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Crustal structure of a neutron star:
no magnetic fields included
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Pulsars: The Most Stable Rotators

MPITE-EBonn Polsar Group




Pulsars as Clocks

APrecision of pulse period determination ~ ToA uncertainty/data span
AMSPs have ToA uncertainties ~ 100 ns i 1 ns

AData spans ~ 3 - 10 years = dP/P ~ 107/108 ~ 10-15!

AAssume that spectrum
of the residual time
ser | '
the reduced c? ~ 1

ANeither is quite true in
pract.i

For some MSPs, 10-yr
timing stability Is
comparabl e |t, @ wog, Ido

best atomic clocks
(Adapted from a talk by Manchester)
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Real observational data of pulsars
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Pulsar timing analysis
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Timing lrregularities: (1) timing noise
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Our amazing pulsar zoo: long term B decay?

ll ] llllllll T\qullll ] Illlllll 1 llllllll L

| |
- o
7
/
,
%
(- l

J

|

@
l
\
X

|
=
/ .
o
.

|
—
(O
|
%,
\.
\
\

dker

log,, |Period derivative|
2

< SGR
® CCO
0 INS
A RRAT

| | | |
[u—, — — —
© o ~l (o)}

-20 |- €Y

_21 | 11Q.uul 'l Ll Lol 1
0.001 0.01 0.1 1 10

Period (s)

A 111111

201312-18 9/71



Statistical properties of pulsar timing noise

Hobbs+ 2010
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v > 0 for young pulsars; o > 0 or < 0 for old pulsars.
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Timing lrregularities: (2) glitches
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Statistical properties of glitches: bi-model?
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But different results from different analysis?
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The effect of G-waves on pulsar timing
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The PPTA Pulsars
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The Gravitational Wave Spectrum
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Constraint on G-W of individual sources
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Gravitational-Wave Limits from Pulsar Timing Constrain
Supermassive Black Hole Evolution

R. M. Shannon et al.

Science 342, 334 (2013);
MVAAAS DOI: 10.1126/science.1238012

H R L
= J1713+0747

J1744-1134 ]
1

10

Observed PS

1

White noise Sk
Red noise .
T 1 10
Model T e ] F T ace
predicted GWB | t— 15
o~ F 12
Best fit PS 3 .| 1%
Common GW —— Sf a3
10 0.1 1 10

201312-18 18/71



Constraint on galaxy formation models
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Questions to be addressed In this talk
A How to describe the timing noise of the spin-down of
pulsars beyond the pure mathematical model?

A What causes the long- and short-term evolutions of the
surface magnetic fields of pulsars?

A How to describe the classical and slow glitches and
obtain reliable parameters?

A How to improve the sensitivity of gravitational wave
detections with pulsars?
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1. Phenomenological model of spin and
magnetic field evolution of radio pulsars

Zhang, Shuang-Nan, Xie, Yi, Testing Models of Magnetic
Field Evolution of Neutron Stars with the Statistical

Properties of Their Spin Evolutions, 2012, ApJ, 757, 153-
160
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Secular Spin-down: physical model?

Q=-—-KQ"
Ty — ﬁI//DQ
242 sin” o
- 3Ic8
2(BR?sin x)?

Q0 = O*

3c3

Instantaneous spin-down via magnetic dipole radiation,
but | and/or B and/or m may have evolutions or sudden changes.
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Testing the standard magnetic dipole radiation model
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Evidence for evolution of B
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Effective short term B-oscillation

Beam width
1.
Fa@®=0¢ +tn§’ t°y
P = 8w m?*sin*a/ (33 IP)
a = 60° 4 0.3 sin(¢g + 27t /T)

Stairs et al. 2000, Nature
3c3|
8,02r*6

B%sin‘a = PP
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Analytical model of pulsar spin with B-evolution
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