 ANALYSIS OF SLOW AND FAST CORONAL MASS EJECTIONS (CMEs) ACROSS SOLAR CYCLES 23 AND 24.




ABSTRACT
This study examines the characteristics of slow and fast Coronal Mass Ejections (CMEs) across solar cycles 23 and 24, focusing on variability in parameters such as speed, angular width, and kinetic energy and mass. Solar cycle 23, characterized by stronger solar activity, showed more variability in fast CMEs, particularly in parameters like angular width. This variability is potentially influenced by a power-law distribution in CME angular width, consistent with previous findings that indicate different expansion behaviors for slow and fast CMEs. This distribution suggests that expansion with propagation may contribute to the variability observed. Notably, slow CMEs showed early-cycle spikes in kinetic energy, while fast CMEs had energy peaks later in each cycle. The study also finds that CME speeds at 20 solar radii (20Rsun) are generally close to their linear speeds, with slight increases in variability for fast CMEs in cycle 24. Fast CMEs also demonstrate a stronger correlation with solar activity metrics across both cycles, indicating greater sensitivity to fluctuations in magnetic field and coronal conditions, especially with hemispheric activity levels. In contrast, slow CMEs exhibit greater variability between the cycles but are less correlated with solar activity, suggesting a stronger influence of internal CME dynamics. These findings emphasize the need for tailored CME propagation models, particularly for weaker solar cycles like cycle 24, where fast CMEs exhibit unique variability patterns. These findings emphasize the need for tailored CME propagation models for weaker solar cycles like cycle 24, where fast CMEs exhibit unique variability patterns.
Keywords: Coronal Mass Ejections (CMEs), solar activity, sunspot number, solar cycle, and solar variability.
1 INTRODUCTION
The Sun is a colossal ball of hot plasma that incessantly releases materials – solar wind, solar flares, and CMEs – from its corona into interplanetary space (Schwenn, 2006). The CMEs, distinct from the relatively stable solar wind, pose a significant space weather threat. While CMEs and solar flares stem from the same underlying magnetic processes, not all solar flares are accompanied by CMEs (Yousset, 2012). Of these solar ejections, CMEs possess the highest potential for adverse space weather effects, capable of causing severe disruptions to human technological innovations, if directed toward Earth (Baker et al., 2004). Most solar eruption events are linked to sunspots (Priest and Forbes, 2002). Sunspots' appearance defines the 11-year solar activity cycle (Hathaway, 2015). 
The propagation and evolution of CMEs are strongly influenced by solar conditions, including the large-scale magnetic field, solar wind properties, and turbulent energy (Low, 2001; Uga et al., 2024). Among these, the fluctuating magnetic fields in turbulent solar wind can alter the magnetic configuration of CMEs, potentially affecting reconnection processes and the stability of the flux rope (Hu et al., 2013). As CMEs travel through space, they often generate shock waves, and the surrounding turbulence can modify the shock’s strength, compression ratio, and dissipation (Mikić & Lee, 2006). Additionally, turbulence contributes to the heating and acceleration of particles, affecting the energy distribution within the CME and its surrounding plasma (Jensen et al., 2018). The diffusion of CME plasma due to turbulent fluctuations can lead to structural deformation and mixing with the ambient solar wind, influencing the density and coherence of the ejecta. Furthermore, turbulence-induced drag forces can modify the CME’s speed and expansion, either accelerating or decelerating its motion depending on the local solar wind conditions. During stronger cycle (for example, SC23), higher solar activity may lead to a stronger magnetic field, a denser and faster solar wind, and increased turbulence (Gautam et al., 2024), all of which may contribute to more frequent and energetic CMEs. In contrast, the weaker solar cycle (e.g., SC24) may result in a reduced heliospheric magnetic field, lower solar wind pressure, and weaker turbulence, leading to slower and less intense CMEs. 
A comprehensive study by Ravishankar et al. (2020) analyzed the kinematics of 28,894 CMEs observed by the Large Angle and Spectrometric Coronagraph (LASCO) aboard the Solar and Heliospheric Observatory (SOHO) from 1996 to mid-2017. The research revealed that fast CMEs exhibit significant initial acceleration, with median and average values of approximately 295 m/s² and 251 m/s², respectively. In contrast, slow CMEs display much weaker initial accelerations, with median and mean values around 18 m/s² and 17 m/s², respectively. The study also found that the significant driving force, likely the Lorentz force, operates up to a distance of about 6 solar radii from the Sun during the first two hours of propagation. Additionally, a notable anti-correlation was observed between the magnitude of initial acceleration and its duration. The residual acceleration, which is the acceleration after the initial phase, ranged from -1,224 to 0 m/s², with a median value of -34 m/s², indicating that CMEs tend to decelerate as they move away from the Sun. Interestingly, the study noted that the residual acceleration was much smaller during solar cycle 24 compared to cycle 23, suggesting variations in CME dynamics across solar cycles. 
Further research by Pant et al. (2021) investigated the width distribution of slow and fast CMEs during solar cycles 23 and 24. The study found that the width distributions of these CMEs follow different power-law behaviors, with power-law indices of -1.1 for fast CMEs and -3.7 for slow CMEs. This suggests that fast and slow CMEs may be associated with different processes at their source regions. The analysis also indicated that the width expansion mechanisms of CMEs could vary based on their speed and origin, highlighting the complexity of CME dynamics. 
Statistical analyses of CMEs have elucidated distinct differences in the kinematic and geometric parameters of fast and slow CMEs. Fast CMEs are characterized by higher initial accelerations and broader widths, while slow CMEs exhibit weaker accelerations and narrower widths. In Umuogbana & Onuchukwu (2022), Onuchukwu & Umuogbana, (2024), and Onuchukwu & Umuogbana, (2025) we have discussed various classes of CMEs parameters variations across solar cycles (SCs). In this study, we aim to compare CMEs with low linear speeds (Slow CMEs, defined as speeds below 400 km/s) and CMEs with high linear speeds (Fast CMEs, defined as speeds exceeding 400 km/s) across SCs 23 and 24 (Gosling & Manchester, 1994; Schwenn, 2006; Gopalswamy & Davila, 2010 for CME classifications based on speed). Slow CMEs originate from quiescent filaments or large-scale coronal structures that destabilize gradually (Vršnak & Cliver, 2008) while, fast CMEs are associated with energetic events like solar flares and active regions (Yashiro et al., 2004). Fast CMEs compress solar wind, generating shocks that accelerate particles and enhance space weather effects (Gopalswamy, 2006). Slow CMEs interact differently, often merging with the background solar wind, which affects their propagation and evolution (Gopalswamy, 2017).

