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NS as a solid,
compact and very dense
rotating body

ol

Ideal
Pulsar
rotation

» Secular spindown

» Steady moment of inertia

» Remarkable long-term stability

@(t) = o + vo(t — to) + 10
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|ldeal model works:

Pulsar timing

( motions and
propagation effects
corrected for )

However...

Jodrell Bank data
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0.008 x Po
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iTiming residuals PSR B1804-27

19.2 yr

It might be present on all pulsars:

improve precision and you will find it.
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Many pulsars exhibit
smooth trends deviating

from the simple slow down

~_—~

Timing Noise

V4 Timing residuals PSR B0950+08 |

>

41 yr

Jodrell Bank data



There is one specific

signature that is G I itChes

sometimes there
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Proposition to

improve the model:

» Add variable plasma content in magnetosphere

+ (superfluid)

Crust

nuclei + e P~ l(]"g em”

p~4Xx 10" g cm’”

nuclei + e
+

free neutrons Inner crust

neutron p~2x10“gem?

superfluid
+

super

conducting

protons

Outer core

........

p~10"gem?

Core

» Add (partially decoupled) neutron superfluid inside

= Get timing noise and glitches

= Get observed irregular deviations from simple slowdown
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Qutline

® Glitches | general

® Small glitches | confusion

Timing noise
Co-existence

Summary / Questions
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Glitches

Occasional spin-up events

Observed sizes
cover ~5 decades

1073 < Av < 100 uHz

Frequency (Hz)

In general, radiatively quiet.

Associated to the interior
of NSs.
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What can produce a glitch?

p Quakes: discrete crust
. . Cannot reproduce,
rearrangements driven by cooling or  BIRGE ER

' ' Vela (-like) pulsar(s).
spindown (re-shaping) . ... 1690 ela {-like) pulsar(s)

p Magnetic field stresses on the crust: Assumptions:
. : - _ - core magnetic field?
vortices dragging magnetic flux ortenftube

tubes in their outward migration. interaction?
(Ruderman et al. 1998)

adapted from M. Ruderman (2009) (Ruderman 2006)
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What can produce a glitch?

A O

p Vortex pinning:
rapid angular momentum transfer

from internal superfluid to outer crust.
Result of halted vortex migration.

(Anderson & ltoh 1975

Triggers:

» Critical lag: magnus force > pinning force > Alpar et al. 1984; many many others)
» Instabilities

= Predicts narrow size distribution, regularity.

> Glampedakis & Andersson (2009)

» Avalanches > Melatos et al. (2008, 2009)

» Thermal unpinning by heating event. > Link & Epstein (1996)

= Predict power law size distributions, I
poissonian waiting times. Not Complete "
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The glitch activity

9l (1015 Hz 51)
0.01 0.1 1 10 100 1000 10000 100000 1x10Q°

_ glitch activity v/s spindown rate
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What about small glitches?

In general, (small)glitch &
detection is an [
uncertain process.

Small glitches can

-0.2

be confused with

- The Crab pulsar (|BO)-

v fitted (i = 0) :
iy, ;
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How to differentiate them? ] + FJ
Can we detect very small glitches? | - M i
..wait for Danai’s talk. L N
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p Intrinsic to pulsar rotation.

p Common to all pulsars.

p Quasi-periodic (if enough
data).

p Alternating between 2(+)
spindown rates can emulate
residuals

Hobbs, Lyne & Kramer (2010)
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Pulsars with largest amounts of timing noise.
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Timing noise is produced

by existence of 2 or more
spindown states.




Simulation of data with spindown switching

Periodic switching

quasi-periodic
switching

Timing Residual
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Spindown states

corresponding to
magnetospheric switches

Effect may not be detectable
in all pulsars --Sensitivity
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In general the largest spindown rate

happens during pulse profile with
enhanced emission *
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Natural connection to
nulling phenomenon,

intermittent pulsars and
maybe even RRATS.

Extreme emission change

Intermittent pulsars: 2

spindown rates.

emission states and two

0 0.5

Frequency Residual (uHz)
—0.5

v — 1.095390 Hz (uHz)

From Lyne et al. (2012)
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Magnetospheric variability seems common feature.

There are different time-scales and behaviours
already observed at different wavelengths.

Models (some):

pLi et al. (2014) : conductivity variations
magnhetosphere

» Timokhin: close field lines region / current densities.
lan Jones (201 |): modulated by precession.

To understand we need more cases, more data.

W. Hermsen’s talk: PSR 0943+10

rapid mode switching in radio / X-rays
(Hermsen et al. 2013)

like the two following cases....
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PSR J2021+4026
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3100 MHz

@

Correlation between pulse shape variations and

spindown switches only after glitch
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Concluding...

v—residuals

glitch sizes

Jodrell Bank

data
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Glitches &
timing noise
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Crab PUlsal"3 It could be that this is not the right description
(DM variations; pure spindown rate changes)

» Maybe there is a second regime of superfluid effects
(+,-). E.g.: Kantor & Guzakov; Melatos & Link
(superfluid turbulence, 2014)

» Magnetospheric timing noise Work in progress..

Measured all small
irregularities like if

they were glitches
(or “anti-glitches™)
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Summary/Questions

Friday, 1 August, 14

glitches and timing noise are the major deviations from
simple slowdown model.

they correspond to external and internal dynamical
processes capable of affect the rotation.

What modulates magnetospheric states?
Is the magnetospheric timing noise all the same!?

s all timing noise produced in the magnetosphere? Is there
a component produced by the superfluid? -- Second glitch
regime

Glitch triggers could be multiple. E.g.: quakes + critical lag

cespinoz@astro.puc.cl
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However, spindown switches can be slow
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500
days from 29-June-2005 (MJD 53550)



