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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. A total of 28 observational and derived pulsar parameters describing rotational, magnetic, radiative, kinematic, spatial, and evolutionary characteristics were analysed to quantify statistical differences between the two pulsar populations. Descriptive statistics, including measures of central tendency and dispersion, were complemented by 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 indicate statistically distinct evolutionary characteristics between the two pulsar populations. Normal pulsars exhibit 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 characterised 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, which indicate 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 findings provide qualitative evidence supporting 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 characterising pulsar populations and 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).
Related theoretical work on degenerate dense plasma has also examined relativistic wave behaviour with potential relevance to neutron-star environments (Nahar et al., 2014).


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 characterisation 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).

Recent population-synthesis studies have refined the modelling of canonical and millisecond pulsar populations by incorporating spin evolution, Galactic dynamics, survey selection, and binary recycling (Dirson et al., 2022; Song et al., 2025; Sautron et al., 2026). Nevertheless, such model-based investigations do not provide a direct, parameter-by-parameter descriptive and correlational comparison of normal and millisecond pulsars derived from a common catalogue. A consistently defined empirical evaluation across the broad set of observational and derived parameters considered in this study therefore remains warranted.

This study addresses the existing gap by conducting a comprehensive statistical comparison of 28 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) characterise 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
Table 1: Pulsar Parameters Analyzed
	
	Symbol
	Parameter Description
	Count MP
	Count NP

	1
	PX
	Annual parallax (mas)
	303
	115

	2
	P0
	Barycentric period of the pulsar (s)
	817
	3514

	3
	P1
	Time derivative of barycentric period (dimensionless)
	491
	2439

	4
	F0
	Barycentric rotation frequency (Hz)
	817
	3514

	5
	F1
	Time derivative of barycentric rotation frequency (s-2)
	491
	2439

	6
	F2
	Second time derivative of barycentric rotation frequency (s-3)
	69
	454

	7
	DM
	Dispersion measure (cm-3 pc)
	802
	3411

	8
	DM1
	First time derivative of dispersion measure (cm-3 pc yr-1)
	57
	13

	9
	RM
	Rotation measure (rad m-2)
	368
	1703

	10
	S400
	Mean flux density at 400 MHz (mJy)
	78
	670

	11
	S1400
	Mean flux density at 1400 MHz (mJy)
	515
	2527

	12
	DIST
	Best estimate of the pulsar distance using the YMW16 DM-based distance as default (kpc)
	282
	255

	13
	DM*sin(b)
	DM x sin(b) (cm-3 pc)
	802
	3411

	14
	ZZ
	Distance from the Galactic plane, based on Dist
	817
	3514

	15
	XX
	X-Distance in X-Y-Z Galactic coordinate system (kpc)
	817
	3514

	16
	YY
	Y-Distance in X-Y-Z Galactic coordinate system (kpc)
	817
	3514

	17
	R_LUM400
	Radio luminosity at 400 MHz (mJy kpc2)
	52
	150

	18
	R_LUM1400
	Radio luminosity at 1400 MHz (mJy kpc2)
	169
	188

	19
	AGE
	Spin down age (yr) 
	423
	2432

	20
	BSURF
	Surface magnetic flux density (Gauss) 
	423
	2432

	21
	[bookmark: _Hlk234838597]EDOT
	Spin down energy loss rate (ergs/s)
	423
	2432

	22
	[bookmark: _Hlk234838714]EDOTD2
	Energy flux at the Sun (ergs/kpc2/s)
	147
	240

	23
	PMTOT
	Total proper motion (mas/yr)
	429
	279

	24
	VTRANS
	Transverse velocity - based on DIST (km/s)
	275
	155

	25
	P1_I
	Period derivative corrected for Shklovskii (proper motion) effect
	275
	155

	26
	AGE_I
	Spin down age from P1_i (yr)
	275
	155

	27
	BSURF_I
	Surface magnetic dipole from P1_i (gauss)
	137
	146

	28
	B_LC
	Magnetic field at light cylinder
	423
	2424



about 69 for MP F2, 78 for MP S400, 52 for MP R_LUM, and 150 for NP R_LUM


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 (Manchester et al., 2005; Basu et al., 2022). The dataset comprised 4,331 pulsars (Catalogue Version 2.8.0, downloaded on 20 April 2026), including 3,514 normal pulsars (NPs), with J1940+2102_P as the fastest NP, having a spin period of 30.1 ms, and J0901-4046 as the slowest, having a spin period of 75.9 s. The catalogue also contained 817 millisecond pulsars (MPs), with J1748-2446ad having the fastest spin period of 1.40 ms and J1841+0130 having the slowest spin period of 29.8 ms. Pulsars were classified according to their rotational periods only, with NPs representing young, strongly magnetised neutron stars and MPs representing recycled neutron stars.
The ATNF Pulsar Catalogue is an observational database in which the completeness of individual parameters varies because of differences in observational coverage, measurement techniques, instrumental sensitivity, and the availability of high-quality observations. Consequently, missing entries represent unavailable or inapplicable measurements rather than measurement errors. To maximise the use of the available data while minimising unnecessary information loss, all statistical analyses were performed using an available-case (pairwise deletion) approach, whereby each parameter was analysed using all valid observations available for that variable. As a result, the effective sample size varies among parameters, and the corresponding number of observations for each variable is reported in Table 1. No imputation of missing values was performed, thereby avoiding the introduction of model-dependent assumptions and potential systematic bias into the statistical analyses.
The decision not to impute missing values was based on the nature of the ATNF database. Many astrophysical parameters are absent not because of random data omission but because they have either not been measured or are physically inapplicable to certain pulsars. For example, parameters such as parallax, proper motion, transverse velocity, luminosity, and binary orbital characteristics require specific observational conditions, long-term timing campaigns, or apply only to particular classes of pulsars. Imputing these quantities would require assumptions regarding their underlying astrophysical distributions, potentially altering the intrinsic statistical characteristics of the dataset and introducing systematic bias into the comparative analyses. Accordingly, all statistical analyses were restricted to observed values only.
A limitation of this study is the heterogeneous completeness of the ATNF Pulsar Catalogue, which results in variable effective sample sizes across different parameters. This variability reflects the observational history of the pulsar population and the progressive acquisition of measurements rather than deficiencies in the catalogue itself. Although the available-case approach maximises the use of the available observations, parameters with relatively low completeness may be more susceptible to selection effects and observational bias; therefore, the corresponding statistical inferences should be interpreted with appropriate caution. Nevertheless, the substantial number of available observations for most key pulsar parameters provides a robust statistical basis for the comparative characterisation of normal and millisecond pulsars, ensuring that the principal findings of this study remain reliable and scientifically defensible.
A total of 28 physical and derived parameters were analysed (Table 1). These include rotational and timing parameters, Galactic-position and distance parameters, 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 that are essential for determining intrinsic pulsar properties, spatial distributions, and timing corrections.

The statistical analysis comprised descriptive statistics (mean, median, standard error, standard deviation, variance, minimum, and maximum), distributional statistics (skewness, kurtosis, Q1 [25th percentile], Q3 [75th percentile], and interquartile range [IQR]), and inferential techniques for comparing 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 behaviour of the distributions, respectively (Westfall et al., 2013).
Relationships among pulsar parameters were investigated using Pearson's and Spearman's correlation analyses, which quantify the strength and direction of linear and monotonic 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
The estimated statistics for the studied NP and MP parameters are presented in Tables 2a and 2b.
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
	4.0E-12
	2.4E-15
	5.8E-11
	3.6E-12
	2.0E-21
	-2.1E-17
	5.5E-10
	5.5E-10

	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 2a and 2b present the statistics for the physical parameters of 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 characterised by short spin periods, weak magnetic fields, advanced ages, and comparatively lower 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. NPs 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.
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 appears to experience 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. 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 characterises 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-normalised 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 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 their considerable statistical scatter. Although several MPs exhibit negative values of the Shklovskii-corrected characteristic age (AGE_I), as reflected in the estimated statistics, these values do not represent physical stellar ages. They arise when the corrected intrinsic period derivative (P1) becomes zero or negative following the application of kinematic corrections, particularly the Shklovskii effect. Such cases are generally attributed to measurement uncertainties in proper motion and distance, uncertainties in the kinematic corrections, or the extremely small intrinsic spin-down rates characteristic of recycled millisecond pulsars. Consequently, negative AGE_I values should be regarded as indicators of unreliable intrinsic age estimates rather than evidence of unusually old pulsars.
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. NPs exhibit longer spin periods, larger period derivatives, stronger surface magnetic fields, higher radio luminosities, and generally larger proper motions and transverse velocities than MPs, consistent with their classification as young, non-recycled neutron stars (Bhattacharya & van den Heuvel, 1991; Lorimer & Kramer, 2005; Manchester et al., 2005). In contrast, MPs display very short spin periods, small period derivatives, weaker surface magnetic fields, older characteristic ages, and stronger magnetic fields at the light cylinder, reflecting their origin through binary recycling and prolonged accretion-driven spin-up (Alpar et al., 1982; Tauris et al., 2012). Furthermore, our statistical analysis shows that NPs possess substantially larger standard deviations, variances, and mean–median differences across many parameters than MPs, indicating greater heterogeneity and stronger positive skewness, whereas the comparatively narrower distributions of MPs suggest a more homogeneous recycled population. 