2 DATA 
Key CME parameters extracted from the LASCO Catalogue include: CPA, defining the angular position of ejection relative to the solar disk center; Speed at 20Rsun (km/s), critical for assessing CME propagation beyond the Sun; Linear Speed (LS), categorized as slow (≤400 km/s) or fast (>400 km/s) based on established thresholds (Schwenn, 2006); and Mass (kg), derived from white-light coronagraph imaging to quantify ejected plasma (Howard & Tappin, 2009). These metrics collectively enable analysis of CME behavior, including aligning with broader efforts to correlate solar activity cycles (SC 23 and 24) with eruptive phenomena.
3 DATA ANALYSIS 
We analyzed sunspot numbers (SSNs) and sunspot area in the Northern (SSANH) and Southern (SSASH) Hemispheres for both cycles and performed a yearly averaged analysis over 27 days for both slow and fast CME parameters, aligning with the approximately 27-day period it takes for the Sun to complete a full rotation. We plotted the distributions of these solar parameters, determined the skewness and kurtosis of their distributions,  and compared the parameters across the two SCs. We also analyzed the correlations of these parameters with SSN and SSA. The outcomes of this research we believe will be of considerable significance for SC modeling and prediction. 
[bookmark: _Hlk184281495]4. RESULTS 
4.1 SSN and SSA Analysis

Fig 1:  Monthly averaged Sunspot Number time series.
Figure 1 (Onuchukwu & Umuogbana, 2024; Onuchukwu & Umuogbana, 2025) illustrates  SSN and Sunspot Area (SSA) variations for Solar Cycles (SCs) 23 and 24, revealing a double-hump pattern in SSNs, consistent with prior studies (Ramesh & Rohimi, 2010; Yoshida, 2014; Christian, 2018). SC 23 peaked in 2000, while SC 24 peaked in 2014, with the latter exhibiting weaker and less symmetric activity, unprecedented in the space age (Singh & Bhargawa, 2017; Petrovay, 2020). The diminished magnitude of SC 24 has prompted speculation about an impending "Grand Solar Minimum," akin to the Little Ice Age (1650–1715).
Monthly SSA plots in Figure 1 highlight pronounced North-South hemispheric asymmetry, particularly in SC 24 (Chowdhury et al., 2013; Li et al., 2008). This systematic asymmetry, observed across cycles, arises from differential polar field reversals, independent hemispheric activity generation driven by differential rotation and meridional circulation (Li et al., 2008; Durant & Wilson, 2002), and weak interhemispheric coupling (Norton & Gallagher, 2010). Such dynamics suggest inherent solar mechanisms rather than random variability (Chowdhury et al., 2013; Li et al., 2008), underscoring the need for further research to unravel the complex drivers of solar activity and their photospheric manifestations.
4.2  Time Series Plot For Slow And Fast CME Parameters.
The yearly averaged mean (Fig. 2a) and median (Fig. 2b) time series for SC 23 indicate that the CPA of slow CMEs fluctuates between approximately 140° and 210°, with mean values showing less variability than the median. A similar trend is observed for SC 24, though with more pronounced fluctuations, especially between years 8 and 10. Previous studies by Plunkett et al. (2001) and Cremades et al. (2006) have shown that CMEs tend to move toward the solar equator due to the influence of large-scale solar magnetic fields. This equatorial tendency is evident in both cycles, although SC 24 exhibits more pronounced variations, further emphasizing the complex interplay between CME dynamics and solar magnetic fields.
For fast CMEs, CPA variations do not follow a clear predictive pattern, and there is little resemblance between SC 23 and SC 24. The mean CPA for SC 23 fluctuates between 170° and 238°, while the median ranges from 130° to 270°. In SC 24, the mean CPA remains between 160° to 170°, and the median varies between 130° and 280°. The lack of similarity between the two cycles suggests different underlying solar conditions affecting CME propagation. Fast CMEs exhibit less variability compared to slow CMEs, indicating that they originate from more selective regions on the solar surface. Research by Wang and Colaninno (2014) and Pant et al. (2021) supports these observations, showing that the source regions and propagation directions of CMEs differ based on speed. Fast CMEs, typically originating from active regions, have more concentrated CPAs, while slow CMEs, often associated with quiescent filament eruptions, display a wider CPA distribution. These variations between solar cycles reflect the evolving dynamics of the Sun’s magnetic field over time.







