

• examine structure formation and 
evolution on all scales.

Extragalactic continuum Science Working Group: 
https://www.skao.int/en/science-users/science-working-groups-
focus-groups/107/extragalactic-continuum



The MID telescope
64 MeerKAT dishes

133 SKAO dishes

15 m



Science Data Challenge 1 (SDC1)
Continuum emission

Zoom-in of the 1.4 GHz maps, showing 
the same region of the sky with different 
telescope integrations: 8, 100, 1000 h 
from left.

• Continuum emission images, simulating 

observations for SKA MID Bands 1, 2 and 5

• Images populated by star forming galaxies (SFGs)

and active galactic nuclei (AGN)

• 3 telescope integrations each: 8, 100 and 1000h

• High telescope sensitivity à highly crowded

images

• The challenge: to find and characterise 

sources

• SDC1 website

https://astronomers.skatelescope.org/ska-science-data-challenge-1/


Science Data Challenge 1 (SDC1)
Continuum emission

•25 square degrees
•1.5, 0.60 and 0.0913 arcsec FWHM
•Dirty beam sidelobes 4x10-4

•No simulated calibration errors
•No simulated pointing errors

Noise RMS, nJy/beam Zoom-in of the 1.4 GHz maps, showing 
the same region of the sky with different 
telescope integrations: 8, 100, 1000 h 
from left.



• Good agreement with source 
counts at the sub-mJy level

• Polarisation

• Realistic clustering via P-
millennium simulation (Baugh
et al. 2018)

9

SDC1 simulations: continuum catalogue
The Tiered Radio Extragalactic Continuum Simulation (T-RECS) Bonaldi+ 2019

1.4 GHz differential source counts



SDC1 simulations: source morphology

Steep spectrum AGN: DRAGNs 
database, University of Manchester

SFGs: Exponential Sersic profiles
Flat spectrum AGN: Gaussians and points



SDC1 simulations: observed continuum

• Addition of noise

• ‘dirty’ beam simulated

• Imperfect deconvolution
signatures

SKA MID 1.4 GHz beam



SDC1 results
Continuum observations

Main findings:

• Very crowded skies demand new 

approaches

• Variety of methods including latest 

machine learning techniques

• Complementarity of methods: tendency 

to score well either on finding galaxies or

measuring them
Monthly Notices of the Royal Astronomical Society, Volume 

500, Issue 3, January 2021, Pages 3821–3837



The M81 group 

Credit: Keesscherer; NRAO

Science Data Challenge 2 (SDC2)
Neutral hydrogen (HI)

1

HI Science with the SKAO:
• Study the formation and evolution of 

galaxies by mapping the 21cm spectral 
line of neutral atomic hydrogen in 
emission and absorption, over cosmic 
time 

• Structure and gas of cold gas in, around 
and between galaxies 

HI Galaxy Science Science Working group:
https://www.skao.int/en/science-
users/science-working-groups-focus-
groups/111/hi-galaxy-science

https://www.skao.int/en/science-users/science-working-groups-focus-groups/111/hi-galaxy-science


Science Data Challenge 2
Neutral hydrogen (HI)

Sample noise-free simulated HI image cube

• 21cm spectral line image cube, simulating 
deep SKA MID observations (redshift 0.25 
to 0.5)

• Image cube populated by HI content of 
galaxies

• 2000 h integration time across 20 sq deg
field of view

• The challenge: to find and characterise 
HI sources

• Data volume = 1 TB

• SDC2 website

Redshift

https://sdc2.astronomers.skatelescope.org/


SDC computational facility partners

• Support from eight 
international computing  
facilities essential to 
success of SDC2

• Enabled accessible 
provision of realistically 
large dataset

• Test aspects of the future 
SKA Regional Centre 
model, e.g.:
• Community data access
• New technologies for 

distributed platform

• SKA is committed to 
Open Science best 
practice



SDC2 simulations: HI and continuum catalogues

• HI and continuum catalogues
produced using T-RECS modules 
• HI catalogue: HI masses drawn from ALFALFA 

survey HI mass function

• Continuum catalogue: HI masses predicted 
from ALFAFLA 𝑀!"-𝑆𝐹𝑅 (for SFGs) and P-
Millennium 𝑀!"-𝑀#$%& (for AGN)

• Large scale structure via P-
millennium simulation 

• Catalogues cross-matched by HI 
mass

Hi mass function, Jones+ 2018

P-Millennium, Baugh+2018Data from ALFALFA, Giovanelli+ 2005 



SDC2 simulations: source morphology

Atlas of real HI sources 
from HALOGAS and THINGS 

Heald et al. 2011; 
Walter et al. 2008



SDC2 simulations: observed HI 

•HI absorption signatures calculated 
and net absorption/emission cube 
produced

•Imperfect continuum subtraction

•Residual deconvolution signatures 
using a simulated ‘dirty’ beam

•Noise added, with RFI flagging 
simulated

Continuum 
image cube

HI image 
cube

SKA MID 1.4 GHz beam



• An essential part of the scientific method, reproducibility leads to better, more efficient science. 

