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Abstract. A statistical study of the glitch population and the behavior of the glitch activity
across the known population of neutron stars is presented. A constant ratio between the glitch
activity and the spin-down rate v, /|| = 0.010 4= 0.001 is consistent with the behavior of all
rotation-powered pulsars and magnetars. This relation is dominated by large glitches (Av 2
10 4 Hz), which occur at a rate directly proportional to |¢|. The only exception are the rotation-
powered pulsars with the highest values of |7|, such as the Crab pulsar and PSR B0540—69,
which exhibit a much smaller glitch activity, intrinsically different from each other and from the
rest of the population. This contribution is based on the work done by Fuentes et al. (2017)
“The glitch activity of neutron stars”, accepted for publication in A&A.
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1. Introduction

The rotation of neutron stars shows a very stable spin-down trend along time. Never-
theless, many neutron stars exhibit sudden increases in their rotation frequency v, known
as glitches. Glitches have relative sizes Av/v ~ 10711 —107°, and in most cases, are fol-
lowed by an increase in the spin-down rate © of the star. The physics behind glitches are
not completely understood, but are believed to be caused by a neutron superfluid inside
the star, which is rotating faster than the charged components of the star (Anderson &
Itoh 1975).

The observations of glitches are important since through them is possible to study in-
directly the structural properties of neutron stars (Link et al. 1999; Pizzochero et al.
2017).

The continuous improving in timing techniques and long-term observations have al-
lowed an increase in the number of glitches detected, and therefore, the possibility to
observe different trends in the glitch behavior of neutron stars. McKenna & Lyne (1990);
Lyne et al. (2000); Espinoza et al. (2011) showed that the average spin-up rate of the
star describes a linear behavior with the spin-down rate ||, and decreases with the
characteristic age (7. = v/2|¥|), disappearing for objects with 7. > 20 Myr.

This contribution presents the main results of the statistical analysis of glitches in
radio pulsars by Fuentes et al. (2017), in which the dependence of the glitch activity on
long-term spin properties (spin frequency, spin-down rate, and combinations of these,
such as energy loss rate, magnetic field, and spin-down age) was extensively studied.

2. Glitch activity

To quantify the cumulative effects of glitches on the rotation of a neutron star, we
use the glitch activity parameter, defined as the time-averaged change of the rotation
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frequency due to glitches, in other words, “the spin-up rate”. However, due to the short
observation spans available for each star, it is not possible to detect enough glitches
for a robust estimation of this parameter for individual pulsars. To avoid this problem,
we studied the combined glitch activity for groups of neutron stars sharing a common
property (we grouped the pulsars in bins of width equal to 0.5 in logarithmic scale).
Following Lyne et al. (2000) and Espinoza et al. (2011), the average glitch activity for
each group is
. D Z, Av;j
Uy = —=""), (2.1)
) 2T

where the double sum runs over every change in frequency Av;; due to the glitch j of
the pulsar ¢, and 7T; is the time over which pulsar ¢ has been searched for glitches. This
analysis includes those pulsars that have been searched, but not found to glitch so far.

In this contribution we present the behavior of the activity as a function of the spin-
down rate U (see Fuentes et al. 2017 to see how the glitch activity correlates with the
other parameters of neutron stars). We computed the glitch activity separately for large
glitches (Av > 10 uHz) and for small glitches (the remainder), showing the results in
Figure 1 and Table 1. The relation v,  |P| already reported by Lyne et al. (2000) and
Espinoza et al. (2011) for pulsars with —14 < log || < —10.5 (we always take the units
of || as Hz s7!) is determined by large glitches. The mean value of the ratio 7, /|| for
this range is 0.012 £ 0.001. The activity due to small glitches follows a roughly similar,
though noisier, increasing trend with |v].

