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Abstract: Pulsars are stars that emit electromagnetic radiation in a definite time interval. Detailed study of the long-term 

timing observations of pulsars indicate that the predictable smooth spin- down of pulsars is predisposed to discrete fluctuations 

known as glitch. The rotation frequency of pulsars decays with time as quantified by the braking index (n). The braking indices 

have been known to have no consequence on the quantities like obliquity angle evolution or complex high-order multipole 

structure but on the spin properties of the pulsars. In the canonical model of the theory of braking indices, n = 3 for all pulsars, 

but observational information has shown that n ≠ 3, indicating that the canonical model requires reconsideration. Using the 

Australian Telescope National Facility (ATNF) pulsar catalogue, we selected 208 pulsars with 670 glitches and used the 

distributions of the spin properties to statistically investigate their effects on the braking indices. We computed the braking 

indices of these pulsars using the theoretical method and observed that the braking index is much smaller for very young 

pulsars (10
4
-10

7
) which have been observed to show more glitch activity than their old, stable counterparts. A simple 

regression analysis of our data show that spin properties of pulsar are more than 65% correlated with the magnitude of pulsar 

braking index. The implications of the spin properties on braking indices on long timescales are discussed. 
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1. Introduction 

Pulsars are extremely magnetized, rapidly rotating neutron 

stars that are supposedly produced through a supernova 

explosion of very massive O and B stars (mass is in the range 

of 8 - 10 solar mass) that are created in the collapse of the 

stellar core [1, 2]. They have enormous moment of inertia 

(10
45

g/cm
2
) that leads to outstandingly smooth rotation rate, 

thus, making it the most precise clocks in the universe [2, 3]. 

They offer the opportunity to study physics in regimes 

unattainable in any terrestrial laboratory and provide a 

powerful probe for exploring the interstellar medium [2, 4]. 

Their periods of rotation are remarkably stable such that 

pulsars are extremely good cosmic clocks [5]. This clock-like 

behavior has different applications, for example, for testing 

the gravitational theories [6-8] as well as detection of 

stochastic background of gravitational waves [9, 10]. 

Although, pulsars are known to have remarkable rotational 

stability, detailed studies have revealed that they exhibit two 

distinct types of spin irregularities. These are glitches and 

timing noise. Glitches are sudden tiny jumps in pulsar 

rotation rate which are usually accompanied by increase in 

the magnitude of frequency derivative [11]. Glitches are 

uncommon spectacular events characterized by recovery of 

the jumps in frequency and its first time derivatives on a 

large range of timescales [12, 11]. Currently, it is generally 

agreed that glitches come from various complex dynamical 

changes within the interior of neutron star; hence, the study 

could offer valuable information about the internal structure 

and dynamics of neutron stars [11-13]. The macroglitch is 

rare but outstanding event that is frequently characterized by 

recovery of the pulsar spin down rate on large wide range of 

timescales [14, 15]. Meanwhile, Microglitches are not known 

very well, non-attractive and can be defined by flexible signs 

[16]. 
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On the other hand, braking index (n) is a value that 

measures how pulsars gradually slow down with time and it 

theoretically constrains the different pulsar spin-down 

models. In the standard pulsar model of an unchanging 

magnetic dipole in a vacuum, the braking index is predicted 

to have a value of three [17] while in a more realistic model 

of pulsar magnetosphere, it is assumed to take values 

between 1.8 and 3 [18]. The values of braking index can be 

obtained by relaxing the various assumptions of the model 

for instance, allowing magnetic field evolution [19], 

momentum loss due to a particle wind [20], or a varying 

angle between the spin and magnetic poles [21]. 

Observations show that the rotation frequency of pulsars is 

slowly decaying with time (the stars are spinning down), 

implying a gradual decrease of the angular velocity, 

according to the canonical model [22]. Such decay is 

quantified by this dimensionless parameter known as braking 

index. The canonical model predicts that this index has only 

one value for all pulsars which is equal to 3. However, 

information from different observations show that actual 

braking indices are different from 3, indicating that the 

canonical model requires a second thought. 

Several researchers have worked on braking indices of 

pulsars [23-27]. However, the measurement of the braking 

indices of pulsars remained a challenge because of the 

difficulty in measuring the frequency second time derivative. 

