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 Pulsars
« Fast Radio Bursts (FAST FRB KSP)
* Future Prospect




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



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



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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Aﬁtronomy F AST Survey

180°

e

known pulsars
unpublished
® CRAFTS confirmed

© CRAFTS pulsar candidates
MSP in CRAFTS confirmed

Finished Drift-scans of CRAFTS F CRAFTS confirmed in 2021
Credit: Pei Wang

Pl: Di Li



I SCIESCE CHINA =
Pulsar candidate selection using ensemble networks Physics, Viechanics

& Astrpnomy ==, %

for FAST drift-scan survey =

HongFeng Wang'***, WeiWei Zhu®", Ping Guo*’, Di Li*°, SiBo Feng', Qian Yin',
ChenChen Miao>?, ZhenZhao Tao’-?, ZhiChen Pan?, Pei Wang?, Xin Zheng', XiaoDan Deng?*,
ZhiJie Liu®, XiaoYao Xie®, XuHong Yu®, ShanPing You®, Hui Zhang®, and FAST Collaboration

* ResNet deep learning Al

e Customized for FAST g o
drift scan pulsar survey - 1
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Removing Radio Interferences using Al
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Learning AutoEncoders *

Wang H. F. et al. RAA 2020
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RFI Weights

FILE: FP20180222 D-1GHz Dec+41.5 _mnifting

Classifying and cataloging RFls

 RFI identification with wavelets
 RFI classification with ML
« Long-term monitoring and cataloging RFls
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Classifying and cataloging RFls

« RFI identification with
wavelets
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Classifying and catalo

« RFI identification with
wavelets

« RFI classification with ML

« Long-term monitoring and
cataloging RFIs

« Remove RFl candidate in
Pulsar Search

Yuan M, Zhu W. W., Zhang H. Y. et al. MNRAS 2022
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Follow up new discoveries
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7 FAST pulsar followed up with Arecibo
Wang S. Zhu W. W. Li D. et al. 2021 RAA
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 Timingof PSR 11720-053 = IO e == |
* Measuring the eclipses . o T M—
* Polarization eclipse > Intensity eclipse ; el s e : -
* Faraday rotation oscillations in egress g ‘Wm o M‘ Nkl i . hAN L ©
« Sign changes in Faraday rotation oscillations IR el A I . B L )

after egress

BW pulsar illustration
Credit: NASA
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Follow up new discoveries
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How are pulsars formed?

* One of {Science) 125 most
important scientific problems

« How did pulsars gain its speed?

« |s pulsar kick velocity aligned
with its spin?

e BO355+54 (NASA Chandra
Observatory)
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The pulsar birth mystery
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Pulsar scintillation reveal high altitude
ISM structures
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The closest DNS - directly measuring
relativistic spin precession

PSR J1946+2052 ~~ i s :
| 9
' 2.0} o
| ‘ & - e 6D
Pb=1.8 hr . )
| | 4 & 1.5 i / _\;q() |
¢ g ’ “
i | 'V .I‘J, ! f 1 | | c
“\p‘ﬂ 'y "1 o .
C -
. G 1Op -
Pul E /
Figure 1, Avers ’ (e
i vl U
23| = 0.5
I+
0.0 1 . i :
0.0 0.5 1.0 1.5 2.0 2.5
Pulsar Mass (M .)
‘ !
-

Stovell et al. 2018 Ap)J



Credit:Relativitydoctor.com

The most compact DNS
— relativistic spin precession
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Discover new pulsar emission component
-emissions from very hiah altitudes

PULSAR WEAK PULSE
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Fast Radio Burst (FRB)

* Initially discovered in A BTN
Multi-beam pulsar survey Jmmm‘,
using the Parkes ?{».,}:Wa "*‘ff‘?"s.n-f S
Observatory A W RN --'~: .,_f

* Thousands of isolated Lorimer et él. Nature 2007
events + dozens repeaters S T
nature

* One of the hottest MYSTERYORJECT .,
astronomical mysteries i 'R
tOday ‘IWIS'I_[H‘VISH
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The Repeater and Arecibo FRBs

LETTER _ o _ _
rrrrrrr The direct localization of a fast radio burst and its host
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Burst rate (h-! per energy bin)
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The FAST FRB Key Science Project

 Large sample repeating bursts
 Bi-model energy distribution

90% completeness e
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A bimodal burst energy distribution for
FRB121102
Li D., Wang P., Zhu W. W. et al. Nature 2021
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Single pulse energy distribution of J2222-0137
Miao X. L. Zhu W. W. et al. in prep.



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

| l lllh el

“M "

l” ‘(,' l,

11

LT

Jiang J. C. et al. 2022 RAA In press

T
20210928 59485 BOBRIAYLS o' 4
B Y e it ks e 3 1 \
B AR R A R \ 1 ‘
- TG SO A . {'_ { oy —? L
ANt B R 1 «
Loty i 9 0k ’Y ] ! ~
4 19 3 { | s
y 3 T ey = 1 ! d
PRI 3 5 =
$in . .y jReE . 1 ”__//
R 55 At U= ]
1 o] TN 4 " . P 1 V0244 Enegy PIF
b VEUR PNt o (LT RCTH T . A
3 ecurt AN s > a W 5 3
i &9 N oM 411,567 7
\ B0 myy ms | y X -
\ e Y s TS
l f\ 1 4[ r
SRR T .‘M\M / \
e~ [ \
&0 20 0 2 40 I N
i Y
B — - .

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

Niu J. R. et al. 2022 RAA



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
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The FAST FRB Key Science Project
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Future Prospects
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