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Secular Spin-down: physical model? 

2015-06-10 

Instantaneous spin-down via magnetic dipole radiation,  
but I and/or B and/or Х  may have evolutions or sudden changes. 
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Real observational data of pulsars 
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Purely mathematical model! 
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Pulsar timing analysis 
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Timing Irregularities: (1) timing noise 

low-frequency 
structures in 
timing residuals 
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Hobbs et al. 2010 

5/50 



Timing residuals are significant 
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Significant structures (red noise) 

Hobbs+ 2010 
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Timing residuals still significant after whitening 
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Still significant structures (red noise) 

Hobbs+ 2010 
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Timing Irregularities: (2) glitches 
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 spin and spin-down change suddenly 
 
 
 
       
 
   
 
 
 
 
 
 

Classical glitch of Crab Slow glitches of 1822-09 
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But different results from different analysis?  
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Espinoza+ 2011 

9/50 



Questions to be addressed in this talk 

•  How to describe the classical and slow glitches? 
•  How to describe the timing noise of the spin-down of 

pulsars beyond the pure mathematical model? 
•  Limitations on pulsar timing for spacecraft navigation? 
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1. Observational biases and the 
relaxation behaviors of slow and 

classical glitches 

Xie, Yi,  Zhang, Shuang-Nan, On the Relaxation Behaviors 
of Slow and Classical Glitches: Observational Biases and 
Their Opposite Recovery Trends , 2013, ApJ778, Issue 1, 
id. 31, 13pp  
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How to get glitch parameters? 
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Using the “standard” procedure of fitting simulated glitch 
data, the input model parameters cannot be recovered. 
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Simple method: TEMPO2 

2015-06-10 

Using a simple method of fitting simulated glitch data, the fitted 
parameters “converge” to the input values when the time bin 
is shorter than 104 s (typically ~ 105 s). 
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Unified description of classical & slow glitches 

2015-06-10 14/50 



Modeling several slow glitches of B1822-09 
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Modeling one classical glitch of B2334+61 
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2. 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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Statistical properties of pulsar timing noise 
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Hobbs+ 2010 
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Testing the standard magnetic dipole radiation model  
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Data from 
Hobbs+ (2010) 
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Evidence for evolution of B 
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Effective short term B-oscillation 
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Beam width 

Stairs et al. 2000, Nature 
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Analytical model of pulsar spin with B-evolution 
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Testing the Model 
of Power-law 

Decay Modulated 
by Oscillations with 

All Pulsars 
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Solid line: f=0 

Other lines:  

f=10-14-10-10  
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Testing the Model 
of Power-law 

Decay Modulated 
by Oscillations with 

All Pulsars 

2015-06-10 24/50 



3. Understanding the residual patterns of  
timing solutions of radio pulsars with 
a model of magnetic field oscillation 

 
Xudong Gao et al 2015, submitted. 
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Sample selection: significant residual patterns 
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Two classes 
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Detailed classification 
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Fitting the residuals with our model 
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Fitting the residuals with our model 
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Simulate the pattern evolution in a single pulsar 

All patterns are 
reproduced with 
different observation 
time spans: mostly 
Ma and Wa patterns. 
 
These patterns can 
be understood with a 
simple model! 
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4. Why do the observed braking 
indices of pulsars span a range of 

more than 100 millions? 

Zhang, Shuang-Nan, Xie, Yi, Why Do the Braking Indices of 
Pulsars Span a Range of More Than 100 Millions? ApJ, 761, 102 
(2012). 
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Braking law and braking index (1) 
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Observed braking indices of pulsars  
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nb=3 

Data from  
Hobbs+ 2010 
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Braking law and braking index (2) 

2015-06-10 35/50 



Observed correlations of braking indices 
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Analytical model of braking index evolution 
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Analytical calculations of braking index 
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Model comparison with data 
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Our model prediction 
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When the time span 
used < the oscillation 
period, the observed 
nb is similar to the 
model predicted 
(instantaneous) one.   
 
It is possible to 
reconstruct the left 
panel from the right 
one from data. 

Damped 
oscillation 
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5. Damped Oscillation of Pulsar Braking 
Index: the Case of PSR B1937+21 with 

High Cadence Observations 
 

Shuxu Yi et al 2015, submitted. 
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ToA data on this pulsar from Jodrell Bank  
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1.  Westerbork Synthesis Radio Telescope (WSRT)   
2.  42 feet telescope of Jodrell Bank (42FT) 
3.  Lovell telescope (LT) 

528 pulse times-of-arrival (ToAs) over the span of 650 days:  
typically daily or twice daily.  

High cadence observations of B1937+21 
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Timing residuals of B1937+21 
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Polynomial 

+ 3 sinusoidal waves 
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Model prediction confirmed! 
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PSR B1937+21  

Time span (Days) 

Shuxu Yi et al. 2015, submitted 
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Fit with our model of B-field evolution 

2015-06-10 

Our B-field evolution is preferred with high significance!  
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B-parameter fitting in our model 
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Consistent with our 
previous results. 
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2-D Correlation plot 
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Damped-oscillation of phase of B-oscillation? 

2015-06-10 

converged 

All other parameters are fixed 
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Model has predictability 
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ToA(obs) – ToA(pre) 

rms1=0.37 µs 

rms2=0.30 µs ~ rms1 

We will try to do this to X-ray pulsars (need ToA data). 
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Answers to the questions 
•  How to describe the classical and slow glitches? 

•  How to describe the timing noise of pulsars? 

•  Limitations on pulsar timing for spacecraft navigation? 
– Timing noise à intrinsic accuracy on navigation 
– Proper modeling of pulsar’s spin-down can reduce 

timing noise à better navigation accuracy 
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Many thanks for your attention! 
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