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Abstract 
Using a large homogenous sample of Jodrell Bank Observatory (JBO) rota-
tion-powered pulsars with derived pulsar parameter obtained from the Aus-
tralian Telescope National Facility (ATNF) catalogue, we investigated the de-
gree of statistical dependence of timing noise on surface magnetic field for 
our sample. The distributions of the timing irregularities parameters reveal a 
striking trend, in which pulsars with large timing noise parameters on aver-
age, have large surface magnetic field with up to 5 orders of magnitude. Re-
gression analysis of the data reveals significant correlations (r ≥ 0.80) between 
timing noise parameters and the surface magnetic field. The implications of 
the observed significant relationships are discussed. 
 

Keywords 
Methods: Statistical, Stars: Neutron, Pulsars: General 

 

1. Introduction 

Highly magnetized, fast rotating neutron stars called pulsars are one of the most 
stable natural rotators in the universe. Their clock-like behavior has a wide-
spread range of applications from detections of the stochastic background of 
gravitational waves [1] [2] to testing theories of gravity [3] [4]. However, the 
clocks are far from perfect as they slow down with time leading to increase in 
spin frequency v and its first time derivative v  according to the spin down law 
[5] given as 

nKvν = −                            (1) 
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or its equivalent in terms of the spin period and its first time derivative given as 
2 nP KP −=                           (2) 

where the exponent n is the braking index and K is a positive constant based on 
standard spin-down model of a dipole rotator in a vacuum. The surface magnet-
ic field can be explicitly expressed [6] as 

2

6

6
sinsurf

K c IB
R α

=                        (3) 

where I and R are respectively, the moment of inertia and the radius; α is the an-
gle between the magnetic and the spin axes of pulsar and c is the speed of light. 
On the other hand, direct measurements of pulsar braking index n can be ac-
complished through measurements of pulse spin period and its first and second 
time derivatives respectively and is given [5] [7] as 

22 PPn
P

= −




                          (4) 

where P  is period second time derivative. Conversely, the radiations emitted 
by pulsars are at the expense of another physical quantity, which can be inherent 
to the pulsar or external. Those pulsars whose emissions are at the expense of the 
rotational kinetic energy are known as rotation-powered pulsars [5]. For these 
pulsars (radius of 10 km and moment of inertia ~ 1045 g∙cm−2), the estimate of 
the surface magnetic field is given [6] as 

( )193.2 10 GausssurfB PP= ×                     (5) 

The detailed long-term timing observations of these pulsars have revealed that 
the otherwise smooth spindown of most radio pulsars is prone to a wide variety 
of disruptions called timing noise, which have proven extremely useful in the use 
of pulsars as physical tools. At present, the observed timing activities are broadly 
grouped into glitches and timing noise. Glitches are sudden tiny jumps in pulsar 
spin rate which are usually accompanied by increase in the magnitude of fre-
quency derivative [8]. Glitches are uncommon spectacular events characterized 
by recovery of the jumps in frequency and its first time derivatives on a large 
range of timescales [9] [10]. 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] [12] [13]. On the contrary, timing noise, is 
the random, sustained fluctuations in the pulsars’ spin parameters, that lasts 
from days to years and results in excess timing phase residuals [14]. It is believed 
to occur often in rotation-powered pulsars in which the pulse arrival times 
wander continuously about the fitted ephemeris [15] [16]. Even though the pre-
dominance of timing noise (as unmodeled structures in pulsar timing residuals 
in excess of what is expected from measurement error) within the pulsar samples 
seems not fully established [17] [18] [19], our understanding of the phenomenon 
is still largely poor [7] [19]. Meanwhile, timing noise has been attributed to some 
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form of variations in the coupling between neutron star crust and its superfluid 
core [20] [21] and/or torque fluctuations in the magnetosphere [22] [23] [24] 
[25]. 

Hitherto, a number of parameters were introduced to illustrate and measure 
the amount of timing noise in pulsars. Theoretically, a qualitative measurement 
of the level of timing noise activity in pulsars can be obtained from the surplus 
phase residuals remaining after accounting for its deterministic spin-down [21] 
[26]. [27] in that effect, fitted the observed rotational phase of each pulsar with a 
function form 

( ) ( ) ( ) ( )
0

2 3
0 0 0

1 1 ,
2 2t tt t t t tϕ ϕ ν ν ν−= + + − + − + 

            (6) 

which is a Taylor series expansion around a reference time t0, where the terms 
ν , ν , and ν  are the spin frequency, its first and second time derivatives re-
spectively, while ( )tϕ  is the phase at a time t. The activity parameter is the loga-
rithm of the ratio of the root-mean-square deviation over a 12 ms observation 
for a given pulsar to the same quantity in the crab pulsar [15], given as 

( )
( )

