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Outline

• Pulsars 

• Fast Radio Bursts (FAST FRB KSP)

• Future Prospect
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What are Pulsars

Pulsars are discovered by J. Bell in 1967; Nobel Prize in 1974
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What are Pulsars
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What are 
Pulsars?

• Spin faster than 
blender

• Weighs more than 
the Sun, but only size 
of a city

• Its gravity bends the 
light and spacetime 
around it
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Pulsar 
Sciences

• Can gravity crush 
atoms？（discovery 
of neutron stars，
1974 Nobel Prize）

• Existence of GW
（1993 Nobel Prize）

• Can neutron star 
crush neutrons and 
protons into quarks?

• Is GR correct？

• Are there GW from 
massive galaxy 
mergers？
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FAST快速射电暴发现和优先重大项目科学院建制化科研平台等项目
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Credit: Pei Wang

Commensal Radio Astronomy FAST Survey

PI: Di Li
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• ResNet deep learning AI

• Customized for FAST 
drift scan pulsar survey

Real FAST pulsar signals

Wang Zhu Guo et al. 2019 SCPMA
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Removing Radio Interferences using AI

PIL AutoEncoder

Wang H. F. et al. RAA 2020

Original data After RFI removal仅供
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Classifying and cataloging RFIs
• RFI identification with wavelets
• RFI classification with ML
• Long-term monitoring and cataloging RFIs

RFI成分分析和时间变化

Yuan M, Zhu W. W., Zhang H. Y. et al. MNRAS 2022
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Classifying and cataloging RFIs
• RFI identification with 

wavelets
• RFI classification with ML
• Long-term monitoring 

and cataloging RFIs

脉冲星数据中的RFI情况

Direction dependance and Time Evolution Yuan M, Zhu W. W., Zhang H. Y. et al. MNRAS 2022

Impulsive RFI Periodic RFI仅供
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Classifying and cataloging RFIs
• RFI identification with 

wavelets
• RFI classification with ML
• Long-term monitoring and 

cataloging RFIs

• Remove RFI candidate in 
Pulsar Search

Yuan M, Zhu W. W., Zhang H. Y. et al. MNRAS 2022
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Follow up new discoveries

14
7 FAST pulsar followed up with Arecibo
Wang S. Zhu W. W. Li D. et al. 2021 RAA

Timing of 11 millisecond pulsars discovered in CRAFTS
Miao C. C. Zhu W. W. Li D. et al. 2022 MNRAS 
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Follow up new discoveries

• Timing of PSR J1720−0534

• Measuring the eclipses

• Polarization eclipse > Intensity eclipse 

• Faraday rotation oscillations in egress

• Sign changes in Faraday rotation oscillations 
after egress

Miao C. C. Zhu W. W. et al. in prep. 

BW pulsar illustration
Credit: NASA
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Follow up new discoveries

BW pulsar illustration
Credit: NASA

Miao C. C. Zhu W. W. et al. in prep. Earth Magnetosphere (NASA)

Sckopke et al. 1983 Journal of Geophysical Research
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How are pulsars formed?

• B0355+54 (NASA Chandra 
Observatory)

• One of 《Science》125 most 
important scientific problems

• How did pulsars gain its speed?

• Is pulsar kick velocity aligned 
with its spin?
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The pulsar birth mystery

18

Yao J. M.*, Zhu W. W.*, Manchester R. N.  et al. 2021  Nature Astronomy
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Pulsar scintillation reveal high altitude 
ISM structures

Zhang D. D. et al. submitted

Local Bubble

Fermi Bubble仅供
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The closest DNS – directly measuring 
relativistic spin precession

PSR J1946+2052 
Closest DNS
Pb=1.8 hr

Stovell et al. 2018 ApJ
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The most compact DNS 
– relativistic spin precession

Meng et al. 2022 in prep.

Credit:Relativitydoctor.com
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Discover new pulsar emission component
-emissions from very high altitudes

Yuan, Zhu et al. submitted 2023

仅供
学习
交流
 请
勿对
外传
播 



Fast Radio Burst (FRB)

• Initially discovered in A 
Multi-beam pulsar survey 
using the Parkes 
Observatory

• Thousands of isolated 
events + dozens repeaters

• One of the hottest 
astronomical mysteries 
today

Lorimer et al. Nature 2007
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The Repeater and Arecibo FRBs

Spitler et al. 2016 Nature Chatterjee et al. 2017 Nature
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FAST快速射电暴发现和优先重大项目科学院建制化科研平台等项目
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The FAST FRB Key Science Project

• Large sample repeating bursts

• Bi-model energy distribution

26

A bimodal burst energy distribution for 
FRB121102
Li D., Wang P., Zhu W. W. et al. Nature 2021

Single pulse energy distribution of J2222-0137
Miao X. L. Zhu W. W. et al. in prep. 
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The FAST FRB Key Science Project

• FRB20201124A

• Largest RFRB Polarization 

sample

• Strange Faraday Rotation 

variation

• Magnetic environment ~AU 

from the source

• Optical observation of the host

Xu et al. 2022 Nature
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The FAST FRB Key Science Project

• FRB20201124A 

2021.09

• 4 papers series

• Energy distribution

• Burst Morphology

• Polarization

• Spin period search

Zhou D. J. et al. 2022 RAA Zhang Y. K. 2022 RAA

Niu J. R. et al. 2022 RAA

Jiang J. C. et al. 2022 RAA in press
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The FAST FRB Key Science Project

• FRB20201124A in one of its 

most active episode

• Highest burst rate ~400 

bursts/hr

• P-Pdot search – Null result

• Burst fine structure study

Niu J. R. et al. 2022 RAA

Compare Lomb-Scargle Periodogram
from 4 days

P-Pdot search for a large range
Cover B up to 1015 G
And a large range of binaries

Ranges of possible period
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The FAST FRB Key Science Project

Niu J. R. et al. 2022 RAA

• FRB20201124A in one of its 

most active episode

• Highest burst rate ~400 

bursts/hr

• P-Pdot search – Null result

• Burst fine structure study

• Random 3.9σ period of few 

ms 〤
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Future Prospects

• 科技部SKA专项“SKA脉冲星搜寻预研”项目（2021-2025）项目启动
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Thank You
We are looking forward to more collaborations
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