Fig 2:  Yearly Averaged Time Series of CPA for Slow and Fast CMEs (for Fig 2-7, a – Using Yearly Mean  Values; b – Using Yearly Median  Values)2a
2a


 

Fig 3:  Yearly Averaged Time Series of Linear Speed for Slow and Fast CMEs 
The yearly averaged mean and median LS for slow CMEs in SC 23 peak around year 6 at 300 km/s before declining, while SC 24 follows a similar pattern with a slightly lower peak of 280 km/s. Both cycles exhibit broad peaks, consistent with Gopalswamy et al. (2015), who observed that slow CME speeds peak mid-cycle. Fast CME LS variations show similarity, with SC 23 reaching mean and median peaks of 725 km/s and 625 km/s in year 8, while SC 24 records peaks of 615 km/s and 550 km/s in 2011 (year 3), following the solar cycle (Gopalswamy et al., 2015; Vourlidas et al., 2010).
Pant et al. (2021) found that LS trends for fast and slow CMEs reflect solar activity and magnetic field dynamics (Wang & Colaninno, 2014; Gopalswamy et al., 2015). Fast CMEs, linked to active regions, peak in speed and frequency during solar maximum, while slow CMEs, originating in quiescent regions, are evenly distributed. SC 23 had stronger solar activity, leading to more pronounced differences in CME speeds and frequencies, whereas SC 24’s weaker solar activity resulted in lower speeds and less contrast between peak and quiet periods. These disparities are attributed to SC 24’s weaker solar magnetic field and reduced sunspot numbers.

Fig 4:  Yearly Averaged Time Series of  Speed at 20Rsun for Slow and Fast CMEs 
The yearly averaged mean and median speeds at 20Rsun for SC 23 show similar trends, with peak speeds occurring around the 5th and 6th year, reaching up to 400 km/s (Fig. 4a and 4b). SC 24 exhibits a less pronounced peak, with mean speeds just above 350 km/s and a more fluctuating trend, while median values again indicate a lower speed range. Gopalswamy et al. (2015) found that slow CMEs at 20Rsun show speed peaks corresponding to solar activity, aligning with SC 23’s patterns.
For SC 23, both mean and median speeds at 20Rsun show similar variations except in the early and late phases. The average mean speed rises from 550 km/s to 650 km/s between 1990 and 1997, while the average median speed decreases from 600 km/s to 550 km/s between 1996 and 1998. In the late phase (2007–2008), mean speeds rise from 650 km/s to 800 km/s, whereas the median decreases from 550 km/s to 500 km/s before increasing to 600 km/s. SC 24 follows a U-shaped time series, reflecting SC behavior but in reverse—showing a decrease, minimum, increase, and an abrupt drop from 2017 to 2018. The mean speed exhibits a smoother curve at the minimum, while the median is more variable. Gopalswamy et al. (2015) noted that fast CME speeds at 20Rsun peak during solar maximum, following a cyclic pattern with variations between cycles.
Fig 5:  Yearly Averaged Time Series of  Mass for Slow and Fast CMEs 5a

The yearly averaged mean and median CME masses for SC 23 and SC 24 display significant differences (Fig 5a and 5b). For SC 23, the mean CME mass exhibits a notable peak around year 2, reaching up to 1.6 x 1015 kg, followed by a decline. The median values are much lower, indicating a few very massive CMEs skewing the mean. SC 24 shows a similar initial peak but at a much lower value, around 5x1014 kg, and a more gradual decline over the cycle. The median mass values are consistently lower, suggesting a more s Cancer and less massive CME distribution in SC 24. Vourlidas et al. (2010) and Gopalswamy et al. (2015) found that CME mass peaks during solar maximum periods, consistent with the trends seen in SC 23.
CME mass variation for average mean and median for SC 23 are the same. The trend is a descending one with peak events for average mean and median in 1997 and 1998 respectively; which recorded a little less than 4 x 1018 kg and 3 x 1015 kg respectively. For SC 24, the variation of both averages bears semblance too, but with the average mean time series showing a noticeable peak event of 4 x 1018 kg in 2014. Both cycles have different semblance with the solar activity cycle. Gopalswamy et al. (2015) and Vourlidas et al. (2010) found that fast CMEs have higher mass peaks corresponding to solar maximum, consistent with observed trends.

The AW of CMEs in SCs 23 and 24 exhibits a decreasing temporal trend, with SC 23 peaking earlier (~121° at maximum in years 3–4) and displaying broader, more variable AWs compared to SC 24, which peaked later (~61° in year 5) with narrower distributions (Fig. 6). SC 23’s pronounced fluctuations (years 4–6) and higher average AW reflect stronger solar activity and magnetic fields, while SC 24’s subdued AW aligns with its weaker magnetic strength and reduced activity (Gopalswamy et al., 2014; Majumdar et al., 2021). During SC 23’s maximum, AWs ranged 10°–75°, occasionally exceeding 150°, whereas SC 24’s narrower peak (10°–60°) underscores its diminished vigor. These differences highlight AW as a key diagnostic for solar cycle-driven CME morphology and space weather impacts.  
Fast CMEs, linked to active regions and solar cycle peaks, exhibit broader AWs than slow CMEs, which originate from quiescent regions and follow steeper power-law distributions, suggesting distinct driving mechanisms. Fast CMEs correlate strongly with solar wind speed and magnetic structures, while slow CMEs show narrower, less dynamic profiles (Gopalswamy et al., 2014; Majumdar et al., 2021). Observational biases, such as projection effects, are mitigated in limb CME studies, where fast events still display larger widths. The contrast in AW distributions between cycles—SC 23’s dynamic range versus SC 24’s constrained spread—emphasizes the role of solar magnetic dynamics in shaping CME properties, critical for modeling solar-terrestrial interactions and predicting space weather phenomena.  


