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Abstract
This study presents a comprehensive comparative statistical analysis of the physical properties of normal pulsars (NPs) and millisecond pulsars (MPs) using data obtained from the Australia Telescope National Facility (ATNF) Pulsar Catalogue. Twenty-eight observational and derived pulsar parameters describing rotational, magnetic, radiative, kinematic, spatial, and evolutionary characteristics were analysed to quantify the statistical differences between the two pulsar populations. Descriptive statistics, including measures of central tendency and dispersion, were complemented with distributional statistics based on quartiles, interquartile ranges (IQRs), skewness, and kurtosis. Comparative NP/MP ratios were evaluated to quantify the magnitude of population differences, while Pearson's and Spearman's correlation analyses were employed to investigate relationships among pulsar parameters. The results reveal statistically distinct evolutionary characteristics between the two pulsar populations. Normal pulsars exhibit significantly longer spin periods, larger period derivatives, stronger surface magnetic fields, higher radio luminosities, greater proper motions, faster transverse velocities, and substantially broader statistical distributions than millisecond pulsars. In contrast, millisecond pulsars are characterized by extremely rapid rotation, much smaller spin-down rates, considerably older characteristic ages, weaker surface magnetic fields, and stronger magnetic fields at the light cylinder, consistent with their recycled origin through prolonged binary accretion. Distributional analyses demonstrate that most pulsar parameters are strongly non-Gaussian, exhibiting pronounced skewness and high kurtosis, indicating the prevalence of heavy-tailed distributions and extreme outliers. Normal pulsars generally possess larger interquartile ranges and greater statistical heterogeneity than millisecond pulsars, whereas the latter form a comparatively more homogeneous population despite retaining broad distributions in age, spin frequency, and energetic properties. Correlation analyses reveal strong relationships among rotational, magnetic, energetic, and evolutionary parameters that are consistent with established neutron-star evolution. Overall, the statistical evidence strongly supports the evolutionary scenario in which millisecond pulsars represent recycled descendants of ordinary pulsars that have been spun up through binary mass accretion. The results further demonstrate that robust descriptive, distributional, and correlation analyses provide an effective framework for characterizing pulsar populations and for identifying the fundamental physical processes governing neutron-star evolution.
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1. INTRODUCTION
Pulsars are rapidly rotating, highly magnetized neutron stars formed during the gravitational collapse of massive stars following core-collapse supernovae. Since their discovery by Hewish et al. (1968), pulsars have become fundamental astrophysical laboratories for investigating matter at supranuclear densities, strong magnetic fields, relativistic plasma physics, and gravitational phenomena (Hewish et al., 1968; Lorimer & Kramer, 2005). Their highly stable periodic emission, observed from radio wavelengths to X-rays and gamma rays, has enabled precise studies of neutron star interiors, the interstellar medium, tests of general relativity, and the detection of nanohertz gravitational waves through pulsar timing arrays (Lorimer & Kramer, 2005; Kramer et al., 2006; Hobbs et al., 2010).

Pulsed emission arises because the magnetic axis of a neutron star is generally inclined to its rotational axis. As the star rotates, beams of electromagnetic radiation sweep across the sky, producing periodic pulses whenever the emission beam intersects the observer's line of sight (Lyne & Graham-Smith, 2012). Pulsars typically contain about 1.4 solar masses compressed into radii of approximately 10–15 km, possess surface magnetic fields ranging from about 10⁸ to 10¹³ G, and exhibit rotation periods spanning milliseconds to several seconds (Lorimer & Kramer, 2005). These extreme physical conditions make pulsars ideal natural laboratories for studying dense matter, relativistic electrodynamics, and stellar evolution.

Based on their rotational and evolutionary characteristics, pulsars are broadly classified as normal pulsars (NPs) and millisecond pulsars (MPs). Normal pulsars generally have rotation periods between approximately 0.1 s and several seconds, strong magnetic fields (10¹¹–10¹³ G), and relatively young characteristic ages. Their rotational energy gradually decreases through magnetic dipole braking, producing measurable spin-down over time (Lyne & Graham-Smith, 2012). In contrast, millisecond pulsars rotate with periods typically shorter than 30 ms and possess comparatively weak magnetic fields (10⁸–10¹⁰ G). They are widely believed to have formed through the recycling process, in which prolonged accretion of mass and angular momentum from a binary companion spins the neutron star up to very high rotational frequencies while substantially reducing its surface magnetic field (Alpar et al., 1982; Bhattacharya & van den Heuvel, 1991). As a result, millisecond pulsars are among the most stable natural clocks known and are indispensable for precision timing experiments and gravitational-wave detection.

The contrasting evolutionary pathways of NPs and MPs produce distinct observational characteristics. Normal pulsars generally exhibit stronger magnetic braking, larger period derivatives, higher magnetic fields, and characteristic ages ranging from thousands to millions of years. Conversely, millisecond pulsars possess extremely small period derivatives, exceptional rotational stability, weaker magnetic fields, and characteristic ages extending to several billion years (Bhattacharya & van den Heuvel, 1991; Lyne & Graham-Smith, 2012). These differences provide valuable insight into neutron star formation, magnetic field evolution, spin-down mechanisms, and binary stellar evolution.

The rapid growth of pulsar surveys over the past two decades has transformed pulsar astronomy from studies of individual objects to investigations of entire pulsar populations. Central to this development is the Australia Telescope National Facility (ATNF) Pulsar Catalogue, which provides one of the most comprehensive compilations of pulsar observational and derived parameters, including spin period, period derivative, dispersion measure, magnetic field strength, characteristic age, spin-down luminosity, luminosity, binary properties, and Galactic position (Manchester et al., 2005). The availability of such extensive datasets enables large-scale statistical investigations capable of revealing systematic trends and population characteristics that cannot be identified from individual pulsars alone.

Previous studies have primarily focused on specific aspects of pulsar physics, including magnetic field evolution, pulsar timing, binary interactions, emission mechanisms, spin evolution, and tests of relativistic gravity (Bhattacharya & van den Heuvel, 1991; Kramer et al., 2006; Tauris & van den Heuvel, 2006; Lorimer, 2008). Although these investigations have substantially advanced our understanding of neutron-star physics, relatively few studies have undertaken a comprehensive statistical comparison of the principal observational and derived parameters of normal and millisecond pulsars using a single, homogeneous database and a consistent statistical framework. Consequently, important differences in the statistical behaviour, distribution, and interrelationships of key pulsar parameters remain insufficiently quantified.

Comparative statistical analyses provide an objective means of identifying similarities and differences between pulsar populations. Descriptive statistics, distribution analysis, skewness, kurtosis, and correlation analysis enable the characterization of parameter distributions, the identification of systematic trends, and the evaluation of relationships among physical quantities. Such analyses improve our understanding of pulsar demographics and provide observational constraints on models of neutron-star evolution, magnetic field decay, rotational evolution, and binary recycling (Lorimer, 2008; Tauris & van den Heuvel, 2006).

This study addresses the existing gap by conducting a comprehensive statistical comparison of twenty observational and derived parameters of normal and millisecond pulsars using data obtained from the ATNF Pulsar Catalogue. Specifically, the study aims to (i) compare the physical characteristics of normal and millisecond pulsars, (ii) characterize the statistical distributions of the selected parameters using descriptive statistics, skewness, and kurtosis, (iii) investigate relationships between rotational period and selected physical parameters through correlation analysis, and (iv) interpret the observed differences within the framework of pulsar evolution. The results provide quantitative evidence of the similarities and differences between the two pulsar populations and contribute to a broader understanding of neutron-star evolution, magnetic field evolution, and the long-term effects of binary recycling.

2. Method of Data Analysis
The data used in this study were obtained from the Australia Telescope National Facility (ATNF) Pulsar Catalogue, which provides comprehensive measurements of pulsar physical and observational properties, and the Jodrell Bank Glitch Catalogue, which contains records of pulsar rotational glitches (Manchester et al., 2005; Basu et al., 2022). The dataset consists of 4331 pulsars (as at April 2026), comprising 3514 normal pulsars (NPs)  and 817 millisecond pulsars (MPs) with spin period with spin period ms (J1841+0130). Pulsars were classified according to their rotational periods and evolutionary characteristics, with NPs representing young, strongly magnetized neutron stars and MPs representing recycled neutron stars spun up through binary accretion. Additional classifications describing emission properties and neutron star subtypes were retained where available to provide a broader characterization of the pulsar populations.
A total of 28 physical and derived parameters were analyzed (shown in Table 1). These include rotational and timing parameters Galactic position and distance parameters, and derived physical quantities and the number of observed glitches, which provides information on sudden rotational irregularities associated with neutron star interior dynamics. Distances were estimated using the YMW16 Galactic electron-density model, which converts dispersion measures into pulsar distances by modelling the distribution of free electrons throughout the Milky Way (Yao et al., 2017). Compared with earlier models, YMW16 incorporates updated Galactic structures and electron-density distributions, thereby providing improved distance estimates essential for determining intrinsic pulsar properties, spatial distributions, and timing corrections.
Table 1: Pulsar Parameters Analyzed
	1
	PX
	Annual parallax (mas)

