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Crustal structure of a neutron star:  

no magnetic fields included 

2013-12-18 3/71 



Pulsars: The Most Stable Rotators 
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ÅPrecision of pulse period determination ~ ToA uncertainty/data span 

ÅMSPs have ToA uncertainties ~ 100 ns ï 1 ms 

ÅData spans ~ 3 - 10 years       dP/P ~ 10-7/108 ~ 10-15! 

ÅAssume that spectrum 

of the residual time 

series is ñwhiteò and 

the reduced c2 ~ 1 

ÅNeither is quite true in 

practice, but é 

For some MSPs, 10-yr 

timing stability is 

comparable to worldôs 

best atomic clocks 

Pulsars as Clocks 
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Real observational data of pulsars 

Purely mathematical model! 
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Pulsar timing analysis 
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low-frequency 

structures in 

timing residuals 

 

 

 

       

 

   

 

 

 

 

 

 

Hobbs et al. 2010 

Timing Irregularities: (1) timing noise 
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Our amazing pulsar zoo: long term B decay? 

Older Weaker 
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Statistical properties of pulsar timing noise 

Hobbs+ 2010 
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Timing Irregularities: (2) glitches 

 spin and spin-down change suddenly 

 

 

 

       

 

   

 

 

 

 

 

 

Classical glitch of Crab Slow glitches of 1822-09 
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Statistical properties of glitches: bi-model? 

Lyne+ 2011 
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But different results from different analysis?  

Lyne+ 2011 
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The effect of G-waves on pulsar timing 

Earth 

Pulsar 
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All (published) MSPs not in globular clusters 

The PPTA Pulsars 
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The Gravitational Wave Spectrum 
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Constraint on G-W of individual sources 

Single ñbestò pulsars 

All 18 of PPTA 

Yardley+ 2010 

PSR J0437ī4715 
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Model 

predicted GWB 

Best fit PS 

Red noise 

Common GW 

Observed PS 

White noise 
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Constraint on galaxy formation models 

Strength of GWB 
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Questions to be addressed in this talk 

ÅHow to describe the timing noise of the spin-down of 

pulsars beyond the pure mathematical model? 

ÅWhat causes the long- and short-term evolutions of the  

surface magnetic fields of pulsars? 

ÅHow to describe the classical and slow glitches and 

obtain reliable parameters? 

ÅHow 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? 

Instantaneous spin-down via magnetic dipole radiation,  

but I and/or B and/or ʍ  may have evolutions or sudden changes. 
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Testing the standard magnetic dipole radiation model  

Data from 

Hobbs+ (2010) 
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Evidence for evolution of B 
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Effective short term B-oscillation 

Beam width 

Stairs et al. 2000, Nature 
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Analytical model of pulsar spin with B-evolution 
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