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% SUPERNOVA EXPLOSION

It iIs a great glory of Chinese Ancient

After SUPERNOVA EXPLOSION - Crab Pulsar P=33ms
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Chinese records of SN 1054




Crab Pulsar — SNR 1054
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Pulsar discovery of 50 years
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FAST Telescope & pulsar Survey




Part 1. Pulsar - 50 years




ik 2 & B Pulsar Discovery - 1967

In 1967 &M K= 8 5t 42 Jocelyn
Bell Ul /K observed a strange radio

pulse, a period of 1.33 s
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Interplanetary scintillation (IPS

(S = oRIK

(origin of periodic signal)?

IPS-min; point;

Scott & Collins telescope 2; Pilkington —
dispersion, distance

LGM? Little Green Men

another pulse

RAR? JB—FF? What
object ? Spin stable & fast

&

Cambridge Radio Astron Lab



kb 2N IE=%:3) T £ Rotating Neutron Star

The 1st pulsar PSR 1919+21 discovered by J. Bell, in 1967, --A Pulsar Mother
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Pulsar Beacon
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The Lifecycle of Stars

Sun-Like . .

Stars
(up to 1.5
times the
mass of the
Stellar Sun)

Nursery

Huge Stars

(from 1.5 to 3
times the mass
of the Sun)

Stars form

ina nebula,

from collapsing

clouds of

interstellar gas

and dust. Giant Stars
{over 3 times the
mass of the Sun)

M BRWLI . £RI R6-10 7 Wik 2, KE4H-

NREEE-BHERK-FPTE

Meutron
Star
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Pulsars as clock

» Pulsar periods are incredibly stable and measured precisely:
EIKE | EE 0 CGRETHD , 20K E

MSP1042.4

e —F ()R P ., e.g., PSR J0437-
4715 H¥JE

AP

P=5.757451831072007 +/- 0.000000000000008 ms
o HEAEIKERE ST Pulsars lose energy & spin down:

e dP/dt =10** (-15) for normal pulsars
« dP/dt = 10** (-20) for MSPs




b1 B s TR Brief History of NS

Sir J Chadwick - &3+ discover neutron
L Landau FigH7+& NS N2 1)EMN
W Baade & F Zwicky: NS-supernova

J. Oppenheimer & G. Volkoff, >Jili =45 NS
J Bell & A Hewish, & ¥ilradio Bk 2

R Giacconi, Cen X-3, H# & H#iP=4.84s,
1st X-ray k2 (PSR)



http://en.wikipedia.org/wiki/Supernova

FrrBERE: KHEEZ RIS A
2R ~ 20 km M~M

sun

Neutron
Star

NS: Beljlng C|'[y area Football ? Soccer ?
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Radius

Period
Sun collapsing to ~10 km would rotate 700 times per second
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Radius
Period
Density 104 times higher than that on Earth

Neutron star Two
material battleships!!

N4

These golfers don't know it yet, but we've replaced their usual ball with one
made from the core material of a neutron star."
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NS Magnetic field
Magnetic field of SUN ~100G ) » NS~
F4iE & <7 {H magnetic flux conservation

BR”=Const




ki B 5] 713755,

GM/R ~ 0.3
GM/Rsun ~ 10**(-6)
GM/Rearth ~ 10**(-11)

Wk
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He#, z=0.23 (2002)
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Outer Crust

S ah Sk lons, Electrons
0.3-0.5 p,
Inner Crust Electrons, Neutrons, Nucleii
1-2 km . |
Outer Core bai po ~ Neutron - Proton Fermi liquid
9km ¢ » Few % Electron Fermi gas

Inner Core

0-3 km

Nuclear Density ~ 2.8*10**14 g/cc
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Supernova remnant and PSR
fok ek 22 5 7 BT A A

fiZ Ik 2 =~ Crab Nebula 1054
PSR, P=0.033s

Vela Nebula 1968
PSR, P=0.059s
kb B iz 5 — SNRig % £
SNR 1987A — NO pulsar
Pulsar motion

