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Lorimer Burst
Lorimer et al. 2007
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Petroff et al. 2022

Flux: ~10 mJy to ~100 Jy

Width: ~100 us to ~10 ms

Frequency: 100 MHz to 8 GHz

FRBs: > 700

Repeating FRBs: 63
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for the discovery of fast radio bursts (FRBs)

Matthew Bailes,
Duncan Lorimer &
Maura McLaughlin



Propagation effects due to ISM

Inhomogeneous ISM

-> Scattering screen

Magnetic field

-> Faraday rotation

credit: XueAll these effects are frequency dependent!

ionised ISM 

-> Dispersion

𝐵
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Electron density in the plane of the Galaxy for the YMW16 model
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Chatterjee et al. 2017
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“The most important discovery 

in astronomy since LIGO”

—AAS Press 2017
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Extremely powerful magnetic 

field ∼109 to 1011 T

The strongest magnetic field 

created in the lab so far is a 

“mere” ~ 104 T!
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Petroff et al. 2022
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1.  Tianwen 1 landed on Mars
2.  China's space station core Tianhe in orbit 
3.  Synthesizing starch from carbon dioxide 
4.  Chang'e-5 returned with lunar rocks
5.  Cryo-EM structure of an extended SARS-CoV-2 
6.  FAST caught largest set of fast radio bursts 
7.  High-performing woven lithium-ion fiber batteries
8.  Programmable superconducting quantum 
processor

9.  Soft robot 10,000 meters under the ocean's 
surface

10.Spatio-temporal dynamics of bird migration 
routes

China's Top 10 
scientific breakthroughs in 2021



China's Top 10 
scientific breakthroughs in 2022

1. Successful Revelation of Layered Subsurface of the Utopia

Plantitia by Zhurong

2. Characterization of Active Repeating Fast Radio Bursts by 

FAST

3. Splitting Seawater into Hydrogen Fuel Using New Mechanism

4. The Mutation Traits and Immune Evasion Mechanisms of

Omicron Variants

5. Breakthrough in All-Perovskite Tandem Solar Cells

6. Single-Element Tellurium Switch Promises Denser Memory

Chips

7. Quantum Coherent Synthesis of Ultracold Triatomic

Molecules

8. Synthesis of Ethylene Glycol under Ambient Pressure

9. Direct 3D Lithography of Stable Perovskite Nanocrystals in

Glass

10.Experimental Verification of Segmented Fermi Surface in

Superconductivity



FAST

FAST discovers the world's first 
persistently active fast radio burst

FAST caught largest
set of fast radio bursts

Niu, Aggarwal & Li et al. 2022, Nature, 606, 873 

Li, Wang & Zhu et al. 2021, Nature, 598, 267 



FAST

Various polarization angle swings

Luo et al. 2020, Nature, 586,693 

Xu et al. 2022, Nature, 609, 685 

Oscillations in fractional linear and circular 
polarizations



FAST

Unified characterization of frequency 
evolution of repeating FRBs’polarization

Feng & Li et al. 2022, Science, 375, 1266 

Lin et al. 2020, Nature, 587,63 



FAST

1652 bursts！

Li & Wang et al. 2021, Nature, 598, 267 



Commensal Radio Astronomy FAST Survey

Li et al. 2018, Invited Review 
IEEE Microwave, Vol 19, Issue 3, p112 

unprecedented commensality 

     pulsar, galaxy, imaging, and FRB

Proprietary high-cadence CAL injection

FAST ‘big data’ stream 
pulsar: 19 x 8bit x 4 x 4k x 2x104 per second  
HI:      19 x 8bit x 4 x 1M x 2 /s

• 6 GB/s

• 25TB/h

• 550TB/day

• 10 PB/ year

Drift



CRAFTS reveals a high event rate >120K per day!

Big Bang

Zhu,Li+ 2020 ApJL
Niu,Li+ 2021 ApJL
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FRB 190520

2019.5.20 CRAFTS scan 2022.6.30 Nature



FAST discovers the world's first 
persistently active fast radio burst



No linear polarization 

at FAST！

Feng & Li et al. 2022, Science, 375, 1266 Michilli et al. 2018



Feng & Li et al. 2022, Science, 375, 1266 



credit：Xue



The Gum Nebula

Another well-known 

pulsar, the Vela pulsar

(J0835-4510)

Finkbeiner (2003) 
Powered with Aladin

credit：Xue



%L ∝ exp(-2λ4 σRM
2)

Feng & Li et al. 2022, Science, 375, 1266 



Caleb et al. 2022 Yang et al. 2022



It is possible to classify 

FRBs using polarization 

properties!

Feng & Li et al. 2022





FRB 20201124AFRB 20180301A

Xu et al. 2022, Nature, 609,685 Luo et al. 2020, Nature, 586,693 

FRB 20220912A

Feng et al. submitted

Polarization angle



Circular polarization

Feng, Zhang & Li et al. 2022

The observed circular 

polarization is unlikely induced 

by multipath propagation.

Favor circular polarization 

induced by Faraday conversion 

or radiation mechanism intrinsic 

to the FRB source.



Cho et al. 2020 

Repeater :FRB 20121102A Non Repeater :FRB 20181112A 

Variation time-scale of circular polarization 

Feng, Zhang & Li et al. 2022



FRB 20201124A Xu et al. 2022, Nature, 609,685 

FRB 20180916B Mckinven et al. 2022

FRB 20121102A Hilmarsson et al. 2021

Rotation measure 

FRB 20190520B Anna-Thomas, Dai, Feng & Li et al. 
Science, 380,599



Rotation measure 

Magnetic field reversal of world's first 
persistently active fast radio burst

Anna-Thomas, Dai, Feng & Li et al. Science, 380,599



A significant fraction show RM 

variations

Some have sign change

Sometimes are relatively

stable

Feng et al. in prep 

Rotation measure 



FRB database

– Transient Name Server (TNS)

– FRB Catalogue (FRBcat)

– CHIME/FRB

Current status of FRB database

- The world's largest pulsar database

- 3000+ pulsars recorded

- Number of citations: 2100+

The Australia Telescope National Facility 
(ATNF) 

CHIME/FRB

Transient Name Server



✓ ~800 sources

✓ 5700+ bursts

✓ 30+ parameters

✓ Dynamic spectrum

✓ Interactive Celestial 

sphere

BlinkVerse

Xu et al. 2023, Universe, 9(7), 330 

https://doi.org/10.3390/universe9070330

https://blinkverse.alkaidos.cn



BlinkVerse

✓ Launched in March 2023

✓ Until September 20

✓ 27 countries

✓ 2471 users



FAST@ZJLab

Yi FengDi Li

Xiaohang Zhang Huaxi Chen

Donghui Quan

Thomas Bisbas



Astronomical Intelligent Computing Platform—FAST@ZJLab

Taikong@HomeFRB HI Astrochemistry

database

citizen sciencescientific exploration

Intelligent 
algorithm 

library

Computing infrastructure + basic software + general computing platform

Astronomical 
Intelligent 
Computing 

Platform

FAST data 
processing

BlinkVerse ChemiVerse TransientVerse



THANK YOU

Exploring the 
blinking universe


