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Neutron star dynamics is governed by the motion of 
quantized vortex lines in the neutron superfluid. 

What determines the motion of vortex lines:

(i) Continuous interaction of vortex lines with ambient 
normal matter. 

(ii) Pinning at sites attractive for the vortex line. Vortex 
motion as statistical average of pinning and unpinning : 
vortex creep, and sporadic vortex discharges � glitches.

Pinning to nuclei in the neutron star crust, Ii / I ~ 10 - 3 , 
and to flux lines in the neutron star core (Gügercinoğlu & 
Alpar, 2014).



VORTEX CREEP 

Equations of motion:  

Ic dΩc /dt + Is dΩs /dt = Next

dΩs /dt = - nκ <vr>/r = - 2Ωs <vr> / r 

<vr> =  f  ( Ωs - Ωc ) � two-fluid hydrodynamics.

steady state: 
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Vortex creep:

Pinning: superfluid is rotating faster.
If  vortex lines move outward superfluid will spin down. It is 
energetically favourable to reduce differential rotation 

between normal matter and superfluid. So there is an energy 
bias favouring vortex motions that are radially outward. 

Pinning energy at each pinning site = Ep

Energy bias: ∆Ε = Ep (Ωs - Ωc )/ωcr = Ep (ω /ωcr )

<vr>= v0 {exp – [(Ep – ∆Ε) /kT] - exp – [(Ep + ∆Ε) /kT] }

= 2 v0 exp (– Ep / kT)  sinh [Ep (ω / ωcr ) /kT] 



Depending on the <vr> value required in the steady state,

vortex creep has linear and nonlinear regimes:

Linear: sinh [Ep (ω / ωcr ) /kT] ~ Ep (ω / ωcr ) /kT

Nonlinear: sinh [Ep (ω / ωcr ) /kT] ~ ½ exp [Ep (ω / ωcr ) /kT] .

Pulsar spindown, glitches and postglitch response involves 
nonlinear as well as linear creep. 

As a pulsar ages T(t) and | dΩ/dt| both decrease, in such a way 
that more and more of the neutron star pinning spectrum Ep(r) 
falls in the nonlinear creep regime: pulsars go nonlinear as they 
mature.
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Linear regime:

dΩs /dt = - 2Ωs <vr> / r 
= - (4 Ωs v0 / r ) exp (– Ep / kT) .[Ep (ω / ωcr ) /kT]

= - ω / τ
= - (Ωs – Ωc ) / τ, 

defining a linear creep relaxation time

τ = (4 Ωs v0 / r ) -1 [kT ωcr / Ep ]  exp (Ep / kT) .

In the linear regime the pinned superfluid behaves like a 
superfluid with continuous drag forces.  Linear response to 
glitch induced perturbations� exponential relaxation.



Nonlinear regime:



Nonlinear response is essential in understanding interglitch 
behaviour. Any perturbation δω to the superfluid-normal matter lag 
ω can effectively stop creep, until the spindown of the normal 
component restores steady state creep conditions on a timescale t0 = 
δω / |dΩ/dt| .  
Response time-width τ nonlinear = (kT/Ep) (ωcr / |dΩ/dt| )

This is the signature observed in dΩ/dt if the glitch introduced a 
constant δω throughout the pinned superfluid: Fermi function�

What happens if the glitch induced offset is not uniform 
throughout the pinned superfluid? 

Nonlinear response to a ‘mean field’ uniform density of unpinned 
vortices:  stacked Fermi functions  �



Claire Flanagan (in «Lives of the Neutron Stars», Proc. NATO ASI, Kemer, Turkey, 1995)



It seems there is a universal behaviour regarding glitches 
of pulsars of all ages. 

The constant d2 Ω/dt2 interglitch
behavior seems universal among all older pulsars with 
glitch/interglitch data. 
(Alpar and Baykal 2006)
