Fig 6:  Yearly Averaged Time Series of  Angular Width for Slow and Fast CMEs 
Fast CMEs, typically associated with active regions, showed broader AWs than slow CMEs, which are often linked to prominence eruptions or quieter solar regions. During both cycles, the angular widths of fast CMEs were more influenced by the solar wind speed and underlying magnetic structures, while slow CMEs had narrower distributions. Analysis indicates that slow CMEs follow a steeper power-law distribution in width compared to fast CMEs, suggesting a fundamental difference in their driving mechanisms. Fast CMEs also exhibited a closer correlation with solar cycle peaks (see Gopalswamy, et al. 2014; Majumdar et al. 2021). Observational biases like projection effects were reduced when studying limb CMEs (those near the solar limb). For these events, fast CMEs showed a larger angular width than slow CMEs, consistent with the general trend. During the maximum phase of SC 23, the AWs of CMEs predominantly ranged between 10°-75°, with a small fraction exceeding 150°. In SC 24, the AWs peaked more narrowly around 10°-60°, reflecting the cycle's weaker nature. Overall, the angular width distribution of CMEs serves as an important diagnostic tool for understanding solar dynamics and the influence of solar cycles. 
Fig 7:  Yearly Averaged Time Series of  Kinetic Energy (KE) for Slow and Fast CMEs 
We observed more variability in KE (Fig 7) of slow CMEs in SC 23 with notable peaks around years 3 and 6, while SC 24 presents a more subdued trend. The mean KE for slow CMEs in SC 23 remains consistently higher than in SC 24, with sharper fluctuations throughout the cycle. 
4.3  Regression Analysis
4.3.1 Scatter Plots Among CMEs Parameters
Table 1 Mean and Median Values of  27-Day Averages for the parameters of Fast and Slow CMEs for SCs 23 and 24
	Parameter 
	SLOW
	SLOW
	FAST
	FAST
	SLOW
	SLOW
	FAST
	FAST

	
	SC 23
	SC 23
	SC 23
	SC 23
	SC 24
	SC 24
	SC 24
	SC 24

	
	Mean
	Median
	Mean
	Median
	Mean
	Median
	Mean
	Median

	LS (km/s)
	247.5
±20.3
	247.9
	619.8
±68.4
	605.1
	258.2
±26.0
	261.0
	558.6
±48.2
	549.6

	IS (km/s)
	214.8
±24.7
	213.8
	630.7
±77.2
	616.7
	230.8
±31.8
	231.0
	555.5
±64.5
	545.0

	FS (km/s)
	275.3
±26.0
	277.0
	615.1
±68.0
	603.5
	278.2
±27.3
	279.2
	574.6
±45.1
	573.0

	20Rsun (km/s)
	364.0
±64.7
	362.1
	618.4
±86.7
	604.3
	331.6
±59.2
	329.0
	630.2
±95.0
	615.6

	Log M (kg)
	14.5
±0.3
	14.5
	15.2
±0.3
	15.2
	14.6
±0.3
	14.7
	15.1
±0.3
	15.2

	LOG KE (J)
	29.0
±0.4
	29.0
	30.6
±0.4
	30.5
	29.1
±0.4
	29.1
	30.4
±0.5
	30.4

	AW (Deg)
	36.4
±10.1
	35.1
	59.4
±21.8
	56.0
	40.3
±14.9
	42.0
	64.7
±28.3
	59.2

	CPA (Deg)
	174.8
±39.9
	172.2
	181.7
±37.9
	183.9
	182.4
±33.4
	182.3
	177.2
±41.9
	176.2


Note: LS = Linear Speed of CME; IS = Initial Speed of CME; FS = Final Speed of CME; 20Rsun = Speed of CME at 20 Solar Radii; log M = Mass of CME in logarithm; log KE = Kinetic Energy of CME in logarithm; AW = Angular Width of CME; CPA = Central Position Angle.  
The mean, variance, and median values from the 27-day average (Table 1) indicate that the average speeds of slow and fast CMEs in SC 23 were generally higher than in SC 24, except at 20Rsun, where SC 24 showed higher values. Fast CMEs exhibited greater mass, kinetic energy, and angular width than slow CMEs, with SC 23 showing broader distributions due to higher solar activity levels. Researchers (Gao & Li, 2008; Gopalswamy et al., 2015, 2020; Mishra & Srivastava, 2020) confirm that CMEs in SC 23 had higher speeds and wider angular widths than SC 24, reflecting more intense solar and heliospheric conditions. The mass and kinetic energy were comparable between the two cycles, though SC 23 had more extreme values due to its stronger activity.

Table 2 presents correlation coefficients (r) and the coefficient of determination (R²) for CME parameters in SCs 23 and 24. The linear speed of CMEs correlated strongly with their initial and final speeds but showed a weak correlation (r≤0.2) with speed at 20Rsun, except for fast CMEs in SC 23. This weak correlation may result from heliospheric drag and solar wind interactions affecting CME speeds beyond the lower corona (Cane et al., 2000; Gopalswamy et al., 2000; Zhang et al., 2004).