• Reusability generalises this principle to create software that can be adapted by others, allowing 
previous work to be built upon for the future: a key feature of Open Science

• SKA is committed to delivering on the FAIR principles for scientific data management

In partnership 
with the Software 

Sustainability 
Institute

Reproducibility awards

Credit: Rachael Ainsworth



In partnership 
with the Software 

Sustainability 
Institute

Reproducibility awards

Reproducibility:

Is the software:

•Well-documented

•Easy to install

•Easy to use

Reusability:

Does the software:

• Use an open licence

• Have findable code

• Use code standards

• Use built-in tests Find the award checklist at: 
sdc2.astronomers.skatelescope.org/sdc2-challenge



• Fully reproducible solution by Alex 
Clarke (SKAO) 

• Utilises containerisation in order to 
package up all software and 
environment

• Demonstrates best practices in 
research and software development

https://gitlab.com/ska-
telescope/sdc/sdc1-solution

SDC1 solution

https://gitlab.com/ska-telescope/sdc/sdc1-solution


SDC2 results
Neutral hydrogen (HI)

• 12 finalist teams from over 50
institutions

• High level findings:

• Complementary methods 

• Mix of new and existing techniques; 
machine learning and non-machine 
learning 

• SoFiA package very popular thanks to 
excellent documentation and ease of use

• Analysis of biases and HI mass recovery 
with redshift

• Results and analysis from SDC2 
prepared for submission to MNRAS
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Science Data Challenge 3 
Epoch of Reionisation (EoR)

• Studies of the first generations of 
galaxies

• Footprints in diffuse neutral hydrogen 
gas, tracing the evolution of cosmic 
structure in the 6 < z < 30 range

EoR Science Working Group:

https://www.skao.int/en/science-
users/science-working-groups-focus-
groups/106/epoch-reionization

23

https://www.skao.int/en/science-users/science-working-groups-focus-groups/106/epoch-reionization


The LOW telescope 131,000 x  2 m 
antennas



Science Data Challenge 3 (SDC3) 
Epoch of Reionisation (EoR)

Developing in collaboration with SKA EoR SWG members

Two parts:

• SDC3 ”Foregrounds” (SDC3a; SWG 
Coordinators: C. Trott, V. Jelic)

• Foreground removal exercise

• SDC3a registration will open soon: SDC3 
website

• SDC3 “Inference” (SDC3b; SWG 
Coordinators: A. Mesinger, G. Melema)

• Extraction of cosmological parameters

• SDC3b launching 2023
Sample EoR signal with noise added

https://sdc3.skao.int/


Science Data Challenge 3a (SDC3a)
“Foregrounds”

• Target participants: SWGs 
including EoR, Cosmology, 
Continuum

• Input data: calibrated 
visibilities and high fidelity 
image cube

• Challenge will be based on:  

• a) Ability to remove the point 
source + diffuse foregrounds 
from the data-set 

• b) Ability to extract the 
spherical and cylindrical power 
spectrum Chapman & Jelic 2019



• Target Participants: SWGs 
including EoR

• Input data: EoR power 
spectrum + noise and residual 
foreground contamination 

• Challenge will be based on:  

• a) ability to extract the input EoR
history (ionisation fraction)

Science Data Challenge 3a (SDC3b)
“Inference”

Mesinger+ (2016)



Science Data Challenge 3 (SDC3)
Website SDC3 website

https://sdc3.skao.int/


SDC computational facility partners

• Support from eight 
international computing  
facilities essential to 
success of SDC2

• Enabled accessible 
provision of realistically 
large dataset

• Test aspects of the future 
SKA Regional Centre 
model, e.g.:
• Community data access
• New technologies for 

distributed platform

• SKA is committed to 
Open Science best 
practice



Prototyping for the SKA Regional Centres (SRCs)

• SDC2 scoring service 
made use of web 
technologies for remote 
scoring by participants

• SDC3 data transfer as a 
test case for Rucio solution: 
“Store, manage, and process data 
in a heterogeneous distributed 
environment”



Prototyping for the SKA Regional Centres (SRCs)

• Potential to support 

JupyterHub environment (to 

work with containers)

• Further enable reproducibility

• Would support science 

community to be able to deploy 

pipelines

•Deploy image viewers, e.g. 

CARTA



• Cosmic magnetism SDC (T. Akahori+), Transients SDC, and more

• Stay tuned for news and updates!

Future Science Data Challenges

‘Snakes’ of cosmic magnetism. Credit: B. Gaensler et al. Quasar schematic. Credit: NASA



• Science Data Challenges goal to prepare the community for 
the size and complexity of SKAO data

• Two data challenges completed: collaboration and method 
complementarity a highlight of both

• Generous support from international computing facilities

• Enables accessible provision of realistically large dataset

• Test aspects of the future SKA Regional Centre model

• EoR Challenge launching soon

• Thank you!

Summary