Table 3 presents the NP/MP ratio for each descriptive statistic. A ratio > 1 indicates that the statistic is larger for NPs, whereas a ratio < 1 indicates that 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_LUM400
	4.46
	7.70
	2.76
	1.63
	8.00
	0.00
	2.76
	2.76

	R_LUM1400
	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



Table 3 presents the NP/MP ratios of the mean values and measures of dispersion, which 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 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 below unity, demonstrating that these quantities are 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 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. 

	[bookmark: _Hlk234840435]Table 4: Estimated Distribution Statistics of MP  and NP Parameters

	
	Q1
	Q3
	IQR
	Skewness
	kurtosis
	Q1
	Q3
	IQR
	Skewness
	kurtosis

	
	NP
	NP
	NP
	NP
	NP
	MP
	MP
	MP
	MP
	MP

	1
	0.2
	0.8
	0.6
	3.2
	11.6
	0.1
	0.6
	0.5
	9.5
	119.5

	2
	0.3
	1.2
	0.9
	18.7
	577.5
	3.0E-03
	6.1E-03
	3.1E-03
	2.4
	5.2

	3
	3.5E-16
	8.1E-15
	0.0
	44.6
	2.1E+03
	4.7E-21
	3.0E-20
	2.6E-20
	17.3
	310.8

	4
	0.8
	2.9
	2.1
	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
	0.4
	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 4 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 show 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 characterised by strong skewness and high kurtosis. However, the degree of skewness and peakedness generally differs according to the physical quantity 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 characterised 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-normalised 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.
Quartile analysis of the present dataset reinforces the descriptive picture: normal pulsars exhibit broader interquartile ranges, stronger skewness, and higher kurtosis across rotational, magnetic, luminosity, and kinematic parameters, indicating greater intrinsic diversity and a larger proportion of extreme values. This statistical behaviour is consistent with the wider range of physical properties reported for normal pulsars in the ATNF Pulsar Catalogue (Manchester et al., 2005), while the broader spread in kinematic properties agrees with the proper-motion study of Hobbs et al. (2005). Millisecond pulsars display comparatively narrower parameter distributions, consistent with their recycled origin (Lorimer, 2008). Nevertheless, the present analysis shows relatively broad central spreads in characteristic age, spin frequency, and spin-down luminosity, likely reflecting differences in binary evolution, accretion histories, and recycling efficiency (Lorimer, 2008). The large absolute skewness and kurtosis values obtained in the present analysis indicate that many pulsar parameters depart substantially from normality, exhibiting heavy-tailed distributions. These characteristics support the use of robust descriptive statistics and non-parametric inferential procedures for comparative analyses (Conover, 1999; Field, 2018). 
Table 5: 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
	1.80
	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 5 presents the ratios of the quartile and distributional statistics for NPs and MPs, demonstrating 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.
[bookmark: _Hlk236589665]Discussion of the Correlation Between Pulsar Parameters
Correlation structure of the MP population
The correlation statistics for 17 logarithmically transformed parameters in the MP and NP populations are presented in Appendix I. Absolute values were used for some parameters containing negative values. Because this treatment may affect the resulting correlations, the comparative conclusions are interpreted cautiously.
The correlation analysis of the logarithmically transformed MP parameters reveals a highly organised correlation structure that reflects the underlying physics of pulsar recycling, magnetic dipole spin-down, and radio emission. Most of the strongest relationships occur among quantities that are either directly linked through the standard magnetic dipole braking equations or are derived from the same fundamental observables (spin period, P0, and period derivative, P1​). The application of the log10​ transformation substantially linearises these relationships, resulting in excellent agreement between Pearson's linear correlation coefficient and Spearman's rank correlation coefficient for most parameter pairs. Nevertheless, several relationships exhibit noticeable differences between Pearson's and Spearman's , indicating the persistence of nonlinear but monotonic behaviour despite the logarithmic transformation.
The strongest relationship in the dataset is observed between P1​ and BSURF​. The Pearson correlation coefficient is , while the Spearman coefficient is . Both coefficients indicate an exceptionally strong positive association. Such close agreement demonstrates that the relationship is essentially linear after logarithmic transformation and that there is little evidence of substantial curvature or outlier-driven behaviour. This result is fully consistent with the magnetic dipole braking relation, where , where the magnetic field depends directly on the period derivative. Because MPs occupy a relatively narrow range of spin periods compared with ordinary pulsars, much of the observed variation in ​ is governed by differences in P1​. Consequently, pulsars exhibiting larger period derivatives possess systematically stronger inferred surface magnetic fields. The extremely small probability values confirm that this relationship is not a statistical artefact but reflects the dominant mechanism governing the rotational evolution of recycled neutron stars. The slightly lower Spearman coefficient suggests only a very small degree of nonlinearity, likely arising from measurement uncertainties in P1​, Shklovskii corrections, Galactic acceleration corrections, and intrinsic scatter introduced during the recycling process. Overall, this correlation provides strong empirical support for the magnetic dipole model and confirms that even after extensive accretion-induced magnetic field decay, residual magnetic fields continue to regulate the long-term rotational evolution of MPs.
An equally important result is the strong inverse correlation between the period derivative and the characteristic age. The Pearson coefficient of  together with a Spearman coefficient of  demonstrates that pulsars with smaller period derivatives are systematically older. However, the difference between Pearson and Spearman is 0.1. This discrepancy indicates that although the relationship remains strongly monotonic, it is not perfectly linear. Such behaviour is expected because the characteristic age, , depends inversely on the period derivative. Logarithmic transformation converts this inverse dependence into an approximately linear relation, but residual departures remain because MPs have undergone different accretion histories, possess different birth spin periods, and experience varying kinematic corrections. Furthermore, the characteristic age is only an approximation to the true stellar age and assumes pure magnetic dipole braking. Recycled pulsars violate these assumptions to varying degrees, producing additional scatter that affects the rank ordering more strongly than the linear trend. The stronger Pearson coefficient therefore suggests that the transformed variables follow a well-defined linear scaling, whereas the reduced Spearman coefficient reveals moderate deviations from strict monotonic ordering caused by evolutionary diversity within the MP population.
The relationship between spin period and magnetic field at the light cylinder also ranks among the strongest observed. The Pearson correlation of  and the corresponding Spearman coefficient of ). This excellent agreement indicates that the logarithmically transformed variables follow an almost perfectly monotonic linear trend. The negative sign reflects the fact that rapidly rotating pulsars possess stronger magnetic fields at the light cylinder because , where the light-cylinder radius decreases as the rotation period shortens. Consequently, shorter-period MPs maintain stronger magnetospheric fields near the light cylinder, enhancing particle acceleration and supporting coherent radio emission.
One of the most physically significant correlations is that between F1​ and the . The Pearson coefficient reaches ), while the Spearman coefficient is similarly high at . This finding is expected because the rotational energy loss,
​, is fundamentally determined by the spin evolution. Since the frequency derivative is directly related to the period derivative through , both parameters trace the same physical process of rotational energy dissipation. Pulsars exhibiting larger absolute frequency derivatives therefore lose rotational energy at substantially higher rates. The remarkably high coefficients indicate that the observed variation in spin-down luminosity among MPs is controlled primarily by rotational braking rather than by environmental factors or measurement uncertainties.
A similarly strong correlation exists between the spin-down luminosity and the magnetic field at the light cylinder. Pearson's coefficient is ), whereas Spearman's coefficient is ). Physically, both parameters depend strongly on spin rate and magnetic field strength, making a tight correlation inevitable. The slightly stronger rank correlation may indicate mild curvature introduced by the complex magnetospheric structure of MPs or by differing emission efficiencies among pulsars with similar spin-down powers. Since the light-cylinder magnetic field governs pair production and magnetospheric particle acceleration, its strong association with rotational energy loss reinforces theoretical models in which the magnetosphere mediates the conversion of rotational kinetic energy into electromagnetic radiation and relativistic particle winds.
The inverse correlation between the frequency derivative and characteristic age provides another important confirmation of standard spin-down theory. Pearson's coefficient is  while Spearman's coefficient is somewhat weaker at ). Both statistics indicate an extremely strong negative relationship, demonstrating that pulsars experiencing larger frequency changes are systematically younger. This behaviour reflects the fact that age estimates depend not only on the present spin-down rate but also on assumptions regarding the initial spin period, braking index, and magnetic field evolution. Recycled MPs originate from binary systems with diverse accretion histories, and these evolutionary differences inevitably introduce scatter that reduces the monotonic correspondence without substantially affecting the underlying linear scaling.
Among the observational parameters, the relationship between the radio flux at 1400 MHz and distance is particularly informative. The Pearson coefficient of ) and Spearman coefficient of ) indicate a strong inverse association. This outcome is consistent with observational selection effects. More distant pulsars appear systematically fainter because of geometric dilution of flux approximately following the inverse-square law. However, intrinsic luminosity differences, interstellar scintillation, beam orientation, and survey sensitivity introduce substantial scatter around the ideal linear relation. Consequently, rank ordering is preserved better than linear proportionality. This result also illustrates that the observed MP sample remains affected by distance-dependent detection biases, with intrinsically faint objects being preferentially absent from larger distances.
