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...\ The FAST key science projects

O The Commencial Radio Astronomy FAST Survey
(CRAFTS; PI: Di Li)

O Fast Radio Burst Search and Multi-wavelength

FAST a2 . g .4 A F k50 8

Observations (FRB KSP; PI: Bing Zhang, Weiwei Zhu) o
O The Galactic Plane Pulsar Search (GPPS; PI: JinLin
Han)
O M31 HI imaging and pulsar search (Pl: Jie Wang)
O The Chinese Pulsar Timing Array (CPTA; Pl: Kejia Lee)
O Pulsar Physics and Evolution (Pl: Nina Wang)




_ N\ CRAFTS pulsar discoveries

. mm
1500

The CRAFTS survey have discovered:
Bt 4 W N “-JNE 180 pulsars
o=t .- Sz Zmincl. 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.)

The Commensal Radio Astronomy FAST Survey
FASTZHRZBERERNAHKX
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3 double neutron star systems

Wu et al. 2023
Zhao et al. 2023 in prep.

Miao et gl. 2023 in prep.
MSP ?:)Iac widow system with

interesting eclipes

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




__\\ The FAST FRB Key Science Project
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The FAST FRB Highlights

* 5 Nature, 1 Science since 2020
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First FRB
polarization
swings

Stringent radio limit
On the FRB-magnetar

Luo et al. 2020 | i, et al. 2020 Nature

Nature

Largest

sample of a

repeating FRB
1 Li et al.

2021

Nature

A New Unified Characterization of

Fast Radio Bursts

Reveals Their Origit

Key signature of
FRB polarization
Feng et al.
Science 2022

FAST @ 1 f 4 A A F k37 8

FAST Fast Radio Burst (FRB) Key Science Project

FRB190520,

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

CRAFTS

'e Commensal Radio Astronomy FAST Survey
FASTZHRZEFRMNBHKE
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Probing the
complex
magnetic

environment of
an repeating FRB
Xu Heng et al.
Nature 2022



—\\ “*Geometry” in Pulsars and FRBs

OHow do we get to the “*Geometry” ?

1. Profiles (Polarizations)
2. Scintillation (arcs)
3. Spin (phases)
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Relativistic spin precession in DNS

OProfiles (Polarizations) PSR J1946+2052
Closest DNS Pb=1.8 hr
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New weak pulsar emission components

OProfiles (Polarizations)
O Emissions from high magnetosphere altitudes —

WP emission region
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o A four components Pulsar

OProfiles (Polarizations)

CRAFTS

he Commensal Radio Astronomy FAST Survey
FASTRRZBRAENAMKX
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o)) Black Widow Pulsar Wind G
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OProfiles (Polarizations)

OFirst evidence for Reciprocating Magnetic Fields in the Pullsar
Wind from black-widow binary
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o The Pulsar spin-kick 3D alignment

OScintillation (arcs)

CRAFTS

The Commensal Radio Astronomy FAST Survey

FASTZHRZEFRAMNEBHKE
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OScintillation (arcs)
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...\ FRB scintillation study

FAST Fast Radio Burst (FRB) Key Science Project

OScintillation (arcs)

BScintillation arc and time BScintillation arc and time
scales of FRB20220912A scales of FRB20221124A
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O Spin (phases

R
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{ About Journal Editorial Board

Submission

Highlights

FAST Observations of an Extremely Active Episode of FRB
20201124A: I. Burst Morphology

D. J. Zhou. 4. L. Han, B. Zhana. K. J. Lee, W. W. Zhu, D. LI W, C. Jing. W. —¥. Wang. ¥. K. Zhang. J. €. Jiang et al.
2022, RAA, 22, 124001

Abstract | PDF

FAST Observations of an Extremely Active Episode of FRB
20201124A. Il. Energy Distribution

Yong-Kun Zhang, Pai Wang, Yi Fang, Bing Zhang, Di L, Ghoao-Weai Tsai, Ghen—Hui Nit, Rui | uo, fu-Meai Yoo, Wei-Wei
Zhu et al

2022, RAA. 22. 124002

Abstract | PDF

FAST Observations of an Extremely Active Episode of FRB
20201124A. 11l. Polarimetry

Jin-Chen Jiang. Wel-Yang Wang. Heng Xu. Jlang-Wel Xu, Chun-reng Zhang, Bo~Jun Wana, De~Jlana Zhou, Yong—Kun
Zhang. Jia Rui Niu, Ke Jia Lee et al.