	2
	P0
	Barycentric period of the pulsar (s)

	3
	P1
	Time derivative of barycentric period (dimensionless)

	4
	F0
	Barycentric rotation frequency (Hz)

	5
	F1
	Time derivative of barycentric rotation frequency (s-2)

	6
	F2
	Second time derivative of barycentric rotation frequency (s-3)

	7
	DM
	Dispersion measure (cm-3 pc)

	8
	DM1
	First time derivative of dispersion measure (cm-3 pc yr-1)

	9
	RM
	Rotation measure (rad m-2)

	10
	S400
	Mean flux density at 400 MHz (mJy)

	11
	S1400
	Mean flux density at 1400 MHz (mJy)

	12
	DIST
	Best estimate of the pulsar distance using the YMW16 DM-based distance as default (kpc)

	13
	DM*sin(b)
	DM x sin(b) (cm-3 pc)

	14
	ZZ
	Distance from the Galactic plane, based on Dist

	15
	XX
	X-Distance in X-Y-Z Galactic coordinate system (kpc)

	16
	YY
	Y-Distance in X-Y-Z Galactic coordinate system (kpc)

	17
	R_LUM
	Radio luminosity at 400 MHz (mJy kpc2)

	18
	R_LUM14
	Radio luminosity at 1400 MHz (mJy kpc2)

	19
	AGE
	Spin down age (yr) []

	20
	BSURF
	Surface magnetic flux density (Gauss) []

	21
	[bookmark: _Hlk234838597]EDOT
	Spin down energy loss rate (ergs/s)

	22
	[bookmark: _Hlk234838714]EDOTD2
	Energy flux at the Sun (ergs/kpc2/s)

	23
	PMTOT
	Total proper motion (mas/yr)

	24
	VTRANS
	Transverse velocity - based on DIST (km/s)

	25
	P1_I
	Period derivative corrected for Shklovskii (proper motion) effect

	26
	AGE_I
	Spin down age from P1_i (yr)

	27
	BSURF_I
	Surface magnetic dipole from P1_i (gauss)

	28
	B_LC
	Magnetic field at light cylinder



The statistical analysis comprised descriptive (mean, median, standard error and deviation, variance, minimum and maximum), distributional (skewness, kurtosis, Q1 (25th percentile) and Q3 (75th percentile) and interquartile range (IQR), and inferential techniques to compare the physical characteristics of normal and millisecond pulsars. The distributional characteristics of the pulsar parameters were assessed using the first quartile (Q1), third quartile (Q3), interquartile range (IQR), skewness, and kurtosis. Q1, Q3, and IQR describe the positional distribution and variability of the central 50% of the data, whereas skewness and kurtosis quantify the asymmetry and tail behavior of the distributions, respectively. (Westfall et al., 2014).
Relationships among pulsar parameters were investigated using Pearson's and Spearman’s correlation analysis, which quantifies the strength and direction of linear associations between variables (Fisher, 1915). Correlation coefficients were interpreted according to standard statistical conventions to distinguish weak, moderate, and strong positive or negative relationships.  Collectively, these statistical techniques provide a robust framework for identifying similarities and differences between normal and millisecond pulsars and for investigating the underlying physical processes responsible for their observed characteristics.

3. RESULTS AND DISCUSSIONS
We present the estimate statistics  of the studied parameters of  NPs and MPs. They are given in Table 1
Table 2a. Estimated Statistics of Normal Pulsar Parameters

	
	mean
	median
	SD
	SE
	Var
	min
	max
	Range

	
	NP
	NP
	NP
	NP
	NP
	NP
	NP
	NP

	1
	0.9
	0.4
	1.3
	0.1
	1.8
	-0.1
	8.2
	8.2

	2
	1.1
	0.6
	2.1
	0.1
	4.12
	0.1
	75.9
	75.9

	3
	4.4E-13
	1.9E-15
	1.2E-11
	2.3E-13
	1.3E-22
	-2.8E-15
	5.5E-10
	5.5E-10

	4
	2.87
	1.58
	4.38
	0.07
	19.19
	0.01
	33.28
	33.26

	5
	-7.8E-13
	-2.9E-15
	9.3E-12
	1.9E-13
	8.7E-23
	-3.8E-10
	1.7E-15
	3.8E-10

	6
	-1.2E-22
	5.6E-28
	5.3E-21
	2.5E-22
	2.8E-41
	-1.0E-19
	3.3E-20
	1.4E-19

	7
	236.0
	170.8
	219.8
	3.8
	4.8E+04
	2.0
	1778.0
	1776.0

	8
	-0.2
	0.0
	0.5
	0.1
	0.3
	-1.9
	0.0
	1.9

	9
	16.7
	16.2
	1717.5
	41.6
	2.9E+06
	-6.6E+04
	1.3E+04
	7.9E+04

	10
	35.9
	9.0
	211.3
	8.2
	4.5E+04
	0.0
	5.0E+03
	5.0E+03

	11
	2.0
	0.3
	22.8
	0.5
	520.8
	0.0
	1.1E+03
	1.1E+03

	12
	9.1
	3.0
	15.7
	1.0
	245.3
	0.2
	59.7
	59.5

	13
	-0.4
	0.2
	14.9
	0.3
	223.4
	-202.5
	116.3
	318.8

	14
	-0.3
	0.0
	2.8
	0.0
	8.0
	-43.2
	17.8
	61.0

	15
	-0.3
	0.0
	3.7
	0.1
	13.7
	-42.1
	9.7
	51.9

	16
	8.3
	8.5
	1.4
	0.0
	1.9
	-15.3
	12.7
	28.0

	17
	620.5
	139.4
	1250.7
	102.1
	1.6E+06
	0.0
	8.1E+03
	8.1E+03

	18
	139.0
	25.0
	494.7
	36.1
	2.4E+05
	0.0
	6.1E+03
	6.1E+03

	19
	2.2E+08
	6.4E+06
	1.3E+09
	2.6E+07
	1.7E+18
	2.2E+02
	2.4E+10
	2.4E+10

	20
	5.6E+12
	1.1E+12
	5.4E+13
	1.1E+12
	2.9E+27
	1.0E+09
	2.1E+15
	2.1E+15

	21
	4.9E+35
	1.8E+32
	9.9E+36
	2.0E+35
	9.8E+73
	2.0E+28
	4.5E+38
	4.5E+38

	22
	9.4E+35
	1.8E+32
	9.1E+36
	5.9E+35
	8.2E+73
	6.2E+28
	1.1E+38
	1.1E+38

	23
	30.7
	17.5
	42.8
	2.6
	1829.3
	0.0
	373.9
	373.9

	24
	240.0
	195.8
	213.3
	17.1
	45517.9
	0.0
	1511.4
	1511.4

	25
	2.8E+04
	2.6E-15
	2.1E+05
	1.7E+04
	4.5E+10
	-2.1E-17
	2.0E+06
	2.0E+06

	26
	3.6E+10
	3.8E+06
	2.9E+11
	2.3E+10
	8.2E+22
	-2.0E+11
	3.3E+12
	3.5E+12

	27
	2.2E+13
	1.3E+12
	1.7E+14
	1.4E+13
	3.0E+28
	9.5E+08
	2.1E+15
	2.1E+15

	28
	2419.0
	33.4
	2.5E+04
	498.4
	6.0E+08
	0.0
	9.6E+05
	9.5E+05



Table 2b. Estimated Statistics of Millisecond Pulsar Parameters

	
	mean
	median
	SD
	SE
	Var
	min
	max
	Range

	
	MP
	MP
	MP
	MP
	MP
	MP
	MP
	MP

	1
	0.5
	0.2
	1.1
	0.1
	1.3
	-1.1
	16.0
	17.1

	2
	6.3E-03
	4.2E-03
	6.0E-03
	2.1E-04
	3.7E-05
	1.4E-03
	3.0E-02
	2.8E-02

	3
	1.6E-16
	1.3E-20
	2.7E-15
	1.2E-16
	7.2E-30
	-2.7E-18
	5.2E-14
	5.2E-14

	4
	254.0
	237.7
	136.1
	4.8
	18517.3
	33.6
	716.4
	682.8

	5
	-5.3E-13
	-6.2E-16
	9.4E-12
	4.2E-13
	8.8E-23
	-2.0E-10
	6.9E-14
	2.0E-10

	6
	8.3E-23
	-5.9E-28
	7.4E-22
	8.9E-23
	5.4E-43
	-3.9E-22
	6.1E-21
	6.5E-21

	7
	111.7
	81.3
	94.8
	3.3
	9.0E+03
	2.6
	673.7
	671.1

	8
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	9
	33.2
	12.2
	186.5
	9.7
	3.5E+04
	-486.0
	3.0E+03
	3497.0

