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Perth

~200 kmGeraldton

41,000 km2 = The Netherlands

Population density = 0.002 people / km2

MRO (Murchison Radio-astronomy Observatory)

800 km dedicated fiber for data transfer
“longest pulsar backend”

Precursor for the SKA-low at the same site
Murchison Widefield Array (MWA) 

MWA tile
4 x 4 dipoles

Compact configuration of the MWA: 
128 tiles, 400m baseline



⚫ Record all channelised voltage streams from each tile

⚫ Bandwidth: 30.72 MHz (24 coarse channels, 1.28 MHz each)

⚫ Time resolution: 100 μs Frequency resolution: 10 kHz

⚫ Data rate: 28 TB per hour    Maximum recording: 1.5 hour

Observing pulsars with the MWA
the “voltage capture” (VCS) way

Tremblay et al. (2015)
Voltage capture (VCS)

MWA correlator
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Sky coverage of 70 SMART observations

An example of the coherent 
tied-array beam tessellation

The Southern-sky MWA Rapid Two-metre (SMART) Survey
⚫ Southern-all-sky pulsar survey, 4800 sec drift-scan for each observation

⚫ An important demonstrator pulsar survey for SKA1-Low

- provide info of pulsar population at low-frequency

- helping optimise survey strategies

Uniqueness of the SMART Survey

⚫ Record voltages instead of real-time beam forming

⚫ Large field-of-view (~610 deg2)

Cover entire observable sky with 
just 70 observations, 94 hrs

Pros of offline beamforming
⚫ require less observation time  
⚫ flexibilities in subsequent data processing

Cons of offline beamforming
⚫ demands intensive computational resources
⚫ poses significant I/O challenges

requires > 10 years to complete the data processing with current 
processing software and available computing resources in Australia

~10000 coherent beams
to cover each observation

PI: Ramesh Bhat



Transferring the voltage data to China

~120 MB/s from Perth to Beijing

So far have transferred 2.98 PB (/3.28 PB) 
MWA SMART survey data

51(/51) legacy observations (1.78 PB) & 
15(/19) MWAX observations (1.20 PB)

Stored on cstcloud (object storage)



Beamforming and pulsar searching on
CNIC ORISE cluster (东方超算)

7000 nodes in total

for each node:
• 1 CPU (32 cores), 4 DCU (FP32 13.41 TFLOPS + 16GB HBM2 Memory for each), 128GB Memory, 240GB SSD

Beamforming using
ROCm/HIP version vcstools
github.com/fxzjshm/MWA-vcstools

FFT Pulsar search using
GPU version PRESTO

Processing Pipeline     
using the task control tool

Down-sample psrfits
by a factor of 4 in time

scalebox
github.com/kaichao/app-mwa

github.com/kaichao/scalebox
(CNIC)

Original coherent beam-forming code 
(NVIDIA CUDA) 

Yukai Zhou

Kaichao Wu, Zihan Zhang

Qiuyang Fu

AI tool to efficiently 
sift candidates



5 observations processed

1 observation currently processing

• 9 new pulsar 
discoveries
(1 MSP)

• 102 known 
pulsars

Results
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Our new pulsar discoveries 07

Obs: R10 Obs: R07

10.48ms MSP



Some known pulsar detections from blind search

Some of the known pulsar detections 
greatly improve the DM precision.
PSR J1107-5947 for example
DM = 158  →  DM = 92



Summary  &  Future works

• Up till now, we discovered 9 new pulsars (include 1 MSP) from MWA SMART 

survey data, more than half of the total 17 new pulsars discovered by the MWA

• A strong showcase of pulsar search in low-frequency array data

- intercontinental voltage data transfer

- efficient post hoc processing using remote computing facilities

• In the future, we will keep on processing MWA SMART data

- apply single pulse search & FFA search

- more new pulsar discoveries

- reference data set for SKA-Low pulsar survey