The strongest observational correlation involving intrinsic radio properties is found between the two luminosity measures, R_LUM​400 and RLUM_1400​. Pearson's coefficient is ), while Spearman's coefficient is ). Although both correlations remain highly significant, the difference between Pearson and Spearman is the largest among the principal relationships considered. This indicates that the two luminosity estimates exhibit an excellent linear scaling but possess noticeable departures from strict monotonic ordering. The broader confidence interval reflects the smaller number of pulsars available for this comparison (), compared with over 400 objects used in most other correlations. Variability arising from spectral indices, measurement uncertainties, scintillation, and calibration differences between radio surveys probably contributes to this increased scatter. Nevertheless, the strong positive association confirms that both luminosity estimates measure essentially the same underlying radio emission properties.
Comparison of Pearson and Spearman coefficients across all major relationships demonstrates that the logarithmic transformation has been highly effective in linearising the MP parameter space. For correlations directly governed by magnetic dipole theory, including , and P0​–B_LC​, the difference between the two coefficients is negligible, indicating nearly perfect agreement between linear and monotonic behaviour. Such consistency suggests that these relationships are fundamentally deterministic and reflect well-established physical laws. In contrast, larger differences occur for P1​–AGE, F1​–AGE, and RLUM400 - RLUM1400​, where the differences between Pearson and Spearman approach . These discrepancies imply that although the variables remain strongly correlated, evolutionary diversity, observational uncertainties, and selection effects introduce mild nonlinear behaviour that is not completely removed by logarithmic scaling.
The remaining statistically significant correlations are generally of moderate strength and largely reinforce the overall physical picture rather than introducing new insights. Relationships involving dispersion measure, rotation measure, transverse velocity, proper motion, and spin-down energy flux are statistically significant in several cases but exhibit substantially smaller coefficients than the principal correlations discussed above. Most of these associations arise either from common dependence on distance or from derived quantities sharing one or more fundamental observables. Overall, the correlation structure demonstrates that the MP population is primarily controlled by the interplay between rotational dynamics and magnetic field evolution. 
Correlation structure of the NP population
The Pearson and Spearman correlation analyses of the 17 log10-transformed parameters reveal a highly structured statistical dependence among the NP population. The strongest associations are concentrated among the rotational parameters P0, P1, and F1, the BSURF and B_LC, characteristic age (AGE), and spin-down luminosity (EDOT). This pattern is physically expected because several of these quantities are not independent observables but are derived from the pulsar spin period and its derivative. Nevertheless, the magnitude and statistical significance of the correlations provide useful empirical confirmation of the underlying rotational spin-down framework. The comparison between Pearson's (r) and Spearman's () is particularly informative because it shows that most of the dominant relationships remain approximately linear after the log10 transformation, while a few exhibit measurable departures from linearity but remain strongly monotonic.
The most pronounced relationship involving the magnetic-field parameters is the correlation between period derivative (P1) and the inferred surface magnetic field BSURF. For 2,432 pulsars with paired measurements, Pearson's coefficient is , with a 95% confidence CI of 0.953–0.960, and  Spearman's coefficient is also exceptionally high, ), with a 95% CI of 0.927–0.938 and. Thus, both measures demonstrate an extremely strong positive association. The difference between the two coefficients, is relatively small, indicating that the relationship is predominantly linear and monotonic in the log-transformed parameter space. The strong P1-BSURF relationship follows directly from the standard magnetic-dipole estimate of the surface magnetic field, Since BSURF is calculated from the spin period and period derivative, a strong correlation with P1 is mathematically expected.  Astrophysically, this result demonstrates that pulsars undergoing more rapid rotational spin-down tend to possess stronger inferred surface magnetic fields. 
A similarly fundamental result is the extremely strong inverse relationship between P1 and characteristic age. The Pearson coefficient is  (95% CI: ); ( ), while Spearman's coefficient is  (95% CI: ); ( ). This near-identical behaviour demonstrates that the relationship is both strongly linear and strongly monotonic following logarithmic transformation. The result follows naturally from the characteristic-age relation. For pulsars with comparable periods, a larger period derivative necessarily corresponds to a smaller characteristic age. Thus, the strong negative correlation indicates that rapidly spinning-down normal pulsars occupy systematically younger characteristic-age regimes, whereas objects with very small period derivatives appear substantially older. The exceptionally close agreement between and is particularly significant because it suggests that the P1-AGE relationship is not being produced primarily by a small number of extreme observations. Instead, the ordering of pulsars according to period derivative is remarkably consistent with their ordering according to characteristic age. Nevertheless, characteristic age should not be equated directly with the true chronological age of a neutron star. The conventional estimate assumes a constant magnetic field, a braking index of three, negligible initial spin period, and a braking law dominated by magnetic dipole radiation. Real pulsars can deviate from these assumptions. Magnetic-field evolution, braking mechanisms other than pure dipole radiation, birth periods that are not negligible, and kinematic contributions to the observed period derivative can all introduce departures from the ideal relation. The extremely high correlation therefore validates the expected statistical scaling without implying that characteristic age is an exact physical age.
The correlation between F1 and EDOT provides perhaps the strongest direct connection between rotational evolution and energy loss in the dataset. Pearson's  (95% CI: 0.963 – 0.968); (), while Spearman's  (95% CI: (0.956 – 0.962); ( ). This is therefore essentially a linear and monotonic relationship after logarithmic transformation. The result is consistent with the expression for rotational energy loss. Since F1 represents the frequency derivative and EDOT quantifies the rate at which rotational kinetic energy is lost, their close association is an expected consequence of rotational braking. The strength of the F1-EDOT relationship also demonstrates that the principal driver of the observed spin-down energy budget is rotational evolution rather than external environmental effects. A pulsar with a larger magnitude of frequency derivative loses rotational energy more rapidly, and this relationship is preserved across the large dynamic range of the normal pulsar sample. The very narrow confidence interval further indicates that this is a highly stable population-level relation. This behaviour is consistent with the fact that both variables are closely connected mathematically to P0 and P1.
The relationship between EDOT and B_LC is another major result. For 2,424 pulsars, Pearson's coefficient is , with a 95% CI of (0.947–0.954) and (), whereas Spearman's coefficient is ), with a 95% CI of (0.929–0.939) and ().  Physically, this relationship arises because both the spin-down luminosity and the light-cylinder magnetic field are strongly controlled by the pulsar's rotational state and magnetic-field configuration.  Consequently, rapidly rotating pulsars with sufficiently strong magnetic fields can maintain substantial magnetic-field strengths near the light cylinder. The strong EDOT-B_LC association is important in the context of pulsar magnetospheric physics. The light-cylinder region is where the corotating magnetosphere approaches the speed of light, and the electromagnetic structure in this region is closely associated with particle acceleration, pair production, and high-energy emission. The observed correlation therefore suggests that pulsars with greater rotational energy-loss rates generally possess stronger electromagnetic conditions in their outer magnetospheres. However, it should not be interpreted as evidence that EDOT independently determines B_LC because both quantities contain common dependencies on the fundamental spin parameters. Rather, the correlation demonstrates the internal consistency of the derived physical quantities and their common dependence on the rotational energy reservoir.
The inverse correlation between F1 and AGE is also exceptionally strong. Pearson's coefficient is  (95% CI: ); (), while Spearman's coefficient is even stronger, ) (95% CI: ); (). The fact that Spearman exceeds Pearson in absolute magnitude (being log transformed) suggests a slight departure from strict linearity while preserving a highly ordered monotonic relationship. Physically, the result is the frequency-domain equivalent of the P1-AGE correlation. A larger frequency derivative corresponds to more rapid rotational evolution and consequently a smaller characteristic age. The fact that the Spearman coefficient is slightly stronger may indicate that the relationship is not perfectly linear over the full range of characteristic ages, particularly at the extremes of the population.
The relationship between P0 and B_LC is also very strong and provides a particularly clear illustration of the importance of pulsar rotation in determining the magnetospheric field. Pearson's ) (95% CI: ; (), compared with Spearman's  (95% CI: ); (). The negative association means that pulsars with longer rotation periods tend to have weaker magnetic fields at the light cylinder. This is physically expected because the light-cylinder radius increases with increasing period, causing the magnetic field to decrease rapidly with distance from the stellar surface. Thus, short-period pulsars have substantially stronger magnetospheric fields near the light cylinder. The modestly higher absolute Spearman coefficient indicates that the P0-B_LC relationship is somewhat more consistently monotonic than linear. This distinction is important because B_LC depends on a high power of the rotation frequency. Even after logarithmic transformation, residual nonlinearities can remain because B_LC simultaneously incorporates the surface magnetic field and rotational period. Consequently, the result is best interpreted as a strong monotonic scaling rather than as evidence for a perfectly linear physical law.