	10
	21.4
	6.8
	67.2
	7.6
	4512.6
	0.1
	550.0
	549.9

	11
	1.2
	0.2
	9.6
	0.4
	92.1
	0.0
	150.2
	150.2

	12
	5.9
	5.4
	5.5
	0.3
	30.5
	0.2
	59.7
	59.5

	13
	0.3
	0.9
	12.6
	0.4
	159.4
	-30.9
	26.2
	57.0

	14
	-0.1
	0.0
	2.7
	0.1
	7.1
	-42.1
	17.8
	59.8

	15
	-0.1
	0.0
	2.6
	0.1
	6.9
	-41.7
	8.6
	50.3

	16
	7.3
	8.5
	2.7
	0.1
	7.1
	-14.1
	12.8
	26.8

	17
	139.2
	18.1
	452.5
	62.8
	2.0E+05
	0.9
	2940.0
	2939.2

	18
	5.7
	1.5
	16.4
	1.3
	270.2
	0.0
	170.3
	170.3

	19
	1.3E+10
	4.7E+09
	8.3E+10
	4.0E+09
	6.9E+21
	4.9E+03
	1.6E+12
	1.6E+12

	20
	4.7E+09
	2.5E+08
	5.9E+10
	2.9E+09
	3.5E+21
	2.4E+07
	9.3E+11
	9.2E+11

	21
	1.5E+36
	7.7E+33
	2.4E+37
	1.2E+36
	6.0E+74
	5.5E+30
	4.9E+38
	4.9E+38

	22
	1.6E+34
	3.2E+33
	4.6E+34
	3.8E+33
	2.1E+69
	1.6E+30
	4.8E+35
	4.8E+35

	23
	11.1
	6.2
	20.6
	1.0
	423.4
	0.4
	346.0
	345.6

	24
	155.6
	163.0
	80.9
	4.9
	6540.9
	3.5
	381.1
	377.6

	25
	3.5E-20
	-3.4E-23
	3.8E-19
	2.3E-20
	1.4E-37
	-2.7E-18
	3.4E-18
	6.1E-18

	26
	-2.0E+10
	-7.1E+07
	1.5E+11
	9.2E+09
	2.4E+22
	-2.4E+12
	4.8E+11
	2.8E+12

	27
	6.7E+08
	2.9E+08
	1.1E+09
	9.8E+07
	1.3E+18
	2.2E+07
	8.1E+09
	8.0E+09

	28
	7.4E+04
	3.4E+04
	1.5E+05
	7.1E+03
	2.1E+10
	1.4E+02
	2.1E+06
	2.1E+06



Tables 2 (a&b) presents the statistics of the  physical parameters for normal pulsars (NPs) and millisecond pulsars (MPs). The descriptive statistics reveal pronounced and systematic differences between NPs and MPs, reflecting their distinct evolutionary histories. Across almost all parameters, normal pulsars exhibit substantially greater variability, broader parameter distributions, and stronger evidence of positively skewed populations, whereas millisecond pulsars generally form a more homogeneous population characterized by short spin periods, weak magnetic fields, advanced ages, and comparatively smaller dispersion. The differences between the mean and median for many parameters also demonstrate that both pulsar populations are influenced by extreme values, although this effect is considerably more pronounced among normal pulsars.
The PX distributions indicate that both populations are dominated by relatively distant objects. N Ps have a slightly larger mean parallax of 0.86 mas compared with 0.50 mas for MPs, while their medians are 0.40 mas and 0.20 mas, respectively. In both cases, the mean exceeds the median, suggesting positively skewed distributions caused by a small number of nearby pulsars with unusually large parallaxes. The variability is comparable, with SD values of 1.33 mas (NP) and 1.10 mas (MP), although MPs exhibit a much wider observed interval (range = 17.1 mas) than normal pulsars (range = 8.21 mas) due to a maximum parallax of 16.0 mas, compared with 8.20 mas for NPs. The small standard errors (0.12 and 0.10 mas) indicate reliable estimates of the population means.
The rotational properties provide the clearest distinction between the two populations. NPs possess an average spin period (P0) of 1.06 s, whereas MPs average only 6.3 × 10⁻³ s, representing a rotational difference of approximately 170 times. The median values reinforce this contrast, with 0.63 s for NPs versus 4.2 ms for MPs. NPs also exhibit much greater dispersion (SD = 2.04 s, variance = 4.16 s²) than MPs (SD = 0.006 s, variance = 3.7 × 10⁻⁵ s²), and their observed spin periods extend from 0.03 s to 75.89 s, producing an exceptionally broad range of 75.86 s. By comparison, MPs occupy a very narrow interval of only 0.0014–0.030 s (range = 0.028 s). The relatively small SE values (0.03 s for NPs and 2.1 × 10⁻⁴ s for MPs) indicate that these means are estimated with high precision. These statistics quantitatively demonstrate the recycling process, whereby old neutron stars are spun up through prolonged accretion in binary systems.
The P1 further highlights evolutionary differences. NPs exhibit a mean P1 of 4.4 × 10⁻¹³, almost three thousand times larger than the MP mean of 1.6 × 10⁻¹⁶. Median values (1.9 × 10⁻¹⁵ for NPs and 1.3 × 10⁻²⁰ for MPs) show that this difference persists across the majority of the samples rather than being driven solely by outliers. The enormous NP variance (1.3 × 10⁻²²) compared with 7.2 × 10⁻³⁰ for MPs indicates a much broader range of spin-down behaviour among NPs. The larger SD (1.2 × 10⁻¹¹) and wider range (5.5 × 10⁻¹⁰) further emphasize the heterogeneous rotational evolution of NPs, whereas the narrow MP range (5.2 × 10⁻¹⁴) reflects the remarkable rotational stability of recycled pulsars.
The F0 exhibits the inverse trend expected from the period statistics. MPs rotate at an average frequency of 254 Hz, compared with only 2.87 Hz for normal pulsars. Median frequencies (237.7 Hz versus 1.58 Hz) similarly demonstrate the fundamental separation between the populations. Although MPs possess a much larger SD (136.1 Hz) than NPs (4.38 Hz) owing to their higher absolute frequencies, their coefficient of dispersion relative to the mean remains comparatively moderate. The frequency range is enormous for MPs (682.8 Hz) compared with 33.26 Hz for NPs, illustrating the wide spectrum of recycled pulsar spin frequencies.
The F1 shows remarkably similar SDs between the two populations (9.3 × 10⁻¹² for NPs and 9.4 × 10⁻¹² for MPs), yet the medians differ substantially (−2.9 × 10⁻¹⁵ versus −6.2 × 10⁻¹⁶ s⁻²). This suggests that while a few rapidly evolving pulsars dominate the overall variability, the typical MP experiences significantly weaker spin-down. The ranges are likewise comparable (3.8 × 10⁻¹⁰ for NPs and 2.0 × 10⁻¹⁰ for MPs), indicating occasional extreme objects within both populations. The F2 displays considerably greater variability among NPs (SD = 5.3 × 10⁻²¹) than MPs (SD = 7.4 × 10⁻²²). The NP range (1.4 × 10⁻¹⁹) exceeds the MP range (6.5 × 10⁻²¹) by more than an order of magnitude, suggesting stronger timing irregularities and rotational noise among younger pulsars.
The DM indicates that NPs are generally detected through denser columns of interstellar electrons. The NP mean (236.0 cm⁻³ pc) is more than twice the MP mean (111.7 cm⁻³ pc), while the medians (170.8 and 81.3 cm⁻³ pc) exhibit the same trend. NPs also possess substantially greater variability (SD = 219.8 cm⁻³ pc) than MPs (SD = 94.8 cm⁻³ pc), with the observed DM extending to 1778 cm⁻³ pc, compared with 674 cm⁻³ pc for MPs. Consequently, the NP range (1776 cm⁻³ pc) is nearly three times larger than the MP range (671 cm⁻³ pc), suggesting that normal pulsars occupy a wider diversity of Galactic environments.
The RM distributions reveal one of the most striking differences in variability. Although both populations have similar medians (16.2 rad m⁻² for NPs and 12.2 rad m⁻² for MPs), the SD for normal pulsars reaches 1717.5 rad m⁻², almost nine times larger than the MP SD of 186.5 rad m⁻². The variance of NPs (2.9 × 10⁶) exceeds that of MPs (3.5 × 10⁴) by approximately two orders of magnitude, while the NP range (79,000 rad m⁻²) dwarfs the MP range (3497 rad m⁻²). These statistics indicate that normal pulsars probe much more diverse magnetoionic environments within the Galaxy.
Radio luminosities likewise distinguish the two populations. At 400 MHz, NPs have a higher mean flux density (35.9 mJy) than MPs (21.4 mJy), with considerably larger variability (SD = 211.3 versus 67.2 mJy). Similar behaviour occurs at 1400 MHz, where NPs have a mean of 2.0 mJy compared with 1.2 mJy for MPs, and an SD of 22.8 mJy, more than twice the MP value (9.6 mJy). In both frequency bands, the means greatly exceed the medians, indicating highly skewed luminosity distributions dominated by a relatively small number of exceptionally bright pulsars.
The distance statistics show that NPs are, on average, located farther away (9.1 kpc) than MPs (5.9 kpc). Interestingly, however, the MP median (5.4 kpc) exceeds the NP median (3.0 kpc), implying that the NP mean is strongly influenced by a small number of very distant pulsars. The much larger NP SD (15.7 kpc) compared with the MP SD (5.5 kpc) supports this interpretation. The Galactic coordinate components (ZZ, XX, and YY) reveal broadly similar spatial distributions for both populations. Means and medians are comparable, although NPs exhibit somewhat larger dispersions in the radial (XX) direction (SD = 3.7 kpc versus 2.6 kpc), while MPs show a larger spread along YY (SD = 2.7 kpc versus 1.4 kpc). These similarities suggest that both populations occupy comparable large-scale Galactic volumes despite their differing evolutionary histories.
The intrinsic radio luminosities reinforce the observed flux-density differences. NPs possess a mean luminosity (R_LUM) of 620.5 mJy kpc², more than four times the MP mean (139.2 mJy kpc²). Their SD (1250.7) is almost three times larger than the MP SD (452.5), and their variance (1.6 × 10⁶) exceeds the MP variance (2.0 × 10⁵) by nearly an order of magnitude. Similar contrasts occur at 1400 MHz, where the NP mean (139.0 mJy kpc²) is approximately 24 times greater than the MP mean (5.7 mJy kpc²), confirming that normal pulsars are intrinsically more radio luminous.
Characteristic age provides compelling evidence of pulsar evolution. NPs have a mean age of 2.2 × 10⁸ yr, whereas millisecond pulsars average 1.3 × 10¹⁰ yr, approximately 60 times older. The medians (6.4 × 10⁶ yr for NPs and 4.7 × 10⁹ yr for MPs) demonstrate that this age difference characterizes the majority of the populations. The SD of MPs (8.3 × 10¹⁰ yr) greatly exceeds that of NPs (1.3 × 10⁹ yr), indicating a much broader distribution of advanced evolutionary ages among recycled pulsars. The MP age range extends to 1.6 × 10¹² yr, compared with 2.4 × 10¹⁰ yr for NPs, highlighting the extreme characteristic ages inferred for some recycled systems.
Surface magnetic field (BSURF) measurements show perhaps the strongest evolutionary signature. NPs possess an average field strength of 5.6 × 10¹² G, whereas MPs average only 4.7 × 10⁹ G, a reduction of approximately three orders of magnitude. Median values (1.1 × 10¹² G versus 2.5 × 10⁸ G) confirm that this difference is representative of the populations as a whole. Normal pulsars also display vastly greater variability (SD = 5.4 × 10¹³ G) than MPs (5.9 × 10¹⁰ G), reflecting the wide range of magnetic-field decay and evolutionary states.
The EDOT presents an interesting contrast. MPs have a larger mean (1.5 × 10³⁶ erg s⁻¹) than NPs (4.9 × 10³⁵ erg s⁻¹), although their median (7.7 × 10³³ erg s⁻¹) also exceeds that of NPs (1.8 × 10³² erg s⁻¹). However, the SDs are enormous in both populations (9.9 × 10³⁶ for NPs and 2.4 × 10³⁷ erg s⁻¹ for MPs), indicating that a few exceptionally energetic pulsars dominate the distributions. In contrast, the distance-normalized spin-down luminosity (EDOTD2) is substantially larger for normal pulsars (mean = 9.4 × 10³⁵ erg kpc⁻² s⁻¹) than for MPs (1.6 × 10³⁴ erg kpc⁻² s⁻¹), reflecting the influence of a small number of nearby, highly energetic normal pulsars.
The kinematic parameters indicate that NPs generally move faster through space. Their mean proper motion (30.7 mas yr⁻¹) is nearly three times that of MPs (11.1 mas yr⁻¹), and their SD (42.8 mas yr⁻¹) is more than twice the MP value (20.6 mas yr⁻¹). Similarly, the mean transverse velocity reaches 240 km s⁻¹ for NPs compared with 155.6 km s⁻¹ for MPs. The NP velocity range (1511 km s⁻¹) is approximately four times larger than the MP range (378 km s⁻¹), consistent with the larger natal kicks received during supernova explosions.
The intrinsic timing parameters (P1_I, AGE_I, and BSURF_I) preserve the same evolutionary trends observed in their observed counterparts. Normal pulsars exhibit much larger intrinsic period derivatives and magnetic fields, whereas millisecond pulsars retain substantially weaker intrinsic magnetic fields and generally older intrinsic ages despite their large statistical scatter.
Finally, the magnetic field at the light cylinder (BLC) clearly differentiates the two populations. Although NPs possess a higher surface magnetic field, MPs exhibit a dramatically larger light-cylinder magnetic field, with a mean of 7.4 × 10⁴ G compared with 2.42 × 10³ G for NPs. Median values (3.4 × 10⁴ G versus 33.4 G) reveal that this is a fundamental population property rather than an effect of outliers. The MP SD (1.5 × 10⁵ G) and variance (2.1 × 10¹⁰) greatly exceed those of NPs (SD = 2.5 × 10⁴ G, variance = 6.0 × 10⁸), while the MP range (2.1 × 10⁶ G) is more than twice the NP range (9.5 × 10⁵ G). This reflects the extremely small light-cylinder radii of rapidly rotating millisecond pulsars, which intensify the magnetic field at the light cylinder despite their comparatively weak surface magnetic fields.
Overall, the descriptive statistics demonstrate two fundamentally distinct neutron-star populations. Normal pulsars are characterized by long spin periods, rapid spin-down, strong surface magnetic fields, higher radio luminosities, larger proper motions, greater transverse velocities, and markedly broader statistical distributions, indicative of a young, dynamically diverse population. In contrast, MPs exhibit extremely short periods, exceptionally small period derivatives, much weaker surface magnetic fields, substantially older characteristic ages, stronger magnetic fields at the light cylinder, and generally smaller standard deviations, variances, and standard errors, consistent with an older, recycled population that has undergone prolonged binary accretion and rotational spin-up. The consistently larger differences between means and medians for many NP parameters further indicate stronger positive skewness and a greater influence of extreme objects, whereas the closer agreement between mean and median for many millisecond pulsar parameters suggests a comparatively more homogeneous evolutionary class.