Also, it has been observed that young pulsars which have 

been observed to exhibit more glitches (τc < 100 kyr) are the 

only pulsars that allows a measurement of their braking 

indices [28-31]. Deviating from the traditional way of 

differentiating the spin-down law, the braking indices of 

selected pulsars have been calculated by some authors using 

the integration method see, e.g. [23]. Their result showed a 

deviation from the canonical value of n = 3 and is reportedly 

anomalous. Though this approach has its limitations such as 

giving different values for the braking index for different 

epoch variation, it was useful for calculating braking indices 

of middle-aged (10
4
 − 10

6
 ���) pulsars without using the 

long, phase coherent timing solution. Also, other researchers 

measured the braking indices for 19 young radio pulsars and 

argued that braking index is robust against uncertainties in 

the irregular (stochastic) component of pulsars’ timing noise 

and reflects a regular pulsar evolution at least at the 

timescales of tens of years [32, 33]. The obtained values for 

eleven of them which are in the range ∼ 10 – 100, two are 

negative, two are above 100 and only four are compatible 

with the classical value n = 3 predicted by the magneto-

dipole formula for constant field and obliquity angle. 

Similarly, it has been noted that the braking indices measured 

in 12 out of 19 radio pulsars have spin-down age less than 

120 Kyr which is a fraction of ≈ 60 % [32]. For older pulsars, 

this fraction is much smaller (≈ 11%). Furthermore, other 

authors employed the differentiation method to the phase 

coherent timing solution on 27 HartRAO pulsars to study the 

braking indices of pulsars [22]. Their result, which mostly 

gave braking indices with anomalous values (2.4 ≤ � ≤ 

15386.0), fails to support the hypothesis that pure magnetic 

dipole radiations at pulsar rotation frequency and 

acceleration of particle winds constitute the dominant spin-

down mechanism for most radio pulsars. In this paper, we 

study the spin properties of frequently glitching pulsars by 

measuring their braking indices. This is in order to test and 

ascertain the effects of these properties on the braking indices. 

The paper is organized in this way. Section 2 discusses the 

simple timescale estimate of pulsars while Section 3 

describes the data sample and the results of the relationship 

between the spin properties and braking index. In Section 4, 

we gave the discussion. The paper is concluded in Section 5. 

2. Simple Timescale Estimate 

The braking index (n) is a value that measures how pulsars 

gradually slow down with time and it theoretically constrains 

the different pulsar spin-down models. The braking index is a 

well-known characteristic of pulsars [see, 19]. The rotation 

period P  of pulsars is known to increase with time and the 

rate of increase is always related to the rate of loss of 

rotational kinetic energy through the emission of 

electromagnetic radiation and particles which interact with 

the magnetic field of the neutron star [34, 35]. As pulsars are 

powered by their rotational kinetic energy, their spin periods 

increase according to the spin down law given by [17] as: 

2 nP KP −=&                                   (1) 

where the exponent n  is the braking index and K  is an 

arbitrary positive constant and is given in its explicit form by 

[36] as: 

2 6

3

sin
    

6

B R
K

c I

α=                          (2) 

where B and I are, respectively, the neutron star surface 

magnetic field and moment of inertia, R is the stellar radius, 

α is the angle between the magnetic and the spin axes of the 

neutron star, and c is the speed of light. In its simplest form, 

the widely used standard vacuum dipole spin-down model, K 

is taken to be an arbitrary positive constant and n = 3 [17]. 

However, the braking index can be obtained by a direct 

measurement of the pulse spin frequency and its first time 

derivatives and is given [17, 2] as: 

2
2

vv
n

v
= −

&&

&
,                                (3) 

where v&&  is frequency second time derivative. If a pulsar is 

born at a time 0t =  with spin period 0P P<< , integrating 

equation (1) a time when the pulsar is born, from 0t =  to the 

present time t T=  yields the spin down age of the pulsar T  

[37] as: 
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where 0P  is the spin period at birth. For spin down due to 

pure magnetic dipole braking in a vacuum, the braking 

index 3n = . Hence, the characteristic age of the pulsar 

reduces to 

  .
2

c

P

P
τ =

&
                                (5) 

For a canonical pulsar of radius 12 km and moment of 

inertia of 10
45

gcm
2
, the estimate of the surface magnetic field 

can be expressed as 

193.2 10sB PP= × &                            (6) 

Similarly, the integration of the spin down law as given in 

equation (1) over time gives another formula of the braking 

index which is irrespective of the spin frequency second 

derivative as; 

1 2 2 1

1 2 2 1

1
( )

v v v v
n

v v t t

−
= +

−
& &

&
                              (7) 

by substituting for 
2

P
v

P
= −

&

& and 
2

1
v

P
= −  in equation (3), 

we obtained 

1 2 2 1

1 2 2 1

1
( )

P P P P
n

P P t t

−
= +

−

& &

&
                              (8) 

where �	 is the spin period, P&  is the period derivative, t1 is 

the epoch of observation, and 1P , �	1, 2P& , 1v&  and �	2, 2v&  are 

values measured at 		1 and 		2 respectively. 