The correlation between the surface magnetic field and characteristic age provides complementary evidence for magnetic-field-dependent spin evolution. Pearson's coefficient is  (95% CI: (); (), while Spearman's coefficient is  (95% CI: ); (). Although both correlations are strong, the difference of approximately 0.0296 is larger than for several of the fundamental spin-down relationships. This indicates that the relationship between inferred magnetic field and characteristic age is strongly monotonic but somewhat less strictly linear. Such behaviour is physically plausible because the present magnetic field of a pulsar reflects its evolutionary history, while characteristic age is derived from its present spin state. Magnetic-field decay, changing magnetospheric torque, birth properties, and kinematic effects can therefore produce scatter around the idealised evolutionary relation.
The S1400 – DIST relationship differs from the preceding correlations because it is primarily observational rather than a direct consequence of rotational dynamics. For 188 pulsars with paired measurements, Pearson's coefficient is , with a 95% CI of  and (Spearman's coefficient is , with a 95% CI of  and (). The relationship is therefore statistically highly significant but only moderate in strength. The Pearson–Spearman difference of approximately 0.0813 is considerably larger than for the principal spin-down correlations, indicating that the association is not adequately described as a simple linear relationship. The negative sign is nevertheless consistent with the expected reduction of observed flux density with increasing distance. Several factors can account for the relatively large difference between Pearson and Spearman coefficients. In an idealized isotropic source population with identical luminosities, flux density would decrease approximately as (). However, pulsars possess a broad distribution of intrinsic radio luminosities, different beam geometries, spectral properties, scintillation behaviour, and measurement uncertainties. Interstellar scattering and absorption can additionally affect the detectability of distant sources. Most importantly, the NP catalogue is subject to strong selection effects: surveys preferentially detect brighter pulsars at larger distances, while intrinsically faint pulsars are progressively underrepresented. Consequently, the observed S1400-DIST relationship is a combination of geometric flux dilution and population-selection effects rather than a pure physical scaling.
The two radio luminosity parameters, RLUM400 and RLUM1400, exhibit an exceptionally strong positive relationship despite being available for only 144 pulsars. Pearson's coefficient  (95% CI: ); (), while Spearman's coefficient is  (95% CI: ); (). The difference of  is relatively small, indicating that the two luminosity measures preserve a highly consistent linear and monotonic relationship after log transformation. The somewhat wider confidence intervals compared with the major spin parameters reflect the substantially smaller sample size. The result nonetheless demonstrates that the two luminosity estimates capture essentially the same underlying radio-emission property. The strong luminosity relationship has important implications for understanding the radio emission population. Radio luminosity is influenced by intrinsic magnetospheric activity, beam geometry, spectral properties, and rotational energy availability, but it is also affected by observational uncertainties and distance estimates. The high correlation indicates that despite these complications, the two luminosity measures retain a strong common signal. The modest difference between Pearson and Spearman suggests that nonlinear effects are present but are not sufficiently large to disrupt the overall scaling.
The remaining statistically significant correlations are generally consistent with this same physical framework but are less influential than the relationships already discussed. In particular, EDOTD2 is strongly associated with B_LC (; ) and EDOT (), while F1-B_LC gives . The P1-F1 relationship is also strong, with , reflecting the mathematical connection between period and rotational frequency. AGE-EDOT is strongly negative  again confirming that older pulsars generally possess lower present-day spin-down power. These secondary relationships reinforce rather than alter the principal interpretation.
Taken together, the Pearson and Spearman results show that the normal pulsar population is dominated by a coherent network of correlations generated by rotational spin evolution. The strongest relationships—particularly F1-EDOT, P1-BSURF, EDOT-B_LC, F1-AGE, and P1-AGE—have coefficients approaching unity and extremely narrow confidence intervals, demonstrating that the dominant physical variables occupy a highly organised parameter space. The close correspondence between Pearson and Spearman coefficients for these relationships shows that the logarithmic transformation has linearised the principal astrophysical scaling laws. Where Spearman differs more noticeably from Pearson, particularly for S1400-DIST and AGE-BSURF, the difference is informative rather than problematic: it indicates residual nonlinear or heterogeneous behaviour superimposed on an otherwise monotonic relationship. From an astrophysical perspective, these results are consistent with a normal pulsar population whose observable properties are strongly governed by the conversion of rotational energy into electromagnetic radiation and particle outflows. The correlations among P0, P1, magnetic-field strength, characteristic age, and spin-down luminosity are fundamentally linked to magnetic braking and magnetospheric torque. At the same time, the radio correlations demonstrate that observed emission properties may be additionally modified by distance, intrinsic luminosity variation, beam geometry, and survey selection. Thus, the correlation analysis provides qualitative evidence for the underlying spin-down framework while also identifying where observational and evolutionary effects introduce departures from idealised linear scaling. Importantly, unlike MPs, the NP population has generally experienced substantially less recycling through prolonged binary accretion, and its stronger magnetic fields and longer periods naturally place it in a different region of the pulsar parameter space.
Comparative Summary between NP Correlation and MP Correlation
The comparative Pearson and Spearman correlation analyses indicate that NPs and MPs share the same fundamental rotational and magnetic-braking framework but differ in the strength and regularity of some relationships because of their distinct evolutionary histories. In both populations, the strongest correlations occur among P0, P1, F1, BSURF, B_LC, AGE, and EDOT. These relationships are expected because several parameters are mathematically derived from the pulsar's period and period derivative. However, MPs have undergone binary recycling, during which accretion transfers angular momentum to the neutron star, producing very short periods and substantially weaker surface magnetic fields (Alpar et al., 1982; Bhattacharya & van den Heuvel, 1991; Tauris et al., 2012).
The P1-BSURF relationship is exceptionally strong in NPs, and the corresponding MP relationship is also exceptionally strong. The close agreement between Pearson and Spearman coefficients demonstrates that the relationship is predominantly linear and monotonic after logarithmic transformation. This confirms the strong dependence of the inferred surface magnetic field on the rotational spin-down rate. Recycling changes the absolute values of P1 and BSURF in MPs but does not eliminate their fundamental relationship.
The P1-AGE correlation is similarly very strong in NPs, and the corresponding MP relationship is also strongly negative but exhibits a greater difference between Pearson and Spearman coefficients. This suggests that the NP relationship is more nearly linear, whereas the MP population contains a more nonlinear but monotonic structure. The difference is physically meaningful because characteristic age is a simplified estimate that does not necessarily represent the true age of a recycled neutron star. Accretion history, initial spin period, magnetic-field evolution, and kinematic corrections can all affect the present-day spin-down properties of MPs (Lorimer, 2008).
The F1-EDOT relationship is among the strongest in both populations. The almost identical Pearson and Spearman values demonstrate an essentially linear and monotonic relationship. This is expected because EDOT measures rotational energy loss and is directly determined by the pulsar's spin period and its derivative. The persistence of this relationship in MPs demonstrates that recycling changes the pulsar's evolutionary state but does not alter the fundamental connection between rotational braking and energy loss. Similarly, EDOT-B_LC is exceptionally strong for NPs, and the MP population also shows a strong relationship. Because B_LC depends strongly on rotation frequency, this correlation indicates that the magnetospheric field near the light cylinder remains closely coupled to the rotational energy reservoir. The strong P0-B_LC relationship in NPs is similarly reproduced in MPs. Shorter-period pulsars therefore possess stronger light-cylinder magnetic fields despite their weaker surface fields, highlighting the importance of rapid rotation in MSP magnetospheric physics.
The F1-AGE relationship is also extremely strong in NPs, and MPs retain the same negative trend but show greater differences between Pearson and Spearman coefficients. This again suggests that recycling introduces additional evolutionary diversity into the age–spin-down relationship. MPs are therefore not simply older versions of ordinary pulsars; their present spin properties reflect both their pre-recycling evolution and subsequent accretion-driven spin-up (Lorimer, 2008; Tauris et al., 2012). The radio correlations are less directly governed by pulsar spin-down. The larger Pearson–Spearman difference indicates nonlinear structure and substantial scatter. This relationship is influenced by inverse-square flux dilution, intrinsic luminosity differences, beam geometry, interstellar propagation, and survey sensitivity. Consequently, differences between NP and MP radio correlations should be interpreted partly in terms of observational selection rather than intrinsic emission physics (Lorimer, 2011; Keith et al., 2010). Overall, the comparison demonstrates that NPs and MPs share the same fundamental rotational electrodynamics, but MPs exhibit greater evolutionary complexity. The strongest correlations involving P1, F1, AGE, EDOT, BSURF, and B_LC occur in both populations, confirming the continuing importance of magnetic braking and rotational energy loss. However, greater Pearson–Spearman differences in several MP relationships suggest residual nonlinearities associated with recycling, accretion history, and post-recycling evolution. The radio correlations are additionally affected by observational selection. Thus, MPs should be regarded not simply as rapidly rotating normal pulsars, but as a distinct evolutionary population whose present-day correlations retain the signatures of both accretion-driven recycling and subsequent rotation-powered evolution.