The Table 3 presents the NP/MP ratio for each descriptive statistic. A ratio > 1 indicates the statistic is larger for NPs, whereas a ratio < 1 indicates it is larger for MPs.

	Parameter
	Mean Ratio 
	Median Ratio
	SD 
Ratio
	SE 
Ratio
	Variance Ratio
	Min Ratio
	Max Ratio
	Range Ratio

	PX
	1.72
	2.00
	1.21
	1.20
	1.36
	0.01
	0.51
	0.48

	P0
	168.3
	150.0
	340.0
	142.9
	1.12 × 10⁵
	21.4
	2529.7
	2709.3

	P1
	2750
	1.46 × 10⁵
	4444
	1917
	1.81 × 10⁷
	—
	1.06 × 10⁴
	1.06 × 10⁴

	F0
	0.011
	0.0066
	0.032
	0.015
	0.0010
	0.0003
	0.046
	0.049

	F1
	1.47
	4.68
	0.99
	0.45
	0.99
	1.90
	0.025
	1.90

	F2
	–1.45
	–0.95
	7.16
	2.81
	51.9
	255
	5.41
	21.5

	DM
	2.11
	2.10
	2.32
	1.15
	5.33
	0.77
	2.64
	2.65

	RM
	0.50
	1.33
	9.21
	4.29
	82.9
	136
	4.33
	22.6

	S400
	1.68
	1.32
	3.14
	1.08
	10.0
	0.00
	9.09
	9.09

	S1400
	1.67
	1.50
	2.38
	1.25
	5.65
	—
	7.32
	7.32

	DIST
	1.54
	0.56
	2.85
	3.33
	8.04
	1.00
	1.00
	1.00

	DM·sin(b)
	–1.33
	0.22
	1.18
	0.75
	1.40
	6.55
	4.44
	5.59

	ZZ
	3.00
	—
	1.04
	0.40
	1.13
	1.03
	1.00
	1.02

	XX
	3.00
	—
	1.42
	1.00
	1.99
	1.01
	1.13
	1.03

	YY
	1.14
	1.00
	0.52
	0.40
	0.27
	1.09
	0.99
	1.05

	R_LUM
	4.46
	7.70
	2.76
	1.63
	8.00
	0.00
	2.76
	2.76

	R_LUM14
	24.4
	16.7
	30.2
	27.8
	888
	—
	35.8
	35.8

	AGE
	0.017
	0.0014
	0.016
	0.0065
	0.00025
	0.045
	0.015
	0.015

	BSURF
	1191
	4400
	915
	379
	8.29 × 10⁵
	41.7
	2258
	2283

	EDOT
	0.33
	0.023
	0.41
	0.17
	0.16
	0.004
	0.92
	0.92

	EDOTD2
	58.8
	0.056
	198
	155
	3.9 × 10⁴
	0.039
	229
	229

	PMTOT
	2.77
	2.82
	2.08
	2.60
	4.32
	0.00
	1.08
	1.08

	VTRANS
	1.54
	1.20
	2.64
	3.49
	6.96
	0.00
	3.97
	4.00

	P1_I
	8.0 × 10²³
	—
	5.5 × 10²³
	7.4 × 10²³
	3.2 × 10⁴⁷
	—
	5.9 × 10²³
	3.3 × 10²³

	AGE_I
	–1.80
	–0.054
	1.93
	2.50
	3.42
	0.083
	6.88
	1.25

	BSURF_I
	3.28 × 10⁴
	4483
	1.55 × 10⁵
	1.43 × 10⁵
	2.31 × 10¹⁰
	43.2
	2.59 × 10⁵
	2.63 × 10⁵

	B_LC
	0.033
	0.0010
	0.167
	0.070
	0.029
	0.00
	0.46
	0.45



In Table 3, we display the NP/MP ratios of the average values and the deviation, which clearly demonstrate that the most pronounced statistical differences between the two pulsar populations are associated with their rotational properties, magnetic-field strengths, and radio emission characteristics. The spin period (P₀) exhibits one of the largest contrasts, with the mean, median, standard deviation, and range ratios reaching 168.3, 150.0, 340.0, and 2709.3, respectively. Likewise, the period derivative (P1) shows exceptionally large ratios, with the mean and median differing by factors of approximately 2.75 × 10³ and 1.46 × 10⁵, respectively. These enormous ratios quantitatively confirm that normal pulsars rotate much more slowly and lose rotational energy far more rapidly than millisecond pulsars, reflecting their youthful evolutionary stage before undergoing any recycling process. Similarly, the surface magnetic field (BSURF) exhibits mean and median ratios of 1.19 × 10³ and 4.40 × 10³, while the intrinsic magnetic field (BSURF_I) displays even larger ratios of 3.28 × 10⁴ and 4.48 × 10³, indicating that normal pulsars possess magnetic fields several orders of magnitude stronger than those of recycled millisecond pulsars. Radio luminosity also differs substantially, particularly at 1400 MHz (R_LUM14), where the mean and median NP/MP ratios reach 24.4 and 16.7, confirming that normal pulsars are, on average, intrinsically much more radio luminous.
In contrast, several parameters exhibit NP/MP ratios substantially less than unity, demonstrating that these quantities are significantly larger in millisecond pulsars. The spin frequency (F0) has a mean ratio of only 0.011, indicating that MPs rotate approximately 89 times faster than NPs. Characteristic age (AGE) also exhibits a very small mean ratio (0.017) and median ratio (0.0014), implying that MPs are, on average, approximately 60 times older than normal pulsars. The light-cylinder magnetic field (BLC) presents another striking difference, with a mean ratio of 0.033 and a median ratio of only 0.001, demonstrating that despite possessing much weaker surface magnetic fields, MPs generate substantially stronger magnetic fields at the light cylinder because of their extremely rapid rotation and much smaller light-cylinder radii.
The ratios of the dispersion statistics further highlight the contrasting heterogeneity of the two populations. For most parameters, the standard deviation and variance ratios substantially exceed unity, demonstrating that normal pulsars possess considerably broader parameter distributions than millisecond pulsars. This effect is particularly evident for BSURF, BSURF_I, P1, and R_LUM14, whose variance ratios reach approximately 8.29 × 10⁵, 2.31 × 10¹⁰, 1.81 × 10⁷, and 888, respectively. Because variance is proportional to the square of the standard deviation, these exceptionally large variance ratios indicate that NPs occupy a much wider parameter space and exhibit far greater intrinsic diversity than the relatively homogeneous millisecond pulsar population. The corresponding standard error ratios are also generally greater than one, indicating larger uncertainties in estimating the means of normal pulsars, largely due to their much broader statistical distributions.
Parameters describing the Galactic environment and kinematics show more moderate but still significant differences between the two populations. The DM exhibits mean and median ratios of approximately 2.11, indicating that normal pulsars are generally observed through denser columns of ionized interstellar material than MPs. Likewise, the radio flux densities at 400 MHz and 1400 MHz have mean ratios of 1.68 and 1.67, respectively, confirming that normal pulsars are generally brighter radio sources. The proper motion (PMTOT) displays a mean ratio of 2.77, while the VTRANS has a mean ratio of 1.54, indicating that normal pulsars typically move through the Galaxy more rapidly than millisecond pulsars. These kinematic differences are consistent with the stronger natal kicks imparted to young neutron stars during supernova explosions, whereas the relatively lower velocities of millisecond pulsars reflect the moderating influence of long-term binary evolution and recycling.
Overall, the NP/MP ratios provide compelling quantitative evidence that NPs and MPs constitute two statistically distinct neutron-star populations. NPs are characterized by longer spin periods, larger period derivatives, stronger magnetic fields, higher radio luminosities, greater proper motions, faster transverse velocities, and substantially larger statistical variability, whereas MPs are distinguished by much faster rotation, significantly older characteristic ages, and considerably stronger magnetic fields at the light cylinder. The consistently large ratios for the measures of dispersion further indicate that NPs occupy a much broader evolutionary parameter space, while the comparatively smaller ratios for millisecond pulsars support the view that they form a more homogeneous population produced through prolonged binary accretion and rotational spin-up. These descriptive statistics therefore provide strong quantitative support for the widely accepted evolutionary scenario in which MPs represent recycled descendants of ordinary neutron stars.
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	Q1
	Q3
	IQR
	Skewness
	kurtosis
	Q1
	Q3
	IQR
	Skewness
	kurtosis

	
	NP
	NP
	NP
	NP
	NP
	MP
	MP
	MP
	MP
	MP

	1
	0.23
	0.84
	0.82
	3.2
	11.6
	0.1
	0.6
	0.5
	9.5
	119.5

	2
	0.34
	1.22
	0.88
	18.7
	577.5
	3.0E-03
	6.1E-03
	3.1E-03
	2.4
	5.2

	3
	3.5E-16
	8.1E-15
	7.8E-15
	44.6
	2.1E+03
	4.7E-21
	3.0E-20
	2.6E-20
	17.3
	310.8

	4
	0.82
	2.92
	2.10
	4.0
	18.7
	164.6
	337.6
	173.0
	0.5
	0.0

	5
	-2.5E-14
	-5.2E-16
	2.4E-14
	-31.0
	1.2E+03
	-1.8E-15
	-2.1E-16
	1.6E-15
	-19.9
	413.4

	6
	-4.2E-27
	3.1E-25
	3.1E-25
	-16.4
	334.1
	-2.1E-26
	4.0E-26
	6.1E-26
	8.3
	68.4

	7
	70.0
	333.2
	263.2
	1.6
	3.6
	31.0
	176.9
	146.0
	1.2
	1.9

	8
	0.0
	0.0
	0.0
	-3.6
	12.8
	0.0
	0.0
	0.0
	1.5
	8.7

	9
	-44.9
	139.3
	184.2
	-33.4
	1.3E+03
	-15.8
	49.2
	65.0
	11.3
	178.0

	10
	3.4
	22.0
	18.6
	20.2
	460.6
	2.0
	16.5
	14.5
	6.9
	51.6

	11
	0.1
	0.7
	0.6
	39.7
	1.8E+03
	0.1
	0.5
	0.5
	13.5
	191.1

	12
	1.7
	7.0
	5.3
	2.3
	3.8
	2.0
	7.6
	5.6
	5.2
	44.8

	13
	-8.1
	8.9
	17.0
	-2.5
	24.3
	-9.5
	8.7
	18.2
	-0.1
	-0.5

	14
	0.0
	0.0
	0.0
	-11.2
	134.9
	0.0
	0.0
	0.0
	-4.7
	93.5

	15
	0.0
	0.0
	0.0
	-10.3
	108.5
	0.0
	0.0
	0.0
	-8.2
	121.2

	16
	8.5
	8.5
	0.0
	-9.8
	130.0
	7.4
	8.5
	1.1
	-2.1
	7.0

	17
	38.6
	502.5
	463.9
	3.8
	16.8
	8.9
	40.3
	31.4
	5.2
	30.1

	18
	6.0
	123.5
	117.5
	10.0
	114.3
	0.9
	3.5
	2.7
	7.0
	62.2

	19
	1.2E+06
	3.3E+07
	3.2E+07
	10.5
	134.8
	1.9E+09
	8.5E+09
	6.6E+09
	18.3
	353.7

	20
	4.6E+11
	2.4E+12
	2.0E+12
	27.2
	931.2
	1.7E+08
	4.8E+08
	3.2E+08
	14.6
	213.0

	21
	2.3E+31
	2.1E+33
	2.1E+33
	40.3
	1.8E+03
	2.6E+33
	2.7E+34
	2.4E+34
	19.3
	384.0

	22
	1.1E+31
	2.6E+34
	2.5E+34
	11.1
	123.0
	7.3E+32
	1.5E+34
	1.4E+34
	7.6
	71.4

	23
	8.1
	38.1
	30.0
	4.2
	24.5
	5.1
	11.0
	5.9
	11.3
	169.2

	24
	94.4
	313.1
	218.7
	2.2
	8.4
	113.0
	199.9
	87.0
	0.4
	0.4

	25
	4.0E-16
	1.2E-14
	1.2E-14
	8.3
	70.7
	-3.8E-21
	1.7E-20
	2.1E-20
	2.3
	37.5

	26
	4.4E+05
	2.4E+07
	2.4E+07
	9.8
	106.8
	-1.9E+10
	3.6E+09
	2.2E+10
	-13.1
	197.4

	27
	4.7E+11
	2.5E+12
	2.0E+12
	11.5
	136.0
	1.7E+08
	6.5E+08
	4.7E+08
	4.0
	18.6

	28
	7.0
	176.3
	169.3
	27.8
	979.7
	1.2E+04
	7.7E+04
	6.5E+04
	7.7
	88.0



Table 3, shows the quartile statistics, interquartile ranges (IQRs), skewness, and kurtosis, which provide important insights into the underlying distributions of pulsar parameters beyond those revealed by the means and standard deviations. While the measures of central tendency showed that NPs and MPs differ substantially in their average physical properties, the quartile-based statistics demonstrate that these populations also differ markedly in their variability, asymmetry, and the prevalence of extreme values. Overall, normal pulsars exhibit broader interquartile spreads for most parameters, whereas both populations display predominantly non-normal distributions characterized by strong skewness and high kurtosis. However, the degree of skewness and peakedness generally differs according to the physical quantity being considered.
The rotational parameters provide the clearest statistical separation between the two pulsar populations. The spin period (P0) of normal pulsars has a first quartile (Q1) of 0.34 s and a third quartile (Q3) of 1.22 s, producing an IQR of 0.88 s. In contrast, millisecond pulsars occupy a much narrower rotational interval, with Q1 = 3.0 × 10⁻³ s, Q3 = 6.1 × 10⁻³ s, and IQR = 3.1 × 10⁻³ s, confirming that half of all millisecond pulsars are tightly clustered within only a few milliseconds. The spin-period distribution of normal pulsars is extremely positively skewed (skewness = 18.7) and highly leptokurtic (kurtosis = 577.5), indicating that a small number of exceptionally slow rotators strongly influence the upper tail of the distribution. By comparison, millisecond pulsars exhibit much smaller skewness (2.4) and kurtosis (5.2), suggesting a considerably more symmetric and homogeneous rotational population. Similar behaviour is observed for the period derivative (P1), where the NP IQR (7.8 × 10⁻¹⁵) is approximately 300,000 times larger than the MP IQR (2.6 × 10⁻²⁰). The extraordinarily high NP skewness (44.6) and kurtosis (2.1 × 10³) indicate that a few very rapidly evolving pulsars dominate the distribution, whereas the MP distribution, although still positively skewed (17.3) and leptokurtic (310.8), is substantially less dispersed.
The frequency statistics exhibit the inverse pattern expected from the period distributions. NPs have Q1 = 0.82 Hz, Q3 = 2.92 Hz, and IQR = 2.10 Hz, whereas MPs possess Q1 = 164.6 Hz, Q3 = 337.6 Hz, and an IQR of 173.0 Hz. Thus, while MPs occupy much higher frequencies, their interquartile spread is also substantially broader in absolute terms, reflecting the wide range of recycled spin frequencies. The NP frequency distribution is strongly positively skewed (4.0) with pronounced kurtosis (18.7), whereas the MP distribution is nearly symmetric (skewness = 0.5) with essentially mesokurtic behaviour (kurtosis ≈ 0), indicating that spin frequencies of MPs approximate a much more regular distribution. The first frequency derivative (F1) exhibits extreme negative skewness in both populations (−31.0 for NPs and −19.9 for MPs), reflecting the predominance of negative spin-down values. Likewise, the very high kurtosis values (1.2 × 10³ for NPs and 413.4 for MPs) indicate heavy-tailed distributions dominated by a relatively small number of extreme spin-down rates.
The interstellar propagation parameters reveal that normal pulsars generally sample a broader range of Galactic environments. The dispersion measure (DM) has an IQR of 263.2 cm⁻³ pc for NPs compared with 146.0 cm⁻³ pc for MPs, indicating that the central 50% of normal pulsars occupy substantially more diverse electron-density environments. Both populations exhibit moderate positive skewness (1.6 for NPs and 1.2 for MPs) and relatively low kurtosis (3.6 and 1.9), suggesting only moderate departures from normality. In contrast, the rotation measure (RM) displays much stronger non-normal behaviour. Normal pulsars have a broader IQR (184.2 rad m⁻²) than MPs (65.0 rad m⁻²), while their skewness (−33.4) and kurtosis (1.3 × 10³) indicate an extremely asymmetric distribution dominated by exceptionally negative rotation measures. Conversely, MPs exhibit strong positive skewness (11.3) and lower, although still substantial, kurtosis (178.0), implying that extreme positive RM values dominate their distribution.