IS
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Galactic Distribution of Pulsars
Rk B 25 (8] 40 A — AT I8 3] % ¥V~ 400-500 km/s
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N E ki £ Binary PSR
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kv 2 5% 1 JR2Z. Nobel Prize = No Bell Prize

1974, A. Hewish; First Pulsar discovered by J. Bell

1993, R. Hulse, J. Taylor, Binary Pulsar, PSR 1913+16,
Gravitational Radiation

2002, Riccardo Giacconi, X-ray source, X-ray Pulsar
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PSR discoverers
meet again

"
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201t 22. four astronomy big discoveries

ki & pulsar

K EAK quasar

£ B4+ interstellar molecule
W E s 5E S microwave
background radiation

19634 M 2| | Fr iz 5
(OH). ZJE7Ki{A(H20). =
(NH3)F1H 2 (H2CO) 70 7


http://www.hudong.com/wiki/%E7%94%B2%E9%86%9B
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FfEE 1967-2017

Ground-Space, ~> 27005k A2
X-ray (RXTE Accreting NS >100 ?),
Gamma - ray (FERMI > 200)

b T SRF P W I - =% 1] v e 22 0L,
BB STHL. X-BPER. S AR




Bk b B & BR50 fE 4F 1967-2017

Pulsar: ~ 2700 (radio) + ~ 200 (X/G-ray)
PSR Binary: ~ 272, NS/WD/Planet
MSP: ~ 303, P<10ms, 60% binary

Mag Field: ~107515G; <B>~1012G
Spin period: 1.4 ms—8.5s i} H, <P>=0.5s
BB : Radio, Optical, X-ray, Gamma-ray

First MSP In 1982 (670 Hz); Fastest MSP (716 Hz)
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B-P diagram

*  Binary PSR
% DNS
Isolated PSR

Spin-Line(10'%g/s)
Spin-Line(10'g/s)

------- Spin-Line(10'%g/s)

‘= =" Spin-Line(10'%ars) |

~ DNS/HMXB

REE/SGRIAXP .




PSR-Millisecond Pulsar=MSP

two types

Normal Pulsars: SNR #8351 B2k

 Formed in supernova

* Periods between 0.03 and 10 s

* Relatively young (< 107 years)
» Mostly single (non-binary)

MSP: X{E R NSRRI

« MSPs are very old (~109 years).

 Mostly binary; B-P low 1

« ‘recycled’ by accretion from
binary

« accretion spins up NS to milliseconds

 During the accretion X-ray binary

MR AP T EX G
28R -Z=FPMSP



1st Pulsar: 1967
Glitch: 1968
Crab-SNR: 1968
1st Binary: 1974,
M,GW,GR

1st Ac X-ray: 1974
1st Cyclorton: 1978
1st MSP: 1982
1st Rot X-ray: 1970
1st Gam: 1980
XINS: 1990
PSR+planet 1990

GC: 1990

RXTE: AMXP 1996
AMXP-MSP 2000
Giant Glitch 2000
Doule PSR 2003
6.67 HR, 2006
RRAT: 2006
CCo 2007
FERMI 2008
SGR+RADIO 2012
ULX-NS 2014
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Bk EF S| S73%: XE PSR B1913+16

Discovered by Hulse & Taylor in 1974

Pulse period: 59 ms NN
Orbital Period: 7h 45m \
Double NS system xuth 72 54 \

Orbital Phase

periastron velocity:
~0.001 ¢ g3/1000)
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Century Person GR,1915 B BAR-55 5] 7]
Red-shift 1% :t% ’ ;I:B XTJ‘L/E\; :‘3‘[ 7']
Precession (LT?) 33/ PP g e =
Deflection Y27

Shapiro Delay B[] ZEiR
Grav. wave ? 5| JjJ
Black Hole ? 27|
COSMOLOGY ? FHf
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> orbital motion of two stars in PSR B1913+16 0=
generates gravitational waves

