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Finding needles in cosmic haystacks
Summary & motivation

• We are in a golden age of astrobiology. 

• We are entering a golden age for 
technosignature searches. 

• There is still a huge amount of low-hanging 
fruit, particularly at low frequency. 

• SETI is leading technical developments 
which can support new observing modes 
and piggyback science.  





“THE APOLLO PROGRAM OF SETI” 
- E. ENRIQUEZ
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Comparing SETI surveys
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Finding needles in cosmic haystacks
Comparing SETI surveys

Credit: C. Tremblay

Comparing SETI surveys

The size of the bubble is the number of objects in the given search.

Most searches to date are around the ‘water hole’ at ~1 GHz. Not observable 
from Earth!



Tingay, Tremblay, Walsh & Urquhart (2016)

A Opportunistic SETI search with the MWA (2016)

• First SETI search with the MWA done by Tingay, 
Tremblay, Walsh & Urquhart in 2016. 

• 400 square degrees around the Galactic centre, 
across 100-133 MHz.  

• 38 known planetary systems in field. 

• No narrowband (~10 kHz) spectral features 
found. 



Comparing MWA against other SETI surveys

Price+ (2020), Tremblay & Tingay (2020) 

Tremblay, Tingay, Price (2022) 
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The unique search capability of the MWA
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“The MWA frequency range, its southern hemisphere location on an extraordinarily radio quiet 
site, its very large field of view, and its high sensitivity make it a unique facility for SETI.“



SETI on the MWA to date

• Several SETI experiments have already been conducted 
with the MWA. 

• What’s next? 

Tremblay, Price & Tingay (2022)



Finding needles in cosmic haystacks
Three SETI experiments at Inyarrimanha Ilgari Bundara



Finding needles in cosmic haystacks
Three SETI experiments at Inyarrimanha Ilgari Bundara

COMMENSAL SETI/FRB SEARCH



Finding needles in cosmic haystacks
Three SETI experiments at Inyarrimanha Ilgari Bundara

SMART TECHNOSIGNATURESCOMMENSAL SETI/FRB SEARCH



Finding needles in cosmic haystacks
Three SETI experiments at Inyarrimanha Ilgari Bundara

SMART TECHNOSIGNATURESCOMMENSAL SETI/FRB SEARCH EDA2 ALL-SKY SETI/FRB SEARCH 
(SEE MARCIN’S TALK!)



Finding needles in cosmic haystacks
A commensal SETI and FRB system

• A Breakthrough Listen compute node is 
installed in Curtin data center.  

• There is a 100 Gb/s link between the MWA 
site and Curtin. 

• Through the power of Ethernet multicast, 
voltage data can be sent to Curtin at the 
same time as MWAX correlator. 
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MWA commensal pipeline

• Pipeline generates high-resolution dynamic 
spectra: 

• Captures and unpacketizes UDP data, stores in shared 
memory buffer. 

• Gets metadata and  observing status. 
• Beamforms tiles (currently incoherent sum, coherent sum 

supported). 
• Does FFT + detection to form dynamic spectra. 
• Writes to filterbank files. 

• Reuses code from MWAX. Majority of other 
code from Morrison/Sleap/Crosse. 

• High time resolution data product  
(1 ms, 0.5 MHz channels) and high frequency 
resolution data product (1 s, 1 Hz) generated. 

• Only one coarse channel recorded (currently). 



MWA commensal pipeline: motivation

• For narrowband data (1 Hz), incoherently 
beamforming is 9x more sensitive than 
searching a 10 kHz image cube. 

• Searching the entire sky with coherent 
beamforming is computationally expensive (just 
ask the SMART team) 

• Developing approach where signals-of-interest 
are identified incoherently, then coherent 
beamforming can be done to localize and follow 
up. 

• Analogous to initial ASKAP FRB search 
strategy. 



MWA commensal pipeline: Data analysis

• SETI data to be searched with narrowband 
doppler drift code hyperSETI. 

• FRB data to be searched with FDMT-based 
search code (Fredda, bifrost) 

• ~6000 observations recorded to date.   



MWA commensal pipeline: Data analysis

Example event: 2021-11-30T20:47:26.000,  
    S/N in 1 Hz channel data (incoherent beamformed): ~18 
    S/N in 10 kHz channel: ~0.18 (not detectable!) 
    S/N in 10 kHz channel, if coherent beamformed: ~2 (still not detectable!)

• An initial search on 6200 observations detected 
323,234 narrowband signals with S/N > 10. 

• These are probably all RFI. 

• Similar signals are probably present in your data.  
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Thanks to Greg, Andy, Mouriyan and Chitru for installation!



Finding needles in cosmic haystacks
Update: We have more power!

Server specifications: 
• 6x NVIDIA A4000 GPUs 
• 2x AMD EPYC 7413 CPUs 
• 512 GB RAM 
• 16 TB NVMe storage 
• 2x 100 Gb Ethernet NICs 

Combined GPU performance: 
• 346 TFLOPS (single precision) 
• 2761 TFLOPS (tensor cores) 

Two installed at Curtin data center, one 
installed in EDA2 @ MRO.



A SMART Technosignature search

• The SMART survey dataset has many 
petabytes of voltage data that could be 
searched for SETI signals. 

• A  technosignature search through the 
SMART dataset would give the best-ever 
limits on the existence of putative 
narrowband transmitters. 

• Strong opportunity to leverage SETI 
expertise and technological approaches for 
the SMART pulsar search. 
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SMART

A SMART Technosignature search

• The SMART survey dataset has many 
petabytes of voltage data that could be 
searched for SETI signals. 

• A  technosignature search through the 
SMART dataset would give the best-ever 
limits on the existence of putative 
narrowband transmitters. 

• Strong opportunity to leverage SETI 
expertise and technological approaches for 
the SMART pulsar search. 
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