Table 2: The Correlation Coefficients and the Coefficient of Determination Estimated for Various Parameters of Slow and Fast CMEs for SCs 23 and 24.
	[bookmark: _Hlk185105362]Parameters
	r
	r
	r
	r
	R2
	R2
	R2
	R2

	
	SLOW
	FAST
	SLOW
	FAST
	SLOW
	FAST
	SLOW
	FAST

	
	SC23
	SC 23
	SC24
	SC 24
	SC23
	SC 23
	SC24
	SC24

	LS/IS
	0.70
	0.93
	0.82
	0.34
	0.49
	0.86
	0.67
	0.11

	LS/FS
	0.71
	0.88
	0.75
	0.69
	0.50
	0.78
	0.56
	0.48

	LS/20R
	0.19
	0.64
	0.15
	0.10
	0.04
	0.41
	0.02
	0.01

	LS/M
	0.23
	0.53
	0.40
	0.47
	0.05
	0.28
	0.16
	0.22

	LS/KE
	0.35
	0.69
	0.51
	0.64
	0.12
	0.48
	0.26
	0.41

	LS/AW
	0.16
	0.51
	0.47
	0.54
	0.03
	0.26
	0.22
	0.30

	IS/FS
	0.21
	0.74
	0.41
	0.13
	0.04
	0.55
	0.17
	0.02

	IS/20R
	-0.24
	0.47
	-0.18
	-0.14
	0.06
	0.23
	0.03
	0.02

	IS/M
	0.14
	0.46
	0.40
	0.26
	0.02
	0.21
	0.16
	0.07

	IS/KE
	0.28
	0.62
	0.52
	0.31
	0.08
	0.39
	0.27
	0.10

	IS/AW
	0.27
	0.47
	0.48
	0.47
	0.07
	0.22
	0.23
	0.22

	FS/20R
	0.59
	0.82
	0.57
	0.53
	0.35
	0.68
	0.32
	0.28

	FS/M
	0.28
	0.52
	0.38
	0.33
	0.08
	0.27
	0.15
	0.11

	FS/KE
	0.35
	0.66
	0.46
	0.46
	0.12
	0.44
	0.21
	0.22

	FS/AW
	0.06
	0.48
	0.36
	0.20
	0.00
	0.23
	0.13
	0.04

	20R/M
	0.13
	0.35
	0.06
	-0.05
	0.02
	0.13
	0.00
	0.00

	20R/KE
	0.15
	0.47
	0.08
	-0.02
	0.02
	0.22
	0.01
	0.00

	20R/AW
	-0.08
	0.28
	-0.06
	-0.21
	0.01
	0.08
	0.00
	0.04

	M/KE
	0.93
	0.91
	0.94
	0.93
	0.87
	0.84
	0.88
	0.86

	M/AW
	0.43
	0.68
	0.64
	0.64
	0.19
	0.47
	0.41
	0.41

	KE/AW
	0.50
	0.72
	0.71
	0.66
	0.25
	0.52
	0.51
	0.44



Fig 8 is the scatter plot of 27-day averaged LS against IS, FS, and 20Rsun of slow and fast CMEs for SCs 23 and 24. The slow CMEs follow similar behavior in the variation of IS and FS with LS for SC 23 and 24 with R2. For fast CMEs, SC 23 recorded higher LS, IS, and FS (due to high solar activity) than SC 24 (subdued solar activity). Values of R2  for LS/IS and LS/FS relationship for the fast CMEs during SC 23 were generally higher than R2 for fast CMEs during SC 24 Fig 8e indicates that the speed at 20Rsun does not depend on the measured LS for slow CMEs of both SCs, with R2 . Fig 8f, indicates that for SC 24, the speed at 20Rsun does not depend on the measured LS for fast CMEs in SC24, with R2 , in SC 23 (perhaps due to high solar activity), the speed at 20Rsun does have some dependencies on the measured LS for fast CMEs with R2 . 
Fig 9 is the scatter plot of 27-day averaged LS against log Mass (M), KE, and AW of slow and fast CMEs for SCs 23 and 24. The plots indicate that for slow CMEs in SC 23, the LS correlates very weakly with slow CME's mass, kinetic energy, and angular width, but shows some mild correlation with these parameters for slow CMEs in SC 24. For the fast CMEs of SCs 23 and 24, LS seems to influence the observed values of M, KE, and AW, values of R2  – see Table 2. In their articles, Majumdar et al., (2021) and Yashiro et al., (2021) reached similar conclusions.
Fig. 10(a–j) presents scatter plots of the 27-day averaged IS against FS, 20Rsun, logM, logKE), and AW for slow and fast CMEs in SCs 23 and 24. In Figs. 10a–b, IS shows a weak correlation with FS for slow CMEs in both cycles R2=0.04 for SC 23 and R2=0.17 for SC 24. However, for fast CMEs, SC 23 exhibits a strong correlation (R2=0.55), while SC 24 shows no correlation (R2=0.02). In Figs. 10c–d, IS has a weak negative correlation with 20Rsun for most cases (), except for fast CMEs in SC 23, where a mild positive correlation   is observed.
Figs. 10e–h indicate a stronger correlation between IS and mass for fast CMEs in SC 23   and slow CMEs in SC 24 , while weaker correlations appear in other cases. A similar trend is observed for IS and KE across both cycles. Figs. 10i–j show a positive correlation between IS and AW for both fast and slow CMEs in both cycles. Various studies support these trends and offer slightly differing views on CME parameter correlations (Vourlidas et al., 2010; Vourlidas & Howard, 2006; Mishra et al., 2015; Gopalswamy et al., 2015, 2018; Dissauer et al., 2018; Temmer, 2021).
Fig. 11 presents scatter plots of the 27-day averaged FS against 20Rsun, logKE, logM, and AW for slow and fast CMEs in SCs 23 and 24. FS correlates well with 20Rsun, mass, and kinetic energy for both slow and fast CMEs in both cycles but does not correlate with AW for slow CMEs in SC 23 and fast CMEs in SC 24. However, FS does correlate with AW for fast CMEs in SC 23 and slow CMEs in SC 24. Research supports the correlation between FS and 20Rsun, mass, and kinetic energy, indicating that faster CMEs tend to have greater mass and kinetic energy (Gopalswamy et al., 2014; Vršnak et al., 2016; Pant et al., 2021). The lack of correlation between FS and AW for specific subsets is not explicitly supported in existing literature, though Pant et al. (2021) suggest that slow and fast CMEs follow different expansion mechanisms, which may explain the variation in correlation coefficients. Additionally, Gopalswamy et al. (2014) observed an anomalous expansion of CMEs in SC 24, leading to wider CMEs for a given speed compared to SC 23, which could also contribute to the cycle-dependent relationship between FS and AW.
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Fig 8: Scatter plot of 27-day Averaged LS against IS, FS, and 20Rsun of Slow and Fast CMEs for SCs 23 and 24
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Fig 9: Scatter plot of 27-day Averaged LS against log Mass (M), log KE, and AW of Slow and Fast CMEs for SCs 23 and 24
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Fig 10 (a-j): Scatter plots of 27-day Averaged IS against FS, 20Rsun, logM, logKE, and AW of Slow and Fast CMEs for SCs 23 and 24
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Fig 11 (a-h): Scatter plots of 27-day Averaged  FS against 20Rsun, logKE, logM, and AW of Slow and Fast CMEs for SCs 23 and 24
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Fig 12 (a-f): Scatter plots of 27-day Averaged  20Rsun against logKE, logM, and AW)of Slow and Fast CMEs for SCs 23 and 24