[bookmark: _Hlk232755622]4. Conclusions
This study has presented a comprehensive statistical characterisation 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 characterised 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 artefacts 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 characterised 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 modelling. Future work should include reproducible data extraction, corrected parameter definitions, uncertainty analysis, and code-supported statistical validation. Furthermore, a subset of MPs possesses negative values of the Shklovskii-corrected characteristic age (AGE_I). These values arise when the corrected intrinsic period derivative becomes negative after applying kinematic corrections and therefore do not correspond to physical stellar ages. Their occurrence reflects the combined effects of extremely small intrinsic spin-down rates and uncertainties in proper motion, distance, and Galactic acceleration corrections rather than anomalous evolutionary states. Consequently, any AGE_I statistics presented here should be interpreted with caution, and evolutionary inferences are based primarily on pulsars with physically meaningful positive intrinsic characteristic ages.
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Appendix I
	
	P0
	P1
	F1
	DM
	RM
	S1400
	DIST
	ZZ
	R_LUM400
	R_LUM1400
	AGE
	BSURF
	EDOT
	EDOTD2
	PMTOT
	VTRANS
	B_LC

	P0
	
	0.42
	-0.39
	0.18
	0.14
	-0.02
	0.16
	0.03
	-0.04
	0.07
	0.03
	0.67
	-0.67
	-0.51
	-0.07
	0.06
	-0.85

	P1
	0.42
	
	0.58
	0.29
	0.08
	-0.08
	0.33
	0.11
	0.32
	0.22
	-0.84
	0.95
	0.25
	-0.03
	-0.16
	0.31
	0.00

	F1
	-0.24
	0.78
	
	0.09
	-0.07
	-0.08
	0.27
	0.15
	0.27
	0.07
	-0.87
	0.27
	0.94
	0.40
	-0.10
	0.31
	0.79

	DM
	0.18
	0.25
	0.09
	
	0.66
	-0.37
	0.50
	-0.34
	0.58
	0.28
	-0.18
	0.29
	-0.04
	-0.30
	-0.35
	0.51
	-0.12

	RM
	0.14
	0.13
	0.02
	0.67
	
	-0.22
	0.25
	-0.41
	0.32
	0.17
	0.02
	0.11
	-0.16
	-0.11
	-0.26
	0.23
	-0.19

	S1400
	-0.01
	-0.06
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	-0.36
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	0.29
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	0.25
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	0.37
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	0.63
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	-0.42
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	0.32
	-0.63
	-0.54
	0.61
	0.24

	ZZ
	-0.01
	0.07
	0.09
	-0.26
	-0.30
	-0.44
	0.58
	
	0.34
	0.05
	-0.20
	0.08
	0.21
	-0.48
	-0.23
	0.20
	0.16

	R_LUM
	-0.05
	0.46
	0.46
	0.60
	0.32
	0.09
	0.58
	0.17
	
	0.79
	-0.34
	0.22
	0.23
	-0.19
	-0.25
	0.41
	0.20

	R_LUM14
	0.09
	0.28
	0.18
	0.31
	0.19
	0.29
	0.41
	0.07
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	-0.12
	0.20
	0.00
	-0.24
	-0.04
	0.26
	-0.03

	AGE
	-0.14
	-0.93
	-0.91
	-0.21
	-0.03
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	-0.46
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	-0.28
	
	-0.66
	-0.68
	-0.22
	0.10
	-0.44
	-0.45

	BSURF
	0.71
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	0.48
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	0.15
	-0.04
	0.39
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	0.37
	0.27
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	PMTOT
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	0.07
	-0.11
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	-0.02
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	0.14
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	-0.28
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	B_LC
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	0.05
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	-0.05
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	-0.22
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Pearson in black, while Spearman is in red for MP
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Pearson in black, while Spearman is in red for NP







Appendix II
COMPLETE PAIR-WISE CORRELATION STATISTICS for MP (Most values of  were recorded as 0.00)
	Var1
	Var2
	
