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Glitch recovery 

�  Two stages: 
-  Spin up (< minute) 

-  Recovery (~days to 
weeks to ??) 

�  Interested in long term behavior (recovery) 

�  What can we learn about the interior? 

 



Hydrodynamic recovery models 

Crust 

Viscous fluid 
(e.g. Proton-electron plasma) 

Inviscid fluid 
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Vortex physics 

�  Vortices 

       -> mutual friction 

 

�  Pinning 

       -> thermal creep (Link 2012) 

 

 

B∝ e−A(1−Δω /Δωc )/T



Fitting to timing data 
(van Eysden & Melatos 2010) 

�  Can extract nuclear parameters 
-  Viscosity (E) 

-  Mutual friction (B) 

-  Crust Fraction (K) 

-  Charged component density fraction 
(ρn) 

�  Model also sheds light on 
recovery physics 
-  Quasi exponential  

-  Overshoot 

0 200 400 600 800 1000 

0.85 

0.90 

0.95 

1.00 

t days 

 ν(t)Δν

B=2.5 x 10
E=1.2 x 10
K=50
ρ  =0.1

-8 

-21 

n 

McCulloch et al. (1987) 

Theory 

0 50 100 150 200 

0.5 

0.6 

0.7 

0.8 

0.9 

1.0 

t days 

ν(t)
Δν

B=3.3 x 10
E=8.4 x 10
K=2500
ρ  =0.01

-9 

-23 

n 

Theory 
Wong (2001) 

Vela  

The Crab 



Challenges for hydrodynamic models 
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�  Recovery typically fitted to 

�  Permanent increase in 
frequency and frequency 
derivative 
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Theory (Link 2012) 

�  Hydrodynamic models always recover completely! 

�  Q always unity! 

0 1 2 3 4 5

6

8

10

12

14

t

!



Superfluid reservoir? 

�  Part of  the star decoupled during spin-down 

�  Injects angular momentum during glitch (permanent 
increase in frequency) 

�  Increases moment of  inertia (permanent increase in 
frequency derivative) 

�  But what is this component? 

 



No rotational equilibrium? 

�  Glitches never recover completely? 

Q=0.024 

Q=0.34 



Non-equilibrium model 

�  Gives apparent non-zero Q 

0 1 2 3 4 5
4

6

8

10

12

14

16

t

!



Questions 

�  Is the ‘permanent change’ in frequency and derivatives 
an artifact of  fitting the data? 

 

�  Is there a need for a reservoir? 

�  How do you get such long recovery times? 



Conclusions 

�  Need to take a careful look at recoveries – are pulsars 
in rotational equilibrium between glitches? 

�  Vela shows quasi-periodic behavior – ‘reservoir 
recycling’?  Special case? 

�  Input welcome! 