Fig. 12 (a–f) presents scatter plots of 27-day averaged speed at 20Rsun against logKE, logM, and AW for slow and fast CMEs in SCs 23 and 24. Correlation coefficient results from Table 2 indicate no significant correlation between 20Rsun and these parameters for both slow and fast CMEs, except for a mild correlation observed in fast CMEs during SC 23. Existing literature does not extensively report specific correlation coefficients between CME speed at 20Rsun and parameters such as KE, M, and AW for slow and fast CMEs in SCs 23 and 24. However, studies by Gopalswamy et al. (2014) and Compagnino et al. (2017) provide insights into related aspects, such as anomalous CME expansion in SC 24 and statistical relationships among CME properties. While these studies suggest variations in CME behavior across cycles, they do not directly report correlations at 20Rsun. Our study contributes by providing explicit correlation values, highlighting the role of interplanetary medium influences at such large distances from the Sun.
Figs. 13a & 13b show scatter plots of CME logM vs. logKE for slow and fast CMEs in SCs 23 and 24, confirming a strong correlation as KE is derived from mass. Figs. 13c–f depict logM vs. AW and logKE vs. AW, with Table 2 indicating a correlation between CME mass, kinetic energy, and angular width, suggesting that larger AWs correspond to higher mass.
Several studies support this correlation. Gopalswamy et al. (2014) observed that more energetic CMEs tend to have larger AWs, while Zhou et al. (2017) linked CME width to the properties of their source regions, which are indicative of mass. Compagnino et al. (2017) further confirmed a statistical relationship between CME mass and AW across SCs 23 and 24. These findings align with our results, reinforcing that more massive CMEs generally exhibit greater AWs.
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Fig 13 (a-d): Scatter plots of 27-day Averaged  logM against logKE, and AW, and Fig 13 (e-f): Scatter plots of 27-day Averaged logKE against AW of Slow and Fast CMEs for SCs 23 and 24of Slow and Fast CMEs for SCs 23 and 24

4.3.2 Scatter Plots Between  CMEs Parameters (LS, 20Rsun, AW, M and KE) and SSN, SSANH, SSASH
Table 3: Correlation Coefficients and Coefficients of Determination of 27-day Average  CME Parameters and SSN, SSANH, SSASH
 