	Pearson 
p
	CI_low
	CI_high
	
	Spearman
p

	P0
	P1
	0.42
	0.00
	0.34
	0.49
	0.42
	0.00

	P0
	F1
	-0.24
	0.00
	-0.32
	-0.15
	-0.39
	0.00

	P0
	DM
	0.18
	0.00
	0.11
	0.24
	0.18
	0.00

	P0
	RM
	0.14
	0.01
	0.04
	0.24
	0.14
	0.01

	P0
	S1400
	-0.01
	0.89
	-0.09
	0.08
	-0.02
	0.58

	P0
	DIST
	0.10
	0.10
	-0.02
	0.21
	0.16
	0.01

	P0
	ZZ
	-0.01
	0.91
	-0.12
	0.11
	0.03
	0.58

	P0
	R_LUM
	-0.05
	0.72
	-0.32
	0.22
	-0.04
	0.79

	P0
	R_LUM14
	0.09
	0.25
	-0.06
	0.24
	0.07
	0.37

	P0
	AGE
	-0.14
	0.00
	-0.23
	-0.04
	0.03
	0.60

	P0
	BSURF
	0.71
	0.00
	0.66
	0.75
	0.67
	0.00

	P0
	EDOT
	-0.59
	0.00
	-0.65
	-0.52
	-0.67
	0.00

	P0
	EDOTD2
	-0.54
	0.00
	-0.64
	-0.41
	-0.51
	0.00

	P0
	PMTOT
	-0.07
	0.15
	-0.16
	0.02
	-0.07
	0.12

	P0
	VTRANS
	-0.02
	0.72
	-0.14
	0.10
	0.06
	0.32

	P0
	B_LC
	-0.85
	0.00
	-0.87
	-0.82
	-0.85
	0.00

	P1
	F1
	0.78
	0.00
	0.75
	0.82
	0.58
	0.00

	P1
	DM
	0.25
	0.00
	0.16
	0.33
	0.29
	0.00

	P1
	RM
	0.13
	0.03
	0.01
	0.23
	0.08
	0.18

	P1
	S1400
	-0.06
	0.29
	-0.17
	0.05
	-0.08
	0.14

	P1
	DIST
	0.25
	0.00
	0.12
	0.38
	0.33
	0.00

	P1
	ZZ
	0.07
	0.32
	-0.07
	0.21
	0.11
	0.11

	P1
	R_LUM
	0.46
	0.00
	0.21
	0.65
	0.32
	0.02

	P1
	R_LUM14
	0.28
	0.00
	0.11
	0.44
	0.22
	0.01

	P1
	AGE
	-0.93
	0.00
	-0.94
	-0.91
	-0.84
	0.00

	P1
	BSURF
	0.96
	0.00
	0.96
	0.97
	0.95
	0.00

	P1
	EDOT
	0.41
	0.00
	0.33
	0.49
	0.25
	0.00

	P1
	EDOTD2
	0.08
	0.33
	-0.08
	0.24
	-0.03
	0.68

	P1
	PMTOT
	-0.06
	0.28
	-0.16
	0.05
	-0.16
	0.00

	P1
	VTRANS
	0.13
	0.07
	-0.01
	0.27
	0.31
	0.00

	P1
	B_LC
	0.05
	0.33
	-0.05
	0.14
	0.00
	0.96

	F1
	DM
	0.09
	0.05
	0.00
	0.18
	0.09
	0.05

	F1
	RM
	0.02
	0.76
	-0.09
	0.13
	-0.07
	0.23

	F1
	S1400
	-0.08
	0.19
	-0.19
	0.04
	-0.08
	0.17

	F1
	DIST
	0.20
	0.00
	0.07
	0.33
	0.27
	0.00

	F1
	ZZ
	0.09
	0.22
	-0.05
	0.23
	0.15
	0.03

	F1
	R_LUM
	0.46
	0.00
	0.21
	0.65
	0.27
	0.05

	F1
	R_LUM14
	0.18
	0.04
	0.01
	0.35
	0.07
	0.42

	F1
	AGE
	-0.91
	0.00
	-0.93
	-0.89
	-0.87
	0.00

	F1
	BSURF
	0.48
	0.00
	0.40
	0.55
	0.27
	0.00

	F1
	EDOT
	0.94
	0.00
	0.93
	0.95
	0.94
	0.00

	F1
	EDOTD2
	0.51
	0.00
	0.37
	0.62
	0.40
	0.00

	F1
	PMTOT
	0.00
	0.99
	-0.11
	0.11
	-0.10
	0.06

	F1
	VTRANS
	0.15
	0.03
	0.01
	0.29
	0.31
	0.00

	F1
	B_LC
	0.75
	0.00
	0.70
	0.79
	0.79
	0.00

	DM
	RM
	0.67
	0.00
	0.61
	0.72
	0.66
	0.00

	DM
	S1400
	-0.36
	0.00
	-0.43
	-0.28
	-0.37
	0.00

	DM
	DIST
	0.58
	0.00
	0.50
	0.65
	0.50
	0.00

	DM
	ZZ
	-0.26
	0.00
	-0.37
	-0.15
	-0.34
	0.00

	DM
	R_LUM
	0.60
	0.00
	0.40
	0.75
	0.58
	0.00

	DM
	R_LUM14
	0.31
	0.00
	0.16
	0.44
	0.28
	0.00

	DM
	AGE
	-0.21
	0.00
	-0.30
	-0.11
	-0.18
	0.00

	DM
	BSURF
	0.30
	0.00
	0.21
	0.39
	0.29
	0.00

	DM
	EDOT
	-0.02
	0.64
	-0.12
	0.07
	-0.04
	0.38

	DM
	EDOTD2
	-0.34
	0.00
	-0.48
	-0.19
	-0.30
	0.00

	DM
	PMTOT
	-0.35
	0.00
	-0.43
	-0.27
	-0.35
	0.00

	DM
	VTRANS
	0.37
	0.00
	0.26
	0.47
	0.51
	0.00

	DM
	B_LC
	-0.12
	0.01
	-0.22
	-0.03
	-0.12
	0.02

	RM
	S1400
	-0.21
	0.00
	-0.32
	-0.10
	-0.22
	0.00

	RM
	DIST
	0.37
	0.00
	0.24
	0.49
	0.25
	0.00

	RM
	ZZ
	-0.30
	0.00
	-0.43
	-0.16
	-0.41
	0.00

	RM
	R_LUM
	0.32
	0.03
	0.04
	0.55
	0.32
	0.03

	RM
	R_LUM14
	0.19
	0.03
	0.02
	0.35
	0.17
	0.05

	RM
	AGE
	-0.03
	0.59
	-0.15
	0.09
	0.02
	0.71

	RM
	BSURF
	0.15
	0.01
	0.04
	0.27
	0.11
	0.07

	RM
	EDOT
	-0.12
	0.05
	-0.23
	0.00
	-0.16
	0.01

	RM
	EDOTD2
	-0.17
	0.08
	-0.35
	0.02
	-0.11
	0.24

	RM
	PMTOT
	-0.31
	0.00
	-0.41
	-0.20
	-0.26
	0.00

	RM
	VTRANS
	0.14
	0.06
	0.00
	0.28
	0.23
	0.00

	RM
	B_LC
	-0.16
	0.01
	-0.27
	-0.04
	-0.19
	0.00

	S1400
	DIST
	-0.75
	0.00
	-0.81
	-0.68
	-0.77
	0.00

	S1400
	ZZ
	-0.44
	0.00
	-0.55
	-0.30
	-0.34
	0.00

	S1400
	R_LUM
	0.09
	0.54
	-0.21
	0.38
	0.06
	0.69

	S1400
	R_LUM14
	0.29
	0.00
	0.15
	0.42
	0.29
	0.00

	S1400
	AGE
	0.08
	0.19
	-0.04
	0.20
	0.06
	0.29

	S1400
	BSURF
	-0.04
	0.48
	-0.16
	0.08
	-0.03
	0.59

	S1400
	EDOT
	-0.07
	0.26
	-0.19
	0.05
	-0.06
	0.29

	S1400
	EDOTD2
	0.42
	0.00
	0.25
	0.57
	0.38
	0.00

	S1400
	PMTOT
	0.27
	0.00
	0.15
	0.37
	0.33
	0.00

	S1400
	VTRANS
	-0.52
	0.00
	-0.62
	-0.40
	-0.52
	0.00

	S1400
	B_LC
	-0.05
	0.44
	-0.16
	0.07
	-0.04
	0.48

	DIST
	ZZ
	0.58
	0.00
	0.49
	0.65
	0.55
	0.00

	DIST
	R_LUM
	0.58
	0.00
	0.37
	0.74
	0.63
	0.00

	DIST
	R_LUM14
	0.41
	0.00
	0.27
	0.53
	0.29
	0.00

	DIST
	AGE
	-0.46
	0.00
	-0.58
	-0.33
	-0.42
	0.00

	DIST
	BSURF
	0.39
	0.00
	0.25
	0.52
	0.29
	0.00

	DIST
	EDOT
	0.39
	0.00
	0.24
	0.52
	0.32
	0.00

	DIST
	EDOTD2
	-0.64
	0.00
	-0.73
	-0.53
	-0.63
	0.00

	DIST
	PMTOT
	-0.59
	0.00
	-0.66
	-0.51
	-0.54
	0.00

	DIST
	VTRANS
	0.65
	0.00
	0.57
	0.71
	0.61
	0.00

	DIST
	B_LC
	0.25
	0.00
	0.09
	0.40
	0.24
	0.00

	ZZ
	R_LUM
	0.17
	0.23
	-0.11
	0.42
	0.34
	0.01

	ZZ
	R_LUM14
	0.07
	0.38
	-0.08
	0.22
	0.05
	0.51

	ZZ
	AGE
	-0.25
	0.00
	-0.39
	-0.09
	-0.20
	0.01

	ZZ
	BSURF
	0.17
	0.04
	0.01
	0.32
	0.08
	0.33

	ZZ
	EDOT
	0.26
	0.00
	0.10
	0.40
	0.21
	0.01

	ZZ
	EDOTD2
	-0.45
	0.00
	-0.57
	-0.31
	-0.48
	0.00

	ZZ
	PMTOT
	-0.29
	0.00
	-0.39
	-0.17
	-0.23
	0.00

	ZZ
	VTRANS
	0.39
	0.00
	0.29
	0.49
	0.20
	0.00

	ZZ
	B_LC
	0.20
	0.01
	0.04
	0.36
	0.16
	0.05

	R_LUM
	R_LUM14
	0.86
	0.00
	0.75
	0.92
	0.79
	0.00

	R_LUM
	AGE
	-0.53
	0.00
	-0.71
	-0.28
	-0.34
	0.02

	R_LUM
	BSURF
	0.37
	0.01
	0.10
	0.60
	0.22
	0.14

	R_LUM
	EDOT
	0.44
	0.00
	0.17
	0.65
	0.23
	0.11

	R_LUM
	EDOTD2
	-0.09
	0.53
	-0.37
	0.20
	-0.19
	0.21

	R_LUM
	PMTOT
	-0.31
	0.03
	-0.54
	-0.04
	-0.25
	0.07

	R_LUM
	VTRANS
	0.31
	0.03
	0.04
	0.54
	0.41
	0.00

	R_LUM
	B_LC
	0.33
	0.02
	0.05
	0.56
	0.20
	0.19

	R_LUM14
	AGE
	-0.28
	0.00
	-0.45
	-0.09
	-0.12
	0.25

	R_LUM14
	BSURF
	0.27
	0.01
	0.08
	0.45
	0.20
	0.05

	R_LUM14
	EDOT
	0.13
	0.21
	-0.07
	0.32
	0.00
	0.97

	R_LUM14
	EDOTD2
	-0.26
	0.01
	-0.43
	-0.06
	-0.24
	0.02

	R_LUM14
	PMTOT
	-0.25
	0.00
	-0.39
	-0.10
	-0.04
	0.61

	R_LUM14
	VTRANS
	0.22
	0.00
	0.07
	0.37
	0.26
	0.00

	R_LUM14
	B_LC
	0.03
	0.79
	-0.17
	0.22
	-0.03
	0.77

	AGE
	BSURF
	-0.80
	0.00
	-0.83
	-0.76
	-0.66
	0.00

	AGE
	EDOT
	-0.72
	0.00
	-0.77
	-0.67
	-0.68
	0.00

	AGE
	EDOTD2
	-0.32
	0.00
	-0.46
	-0.17
	-0.22
	0.01

	AGE
	PMTOT
	0.07
	0.22
	-0.04
	0.19
	0.10
	0.11

	AGE
	VTRANS
	-0.28
	0.00
	-0.43
	-0.12
	-0.44
	0.00

	AGE
	B_LC
	-0.41
	0.00
	-0.49
	-0.33
	-0.45
	0.00

	BSURF
	EDOT
	0.16
	0.00
	0.06
	0.25
	-0.01
	0.90

	BSURF
	EDOTD2
	-0.11
	0.19
	-0.27
	0.06
	-0.17
	0.04

	BSURF
	PMTOT
	-0.11
	0.06
	-0.22
	0.00
	-0.10
	0.08

	BSURF
	VTRANS
	0.14
	0.09
	-0.02
	0.30
	0.25
	0.00

	BSURF
	B_LC
	-0.22
	0.00
	-0.31
	-0.13
	-0.27
	0.00

	EDOT
	EDOTD2
	0.59
	0.00
	0.47
	0.69
	0.50
	0.00

	EDOT
	PMTOT
	0.01
	0.88
	-0.11
	0.13
	-0.01
	0.90

	EDOT
	VTRANS
	0.28
	0.00
	0.13
	0.43
	0.37
	0.00

	EDOT
	B_LC
	0.93
	0.00
	0.91
	0.94
	0.95
	0.00

	EDOTD2
	PMTOT
	0.45
	0.00
	0.31
	0.57
	0.47
	0.00

	EDOTD2
	VTRANS
	-0.26
	0.00
	-0.41
	-0.10
	-0.27
	0.00

	EDOTD2
	B_LC
	0.62
	0.00
	0.51
	0.71
	0.55
	0.00

	PMTOT
	VTRANS
	0.24
	0.00
	0.12
	0.34
	0.17
	0.00

	PMTOT
	B_LC
	0.05
	0.43
	-0.07
	0.16
	0.02
	0.70

	VTRANS
	B_LC
	0.24
	0.00
	0.08
	0.39
	0.28
	0.00























Appendix III
COMPLETE PAIR-WISE CORRELATION STATISTICS for NP (Most values of  where recorded as 0.00)
	Var 1
	Var 2
	N
	
