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Testing GR — double pulsar
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Equation of state — heaviest pulsar
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Some of the previous contenders
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Gravitational Waves

Gravitational
Waves from
supermassive
black hole binaries

Pulsar with
companion

Radio telescopes
on Earth

Other pulsar

designed by '® freepik

11/11/2019 GWJ4FP, EuCAPT - S Chen 8



Gravitational Waves
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GWB Upper Limit
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GWB Astrophysical Constraints

~4.55131,

-5 —4 -3

l0g10Neff
+0.37

8- 13—0.25

0-
8.0 8.5
|Og 10M «
11/11/2019

117973

0.5-
0.0+
0 1 2
To
+0.09
. 0.475 00 .

2-

_ (O O+0.18
0-0—0.15

A

0.49%543

0-
—-0.2 0.0 0.2

€o

1

—0.34138

0.25 -

0.00-
—2 0

Bx
—~0.09+183

0.2-

0.0-
-2 0 2

109100

Chen, Sesana, Conselice 2019

GWJ4FP, EuCAPT - S Chen

12



PULSq S

: International Pulsar Timing Array

N1 Nd‘b

?V
S,
S
%

%

11/11/2019 GWJ4FP, EuCAPT - S Chen 13



2000 2010 2000 2000 2010
50 [J0023+0823 = | 25 |J0030+0451 Year
0 1 - 1990 2000 2010 1990 2000 2010 1990 2000 2010 1990 2000 2010
L. i 11824-24524 |l J1832-0836 20 Fj1g43.1113 5 1853+1303 1
=50f134ps i 332ps : | 427 ps 7.82 s ] F 1 '
N L ML lard S L N . of 1 of
100 r — 5F . . : 0 E 4
10340+4130 ¥ 10437815 J0610-2100 10613-0200 L
—5H1.83ps _oplioaes 1-20}097us 13lps
o | o - ] ! 20 20
c Jid o 25 J1857+0943 . : 1 J1903+0327 11909-3744 5 J1910+1256 -
517ps =5FL12ps 1 488 ps 121ps : 25F 1
-100 | 4 —sok 1] h, 1 5 3|
200 [1p621+1002 1 J0645+5158 J0711-6830 ol i
s i 5125 T 284ps 0.2us 14245 T
oF T = i - T — T ] At
J1911-1114 ! l11911+1347 J1918-0642 H1923+2515 1
952 us 3.01 s01
200 . S o |
25 |10900-3144 J1022+1001 1
_5ol482ms 1.09ps 1.81 ys i 2325 s
0 B0 -
_ 11939+2134 J1944+0907 11949+3106 J1955+2908
=25F3.21ps 2,05 ps 1] 207 ps 3
El 1200 - 5 ° 1 ¢ - {0 ' :
< 100f0240m9 J1455-3330 ]| J1600-3053 5 :
= j 1 o ak E 3 | 100 }2230s 461us | [rool3s2es ]
% of 1 7 —20 — - 25 f—T——— ——i— r T N
b o 0 U 502010-1323 |2017+0603 112019+2425 4 J J2033+1734 L
$—100 729 ] 414ps " 0.95 us o o T4l
3 e o il o+ 1 o | o ] ]
25 |J1603-7202 ] 116142230 J1640+2224 25 0 l 4
) I —5p}255ms {7 [073s 9.64 ys 13.65 ps
0 i
“ ‘i ° 20 H2043+1711 i J2124-3358 H2129.5721 1 J2145-0750 B
=25 [1.66 us 1 138ps .| 50 o i 100 i 1
0 { 4
50 HI1713+0747 J J1721-2457 0 1 L o 0 . 1
. | 100 3 0.63 s 4 _sofzows -t 103 ps i 6.08 us
! - 100 bl
0 9 200 H2214+3000 14 200 pa39+2643 12302 +4442 100 Fpan7+1439 R 1
0.24 s 1221 s 28us 1 i 1
=50 L e i i e 1 ! 4
- - . - z I 1
J1738+0333 O M7a1+1351 J1747-4036 1 o ] ° 0 ‘ i
100 i 167 s ! 428 s M3.7us 1 0.88 us | _'
1 1232242057 50000 50000 55000 50000 55000
0 142 pus 0.46 ps 4.79 us 100
507512857 t 1 20pnsorra17 20 [1802-2124 1 J1804-2717 | o
e T T, 6.74 us
0 i, | -100
0 {1 0 {1 ° 1 50000 55000
3128 f | 2761 1 276 s L ERFIT MjD
. " | I3 N " L, °f |=20 N " o 1100 N " " b
50000 52500 55000 50000 52500 55000 50000 52500 55000 50000 52500 55000
MD

Perera et al. 2019
11/11/2019 GWA4FP, EuCAPT - S Chen 14



Conclusions — Pulsar Timing

1) Fundamental Physics:

— Tests of GR with pulsar + companion
mass measurements

— EOS constraints with heaviest pulsar

2) Gravitational Waves:
— SMBHBs and galaxy merger constraints
— constraints on exotic objects

3) Other Physics: neutron star studies, radio
pulse emission, ISM, Solar System, etc.
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