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G I ItChes > Occasional spin-up events (| every 50 yr in average).
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What can produce a glitch?

4 Star-quakes: spin-down driven or magnetic. (X) e.g.: Rencoret+2021

4 Superfluid - crust interaction:

o

» Superfluid neutrons can be
weakly coupled to the rest of the
star.

» [ hey can store angular

momentum.

Anderson & Itoh (1975)



Rotating superfluids

e Angular momentum is carried by vortex lines
of quantised circulation

e \ortex number density defines rotation rate
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figure by Yarmchuk, Gordon, and Packard,1979



A two-fluid model for glitches

Anderson & Itoh (1975)

Glitch happens when billions of vortices unpin

Possible triggers:
» Critical lag: - FMagnus > Fpinning

» Instabilities odel rew
Ooqael reviews.

» Avalanches - Haskell & Melatos 2015
- Antonopoulou, Haskell & Espinoza (2022,
» Thermal unpinning by heating event. under review)
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The size distributions of individual pulsars

are not bimodal.
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Cumulative distributions of glitch sizes JEuCEENPgl)

PSR J063141036

PSR BU531421 (The Crab pulsar)
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Cumulative distributions of times between glitches
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In summary

e Exponential (poissonian)
waiting times
® Power-law sizes

e Characteristic times
between glitches

e Characteristic glitch
sizes
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Tendency: Gaussian glitches are the largest.
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Gaussian glitches
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* Size of glitches determines time to the
next glitch.

e Suggest that glitches happen once a
critical threshold is reached. Departure
from that threshold is controlled by the
glitch size. [Antonopoulou+2018]j

100

time to next glitch (d)

* Threshold could be rotational velocity
lag between glitching superfluid and rest
of the star.
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See also: Middleditch+06
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Ferdman+18




Simple model for JO537

» From the RXTE data The superfluid

for 0537, we could
infer that

(1) Rotational lag is not
reduced completely
at glitches.

\

(2) The moment of The crust

inertia of G is at least
0.8% of the moment
of inertia of c.

(3) Maximum lag is at
least 1.7 deg/s.

critical
rotational lag

Antonopoulou+2018

Time



The Vela pulsar

Gaussian glitches

 There may be a hint for the
correlation, present only for large

(> 9 uHz) glitches. However, this

IS still specu

lative [Fuentes+2019].

* |Low probabillity for small glitches
confirmed: rate of events under

10 uHz is 4 times lower than for

larger ones |

—spinoza+2021].
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Fuentes+2017 Integrated glitch activity
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The individual activity of the 8 pulsars
Is what we expect,
given their spin-down rate.

Thus, glitches tap a similar size superfluid

in all pulsars,
but each pulsar decides how to use it
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The 8 pulsars with 10+ detected glitches
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Individual glitch activities [%]

In other words,
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the liberation of stress remains B0531+21

at ~1% of the spin-down rate
J0537-6910

regardless of the glitch sizes,

how they distribute, and J0631+1036

the waiting times between glitches. B0833-45
B1338-62 1.3
B1737-30 1.3

B1758-23 1.1




Conclusions /some thoughts
Two glitching styles

* Could mass differences account for the
different behaviours? The fact that

Dg/D ~ (.01 must be considered.

 Temperature differences? | T

* Evolution: Will Vela’s glitching style turn into
B1737-30’s style?

* A different trigger mechanism: Perthaps |7/
something triggers glitches in B1737-30 before
larger glitches can happen. / Something
which is not active (or has no chances to be
triggered) in Vela or JO537-6910.




Thank you !
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