The radio emission properties are likewise characterized by highly skewed distributions. At 400 MHz, NPs possess a much wider interquartile spread (18.6 mJy) than MPs (14.5 mJy), while the skewness of 20.2 and kurtosis of 460.6 demonstrate that a small number of exceptionally bright sources dominate the NP sample. Although MPs also display positive skewness (6.9) and leptokurtosis (51.6), these values are considerably smaller, indicating a more homogeneous luminosity distribution. Similar behaviour occurs at 1400 MHz, where the NP IQR (0.6 mJy) only slightly exceeds the MP IQR (0.5 mJy), yet the skewness (39.7) and kurtosis (1.8 × 10³) are an order of magnitude larger than those of MPs (13.5 and 191.1), confirming that extreme radio emitters occur far more frequently among NPs.
Distance-related parameters reveal interesting contrasts between the two populations. Although the interquartile ranges of distance are remarkably similar (5.3 kpc for NPs and 5.6 kpc for MPs), the MP distribution exhibits substantially stronger positive skewness (5.2) and kurtosis (44.8) than the NP distribution (2.3 and 3.8). This suggests that while both populations occupy similar central distance intervals, millisecond pulsars include proportionally more distant outliers. The Galactic coordinate parameters (ZZ, XX, and YY) display zero or near-zero IQRs for several components because many pulsars lie close to the Galactic plane. Nevertheless, both populations exhibit pronounced negative skewness and high kurtosis, indicating asymmetric spatial distributions with occasional extreme displacements from the Galactic plane.
The intrinsic radio luminosities provide additional evidence that NPs are substantially more heterogeneous. The broadband radio luminosity (R_LUM) exhibits an IQR of 463.9 mJy kpc² for NPs compared with only 31.4 mJy kpc² for MPs. Likewise, the 1400-MHz luminosity (R_LUM14) has an IQR of 117.5 mJy kpc² for NPs but only 2.7 mJy kpc² for MPs. These differences indicate that the middle 50% of normal pulsars span a much broader luminosity interval than millisecond pulsars. Moreover, the NP distributions exhibit stronger positive skewness (3.8 and 10.0) and larger kurtosis (16.8 and 114.3), confirming the presence of exceptionally luminous normal pulsars.
The evolutionary parameters further emphasize the distinct histories of the two populations. The characteristic age (AGE) of millisecond pulsars has a vastly larger interquartile range (6.6 × 10⁹ yr) than normal pulsars (3.2 × 10⁷ yr), reflecting the broad distribution of advanced ages produced by binary recycling. The MP age distribution is also more positively skewed (18.3) and more leptokurtic (353.7) than the NP distribution (10.5 and 134.8), indicating the existence of numerous extremely old recycled pulsars. In contrast, the surface magnetic field (BSURF) exhibits a much larger NP interquartile range (2.0 × 10¹² G) than the MP value (3.2 × 10⁸ G). Normal pulsars also display much greater skewness (27.2) and kurtosis (931.2), confirming that magnetic-field strengths vary over a far broader range among young neutron stars than among recycled millisecond pulsars.
The spin-down luminosity statistics similarly reveal highly non-normal distributions. Although millisecond pulsars possess a larger Ė interquartile range (2.4 × 10³⁴ erg s⁻¹) than normal pulsars (2.1 × 10³³ erg s⁻¹), both populations exhibit extreme positive skewness (40.3 for NPs and 19.3 for MPs) and exceptionally high kurtosis (1.8 × 10³ and 384.0, respectively), indicating that a small number of highly energetic pulsars dominate the upper tails. The distance-normalized spin-down luminosity (Ė/D²) follows a similar pattern, with the MP IQR (1.4 × 10³⁴ erg kpc⁻² s⁻¹) exceeding the NP value (2.5 × 10³³ erg kpc⁻² s⁻¹), while the NP distribution remains substantially more skewed and leptokurtic.
The kinematic parameters show that normal pulsars possess considerably broader central velocity distributions. The proper motion (PMTOT) has an IQR of 30.0 mas yr⁻¹ for NPs compared with 5.9 mas yr⁻¹ for MPs, while transverse velocity (VTRANS) has an IQR of 218.7 km s⁻¹ compared with 87.0 km s⁻¹, indicating substantially greater kinematic diversity among normal pulsars. Although both populations exhibit positive skewness, the MP proper-motion distribution (11.3) is considerably more asymmetric than the NP distribution (4.2), whereas transverse velocity displays only weak positive skewness in MPs (0.4) but moderate skewness in NPs (2.2).

Finally, the intrinsic timing parameters (P1_I, AGE_I, BSURF_I, and BLC) reinforce the evolutionary differences between the two pulsar classes. Normal pulsars possess much broader interquartile ranges for intrinsic period derivative, intrinsic magnetic field, and light-cylinder magnetic field, together with consistently larger skewness and kurtosis values. Particularly notable is the light-cylinder magnetic field (BLC), where the NP kurtosis reaches 979.7, compared with 88.0 for MPs, despite MPs exhibiting a much larger absolute IQR (6.5 × 10⁴ G versus 169.3 G). This indicates that while recycled pulsars occupy a broader central range of light-cylinder magnetic fields, the NP population contains far more extreme outliers.
Overall, the quartile analysis confirms and strengthens the conclusions drawn from the descriptive statistics. Normal pulsars generally exhibit broader interquartile ranges for rotational, magnetic, luminosity, and kinematic parameters, together with substantially larger skewness and kurtosis values, demonstrating greater intrinsic diversity and a much higher prevalence of extreme outliers. In contrast, millisecond pulsars generally occupy narrower and more homogeneous distributions for most intrinsic physical parameters, although age, spin frequency, and spin-down luminosity retain relatively broad central distributions as a consequence of their recycling history. The consistently high positive or negative skewness and exceptionally large kurtosis values observed in both populations indicate that pulsar parameters are overwhelmingly non-Gaussian, dominated by heavy-tailed distributions and extreme astrophysical objects, thereby justifying the use of robust statistics and non-parametric inferential methods in comparative pulsar studies.
Table 4: A ratio > 1 indicates that the distribution parameter is larger for Normal Pulsars, whereas a ratio < 1 indicates that it is larger for Millisecond Pulsars. Ratios involving negative skewness or kurtosis should be interpreted only in terms of relative magnitude because the sign indicates the direction of asymmetry
	Parameter
	Q1 Ratio
	Q3 Ratio
	IQR Ratio
	Skewness Ratio
	Kurtosis Ratio