2022, RAA, 22, 124003

Abstract | PDF

FAST Observations of an Extremely Active Episode of FRB
20201124A. IV. Spin Period Search

=Rt Nits, Wei-\Wei Zhu, Bing Zhang, Mao Yuan, De-iang Zhou, Yong-Kun Zhang, Jin-Chen Jiang, 1 L. Hear, DI,
Ke-dia Lee ot al

2022, RAA, 22, 124004

Abstract | PDF

News and Views for Highlights

A hard stare at a bursting radio source with the world’s largest
telescope

Duncan Lorimer

2022, RAA, 22, No.12. N1

Abstract | PDF
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FAST Fast Radio Burst (FRB) Key Science Project
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O Spin (phases)
« FRB20201124A most activ
episode

« Highest burst rate ~400
bursts/hr

 Burst fine structure study

« Many period-like fine
structures < 40

Niu J. R. et al. 2022 RAA

FRB fine structures
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and More ...
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FAST Fast Radio Burst (FRB) Key Science Project

Table &
Multi-components of FRB 202011244
Inchex N P {ms) by MID
1 5 7164 00240 59 48481606
2 7 00411 59 48481650
3 5 0.0685 59 48482173
4 4 0.0368 59 484822
5 [ 504848
[ 5 59 48482633
7 [ 59 484830385
8 4 59 48433419
2 5 59 48484094
10 8 59 484843490
11 5 0.0308 59 484847 19
12 4 0.0609 5048484938
13 4 00532 59 48485148
14 4 00748
15 5 00198
16 5 00761
17 8 00238
18 4 0.0381
19 [ 00058
0 5 00436
21 4 0.0931
n 7 0.0355
23 5 0.0456
24 5 00552
25 10 00471
26 5 00748
27 5 0.0209 59 48579949
8 4 00087 59 48579996
20 4 00292 59 48580002
30 6 00120 59 48530020
3l 4 0.0629 5048580131
32 [ 00463 59 48580133
4 00444 59 485801 61
4 0.0045 59 483801 71
4 59 48580309
5 5048580313
7 7 59 485303 79
38 5 59 48580521
3 5 717
40 6
41 5 0.0429
42 4 00888 59 48580808
43 5 00148 59 485809127
44 4 00439 5948581131
45 4 00213 5948581193
46 4 0.0574 59 48381267
47 [ 00171 59 48581270
48 4 00763 5948581270
49 6 n.0L4l 59 48581702
50 5 0.005 5048581785
51 4 00169 59 48581890
52 7 00061 59 48582070
53 4 00258 59 48582138
Note,

* Number of pulses.



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

O Spin (phases)

A
5F T I . -
4 Ll § - Table 1. Timing model parameters.
0 | L " L I la \‘ 1 1
£250 i —-- CHIME/STARE2
2 \ B g Parameter Value -
Z 0 }
L 250 - J‘E‘: Measured Parameters ERB-like bursts *
S ook L L L L L L L Spin Frequency v (s—1) 0.307899190(3) FRB20200428
58950 58980 59080 59100 59120 59140 58160 58180 59200 59220 : | D T 12
Spin down rate i (s <) —3.524(3) x 10
B Date (MJD)
2020 0428-0430 NICER 2020-04-30 FAQT #1  FRB20200428 T
Dispersion Measure (pc cm— ) 332.703 &
Reference epoch (MIJID) 59131.377113
& P ¢ Yy =~ 4 Q b
5020/0518.0607 NICER WL Right Ascension, « (J2000) 19:34:55.5978
Declination, & (J2000) 21:53:47.7864 P
Wm Solar System Ephemeris DE436
2020 1009-1021 NICER CHIME bursfs 10-08 Derived Paramerers Pulsar Emission
% Dipole magnetic field, 3 (G) 8.:525¢1081 \\¥‘
FLFL"L’_F Characteristic age, 7. (yr) 1.38 < 103 w\
2020 10-18 XMM-N \\®
- -Newton 2020 10-18 FAST . . : @
2fixed to the weighted average DM value of single
pulses: see method session for details. ™ ™ ™ ™ ™ ™
vW(GHzs)

bposition taken from X-ray imagingZ> with an uncer-
0.00 0.25 0.50 075 1.00 125 1.50 175 2,00 - - " . . .
tainty of 0.4". Frnerav distrihiition

Pulse Phase
Radio—Xray Phase Timing results FRB bursts and pulsar emission

~800 pulses detected by FAST in Oct 2020
Zhu W.W.* Xu H. Zhou D. J. Zhang B.* Lee K. J.* et al. Science Advances 2023
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