,
log

,
TN

TN crab

m T
A

m T
σ

σ

 
=  

  
                     (7) 

where m is the order of the polynomial fit to the data, T is the time span of the 
fit in days, ( ),TN m Tσ  is the timing noise contribution to the gross root mean 
square phase residuals obtained from the quadrature difference between the 
mean squares of the observed phase residuals and the measurement errors [16] 
while ( ),TN crabm Tσ  is the timing noise of the crab pulsar (in ms). [27] intro-
duced the stability parameter expressly used to characterize the intensity of the 
fluctuations observed in pulsars, which is based on the amplitude of the ob-
served spin frequency second time derivative and can be written as 

( )38
8

1log 10
6 noise sν ∆ =  

 
                     (8) 

where the ν  is frequency second time derivative over a period of 108. The cubic 
term dominates the variance for a timing noise in the group of average of any 
red process with a monotonically decaying spectrum. Pulsar clock stability pa-
rameter ( )Zσ τ  introduced by [28] is a dimensionless Allan variance-like pa-
rameter used to quantify the degree of rotational stability in rotation-powered 
pulsars and is defined as 

( ) ( ) 21
2 5Z

T
T Tνσσ

ν
 

=  
 

 ,                   (9) 

where νσ 

 is the root-mean-square of ν , measured over observing time span T 
[14]. Conventionally, T = 10 yrs. Meanwhile, a direct quantification of the con-
tamination in ν  from the standard timing activity by all forms of timing fluc-
tuation is [29] 

( ) ( ) ( )2 2
23 2, 3,R R RT T Tσ σ σ= − ,                (10) 
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where ( )2 2,R Tσ  and ( )2 3,R Tσ  are, respectively, the variances of the timing 
residuals over T after a second and third-order polynomial fits. The develop-
ments of timing noise parameters with various spin-down properties have been 
used for detailed statistical study of timing noise in pulsar populations [14] [30] 
[31] [32] [33]. Specifically, some statistical analyses of timing noise phenomenon 
in rotation-powered pulsars involving spin-down properties have shown that 
timing noise is common among young pulsars [14] [18] [31] [34] [35] [36]. 
However, no result of timing observations has revealed that timing irregularities 
are strongly dominated by the observed surface magnetic field of a sizeable 
number of pulsars over long timescales (>10 years). Thus, the main idea behind 
this paper is to explore the contributions of the pulsar’s surface magnetic field 
strength on timing noise irregularities and the intrinsic evolution of pulsars. 

2. Data Analysis and Results 

The data used in the current analysis is a large homogeneous sample of Jodrell 
Bank Observatory (JBO) radio pulsars with significant measurements of timing 
noise parameters estimated from radio timing data with time span length of over 
four decades. The activity parameter was computed using Equation (7) and tak-
ing parameters from [14] on the assumption that the method used effectively 
whitened the timing residuals of the pulsars in the sample. A sample of 366 ob-
jects with complete information on rotation-powered pulsars’ stability parame-
ter ( 8∆ ) and pulsar clock stability parameter ( )zσ τ  were compiled from [14]. 
Also, the timing noise statistic σ23 was calculated from the information in [14] 
using Equation (10). The corresponding surface magnetic field was extracted 
from the Australian Telescope National Facility (ATNF) Pulsar website available 
at the website http://www.atnf.csiro.au/research/pulsar/psrcat. We used both 
analytic and statistical methods for this study. The statistical method was used to 
estimate the measures of dispersion of our sample while the correlation analysis 
was used to check for any form of relationship between the parameters. The 
Pearson product moment enabled us to calculate the correlation coefficient r, 
which provides the strength of correlation between the parameters. The distri-
butions of the activity parameter and pulsar clock stability parameter are shown 
in Figure 1(a) and Figure 1(b). For the activity parameter, it ranges from −2.24 
to 1.83 with mean value value of ~ −0.83 ± 0.02, and median value of ~ −0.46. 
The figure shows that about ~210 (~81%) of the pulsars in the sample have ac-
tivity parameter less than zero. However, in the case of Pulsar clock stability pa-
rameter, the values are from −13.13 to −7.04 with mean value of ~ −10.81 ± 0.02 
and median value of −10.09 with few ~112 (constituting 23% of pulsars) have 
clock stability parameter values less than the mean value. Figure 1(c) and Fig-
ure 1(d) are the distributions of stability parameter and timing noise statistic σ23. 
The stability parameter ranges from −2.50 to −0.92 with mean and median val-
ues of ~ −1.38 ± 0.03 and ~ −1.02 respectively in a multimodal configuration. 
For the timing noise statistic, it ranges from −1.08 to 3.50 with mean value of  
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Figure 1. Histograms showing distributions of (a) Activity parameter (b) pulsar clock stability parameter (c) stability pa-
rameter (d) Timing Noise statistic of our sample. 