3. Sample Description, Analysis and 

Results 

3.1. Sample 

The data sample used for this research work are from the 

Jodrell Bank Observatory (JBO) glitch catalogue on 

https://www.jb.man.ac.uk/pulsar/glitches/gTable.html. The 

catalogue contains 670 glitches in rotation of 208 pulsars as 

at the time of this analysis. A careful inspection of the 

observed data of the 208 JBO pulsars suggests that the 

pulsars have undergone glitches for at least once. We selected 

the 208 pulsars that have been found to exhibit glitches and 

obtained their pulsar spin properties (spin frequency second 

time derivative ( )ν&& , surface magnetic field ( )sB  and 

characteristic age ( )cτ  from the catalogue. The braking 

indices of the 208 pulsars were computed using equation (3). 

We then classified the braking indices into two subsets: (n > 

0 and n < 0) based on whether the value of the braking index 

is greater or less than 0. We obtained 112 pulsars with 

positive braking indices while 96 pulsars have negative 

braking indices. 

3.2. Analysis and Results 

The technique used in the analysis of the current sample is 

distributive and simple regression analysis methods. The 

basic physical equations that relate the characteristic 

properties of pulsars were used for the theoretical setting 

while the braking index of the pulsars was computed. In 

statistical approach, the conventional measurements of 

central tendency and dispersion were used to determine the 

average values of the parameters. The key interest is to 

understand the distributions of the spin properties parameters 

and to explore the level of relationships between the 

parameters and braking indices. 

3.2.1. Distribution of the Spin Properties of Our Sample 

Here, we plot and examine the distributions of the spin 

down parameters of our sample. The distributions of these 

parameters were carefully analysed in order to extract the 

relevant information about the samples. Figure 1 (a) gives the 

distribution of the absolute values of the braking indices of 

the 208 pulsars. The distribution does not appear normal 

which suggests that the braking index is affected by mutual 

independent factors. For instance, the canonical value of �	 = 

3, which is characteristic of the magneto dipole braking and 

occupy a large fraction of the population. Apparently, other 

factors must be responsible for the departure of �	 values 

from the canonical value of 3. It is found that the 112 pulsars 

with positive values of the braking indices have a mean of �	 

= 398.321 with minimum and maximum values of �	 are 7.43 

and 1584893.87 respectively, which show extreme dispersion 

in the values of the braking indices. The 96 pulsars with 

negative values of braking indices have the mean of their 

absolute values as 860.54 with minimum and maximum 

values of 5011872 respectively. We obtained significant 

values of the braking index (0 < �	 ≤ 4) for 16 pulsars as 

shown in Table 1 with their spin properties also listed. The 

distribution of frequency second time derivative ( )ν&&  of the 

523 radio pulsars is shown in Figure 1 (b). Clearly, the spread 

in the parameter covers a wide range 221.032 10−×  to 
29 11.132 10 ss−×  which corresponds to ~ 8 orders of 

magnitude dispersion in the parameter with mean and median 

values of 26 13.26 10 ss−× , 25 13.506 10 ss−×  for n < 0 and 
25 13.67 10 ss−× , 26 16.89 10 ss−×  for n > 0 respectively. The 

distribution is bi-modal with more than half of pulsars having 

frequency second time derivative below the mean value for 

both for n < 0 and for n > 0. The distribution is not 

symmetric as it skews towards the positive direction. 

Table 1. Pulsars with significant values of braking indices and their spin properties. 

Name of pulsar Braking index (n) frequency second time derivative (log scale) characteristic age (log scale) 

B0531 + 21 1.000 ± 0.008 -24.3872 6.541579 

J0537 – 6910 2.080 ± 0.002 -25.1367 6.507427 

JJ0631 + 1036 4.010 ± 0.001 -24.7959 5.563481 
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Name of pulsar Braking index (n) frequency second time derivative (log scale) characteristic age (log scale) 

B0740 – 28 2.600 ± 0.003 -25.4559 6.788875 

B0833 - 45 1.700 ± 0.005 -23.6778 5.545307 

J1023 – 5819 1.680 ± 0.003 -23.9208 5.352183 

B1338 – 62 3.650 ± 0.002 -23.9086 5.650308 

J1413-6141 2.760 ± 0.001 -24.1079 5.193125 

B1737 – 30 5.120 ± 0.002 -25.5686 7.047775 

B1757 -24 4.320 ± 0.002 -24.5421 6.439333 

B1758 -23 3.610 ± 0.004 -23.0506 5.442488 

J1814 – 1744 1.780 ± 0.005 -27.5086 7.605305 

B18- 22 – 09 1.490 ± 0.006 -23.1079 5.694605 

B1823 – 13 3.300 ± 0.004 -26.4711 7.082785 

J1841 - 0524 2.540 ± 0.007 -27.3279 7.008600 

J2229 + 6114 3.040 ± 0.002 -23.7959 5.276462 

 

Figure 1. Distributions of (a) braking indices (b) frequency second time derivative on logarithmic scales for 208 pulsars in our sample. 