	Pearson 
p
	
	Spearman
 p
	Spearman 
95% CI low
	Spearman
 95% CI high

	P0
	P1
	2437
	0.28
	0.00
	0.13
	0.00
	0.09
	0.17

	P0
	F1
	2437
	-0.40
	0.00
	-0.41
	0.00
	-0.44
	-0.38

	P0
	DM
	3411
	-0.08
	0.00
	-0.11
	0.00
	-0.14
	-0.08

	P0
	RM
	1701
	-0.04
	0.09
	-0.08
	0.00
	-0.13
	-0.03

	P0
	S1400
	2523
	-0.15
	0.00
	-0.14
	0.00
	-0.18
	-0.10

	P0
	DIST
	255
	-0.06
	0.34
	-0.07
	0.27
	-0.19
	0.05

	P0
	ZZ
	255
	-0.02
	0.72
	0.00
	0.96
	-0.12
	0.13

	P0
	R_LUM
	149
	-0.08
	0.36
	-0.08
	0.31
	-0.24
	0.08

	P0
	R_LUM14
	187
	0.01
	0.86
	-0.06
	0.43
	-0.20
	0.09

	P0
	AGE
	2428
	0.08
	0.00
	0.17
	0.00
	0.13
	0.21

	P0
	BSURF
	2432
	0.55
	0.00
	0.44
	0.00
	0.40
	0.47

	P0
	EDOT
	2432
	-0.63
	0.00
	-0.63
	0.00
	-0.65
	-0.60

	P0
	EDOTD2
	241
	-0.54
	0.00
	-0.58
	0.00
	-0.66
	-0.49

	P0
	PMTOT
	270
	0.25
	0.00
	0.18
	0.00
	0.06
	0.29

	P0
	VTRANS
	151
	0.18
	0.03
	0.17
	0.03
	0.01
	0.32

	P0
	B_LC
	2424
	-0.84
	0.00
	-0.85
	0.00
	-0.86
	-0.84

	P1
	F1
	2437
	0.77
	0.00
	0.79
	0.00
	0.78
	0.81

	P1
	DM
	2341
	0.32
	0.00
	0.33
	0.00
	0.29
	0.36

	P1
	RM
	1559
	0.26
	0.00
	0.25
	0.00
	0.21
	0.30

	P1
	S1400
	1873
	0.12
	0.00
	0.10
	0.00
	0.06
	0.15

	P1
	DIST
	241
	0.14
	0.03
	0.12
	0.06
	-0.01
	0.24

	P1
	ZZ
	241
	0.08
	0.24
	-0.02
	0.70
	-0.15
	0.10

	P1
	R_LUM
	148
	0.16
	0.05
	0.14
	0.08
	-0.02
	0.30

	P1
	R_LUM14
	185
	0.16
	0.03
	0.14
	0.06
	-0.01
	0.28

	P1
	AGE
	2428
	-0.94
	0.00
	-0.94
	0.00
	-0.94
	-0.93

	P1
	BSURF
	2432
	0.96
	0.00
	0.93
	0.00
	0.93
	0.94

	P1
	EDOT
	2432
	0.58
	0.00
	0.62
	0.00
	0.59
	0.64

	P1
	EDOTD2
	241
	0.41
	0.00
	0.52
	0.00
	0.42
	0.60

	P1
	PMTOT
	266
	0.22
	0.00
	0.23
	0.00
	0.11
	0.34

	P1
	VTRANS
	147
	0.24
	0.00
	0.27
	0.00
	0.11
	0.41

	P1
	B_LC
	2424
	0.29
	0.00
	0.35
	0.00
	0.31
	0.38

	F1
	DM
	2341
	0.36
	0.00
	0.37
	0.00
	0.33
	0.40

	F1
	RM
	1559
	0.26
	0.00
	0.27
	0.00
	0.22
	0.31

	F1
	S1400
	1873
	0.17
	0.00
	0.17
	0.00
	0.13
	0.22

	F1
	DIST
	241
	0.15
	0.02
	0.14
	0.02
	0.02
	0.27

	F1
	ZZ
	241
	0.06
	0.34
	0.00
	0.98
	-0.13
	0.12

	F1
	R_LUM
	148
	0.19
	0.02
	0.20
	0.02
	0.04
	0.35

	F1
	R_LUM14
	185
	0.13
	0.08
	0.21
	0.00
	0.07
	0.34

	F1
	AGE
	2428
	-0.94
	0.00
	-0.95
	0.00
	-0.96
	-0.95

	F1
	BSURF
	2432
	0.55
	0.00
	0.55
	0.00
	0.52
	0.58

	F1
	EDOT
	2432
	0.97
	0.00
	0.96
	0.00
	0.96
	0.96

	F1
	EDOTD2
	241
	0.78
	0.00
	0.76
	0.00
	0.70
	0.81

	F1
	PMTOT
	266
	0.10
	0.12
	0.17
	0.00
	0.05
	0.29

	F1
	VTRANS
	147
	0.13
	0.11
	0.21
	0.01
	0.05
	0.36

	F1
	B_LC
	2424
	0.84
	0.00
	0.80
	0.00
	0.79
	0.82

	DM
	RM
	1701
	0.66
	0.00
	0.68
	0.00
	0.65
	0.70

	DM
	S1400
	2523
	-0.20
	0.00
	-0.16
	0.00
	-0.20
	-0.12

	DM
	DIST
	214
	0.50
	0.00
	0.53
	0.00
	0.42
	0.62

	DM
	ZZ
	214
	0.07
	0.32
	-0.04
	0.52
	-0.18
	0.09

	DM
	R_LUM
	149
	0.52
	0.00
	0.49
	0.00
	0.35
	0.60

	DM
	R_LUM14
	187
	0.51
	0.00
	0.46
	0.00
	0.34
	0.57

	DM
	AGE
	2335
	-0.36
	0.00
	-0.37
	0.00
	-0.40
	-0.33

	DM
	BSURF
	2336
	0.26
	0.00
	0.24
	0.00
	0.21
	0.28

	DM
	EDOT
	2336
	0.33
	0.00
	0.34
	0.00
	0.30
	0.38

	DM
	EDOTD2
	200
	0.09
	0.21
	0.15
	0.04
	0.01
	0.28

	DM
	PMTOT
	260
	-0.31
	0.00
	-0.27
	0.00
	-0.38
	-0.15

	DM
	VTRANS
	143
	0.21
	0.01
	0.22
	0.01
	0.05
	0.37

	DM
	B_LC
	2328
	0.26
	0.00
	0.27
	0.00
	0.23
	0.31

	RM
	S1400
	1419
	-0.15
	0.00
	-0.14
	0.00
	-0.19
	-0.09

	RM
	DIST
	187
	0.31
	0.00
	0.36
	0.00
	0.22
	0.47

	RM
	ZZ
	187
	-0.03
	0.69
	-0.08
	0.27
	-0.22
	0.06

	RM
	R_LUM
	146
	0.20
	0.01
	0.21
	0.01
	0.05
	0.36

	RM
	R_LUM14
	177
	0.23
	0.00
	0.22
	0.00
	0.08
	0.36

	RM
	AGE
	1557
	-0.27
	0.00
	-0.27
	0.00
	-0.32
	-0.23

	RM
	BSURF
	1558
	0.22
	0.00
	0.20
	0.00
	0.15
	0.25

	RM
	EDOT
	1558
	0.23
	0.00
	0.24
	0.00
	0.20
	0.29

	RM
	EDOTD2
	183
	0.12
	0.10
	0.14
	0.05
	0.00
	0.28

	RM
	PMTOT
	244
	-0.27
	0.00
	-0.26
	0.00
	-0.37
	-0.13

	RM
	VTRANS
	134
	-0.02
	0.81
	0.01
	0.91
	-0.16
	0.18

	RM
	B_LC
