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A brief timeline
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• February 2023: Formed a preliminary consortium of interested Swiss 
researchers


• March 2023: presented our membership application to the MWA 
board, which was approved unanimously


• Currently: moving towards Swiss accession to the MWA 
Collaboration


• Near future: EPFL signing the Deed of Accession, formation of 
formal Swiss consortium



Swiss MWA Consortium

Swiss Federal Institute of 
Technology Lausanne (EPFL)

International Space Science 
Institute (ISSI-Bern)

Swiss National 
Supercomputing 
Center (CSCS)

Swiss Federal Institute of 
Technology Zurich (ETHZ)

University of Applied Sciences and Arts 
Northwestern Switzerland (FHNW)
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In the rest of this talk…

• Switzerland’s path to joining the Square Kilometer Array 
Observatory


• Technical & developmental projects related to radio astronomy 
in Switzerland 

• Switzerland’s interest in MWA Science 

• Switzerland’s interest in MWA Technical developments
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Switzerland & the SKAO
• Jan 2022: Switzerland officially joined the Square 

Kilometer Array Observatory (SKAO) as a full member

• Swiss SKA Consortium (SKACH) founded to 

manage Swiss contribution and strategic direction as 
a member of the SKAO


• Instrumentation: time management, observatory 
control, radio receiver


• Software development: Co-design (benchmarking, 
optimization, refactoring) of the SKA calibration & 
imaging pipeline


• SKA Regional Center development and deployment, 
to be hosted by CSCS


• Preparation for scientific analysis: SKA science 
working groups, development of new analysis 
strategies and algorithms, data science, etc
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The Swiss SKA Consortium (SKACH): Over 100 individual members from participating 
institutions across Switzerland! This interdisciplinary group is made up of scientists, data 
scientists, engineers, project managers, outreach professionals, administrators, and students!

Vision: Further Swiss 
leadership in the global radio 

astronomy community.

Mission: Ensure meaningful contributions to the SKAO and SRCs 
through the development and delivery of cutting-edge Swiss solutions 

to key science goals, big data research, technology, and services.

Switzerland & the SKAO



Related Projects: Instruments
• Hydrogen Intensity and Real-time Analysis 

eXperiment (HIRAX)

• Radio interferometer with a compact, 

redundant layout being built in the Karoo 
desert in South Africa


• 256 6m dishes operating between 400-800 MHz

• HI intensity mapping & survey the transient radio sky

• See Crichton et al. 2021 for a recent overview


• Swiss X-ray telescope (STIX) on ESA’s Solar Orbiter 
spacecraft


• Euclid Space telescope: software infrastructure 
development
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https://arxiv.org/abs/2109.13755


• RADIOBLOCKS: A New European Consortium to 
develop Next Generation Technologies for Radio 
Astronomy Infrastructures (press release) 

• Exploring HPC-friendly datasets for radio 
astronomy, tools for distributing workflows (Dask) 
& GPU development of LOFAR pipeline 

• Bluebild++: HPC implementation of algorithm for 
radio-interferometric imaging (recent talk)


• Use functional PCA to separate visibilities & sky 
image into different energy levels


• HPC development by EPFL & CSCS, including 
parallelizing NUFFT via domain partitioning
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Related Projects: Pipelines & 
Imaging Software

S. Frasch (CSCS)

E. Orliac (EPFL)

https://www.jive.eu/radioblocks-eu-next-generation-technologies-radioastronomy
https://indico.skatelescope.org/event/1028/contributions/9618/attachments/8774/14693/SKACH_Spring23_Bluebild.pdf


• SPH-EXA: A framework for Smoothed Particle 
Hydrodynamics and gravity at Exascale (recent 
slides)


• Developing first trillion particle simulation of 
galaxy formation with SPH, gravity, and 
radiation running at Exascale


• Interdisciplinary codesign between computer 
scientists, astrophysicists, cosmologists, and 
visualization specialists to implement the 
SPH method (and additional physics) for 
Exascale, instead of optimizing already 
existing codes

9

Related Projects: 
Cosmological Simulations

https://indico.skatelescope.org/event/936/contributions/8863/attachments/8193/13620/skach.pdf
https://indico.skatelescope.org/event/936/contributions/8863/attachments/8193/13620/skach.pdf
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Why MWA?