» Energy loss causes decrease of orbital period

> BB AAERFE~6 5 K Orbit Décay
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Double Pulsars PSRJ0/737-3039
KK B R Ge - 5 5| 1%

1

MSP is firstly formed, Porb=2.4 hr
P=22.7 ms, B~109 Gauss, 1.34 Mg
P=2.8 s, B~1012 Gauss, 1.25 M,



fiki 2 XE R -5 713 BEE WS

Binary Pulsar PSR1913+16
Double Pulsars PSRJ0737-3039

Parkes: Lyne et al 2004; Burgay et al. 2003, van den Heuvel 2004

Firstly formed PSR,
P=22.7 ms, B~109 Gauss, 1.34 Mg
P=2.8 s, B~1012 Gauss, 1.25 Mg
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GW: Millisecond Pulsar Array
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40 HMSP, P <20 ms; Nano—second, TOA
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Part 3. FAST telescope & Pulsar




Five-hundred-meter Aperture
Spherical radio Telescope (FAST)

— = = v —

¥ "Unique Karst depression as the site

s Active main reflector




FAST Site: south of China, Guizhou

RUSSIA

HAZTAKHSTAM
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Location: N25.647222° E106.85583°




Opening angle — FAST sky coverage

Daalinatian

Sky coverage
ZA 30 deg

y ZA 40 deg
""""" ZA 60 deg
FAST Zenith

vvvvvvvvvvvvvvvvvvvvv

R R o R e e T T A

Rl Fomremmsdion

Sky coverage: zenith
angle 40°

Right Ascension



y (kpc}

20

10

-10

—20

~ 60,000 detectable pulsars in
Galaxy, half in FAST view

FAST ~ 4000 PSRs (Nan et al. 2011,
Smits et al. 2010

Rare objects:

MSP; <1 ms submillisecond - QS;
Doule Pulsar-binary; PSR+Black hole

Low magnetic field MSP; SGR - radio

Long spin period PSR; etc.




FASTE & H#»: Crab Pulsar (1054%

Crab Pulsar Is one of most
luminnous PSRs in FAST view

Supernova Remnant PSR, #2401

FAST Iinitial operating, monitor, test
system, standrad

FAST Rizfr, M, Efr

FASTE REE. JbRIX; &
Z B PSR;

HAEF 5, 1054-1= A CTE 4

:
&
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Crab X-ray
v Bt 4E Ik E-



FASTE 2B #:1: bkt 2-ZRANE

Pulsar-Neutron Star Pulsar-Pulsar (2004) Pulsar—BH
(1974) PSR B1913+16 _

‘ ‘ . PSR J0737-3039A/B BH physics and precise
AJ 3R IHIE 5] 18 measurement of GR

7E0. 2%K5 BE R IS FIST 6 effects, 5| JIERAE

19934
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How to search?




log[B#Z B(G)]

FASTZ % B #7 2

*  Single Pulsars
© Binary Pulsars
o SNR Pulsars
4 HMXBs
---Death Line

«+ - Spin-up Line

ﬁi

qi} r@ig rr?
7 ..f..;.*” HA Bk vRE

YN

STH 2 B4

-3 -2 -1 0

log[El HA P(s)]

JHi /ﬁﬂﬂﬂ(\/tljéalz

b

P>10s

ISk R Radio quiet

5T - AR AL L MSP

AKWEIMSP: B=

AN S ERIR 2

AR EP < 1ms

1007 G

7+ = FERMI #kradio quiet

ik 2

afterglow: SGR /GRB
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From Crab to FAST ---- pulsar link



FAST Observation: Binary Pulsars in Globular Clusters

Total number of pulsars: 144, in 28 globular
clusters , most are MSP ZF K2

144 pulsars in 28 clusters

0
rs

Formation :

1. Star density high

--- More binaries

2. Capture events

--- Significant mechanism
of binary formation

3

30
30

20

Number of Pulsars
10

20
20

Hnla

985 1990 1995 2000 2005 2010
Year

Number of Pulsars

10

Globular Cluster