	1550
	0.17
	0.00
	0.18
	0.00
	0.13
	0.23

	S1400
	DIST
	188
	-0.58
	0.00
	-0.50
	0.00
	-0.60
	-0.39

	S1400
	ZZ
	188
	-0.43
	0.00
	-0.34
	0.00
	-0.46
	-0.21

	S1400
	R_LUM
	144
	0.20
	0.02
	0.21
	0.01
	0.04
	0.36

	S1400
	R_LUM14
	187
	0.24
	0.00
	0.21
	0.00
	0.07
	0.34

	S1400
	AGE
	1868
	-0.15
	0.00
	-0.15
	0.00
	-0.19
	-0.11

	S1400
	BSURF
	1869
	0.07
	0.00
	0.05
	0.03
	0.01
	0.10

	S1400
	EDOT
	1869
	0.17
	0.00
	0.18
	0.00
	0.14
	0.22

	S1400
	EDOTD2
	185
	0.23
	0.00
	0.31
	0.00
	0.17
	0.43

	S1400
	PMTOT
	228
	0.30
	0.00
	0.28
	0.00
	0.15
	0.39

	S1400
	VTRANS
	128
	-0.07
	0.43
	-0.04
	0.66
	-0.21
	0.14

	S1400
	B_LC
	1861
	0.16
	0.00
	0.16
	0.00
	0.12
	0.20

	DIST
	ZZ
	255
	0.63
	0.00
	0.38
	0.00
	0.27
	0.48

	DIST
	R_LUM
	149
	0.68
	0.00
	0.64
	0.00
	0.53
	0.73

	DIST
	R_LUM14
	187
	0.65
	0.00
	0.66
	0.00
	0.57
	0.74

	DIST
	AGE
	238
	-0.15
	0.02
	-0.14
	0.03
	-0.26
	-0.01

	DIST
	BSURF
	240
	0.12
	0.07
	0.09
	0.15
	-0.03
	0.22

	DIST
	EDOT
	240
	0.14
	0.03
	0.13
	0.04
	0.01
	0.26

	DIST
	EDOTD2
	240
	-0.43
	0.00
	-0.40
	0.00
	-0.50
	-0.29

	DIST
	PMTOT
	151
	-0.63
	0.00
	-0.61
	0.00
	-0.70
	-0.50

	DIST
	VTRANS
	151
	0.36
	0.00
	0.31
	0.00
	0.16
	0.45

	DIST
	B_LC
	236
	0.10
	0.11
	0.08
	0.25
	-0.05
	0.20

	ZZ
	R_LUM
	149
	0.16
	0.05
	0.06
	0.48
	-0.10
	0.22

	ZZ
	R_LUM14
	187
	0.31
	0.00
	0.18
	0.01
	0.04
	0.32

	ZZ
	AGE
	238
	-0.09
	0.19
	0.00
	0.94
	-0.12
	0.13

	ZZ
	BSURF
	240
	0.08
	0.23
	0.00
	0.99
	-0.13
	0.13

	ZZ
	EDOT
	240
	0.05
	0.45
	0.01
	0.85
	-0.11
	0.14

	ZZ
	EDOTD2
	240
	-0.26
	0.00
	-0.20
	0.00
	-0.32
	-0.08

	ZZ
	PMTOT
	151
	-0.02
	0.76
	-0.06
	0.48
	-0.22
	0.10

	ZZ
	VTRANS
	151
	0.09
	0.27
	0.09
	0.28
	-0.07
	0.24

	ZZ
	B_LC
	236
	0.03
	0.69
	0.00
	1.00
	-0.13
	0.13

	R_LUM
	R_LUM14
	144
	0.92
	0.00
	0.90
	0.00
	0.87
	0.93

	R_LUM
	AGE
	147
	-0.19
	0.02
	-0.20
	0.02
	-0.35
	-0.03

	R_LUM
	BSURF
	147
	0.12
	0.14
	0.07
	0.43
	-0.10
	0.23

	R_LUM
	EDOT
	147
	0.18
	0.03
	0.17
	0.04
	0.01
	0.33

	R_LUM
	EDOTD2
	147
	-0.22
	0.01
	-0.20
	0.02
	-0.35
	-0.04

	R_LUM
	PMTOT
	118
	-0.30
	0.00
	-0.27
	0.00
	-0.43
	-0.09

	R_LUM
	VTRANS
	118
	0.37
	0.00
	0.32
	0.00
	0.15
	0.48

	R_LUM
	B_LC
	144
	0.15
	0.08
	0.12
	0.15
	-0.04
	0.28

	R_LUM14
	AGE
	184
	-0.15
	0.04
	-0.19
	0.01
	-0.33
	-0.05

	R_LUM14
	BSURF
	184
	0.15
	0.04
	0.05
	0.52
	-0.10
	0.19

	R_LUM14
	EDOT
	184
	0.11
	0.15
	0.19
	0.01
	0.05
	0.32

	R_LUM14
	EDOTD2
	184
	-0.29
	0.00
	-0.25
	0.00
	-0.38
	-0.11

	R_LUM14
	PMTOT
	128
	-0.28
	0.00
	-0.23
	0.01
	-0.39
	-0.06

	R_LUM14
	VTRANS
	128
	0.36
	0.00
	0.34
	0.00
	0.17
	0.48

	R_LUM14
	B_LC
	180
	0.06
	0.40
	0.12
	0.09
	-0.02
	0.27

	AGE
	BSURF
	2428
	-0.79
	0.00
	-0.76
	0.00
	-0.78
	-0.74

	AGE
	EDOT
	2428
	-0.82
	0.00
	-0.84
	0.00
	-0.85
	-0.82

	AGE
	EDOTD2
	239
	-0.64
	0.00
	-0.66
	0.00
	-0.73
	-0.58

	AGE
	PMTOT
	263
	-0.20
	0.00
	-0.23
	0.00
	-0.34
	-0.12

	AGE
	VTRANS
	145
	-0.19
	0.02
	-0.24
	0.00
	-0.38
	-0.08

	AGE
	B_LC
	2420
	-0.61
	0.00
	-0.61
	0.00
	-0.64
	-0.59

	BSURF
	EDOT
	2432
	0.31
	0.00
	0.33
	0.00
	0.30
	0.37

	BSURF
	EDOTD2
	241
	0.19
	0.00
	0.25
	0.00
	0.13
	0.37

	BSURF
	PMTOT
	265
	0.24
	0.00
	0.21
	0.00
	0.09
	0.32

	BSURF
	VTRANS
	146
	0.25
	0.00
	0.27
	0.00
	0.11
	0.41

	BSURF
	B_LC
	2424
	0.00
	0.91
	0.03
	0.09
	-0.01
	0.07

	EDOT
	EDOTD2
	241
	0.83
	0.00
	0.81
	0.00
	0.76
	0.85

	EDOT
	PMTOT
	265
	0.01
	0.83
	0.08
	0.18
	-0.04
	0.20

	EDOT
	VTRANS
	146
	0.05
	0.52
	0.13
	0.12
	-0.03
	0.28

	EDOT
	B_LC
	2424
	0.95
	0.00
	0.93
	0.00
	0.93
	0.94

	EDOTD2
	PMTOT
	146
	0.26
	0.00
	0.34
	0.00
	0.19
	0.48

	EDOTD2
	VTRANS
	146
	-0.14
	0.08
	-0.05
	0.56
	-0.21
	0.11

	EDOTD2
	B_LC
	237
	0.80
	0.00
	0.79
	0.00
	0.73
	0.83

	PMTOT
	VTRANS
	151
	0.50
	0.00
	0.49
	0.00
	0.36
	0.61

	PMTOT
	B_LC
	265
	-0.09
	0.14
	-0.03
	0.62
	-0.15
	0.09

	VTRANS
	B_LC
	146
	-0.04
	0.59
	-0.01
	0.92
	-0.17
	0.15



