


The FAST key science projects

 The Commencial Radio Astronomy FAST Survey 

(CRAFTS; PI: Di Li) 

 Fast Radio Burst Search and Multi-wavelength 

Observations (FRB KSP; PI: Bing Zhang, Weiwei Zhu)

 The Galactic Plane Pulsar Search (GPPS; PI: JinLin 

Han)

M31 HI imaging and pulsar search (PI: Jie Wang)

 The Chinese Pulsar Timing Array (CPTA; PI: Kejia Lee)

 Pulsar Physics and Evolution (PI: Nina Wang)



3 double neutron star systems
Wu et al. 2023

Zhao et al. 2023 in prep.
Miao et al. 2023 in prep.

MSP-black widow system with 
interesting eclipes

CRAFTS pulsar discoveries

Wang et al.MNRAS 2022
Miao et al. RAA 2023

The CRAFTS survey have discovered:
180 pulsars 
incl. 40 MSPs
        20 binaries (3 DNS)
        30 RRATs
8 FRBs (Zhu et al. 2020; Niu et al. 2021;
Niu et al. 2022 Nature; more in prep.)FRB 20190520B



The FAST FRB Key Science Project

• ~100 participants from 10s institutes
• Observers and theoreticians
• Multi wavelength & observatories

Swift

Fermi

HMXT

云南40米

新疆26米

FAST



• 5 Nature，1 Science since 2020

Key signature of 
FRB polarization
Feng et al. 
Science 2022

Largest  
sample of a 
repeating FRB
Li et al. Nature 
2021

Stringent radio limit 
On the FRB-magnetar
Lin et al. 2020 Nature

First FRB 
polarization 
swings
Luo et al. 2020 
Nature 

FRB190520, 
FAST 1st 
repeating FRB, 
special birth 
place and 
persistent radio 
source （PRS）
 Niu et al. Nature 
2022

Probing the 
complex 
magnetic 
environment of 
an repeating FRB
Xu Heng et al. 
Nature 2022

The FAST FRB Highlights



``Geometry” in Pulsars and FRBs

How do we get to the ``Geometry”?

1. Profiles (Polarizations)
2. Scintillation (arcs)
3. Spin (phases)



Relativistic spin precession in DNS

Meng Zhu Kramer et al. 2022 submitted

Credit:Relativitydoctor.com

Profiles (Polarizations) PSR J1946+2052 
Closest DNS Pb=1.8 hr



New weak pulsar emission components

Yuan, Zhu, Kramer et al. ApJ 2023

 Emissions from high magnetosphere altitudes
Profiles (Polarizations)



A four components Pulsar

PSR J1239+0326
Double cone beam pattern

Profiles (Polarizations)

         

Rejep et al. in prep. Odd-even modulation 
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First evidence for Reciprocating Magnetic Fields in the Pulsar 
Wind from black-widow binary

Miao, Blackmon, Zhu* et al. RAA 2023  

In collaboration with authors from MPIfR, WVU, CSIRO etc.

Confirming the physical 
picture proposed 35 
years ago
Phinney Evans Blandford 
&Kulkarni 1988 Nature
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Black Widow Pulsar Wind
Profiles (Polarizations)
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The Pulsar spin-kick 3D alignment

Yao J. M.*, Zhu W. W.*, Manchester R. N. … Li D.*  et al. 2021  Nature 
Astronomy

Scintillation (arcs)



High altitude ISM structures

Zhang D. D. et al. SCPMA 2023

Local Bubble

Fermi Bubble

Scintillation (arcs)
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Scintillation arc and time 
scales of FRB20220912A

Wu, Main, Zhu et al. SCPMA in 
press

First detection of  scintillation arc from FRBs

FRB scintillation study

Scintillation arc and time 
scales of FRB20221124A

Wu et al. in prep.

Scintillation (arcs)



• 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

FRB spin period search
 Spin (phases)



• FRB20201124A most active 

episode

• Highest burst rate ~400 

bursts/hr

• Burst fine structure study

• Many period-like fine 

structures < 4σ

FRB fine structures
 Spin (phases)

Niu J. R. et al. 2022 RAA

and More …



~800 pulses detected by FAST in Oct 2020

Pulse waterfall plot Energy distributionPeculiar pulses

Zhu W.W.* Xu H. Zhou D. J. Zhang B.* Lee K. J.* et al. Science Advances 2023

FAST detects pulsar emission from 
SGR J1935+2154, the FRB-magnetar

Radio-Xray Phase Timing results FRB bursts and pulsar emission

 Spin (phases)



More to come

Photo credit: Zhang C. F.


