
Messages from Spin Glitches 
in Neutron Stars



∆Erot ∼ 1043 erg!

Observations
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1989 CRAB GLITCH

∆ν

ν
∼ 10−6

(Lyne, Smith, Pritchard 92)



(Kaspi & Gavriil 03)

Two glitches in a magnetar

Glitches occur in magnetars too



Glitches cannot be starquakes
A starquake would produce a spin jump

Require

Time required for spin down to produce required deformation is

∆εrig ∼ 10−6

tglitch ∼ 0.1 tage ∼ 103 yr

−∆εrig =
−∆I

I
=

∆ν

ν



Superfluidity is required

-5 0 5 10 15

time (days)

0

1

2
1

0
6
!
"
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weeks to months

 Coupling times in normal n,p,e matter are << 1 sec. 



Idea for the origin of glitches:
variable coupling to liquid
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crust!

time

superfluid

(Lyne, Smith, Pritchard 92)



The neutron superfluid's rotation

Rotating superfluid He
low angular
momentum

high angular
momentum



Vortices “pin”
to nuclei in the crust
to flux tubes in the core

Better calculations are needed!



Stages of a glitch
slow, outward
vortex motion

spin down
by ext. torque

rotational eq. rot. eq. restored

vortices start
to move again

vortices nearly
stop

fast, outward
motion of ~1015 vortices

crust!

time

superfluid



Glitches in liquid helium

674 J.S. Tsakadze and S..I. Tsakadze 

Nadirashvili and Tsakadze,  66 using the oscillating disk method,  have 

investigated the process of vortex decay upon the sharp decrease of velocity 

of rotation of a vessel containing helium II. It  was found that when the vessel 

rotation ceases, the decay of vortices begins immediately after the vessel 

stops, whereas when the vessel rotation velocity is halved, the number  of 

vortices remains constant for 400 sec and more (see Fig. 22), following 

which several hundred vortices decay suddenly in a relatively short time. 

4 . 3 .  S p o n t a n e o u s  A c c e l e r a t i o n  of  a Super f lu id  

As Packard 67 has noted, the decay of a large number  of metastable 

vortices may cause acceleration of the pulsar. 

To check this hypothesis we have carried out the following experi- 

ment6S: A cylindrical vessel (70 m m  high, 15 m m  in diameter,  and of 

0.15 m m  wall thickness) made of plexiglas was filled with helium II  and 

suspended in a magnetic field without a support. By means of an elec- 

tro.motor the system was rotated and then left alone. As in the other cases, 

the vessel rotation velocity changed. 

We observed spontaneous acceleration a significantly long time after 

the beginning of the rotation. The measurements  were carried out at 

T = 1.46 K. A section of the curve of rotation velocity tOo versus time t which 

shows spontaneous acceleration of the apparatus is presented in Fig. 23. 

The spontaneous acceleration of decelerating helium II  can be 

explained as being the result of simultaneous decay of a great number  of 

vortices, the angular m o m e n t u m  of which is transferred to the vessel. In 

other words, at the angular velocity at which the acceleration takes place, the 

vortex lattice in the rotating liquid is in a metastable state at which the 
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F i g .  2 3 .  R o t a t i o n  v e l o c i t y  o f  a l i g h t  c y l i n d e r  c o n t a i n i n g  h e l i u m  I I  v e r s u s  t i m e .  

The time is measured from the moment of acceleration of the vessel, oJ' is the 
velocity, calculated according to the law of preservation, beginning from 
which vortices are preserved and decay at moment q. 

Tsakadze & Tsakadze (1980)