 
~1.27 ± 0.02 and median value of 1.01. The distribution appears to be bimodal, 
which could suggest two kinds of timing noise statistics, and skews to the right 
(with skewness (μ) in the range: 0.03 ≤ μ ≤ 0.02) with many pulsars (~78%) 
having values less than the mean value. In order to evaluate for any possible re-
lationship between timing noise parameters and surface magnetic field, we made 
plots of timing noise parameters as a function of surface magnetic field. 

In doing this, a logarithmic value of surface magnetic field was used to reduce 
the nearness in the value. Figure 2(a) & Figure 2(b) show the bivariate scatter 
plots of the activity parameter and pulsar clock stability parameter against the 
surface magnetic field for the pulsars in our sample. In the figures, the magnetic 
field of pulsar population in our sample is in the range 1 × 107 ≤ B ≤ 1.58 × 1014 
Gauss. The figures clearly show an upward sloping trend with closely clustered 
scatter points depicting that pulsars with large values of both activity parameter 
and pulsar clock stability parameter have large values of surface magnetic field. 
A linear regression analysis of our data yields a positive correlation coefficient (r 
~0.88) for the two variables being studied. The exact form of their relationship is 

( ) ( )0.70 0.30 2.40 0.10surfA B= ± + − ±               (11) 

( ) ( )0.61 0.20 13.3 0.20z surfBσ = ± + − ±               (12) 
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Figure 2. Scatter plots of (a) activity parameter (b) pulsar clock stability parameter (c) stability parameter (d) timing noise 
statistic against the logarithm of surface magnetic field. 

 
However, Figure 2(c) & Figure 2(d) show the scatter plots of the stability pa-

rameter and timing noise statistic σ23 against the surface magnetic field. The 
plots, which show an upward sloping tendency indicates that pulsars with large 
surface magnetic field exhibit high timing noise irregularities. A regression ana-
lyses of our data show that the stability parameter and timing noise statistic σ23 
have significant positive correlation with the surface magnetic field (r ~ > 0.80) 
in each case with the linear relationship of the form 

( ) ( )8 0.78 0.20 2.43 0.10surfB∆ = ± + − ±               (13) 

( ) ( )23 0.97 0.20 2.10 0.10surfBσ = ± + − ±              (14) 

implying that surface magnetic is a key promoter of timing noise irregularity in 
these pulsars. 

3. Discussion 

The result of the statistical analysis of a large data base of rotation powered pul-
sars with significant measurements of timing noise parameters and their effects 
on the intrinsic surface magnetic field has been presented. The surface magnetic 
field is a derived and rotational parameter and equally an intrinsic property of 
radio pulsar. The radio pulsars’ spin period and its first time derivative is a key 
property of radio pulsars [7]. The surface magnetic field is dependent on the 
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pulsar spin period and its first time derivative, thus, the existence of a positive 
relationship between the pulsar spin periods and its first time derivative on the 
timing noise of pulsars is remarkable [33]. Hence, the surface magnetic field 
could be observed to show positive relationship with the timing noise parame-
ters. This implies that timing noise is widespread and prevalent among radio 
pulsars that have large surface magnetic field. We observed that pulsars with 
high values of timing noise parameters are associated with large surface magnet-
ic field. Previous results show that young pulsars (104 years) appear to show 
more timing noise activity than their old, more stable counterparts [14] [17] [27] 
[33] [37] [38]. Consequently, the existence of this dependence of timing noise 
activity on the surface magnetic field is prominent among young pulsars with 
large surface magnetic field. A significant feature in the plots of the timing noise 
parameters against the surface magnetic field with the values of the surface 
magnetic field in the of 1011 - 1012 Gauss is remarkable in that this range corres-
ponds to the triple pulsar system PSR 1714-34 in the globular system. These high 
values of surface magnetic field with the timing noise parameters could be attri-
buted to the acceleration of pulsars in the globular cluster due to their strong 
gravitational field. It is believed that timing noise is a direct consequence of the 
source of the intrinsic strong gravitation and fluctuations in the globular system. 
Moreover, the very strong (r ≥ 0.80) correlations which characterize the rela-
tionships between timing noise parameters and the surface magnetic field is a 
clear suggestion that pulsars with high surface magnetic fields on the average 
display more timing noise than their counterparts. 

4. Conclusion 

The observed surface magnetic field of the radio pulsars has been carefully stu-
died for characterization with the pulsar timing noise. Our results showed that 
the strength of radio pulsar surface magnetic field have obvious significant ef-
fects on the timing noise parameters. There is existence of positive relationship 
between the parameters that characterize timing noise and the radio pulsar sur-
face magnetic field. This is a clear indication that pulsars with large surface 
magnetic field are highly susceptible to timing noise activity. 
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