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0. 21CMA

Figure 1. Photograph of the east–west baseline of the 21CMA, in which the building to the left is the
control center. (武向平 2019; C. Zheng, Wu, and Johnston-Hollitt 2015; Q. Zheng et al. 2016)
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0. 21CMA
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81 pods along  two perpendicular arms (6km+4km)
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Baselines: 3240     Channels: 8192    Correlations: 26,542,080

Figure 2. Locations of stations of 21CMA (武向平 2019; C. Zheng, Wu, and Johnston-Hollitt 2015)
Yukai Zhou Research on beamformation of low frequency radio telescope array for pulsar observation 3 / 27



0. 21CMA

Figure 3. Layout of a single station, each point represents a log-periodic antenna
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1. Pulsar Backend

Figure 4. Overview of SNAP (DeBoer et al. 2020)

▶ 4 × 8 bit 409.6 Msps,
50 – 200 MHz
effective

▶ direct sampling &
baseband output
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1. Pulsar Backend

Figure 5. Spectrum of related arrays at UTC 2024-02-26 10:00:00, x-axis: frequency channel, 8192
channels of 0 - 204.8 MHz, y-axis: intensity (not calibrated), stations labeled red: broken on this time
point, stations labeled orange: no signal
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1. Pulsar Backend

Figure 6. Schematic of data flow
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2. Synthesis Imaging: to get delay of stations

Figure 7. Schematic of synthesis imaging (Thompson 1999)
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2. Synthesis Imaging: to get delay of stations
Signal correlation

Figure 8. Testing E18 – W11 signal correlation (梁嘉一 2024)
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2. Synthesis Imaging: to get delay of stations
Manual Optimizing Delay

Figure 9. Synthesis imaging using E18 – W11 baseline, with relative delay -350 m.
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2. Synthesis Imaging: to get delay of stations
Manual Optimizing Delay

Figure 10. Synthesis imaging using E18 – W11 baseline, with relative delay -500 m.
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2. Synthesis Imaging: to get delay of stations
Manual Optimizing Delay

Figure 11. Synthesis imaging using E18 – W11 baseline, with relative delay -700 m.

Yukai Zhou Research on beamformation of low frequency radio telescope array for pulsar observation 12 / 27



2. Synthesis Imaging: to get delay of stations
Manual Optimizing Delay

Figure 12. Synthesis imaging using E18 – W11 baseline, with relative delay -600 m.

Yukai Zhou Research on beamformation of low frequency radio telescope array for pulsar observation 13 / 27



2. Synthesis Imaging: to get delay of stations
Manual Optimizing Delay

Figure 13. Synthesis imaging using E18 – W11 baseline, with relative delay -615 m.
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2. Synthesis Imaging: to get delay of stations
Imaging of north celestial pole

Figure 14. Synthesis imaging of north celestial pole after manual and auto optimization of delays
between all available stations, 14× 13/2 = 91 baselines in total. Left: UV coverage and visibility; Right:
image of north celestial pole;
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2. Synthesis Imaging: to get delay of stations
Imaging of north celestial pole

Figure 15. 50 – 200 MHz CLEAN-ed image of north
celestial pole, using original simple CLEAN code on
fig. 14, data from 14 stations

Figure 16. Reference 75 – 175 MHz dirty
image of north celestial pole (Q. Zheng
et al. 2016), cut to focus on center region,
data from 40 stations
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2. Synthesis Imaging: to get delay of stations
Imaging of north celestial pole

Figure 17. 50 – 200 MHz CLEAN-ed image of
north celestial pole, using original simple
CLEAN code on fig. 14, data from 14 stations

Figure 18. Reference 75 – 175 MHz CLEAN-ed image
of north celestial pole (Q. Zheng et al. 2016), data
from 40 stations
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3. Beamform
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Figure 19. Schematic of beamform
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3. Beamform
Sky intensity distribution

(a) 2024-02-12_12-48-00 (b) 2024-02-17_22-00-00

Figure 20. Sky intensity distribution of several observations by beamforming, coordinate transformed to
Altitude-Azimuth coordinate. White point represents 3C 61.1.

Yukai Zhou Research on beamformation of low frequency radio telescope array for pulsar observation 19 / 27



3. Beamform
Sky intensity distribution

(a) 2024-02-22_06-00-00 (b) 2024-02-28_20-00-00

Figure 21. Sky intensity distribution of several observations by beamforming, coordinate transformed to
Altitude-Azimuth coordinate. White point represents 3C 61.1.
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3. Beamform
PSR B0329+54

Figure 22. Observation 2024-02-19_00-00-00 (UTC) folded using PulsarX (Men et al. 2023a; Men et al.
2023b; Xu et al. 2022) targeting PSR B0329+54
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3. Beamform
PSR B0329+54

Figure 23. Observation 2024-02-19_00-00-00 (UTC) (E17 only) folded using PulsarX (Men et al. 2023a;
Men et al. 2023b; Xu et al. 2022) targeting PSR B0329+54
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4. Recent Work
Deployment of 6 more SNAPs

Figure 24. input signal wires Figure 25. SNAPs with input signal connected
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Conclusion & Plan

Done:
1. Deployed SNAP-based pulsar backend for 21CMA
2. Reproduced synthesis imaging of north celestial pole
3. Implemented beamformation for pulsar on 21CMA & observed PSR B0329+54

To do:
▶ Observe PSR J2351+8533
▶ Observe FRB 20240209A (Dec = +86d03m44.28s) (CHIME/FRB Collaboration 2024)

• no burst detected yet...
▶ Implement distributed FX correlator based on GPU-like accelerators
▶ Implement distributed beamforming pipeline
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Thank you!
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