The distribution of characteristic age ( )cτ  of 208 glitching 

pulsars is shown in Figure 2 (a). The characteristic age was 

grouped based on the intervals of ten years and distributed in 

order to know the age range of the pulsar with highest value 

of braking index. The ages range from ≈ 41  10× -
96.30 10 year×  which shows that pulsars in our sample are 

young, energetic pulsars believed to be undergoing glitch 

phenomenon. The mean value of the pulsars’ age is 
66.20  10 yr× for n < 0 and 64.67  10 yr×  for n > 0 while the 

median values are 71.80  10 yr× , 75.06  10 yr× for n < 0, n > 

0 respectively.. From this measure of dispersion, it suggests 

that the age of these pulsars are not widely dispersed and 

does not depart from the normal distribution. This 

corresponds to the fact that our sample are young, energetic 

glitching pulsars. Also, the distribution of the surface 

magnetic field ( )sB  of the 523 radio pulsars is shown in 

Figure 2 (b). The surface magnetic field ranges from ≈  
9 136.0  10 6.30 10× − × G. The surface magnetic field is 

characterized by a narrow spread (up to 7 orders of 

magnitude) with about 90 % of the pulsars having B value in 

the range of of ≈ 11 13 10 10 Gauss− G. Notably, about 90% of 

these pulsars in current sample have surface magnetic field in 

the range 11 1210 10  G−  which is clearly within the range 

given by (Lorimer and Kramer 2005) for radio pulsars which 

are known to show glitches. 

3.2.2. Simple Regression Analysis 

In this subsection, the relationship between the braking 

indices of our sample and the spin down properties of the 

glitching pulsars were investigated using the Pearson 

correlation theory. The study of these correlations can 

provide valuable information about the relationship between 

these parameters. In our implementation of the test, the 

strength of the apparent correlation is quantified by the 

Pearson product-moment correlation coefficient r [38], 

defined as 

( )( )

( )( )

i i

i i

a a b b
r

a a b b

− −
=

− −

∑
∑ ∑

                    (9) 

a  and b  are the mean values of ai and bi respectively with 

being the two pairs of the pulsars parameters. Figures 3 (a) 

and (b) show the scatter plots of the frequency first time 

derivative ( v& ) and frequency second time derivative ( v&& ) as a 

function of braking indices on logarithmic scales for 208 

pulsars. Apparently, the plots show clear and significant 

negative trend which suggests that pulsars with large v&  and 

v&& on average are found to possess large braking indices. A 

simple linear regression analysis was performed on our 

samples for n < 0, n > 0 and on the combined sample). The 

results are shown in Table 2. The slope m, intercept c, 
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correlation coefficient r with the errors are indicated while p 

is the chance probability. These correlations suggest that spin 

down properties are a function of the braking indices. 

 

Figure 2. Distributions of (a) surface magnetic field (b) characteristic age on logarithmic scales for 208 pulsars in our sample. 

  

                                                               (a)                                                                                                                        (b) 

Figure 3. Plots of frequency first time derivative (b) frequency second time derivative as a function of braking indices on logarithmic scales for 208 pulsars. 

Table 2. Results of linear regression analysis of the pulsars with n < 0, n> 0 and the combined sample. 

Scatter plot value of braking index m ∆m c ∆c r  p 

log | |Log v Log n−&  

|n| > 0 1.21 0.10 -12.30 0.20 -0.86 ∼ 10-6 

|n| < 0 1.17 0.20 -12.70 0.10 -0.83 ∼ 10-5 

combined sample 1.36 0.10  12.09 0.20 -0.82 ∼ 10-5 

log | |Log v Log n−&&  

|n| > 0 0.89 0.20 -22.50 0.30 -0.57 ∼ 10-6 

|n| < 0 0.74 0.10 -22.33 0.10 -0.65 ∼ 10-4 

combined sample 0.8 4 0.20 -23.33 0.20 -0.62 ∼ 10-4 

 

The scatter plots of the braking index as a function of the 

surface magnetic field (B) on logarithmic scales is shown in 

Figure 4 (a). Evidently, the figure is characterized by large 

amplitude scatter in braking index and surface magnetic field. 