	PX
	2.30
	1.40
	1.64
	0.34
	0.10

	P0
	113.3
	200.0
	283.9
	7.79
	111.1

	P1
	7.45 × 10⁴
	2.70 × 10⁵
	3.00 × 10⁵
	2.58
	6.76

	F0
	0.005
	0.009
	0.012
	8.00
	—

	F1
	13.9
	2.48
	15.0
	1.56
	2.90

	F2
	0.20
	7.75
	5.08
	−1.98
	4.88

	DM
	2.26
	1.88
	1.80
	1.33
	1.89

	DM1
	—
	—
	—
	−2.40
	1.47

	RM
	2.84
	2.83
	2.83
	−2.96
	7.30

	S400
	1.70
	1.33
	1.28
	2.93
	8.93

	S1400
	1.00
	1.40
	1.20
	2.94
	9.42

	DIST
	0.85
	0.92
	0.95
	0.44
	0.08

	DM·sin(b)
	0.85
	1.02
	0.93
	25.0
	48.6

	ZZ
	—
	—
	—
	2.38
	1.44

	XX
	—
	—
	—
	1.26
	0.90

	YY
	1.15
	1.00
	0.00
	4.67
	18.6

	R_LUM
	4.34
	12.47
	14.77
	0.73
	0.56

	R_LUM14
	6.67
	35.29
	43.52
	1.43
	1.84

	AGE
	0.00063
	0.00388
	0.00485
	0.57
	0.38

	BSURF
	2706
	5000
	6250
	1.86
	4.37

	EDOT
	0.0089
	0.078
	0.088
	2.09
	4.69

	EDOTD2
	0.015
	1.73
	0.18
	1.46
	1.73

	PMTOT
	1.59
	3.46
	5.08
	0.37
	0.15

	VTRANS
	0.84
	1.57
	2.51
	5.50
	21.0

	P1_I
	1.05 × 10⁵
	7.06 × 10⁵
	5.71 × 10⁵
	3.61
	1.89

	AGE_I
	−2.3 × 10⁻⁵
	0.0067
	0.0011
	−0.75
	0.54

	BSURF_I
	2765
	3846
	4255
	2.88
	7.31

	B_LC
	0.00058
	0.00229
	0.00260
	3.61
	11.13



 Table 4 is the ration is the ratio of the quartile and distributional statistics of NP/MP, which demonstrate that normal pulsars (NPs) exhibit substantially greater statistical heterogeneity than millisecond pulsars (MPs) for most intrinsic physical parameters. The largest NP/MP interquartile range (IQR) ratios occur for period derivative (P1; 3.0 × 10⁵), intrinsic period derivative (P1_I; 5.7 × 10⁵), surface magnetic field (BSURF; 6.25 × 10³), intrinsic surface magnetic field (BSURF_I; 4.26 × 10³), spin period (P0; 283.9), and 1400-MHz luminosity (R_LUM14; 43.5). These values indicate that the central 50% of normal pulsars span a much broader range of rotational, magnetic, and radio-emission properties than millisecond pulsars.
Conversely, ratios less than unity are observed for spin frequency (F0), characteristic age (AGE), and magnetic field at the light cylinder (BLC), indicating that millisecond pulsars possess broader central distributions of these parameters. This reflects their evolution through binary recycling, which produces very high rotational frequencies, advanced characteristic ages, and enhanced light-cylinder magnetic fields.
The skewness analysis shows that both populations deviate markedly from normality, but normal pulsars generally exhibit stronger asymmetry, particularly for P0, P0, BSURF, BLC, and radio luminosity parameters, indicating that these distributions are dominated by extreme high-value outliers. Similarly, kurtosis values are exceptionally large for most NP parameters, especially P0, P1, RM, BSURF, and BLC, demonstrating highly leptokurtic, heavy-tailed distributions. Although several MP parameters, particularly AGE and BLC, also exhibit substantial kurtosis, their distributions are generally less extreme. Overall, the quartile, skewness, and kurtosis analyses reinforce that normal pulsars constitute a more diverse and statistically dispersed population, whereas millisecond pulsars form a comparatively more homogeneous population shaped by the recycling process, despite retaining considerable variability in age and rotational properties.
Discussion of the Correlation Between Period and Other Pulsar Parameters
The Pearson and Spearman correlation matrices are shown in Appendix I-VI. The Pearson and Spearman correlation matrices reveal strong associations among the rotational, magnetic, energetic, and evolutionary parameters of both NPs and MPs. Although the two methods identify many of the same physically related quantities, the Spearman analysis generally yields more robust correlations for parameters exhibiting highly non-Gaussian distributions, consistent with the strong skewness and kurtosis observed in the descriptive statistics.
For the NP population, the Pearson correlation matrix is dominated by very strong positive relationships among the intrinsic spin-down and magnetic-field parameters. The strongest correlations occur between P1_I and BSURF_I (r = 0.99), P1 and BSURF_I (r = 0.99), and F2 and RM (r = 0.99), indicating that the period derivative and surface magnetic field evolve in a highly coupled manner, while the second frequency derivative is closely associated with rotation measure. Strong positive correlations are also observed between S400 and S1400 (r = 0.95), confirming that radio luminosities measured at different observing frequencies trace the same emission process, and between EDOT and BLC (r = 0.94), reflecting the dependence of spin-down power on the magnetic field at the light cylinder. The Pearson matrix also contains several strong inverse relationships, including DM1–AGE_I (r = –0.97), DM1–P1_I (r = –0.97), DIST–ZZ (r = –0.96), F1–EDOT (r = –0.96), and DIST–XX (r = –0.95), indicating that changes in dispersion measure, Galactic position, and spin-frequency derivative are strongly coupled to pulsar evolution and energetics.
The Spearman matrix for NPs preserves the same fundamental relationships while demonstrating that these associations remain strong even when evaluated as monotonic rather than strictly linear trends. The strongest positive correlation is between BSURF and BSURF_I (ρ = 0.99), followed by P1 and P1_I (ρ = 0.97), EDOT and BLC (ρ = 0.93), P1 and BSURF (ρ = 0.93), and P1 and BSURF_I (ρ = 0.926). Strong negative monotonic relationships are observed between PX and DIST (ρ = –0.99), F1 and EDOT (ρ = –0.96), P1 and AGE (ρ = –0.94), and AGE and P1_I (ρ = –0.93). Compared with Pearson's coefficients, Spearman's analysis better captures the evolutionary dependence between spin-down parameters and characteristic age, suggesting that these relationships are monotonic but not perfectly linear because of the highly skewed distributions of pulsar properties.
The MP population exhibits an even more tightly coupled Pearson correlation structure. Numerous parameter pairs approach perfect correlation (r ≈ 1.00), particularly those involving BLC, P1_I, BSURF_I, AGE_I, EDOT, BSURF, AGE, R_LUM, and EDOTD2. For example, P1_I–BLC (r = 0.99), BSURF_I–BLC (r = 0.99), AGE_I–BLC (r = 0.99), EDOTD2–BLC (r = 0.99), and R_LUM–BLC (r = 0.99) indicate an exceptionally coherent parameter space. These near-perfect correlations likely reflect the mathematical dependence among several derived quantities as well as the highly regulated evolutionary pathway of recycled pulsars. Unlike the NP population, the MP Pearson matrix contains very few strong negative correlations, suggesting that most key parameters evolve together rather than in opposition.
The Spearman matrix for MPs confirms these relationships while revealing several additional physically meaningful monotonic trends. The strongest correlation is the expected inverse relationship between P0 and F0 (ρ = –0.99), arising directly from the reciprocal definition of spin period and spin frequency. Strong positive correlations are observed between BSURF and BSURF_I (ρ = 0.98), P1 and P1_I (ρ = 0.97), EDOT and BLC (ρ = 0.91), P1 and BSURF (ρ = 0.89), P1_I and BSURF_I (ρ = 0.84), and R_LUM and R_LUM14 (ρ = 0.83). Significant negative monotonic relationships include PX–DIST (ρ = –0.83), P0–BLC (ρ = –0.82), and P1–AGE (ρ = –0.82), demonstrating the expected inverse relationships between distance and parallax, rotation period and light-cylinder magnetic field, and spin-down rate and characteristic age.
Overall, both correlation methods consistently identify the spin parameters (P0, P1, F0, F0), magnetic-field parameters (BSURF, BSURF_I, BLC), spin-down luminosity (EDOT), and characteristic age (AGE) as the dominant variables governing pulsar evolution. Pearson's coefficients emphasize the strong linear dependence among derived parameters, particularly in the recycled MP population, whereas Spearman's coefficients demonstrate that these relationships remain robust despite the highly skewed and leptokurtic distributions characteristic of pulsar data. Collectively, the analyses indicate that normal pulsars exhibit a more heterogeneous correlation structure with both strong positive and negative relationships, while millisecond pulsars form a more tightly interconnected parameter network, reflecting the homogenizing effects of long-term binary accretion and spin-up during the recycling process.
[bookmark: _Hlk232755622]4. Conclusions
This study has presented a comprehensive statistical characterization of NPs and MPs using 28 observational and derived parameters extracted from the ATNF Pulsar Catalogue. Through descriptive statistics, quartile-based distributional analysis, skewness and kurtosis measurements, and both Pearson and Spearman correlation analyses, we have quantitatively established that NPs and MPs constitute two fundamentally distinct populations with markedly different physical properties, evolutionary pathways, and statistical behaviours.
The descriptive statistics reveal pronounced systematic differences between the two populations across nearly every parameter examined. Normal pulsars are characterized by substantially longer spin periods, with a mean of 1.06 s compared to only 6.3 × 10⁻³ s for MPs, representing a rotational difference of approximately 170 times. The period derivative of NPs averages 4.4 × 10⁻¹³, nearly three thousand times larger than the MP mean of 1.6 × 10⁻¹⁶, demonstrating that normal pulsars lose rotational energy far more rapidly than their recycled counterparts. Surface magnetic field strengths exhibit one of the most striking contrasts, with NPs possessing fields of order 5.6 × 10¹² G, whereas MPs average only 4.7 × 10⁹ G, a reduction of approximately three orders of magnitude. This magnetic field decay is a direct consequence of the accretion-driven recycling process, which both spins up the neutron star and buries or reduces its surface magnetic field. Characteristic ages further reinforce this evolutionary picture: NPs have a mean age of 2.2 × 10⁸ yr, whereas MPs average 1.3 × 10¹⁰ yr, approximately 60 times older, confirming that millisecond pulsars represent an evolved, ancient population of neutron stars that have undergone prolonged binary evolution.