#bin loglv| YT Ne Ni Npy Ny
(Hzs™") (yr)

1 -16.75 117 0 0 O 7
2 —-16.25 430 0 0 0 25
3 —-15.75 1233 0 0 0 70
4 —-15.25 2478 0 3 3 139
5 —14.75 2675 0 11 8 142
6 —14.25 1973 0 25 16 105
7 —13.75 2083 0 35 20 113
8 —13.25 1706 1 29 18 105
9 —12.75 1312 3 26 14 81
10 —12.25 745 4 38 15 48
11 —11.75 493 8 74 15 33
12 —11.25 357 37 78 18 20
13 —-10.75 66 13 19 5 5
14 —10.25 44 4 8 2 3
15 —-9.75 6 0 2 1 1
16 —-9.25 46 0 25 1 1

Table 1. Statistics of glitches for pulsars binned by their spin-down rate. The first column is
the bin number. The second and third columns correspond to log || for the group of pulsars in
each bin (the central value of each logarithmic interval), and the sum of the observation time of
all pulsars in that bin. The next two columns contain the number of large glitches and the total
number of glitches, respectively. The last two columns correspond to the number of pulsars with
glitches, and the total number of pulsars in each bin, respectively.

Since the proportionality between the glitch activity and the spin-down rate is dominated
by large glitches, and these have a very narrow size distribution, we expect that the rate
of large glitches, Ny, will also be proportional to ||. Because the number of large glitches
is expected to follow a Poisson distribution, the expected dispersion in the rate of large
glitches Ny can be estimated in a more reliable way than that in the glitch activity Ug.
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Figure 1. log v, versus log ||. The black squares and gray diamonds represent the glitch
activity separately for large and small glitches, respectively. In both cases, 7, was calculated
for the same bins (groups) of pulsars, respectively. The straight line shows the linear relation
Uy = 0.012|2|. The crosses denote bins with no detected glitches.

This allows us to test in a statistically meaningful way whether or not the identified
trend applies to all pulsars.

Figure 2 confirms that Ny /|7| is approximately constant and its mean value is (4.2 +
0.5) x 10> Hz~! (which we calculated considering only the |©| bins for pulsars with
—13.5 < log || < —10.5). We observe that except for the three bins with the largest
spin-down rate, all others are consistent with this trend. The non-detection of large
glitches in the region of small |7| is consistent with the small expected rate and the finite
monitoring time, as illustrated by the shaded area in Figure 2. Based on this relation,
the expected number of large glitches (N,™”) for the three bins with the highest |©/|
(log || > —10.5) is 30 £ 5, 35 + 5, and 325 + 18, respectively. This strongly contradicts
the only four large glitches detected in bin 14 and the absence of large glitches in bins 15
and 16 (which contain only PSR B0540—69 and the Crab pulsar, respectively; see Table
1). Thus, we can confidently rule out the linear relation between v, and || for the largest
values of the latter variable, but it remains consistent for all || < 107105 Hzs™!.

3. Discussion

We have shown that pulsars with 7 < 10710 Hzs™! are consistent with a single
trend, dominated by large glitches, in which the glitch activity 7, is equal to 0.01|2|. The
large collection of pulsars with no detected glitches is also consistent with this trend.
For instance, the predicted rate of large glitches for pulsars with log || = —14.25 (bin
6) is one large glitch every ~ 10* yr, whereas the accumulated observing time in this
bin is only 1973 yr (Table 1), and this mismatch becomes even more extreme for the
bins with lower |¢|. This means that there are no reasons to reject the idea that every
neutron star will eventually experience a large glitch and will, in the long-term, follow
the above relationship. On the other hand, we cannot rule out the possibility that, for
example, the glitch mechanism could fail to produce large glitches in the pulsars with
the smallest spin-down rates, or produce substantially more of them than predicted from
the linear relation. Future studies, based on the analysis of glitches in individual pul-
sars, should provide information helping clarify this situation. For this, well designed,
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Figure 2. log N;/|v| versus log ||, where Ny is the number of large glitches per unit time. The
horizontal line corresponds to the logarithm of the mean value (N;/|¢|) = (4.240.5) x 10° Hz ",
calculated over the bins with —13.5 < log || < —10.5. The shaded region indicates the expected
dispersion around this average value, based on a Poisson distribution of the number of large
glitches and the available observing time spans. The black squares represent the observed values
of the ratio N; /|| for bins (groups) of pulsars. The crosses denote bins with no large glitches
detected.

long-term monitoring campaigns are needed, in which cadence and sensitivity are com-
bined to ensure the detection of small glitches, thereby improving the completeness of
the current samples.
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