However, superimposed on this scatter is no obvious trend as 

most pulsars have magnetic field in the range 
11 136.0  10 6.30 10× − × which is characteristic of young, 

glitching pulsars. A simple linear regression analysis of our 

data shows very marginal correlation with correlation 

coefficient r ≈ 0.08. 

Figure 4 (b) is the scatter plot of the pulse characteristic 

age against the braking index for the present sample. The 

figure is characterized by a strong positive sloping trend 

implying that young pulsars have canonical values of braking 
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index and thus, exhibit more glitch activity than their old, 

stable counterparts. A simple linear regression analysis of 

data shows that | |C nτ −  on average positively correlated 

(with correlation coefficients r ≈ 0.76). 

  

                                                                (a)                                                                                                                        (b) 

Figure 4. Plots of (a) braking indices as a function of surface magnetic field (b) characteristic age as a function of braking indices on logarithmic scales. 

4. Discussion 

The result of the statistical analysis of 208 glitching 

pulsars with observed spin down properties and their effects 

on the braking indices has been presented. We noticed that 

those 14 pulsars with significant values i.e. (0 < � ≤ 4) of the 

braking indices have periods between 0.04 s and 1.27 s. They 

have period derivatives within 10
-12

 and 10
-16

 with 

characteristic age ranging from 10
4
 to 10

9
yr and they are 

predominantly young pulsars and have been noted to be 

glitching pulsars. The obvious implication of our result is that 

mostly young and a few middle-aged pulsars have significant 

values of the calculated braking indices. Following the 

conventional model for pulsar’s braking index, we say that 

the pulsars with � ≠ 3 have not had their braking indices 

measured accurately due to some reasons. We suggest the 

following reasons to be responsible for the deviation from the 

canonical value of � = 3 for the braking index. One of the 

reasons could be recovery from unseen glitches [39] for 

middle-aged glitching pulsars (τ ~10
5
��) before the 

observations of the data we used were made. This is possible 

since the expected interval between glitch events are of the 

order of a few hundred years [40]. If this is so, a typical 

exponential recovery will cause � to be very high [23, 41]. 

This is only applicable to a few of our samples, so we argue 

that other reasons such as quadrupole braking could be 

responsible. This implies that the spin properties of our 

sample can be said to be dominated by magnetic braking. 

Hence, for these pulsars braking indices close to ±3 are 

expected and observed. Another reason could be an 

unobserved glitch which normally causes a negative value of 

the braking index for the pulsar [23]. Our results do not fully 

support this since the plots of the negative values of the 

braking indices contains glitching pulsars. Therefore, we 

argue that unobserved glitch (for young pulsars with high 

spin down rates) and some other factors could be responsible 

for the negative values of the braking index. For old pulsars, 

we attribute the high values of the braking indices to high 

rotation rate as earlier suggested by [42]. Since pulsars with 

longer periods (P > 1�) and low spin-down i.e. v&&  < 10
−15

 

have low glitch activity [43] which results in a high n values. 

A change in the braking index value obtained using the 

integration method is caused by the differences in epochs of 

observations as we observed from our analysis of 16 sub-

samples. As a result, it is a factor affecting the value of the 

braking index in line with other authors [23, 41, 44]. We 

suggest that we have accurately measured their braking 

indices and noted the significant values obtained for the 

braking indices of the 17 pulsars when compared to the spin-

down model. 

5. Conclusion 

Using a sample of pulsars from the Australian Telescope 

National facility data catalogue, we compiled and performed 

a statistical study of the spin properties of 208 glitching 

pulsars. We computed the braking indices of these pulsars. 

From the result, we obtained the values of the braking indices 

of the 208 pulsars with the period range (0.0016 s ≤ �	 ≤ 

4.30819 s) and period derivative (7.02 × 10
−21 

≤ P&  ≤ 1.53 × 

10
−12

). The values of their characteristic ages were found 

within the range of (10
3 

yr ≤ τ ≤ 10
9 

yr). We also obtained 

significant values of the braking indices of the 16 sub-sample 

with frequency (2.4532 Hz ≤ �	 ≤ 15.8248 Hz) and frequency 

derivative (−6.03 × 10
−14 

≤ v& ≤ −2.42 × 10
−11

). The values of 

their characteristic ages are found within the range of (10
3 
yr 

≤ τ ≤ 10
6 
yr) with 12 young pulsars and 5 middle-age pulsars. 

Our results show that the braking indices are observed to be a 

function of magnetic field of the pulsar, spin down rate, 
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rotational periods. 
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