The distributional analysis, including quartile statistics, interquartile ranges, skewness, and kurtosis, provides additional insight into the internal structure and heterogeneity of the two populations. Normal pulsars consistently exhibit broader interquartile spreads for most intrinsic parameters, with NP/MP IQR ratios reaching 3.0 × 10⁵ for the period derivative, 5.7 × 10⁵ for the intrinsic period derivative, 6.25 × 10³ for the surface magnetic field, and 43.5 for the 1400-MHz radio luminosity. These ratios quantitatively demonstrate that the central 50% of normal pulsars span a vastly wider parameter space than millisecond pulsars, reflecting the greater diversity of evolutionary states, birth conditions, and environments experienced by young neutron stars. Conversely, parameters such as spin frequency, characteristic age, and light-cylinder magnetic field exhibit ratios less than unity, indicating that millisecond pulsars occupy broader central distributions for these quantities, a consequence of their recycling histories which produce a wide range of rotational frequencies, advanced ages, and enhanced magnetic fields at the light cylinder.
The skewness and kurtosis analyses reveal that both populations deviate markedly from Gaussianity, but normal pulsars exhibit substantially more extreme departures. NP skewness values for rotational and magnetic parameters frequently exceed 20, with P1 reaching 44.6, P0 reaching 18.7, and BSURF reaching 27.2, indicating distributions dominated by extreme high-value outliers. Kurtosis values are exceptionally large for many NP parameters, with P1 (2.1 × 10³), BSURF (931.2), BLC (979.7), and RM (1.3 × 10³) demonstrating highly leptokurtic, heavy-tailed distributions. Although MPs also exhibit substantial positive skewness and leptokurtosis for several parameters, particularly AGE (18.3) and EDOT (19.3), their distributions are generally less extreme, reflecting the homogenizing influence of the recycling process. The consistently high skewness and kurtosis values observed in both populations underscore the importance of using robust statistical methods and non-parametric approaches in pulsar population studies, as the underlying data are overwhelmingly non-Gaussian and dominated by extreme astrophysical objects.
The correlation analysis, employing both Pearson and Spearman methods, reveals strong and physically meaningful associations among the rotational, magnetic, energetic, and evolutionary parameters of both populations. For NPs, the strongest positive correlations occur between P1_I and BSURF_I (r = 0.99), P1 and BSURF_I (r = 0.99), and F2 and RM (r = 0.99), indicating that the period derivative, surface magnetic field, and second frequency derivative evolve in a tightly coupled manner. Strong inverse relationships, such as DM1–AGE_I (r = –0.97), DM1–P1_I (r = –0.97), and DIST–ZZ (r = –0.96), reveal that changes in dispersion measure, Galactic position, and spin-frequency derivative are intimately connected to pulsar evolution and energetics. The MP population exhibits an even more tightly coupled correlation structure, with numerous parameter pairs approaching perfect correlation (r ≈ 1.00), particularly those involving BLC, P1_I, BSURF_I, AGE_I, EDOT, BSURF, AGE, and R_LUM. These near-perfect correlations likely reflect both the mathematical dependence among several derived quantities and the highly regulated evolutionary pathway of recycled pulsars, which produces a remarkably coherent parameter space. Spearman analysis confirms these relationships remain robust even when evaluated as monotonic rather than strictly linear trends, demonstrating that the evolutionary associations are fundamental and not artifacts of distributional assumptions.
The kinematic parameters reveal that normal pulsars generally possess higher space velocities than millisecond pulsars. NPs exhibit a mean proper motion of 30.7 mas yr⁻¹, nearly three times that of MPs (11.1 mas yr⁻¹), and a mean transverse velocity of 240 km s⁻¹ compared with 155.6 km s⁻¹ for MPs. These differences are consistent with the stronger natal kicks imparted to young neutron stars during supernova explosions, whereas the relatively lower velocities of millisecond pulsars reflect the moderating influence of long-term binary evolution, which can dissipate or reduce the initial recoil velocity through subsequent dynamical interactions and the mass transfer process itself. The broader velocity distributions of NPs further support the interpretation that they represent a more dynamically diverse population, while the more tightly clustered velocities of MPs suggest a population that has undergone significant dynamical relaxation over billions of years.
The distance and Galactic distribution parameters indicate that both populations occupy broadly similar large-scale Galactic volumes, although NPs are, on average, located farther away (mean distance = 9.1 kpc) than MPs (mean distance = 5.9 kpc). The Galactic coordinate parameters (ZZ, XX, and YY) reveal that NPs exhibit somewhat larger dispersions in the radial direction, while MPs show a slightly wider vertical distribution, consistent with their older evolutionary history and the increased likelihood of having migrated away from the Galactic plane through long-term dynamical evolution. These spatial differences, although more moderate than the rotational and magnetic contrasts, nevertheless provide additional evidence for the distinct evolutionary pathways of the two populations.
The intrinsic timing parameters, including the Shklovskii-corrected period derivative (P1_I), intrinsic age (AGE_I), and intrinsic surface magnetic field (BSURF_I), preserve and amplify the evolutionary trends observed in their uncorrected counterparts. Normal pulsars exhibit much larger intrinsic period derivatives and magnetic fields, whereas millisecond pulsars retain substantially weaker intrinsic magnetic fields and generally older intrinsic ages, despite considerable statistical scatter. The consistency between the observed and intrinsic parameters confirms that the fundamental differences between NPs and MPs are not artefacts of kinematic effects but rather reflect genuine physical differences in their rotational evolution and magnetic field properties.
In summary, this comprehensive statistical analysis provides robust quantitative evidence that normal pulsars and millisecond pulsars constitute two distinctly different populations with fundamentally different physical characteristics, evolutionary histories, and statistical behaviours. Normal pulsars are characterized by long spin periods, large period derivatives, strong surface magnetic fields, high radio luminosities, large proper motions, high transverse velocities, young characteristic ages, and substantially broader, more heterogeneous, and more extreme statistical distributions. Millisecond pulsars, by contrast, exhibit extremely short periods, exceptionally small period derivatives, weak surface magnetic fields, comparatively modest radio luminosities, lower space velocities, very old characteristic ages, enhanced light-cylinder magnetic fields, and generally narrower, more homogeneous, and less extreme distributions. These differences are entirely consistent with the widely accepted evolutionary scenario in which millisecond pulsars represent the recycled descendants of ordinary neutron stars that have undergone prolonged accretion from a binary companion, resulting in rotational spin-up, magnetic field reduction, and significant age enhancement.
The present study demonstrates the power of large-scale statistical analyses for elucidating pulsar population properties and provides quantitative benchmarks that can inform future theoretical modelling of neutron star evolution, magnetic field decay, binary recycling, and the long-term dynamics of compact binary systems. The exceptionally large skewness and kurtosis values observed for many parameters highlight the importance of using robust statistical methods and non-parametric approaches in pulsar population studies, as the underlying distributions are overwhelmingly non-Gaussian and dominated by extreme astrophysical objects. Future work should incorporate uncertainty propagation, observational bias corrections, and formal population synthesis modelling to further refine our understanding of the physical processes that shape pulsar populations and govern their evolution from birth through the recycling process to the ancient millisecond pulsar stage.
Limitations
This study is limited by its reliance on catalogue data, which may contain missing values, heterogeneous measurement uncertainties, and selection effects from different pulsar surveys. The classification criteria for normal and millisecond pulsars require clearer definition, and the analysis does not fully account for observational bias, binary status, or pulsar subtype. Some derived quantities and units require verification, particularly values related to proper motion and transverse velocity. The study is mainly descriptive and does not provide uncertainty propagation or formal population modeling. Future work should include reproducible data extraction, corrected parameter definitions, uncertainty analysis, and code-supported statistical validation.
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Appendix I
Pearson’s Correlation Matrix for NP Parameters
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	2
	3
	4
	5
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	11
	12
	13
	14
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	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28