Epoch of Reionization 

11Michele Bianco (EPFL)

Early stages of galaxy forma/on/cosmic dawn



Epoch of Reionization 

12Michele Bianco (EPFL) & Swiss SKA SDC3 team 



Epoch of Reionization 

13Michele Bianco (EPFL) & Swiss SKA SDC3 team 



Epoch of Reionization 

14Michele Bianco (EPFL) & Swiss SKA SDC3 team 

Segmentation network: 
reionization history Regression network: comparison with current data



Solar physics science cases 
• Solar flares 

• Magnetic tomography

• Plasma heating / Coronal heating

• Coronal turbulence 

• Particle acceleration


Space Weather 
• Coronal Mass ejections

• Solar Wind

• Particle acceleration and transport 

in interplanetary medium

• Space weather prediction

Swiss heliophysics Groups 
• ETHZ / PMOD

• FHNW

• IRSOL

• University of Bern

MWA Solar data

Solar Physics & Space Weather

15Rohit Sharma (FHNW)



• Multi-wavelength 
observations include: 


• X-rays / Radio 
simultaneous observation


• EUV observations / radio 

• Fast Imaging 

Spectroscopy in radio

• Stereoscopy Window 

opens with space-based 
observatory

Synergies 
with other instruments 
• Solar Orbiter –  Spectrometer 

Telescope for Imaging X-rays (STIX) 

• Parker Solar Probe

• Very Large Array

• Expanded Owens Valley telescope

• E-Callisto

MWA
JVLA

Solar Orbiter

PSP STIX

Heliophysics: Multiwavelength 
diagnostics with MWA

16Rohit Sharma (FHNW)



Other Scientific Interests
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• Galaxy formation & evolution (ISSI-Bern, EPFL-LASTRO, UZH)

• Multi-frequency spectral modeling of low-redshift star-forming galaxy 

populations

• Combine MWA data with data from other wide-area surveys (4MOST)


• Low-frequency radio emission as a star-formation rate tracer

• Radio AGN variability

• High-redshift radio AGN galaxies and their environment


• Transients (EPFL-LASTRO)

• Multi-wavelength analysis of quasars (combine with CTA observations)



High Performance Computing

18

https://www.nature.com/articles/s41550-020-1169-1
A. Stevens et al., “The imperative to reduce carbon 
emissions in astronomy” Nature Astronomy 2020

~40% Computational/theoretical astrophysics 
(simulations)

~30% radio astronomy data reduction
~30% optical & infrared

Better Flop/W hardware can 
make a huge difference

https://www.nature.com/articles/s41550-020-1169-1


• Performance tuning for radio astronomy workflows: code refactoring, GPU 
acceleration, benchmarking


• Energy efficient computing: energy monitoring, optimizing for energy-to-solution
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NUFFT refactoring (EPFL-SCITAS & CSCS)
Image domain gridding benchmarking with energy 

efficiency measurement (EPFL-SCITAS)

E. Orliac (EPFL)

S. Corda (EPFL)

High Performance Computing
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•Software distribution for validation and benchmarking of radio telescopes and algorithms

•Fast and easy installation, configuration and ramp-up

•Build custom pipelines with our building blocks, add your own blocks

•Would like to include MWA datasets for testing and mock data surveys

 
Present features 
• Includes OSKAR, RASCIL, Pinocchio (Dark 
Matter halo simulation), PyBDSF, MIGHTEE, 
GLEAM, Aratmospy, Bluebild, Eidos, Dask, 
Tools21cm, katbeam, configuration of ~20 telescopes, …


•Models system noise, primary beam, ionospheric screen

•Support for long observations, line emissions, source detection, 
parallelization, big catalogs, …

MS CLEAN

Instrument 
Simulation

Classification

GLEAM

Evaluation

Viz.

Your algorithm

RFI

PINOCCHIO

CLEAN

The SKA Digital Twin

Digital Twins

Simon Felix & Rohit Sharma (FHNW)
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In conclusion 
• Switzerland is on the path towards joining the MWA

• Alignment & synergies with several other projects in 

Switzerland

• Looking to contribute with our expertise in:

• High performance computing

• Digital twins

• Cosmological simulations

• Data science

• Astrophysics & Cosmology



Backup Slides
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Swiss SRC
Switzerland is in a unique position to contribute to the SRCNet thanks to Alps

Slide from Pablo Fernandez
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New algorithms for imaging
Bluebild: leverage functional PCA to reconstruct image of sky. Highly parallelizable.

Voltages

Visibilities

Simplified notation

Solve for B with 
pseudo inverse

Typical imaging

Bluebild
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New algorithms for imaging
Bluebild: leverage functional PCA to reconstruct image of sky. Highly parallelizable.

Functional PCA

FFT

FFT

FFT

FFT

Sum
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New algorithms for imaging Shreyam Krishna: talk

https://indico.skatelescope.org/event/936/contributions/8855/attachments/8211/13625/SwissSKADays2022.pdf


27Michele Bianco (EPFL) & Swiss SKA SDC3 team 