	[bookmark: _Hlk185938382]
	SLOW
	SLOW
	FAST
	FAST

	
	SC 23
	SC 24
	SC 23
	SC 24

	
	r
	r
	r
	r

	SSN/LS
	0.70
	0.45
	0.53
	0.34

	SSANH/LS
	0.60
	0.46
	-0.05
	0.20

	SSASH/LS
	0.66
	0.42
	0.19
	0.13

	SSN/20Rsun
	-0.09
	-0.28
	-0.02
	-0.45

	SSANH/20Rsun
	-0.15
	-0.18
	0.21
	-0.26

	SSASH/20Rsun
	-0.01
	-0.34
	0.29
	0.17

	SSN/AW
	0.47
	0.78
	0.25
	0.63

	SSANH/AW
	0.46
	0.54
	-0.34
	0.36

	SSASH/AW
	0.37
	0.73
	-0.32
	-0.02

	SSN/M
	0.63
	0.00
	0.39
	0.53

	SSANH/M
	0.60
	0.02
	-0.22
	0.36

	SSASH/M
	0.43
	0.03
	-0.15
	0.22

	SSN/KE
	0.69
	0.18
	0.47
	0.60

	SSANH/KE
	0.64
	0.18
	0.15
	0.37

	SSASH/KE
	0.47
	0.20
	0.15
	0.21



The correlation analysis of CME parameters with SSN, SSANH, and SSASH for both slow and fast CMEs across SCs 23 and 24 reveals critical differences and similarities in how solar activity influences CME characteristics. Correlation coefficient results are shown in 3 while the plots are shown in Figs 14 to 18
5 CONCLUSIONS
This study examines the differences between slow and fast CMEs across SCs 23 and 24, focusing on their variability, distribution, and correlations with solar activity. SC 23 displayed more significant variability and higher occurrences of fast CMEs, which also exhibited broader AWs than slow CMEs. This pattern aligns with the power-law distribution in angular expansion, as Pant et al. (2021) identified, with a power-law exponent of -1.1 for slow CMEs and -3.7 for fast CMEs. The speedier expansion of fast CMEs may be attributed to greater interaction with coronal conditions, causing larger angular width distributions. In both cycles, a peak in the kinetic energy of slow CMEs was observed early in each cycle, while fast CMEs showed kinetic energy spikes in the later stages of each cycle. The speeds and masses of CMEs demonstrated strong correlations in cycle 23 but were notably weaker in cycle 24. The comparison of speeds at 20R and linear speeds shows minimal difference for both CME types, but fast CMEs in solar cycle 24 showed slightly higher variability, possibly due to weaker solar forces in this cycle
Overall, fast CMEs demonstrated stronger correlations with solar activity metrics across both cycles, especially in the context of hemispheric solar activity indicators like sunspot area and sunspot number. This suggests a heightened sensitivity of fast CMEs to changes in coronal magnetic field conditions. Meanwhile, slow CMEs showed greater variability between cycles but a lower correlation with these metrics, indicating that their propagation might be more influenced by internal CME dynamics rather than solar activity fluctuations. This study highlights significant differences in the behavior and distribution of slow and fast CMEs across SCs 23 and 24, with SC 23 exhibiting greater variability, especially in fast CMEs. The power-law distribution of CME angular widths suggests that fast CMEs expand more notably, likely due to interactions with coronal structures, which aligns with findings by Pant et al. (2021) showing distinct power-law exponents for slow and fast CMEs. These exponents reflect different expansion rates with propagation, further differentiating the dynamics of each CME type.
Fast CMEs demonstrated a stronger correlation with solar activity levels, as seen in multiple solar metrics, indicating that they are more sensitive to fluctuations in magnetic field conditions. Conversely, slow CMEs exhibited greater variability between cycles in terms of KE and speed distributions, suggesting that their behavior may be more influenced by internal conditions within the CME itself rather than external solar forces. We observed minimal differences between the LSs of CMEs and their speeds at 20Rsun, suggesting that CMEs reach stable propagation speeds relatively close to the Sun, with fast CMEs in cycle 24 showing slightly higher variability. These insights are crucial for refining predictive models of CME propagation, especially in weaker cycles like cycle 24. The observed differences in CME behavior underscore the importance of dynamic CME models that account for both internal and external forces, enhancing the accuracy of space weather forecasts and contributing to our understanding of CME evolution.
Fast CMEs stem from active regions with strong magnetic fields and impulsive energy release via solar flares, while slow CMEs arise from quiescent prominences through gradual magnetic restructuring (Xu et al., 2019). Propagation dynamics show Lorentz forces dominate fast CME acceleration up to ~4 solar radii and slow CMEs up to 12–50 solar radii, with aerodynamic drag subsequently decelerating fast CMEs and accelerating slow ones to match solar wind speeds (Chen et al., 2019; Gopalswamy et al., 2009). Thermodynamically, fast CMEs expand rapidly, transitioning earlier to isothermal states, whereas slow CMEs undergo gradual expansion (Jin et al., 2023), supported by angular width variations tied to source-region expansion mechanisms (Lamy et al., 2021). These distinctions in drivers, forces, and energy dynamics underpin their space weather impacts. Our results from study of slow and fast CMEs across SCs 23 and 24, generally supports the notion that the origin and modulating factors may be different. Our comprehensive analysis of CME dynamics across SCs 23 and 24 reveals statistically significant distinctions in the origins and modulating factors governing slow and fast CME events, corroborating the hypothesis that these phenomena arise from divergent physical mechanisms.
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Fig 14 (a-f): Scatter plots of 27-day Averaged  SSN vs LS,  SSANH vs LS, and SSASH vs LS  of Slow and Fast CMEs for SCs 23 and 24of Slow and Fast CMEs for SCs 23 and 24
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Fig 15 (a-f): Scatter plots of 27-day Averaged  SSN vs 20Rsun,  SSANH vs 20Rsunand SSASH vs 20Rsun  of Slow and Fast CMEs for SCs 23 and 24 Slow and Fast CMEs for SCs 23 and 24
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Fig 16 (a-f): Scatter plots of 27-day Averaged  SSN vs AW,  SSANH vs AW, and SSASH vs AW  of Slow and Fast CMEs for SCs 23 and 24of Slow and Fast CMEs for SCs 23 and 24
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Fig 17 (a-f): Scatter plots of 27-day Averaged  SSN vs log M,  SSANH vs log M, and SSASH vs log M  of Slow and Fast CMEs for SCs 23 and 24of Slow and Fast CMEs for SCs 23 and 24
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Fig 18 (a-f): Scatter plots of 27-day Averaged  SSN vs log KE,  SSANH vs log KE, and SSASH vs log KE  of Slow and Fast CMEs for SCs 23 and 24 of Slow and Fast CMEs for SCs 23 and 24
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SLOW SC 23	Year 1	Year 2	Year 3	Year 4	Year 5	Year 6	Year 7	Year 8	Year 9	Year 10	Year 11	Year 12	Year 13	277.88742000000002	278.10284000000001	334	302.03703999999999	329.82319000000001	333.03260999999998	332.58429000000001	354.88736	360.35727000000003	393.42183	376.56756999999999	362.58154000000002	376.31806	SLOW SC 24	Year 1	Year 2	Year 3	Year 4	Year 5	Year 6	Year 7	Year 8	Year 9	Year 10	Year 11	Year 12	Year 13	422.42362000000003	376.69312000000002	377.82486999999998	387.38880999999998	374.43229000000002	364.42984999999999	371.55975999999998	400.07875000000001	408.77352000000002	402.46393999999998	427.39834000000002	FAST SC 23	Year 1	Year 2	Year 3	Year 4	Year 5	Year 6	Year 7	Year 8	Year 9	Year 10	Year 11	Year 12	Year 13	542.32258000000002	648.63094999999998	607.34034999999994	604.13050999999996	606.10626999999999	660.47304999999994	640.85775000000001	682.22221999999999	595.47868000000005	697.36117000000002	640.41557999999998	648.31092000000001	783.30768999999998	FAST SC 24	Year 1	Year 2	Year 3	Year 4	Year 5	Year 6	Year 7	Year 8	Year 9	Year 10	Year 11	Year 12	Year 13	723	722.19304999999997	661.30339000000004	635.20525999999995	627.66461000000004	610.64250000000004	630.11303999999996	637.72910000000002	725.5	830	838.23880999999994	Year