	1
	1.0
	0.5
	0.1
	-0.1
	0.0
	0.0
	-0.4
	0.3
	0.0
	0.3
	0.3
	-0.5
	0.1
	0.0
	-0.2
	0.2
	-0.2
	-0.2
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	0.5
	1.0
	0.1
	-0.2
	0.0
	-0.2
	-0.1
	0.3
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	-0.1
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	0.0
	0.0
	0.0
	-0.1
	-0.1
	-0.1
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	-0.1
	0.0
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	3
	0.1
	0.1
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	-0.2
	0.1
	0.1
	-0.3
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	0.0
	0.0
	0.0
	0.0
	-0.2
	0.0
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	0.0
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	0.0
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	0.0

	4
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	-0.2
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	5
	0.0
	0.0
	0.0
	-0.3
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	-0.1
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	-0.1
	0.0
	-0.1
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	0.1
	0.1
	0.1
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	-0.1
	0.0
	0.0
	0.0
	-1.0
	-0.7
	0.0
	0.0
	0.0
	0.0
	0.0
	-0.9

	6
	0.0
	-0.2
	-0.2
	0.1
	-0.1
	1.0
	-0.4
	0.2
	1.0
	0.2
	0.1
	-0.1
	0.0
	0.0
	0.0
	0.3
	0.1
	0.0
	0.0
	-0.2
	0.1
	0.1
	0.0
	0.0
	0.0
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	-0.3
	0.1

	7
	-0.4
	-0.1
	0.1
	0.0
	0.0
	-0.4
	1.0
	-0.6
	-0.1
	0.0
	0.0
	0.0
	0.0
	0.1
	0.0
	0.0
	0.4
	0.2
	-0.1
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Appendix 	II
Spearman’s Correlation Matrix for NP Parameters
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Appendix III
p-values for Pearson Correlation Matrix for NP Parameters
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Appendix IV
Pearson’s Correlation Matrix for MP Parameters
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Appendix V
Spearman’s Correlation Matrix for MP Parameters
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Appendix VI


p-values for Pearson Correlation Matrix for MP Parameters
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