20 Rsun (km/s)




SLOW SC 23	Year 1	Year 2	Year 3	Year 4	Year 5	Year 6	Year 7	Year 8	Year 9	Year 10	Year 11	Year 12	Year 13	14.342422680822207	14.562292864456476	14.57978359661681	14.732393759822969	14.732393759822969	14.763427993562937	14.667452952889954	14.596597095626461	14.414973347970818	14.301029995663981	14.041392685158225	13.991226075692495	14.204119982655925	SLOW SC 24	Year 1	Year 2	Year 3	Year 4	Year 5	Year 6	Year 7	Year 8	Year 9	Year 10	Year 11	Year 12	Year 13	14.301029995663981	14.311753861055754	14.361727836017593	14.361727836017593	14.342422680822207	14.230448921378274	14.230448921378274	14.096910013008056	14.096910013008056	13.690196080028514	13.854306041801081	FAST SC 23	Year 1	Year 2	Year 3	Year 4	Year 5	Year 6	Year 7	Year 8	Year 9	Year 10	Year 11	Year 12	Year 13	15.204119982655925	15.462397997898956	15.190331698170292	14.984527313343792	15.041392685158225	15.146128035678238	15.079181246047625	14.886490725172482	14.763427993562937	15	14.57978359661681	14.371067862271737	14.698970004336019	FAST SC 24	Year 1	Year 2	Year 3	Year 4	Year 5	Year 6	Year 7	Year 8	Year 9	Year 10	Year 11	Year 12	Year 13	14.732393759822969	14.77451696572855	15.041392685158225	14.903089986991944	14.968482948553936	14.872156272748294	14.963787827345556	14.662757831681574	14.662757831681574	14.909288524162251	14.096910013008056	Year


Log Mass (kg)




SLOW SC 23	Year 1	Year 2	Year 3	Year 4	Year 5	Year 6	Year 7	Year 8	Year 9	Year 10	Year 11	Year 12	Year 13	14.822594315921954	14.970733570200247	15.249848700254059	15.089647282912152	15.034856972537934	15.042299807413626	15.166003603146686	15.081628103987526	14.882856819689531	14.90513827631707	14.585955655902906	14.597550396965376	14.705138142504584	SLOW SC 24	Year 1	Year 2	Year 3	Year 4	Year 5	Year 6	Year 7	Year 8	Year 9	Year 10	Year 11	Year 12	Year 13	15.06496686382023	14.844470341300918	14.806066635479739	14.88817724659307	14.853024350333275	14.779072424699216	14.943322841677558	14.792811771248147	14.792811771248147	13.991314698176611	14.480600456494885	FAST SC 23	Year 1	Year 2	Year 3	Year 4	Year 5	Year 6	Year 7	Year 8	Year 9	Year 10	Year 11	Year 12	Year 13	15.321092805516379	15.492360821924969	15.582798312756147	15.342343711009841	15.416247634297141	15.527591237920568	15.516500999151789	15.534411974124081	15.359698914132856	15.527671137558711	15.228751861476814	15.075035725922191	15.295677034017466	FAST SC 24	Year 1	Year 2	Year 3	Year 4	Year 5	Year 6	Year 7	Year 8	Year 9	Year 10	Year 11	Year 12	Year 13	14.793414578360036	15.201424437579911	15.406775146815463	15.398320284101853	15.444193180550855	15.386161743666991	15.614284344248878	15.261543582154468	15.261543582154468	14.909288524162251	14.844924908137182	Year


Log Mass (kg)




SLOW SC 23	Year 1	Year 2	Year 3	Year 4	Year 5	Year 6	Year 7	Year 8	Year 9	Year 10	Year 11	Year 12	Year 13	41	52	47	60	47	50	42	51	42	38	26	15	12	SLOW SC 24	Year 1	Year 2	Year 3	Year 4	Year 5	Year 6	Year 7	Year 8	Year 9	Year 10	Year 11	Year 12	Year 13	12	24	28	37	33	41	28	28	29	24	20	FAST SC 23	Year 1	Year 2	Year 3	Year 4	Year 5	Year 6	Year 7	Year 8	Year 9	Year 10	Year 11	Year 12	Year 13	59	62	52	52	48	53	44	37	39	37	23	11	8	FAST SC 24	Year 1	Year 2	Year 3	Year 4	Year 5	Year 6	Year 7	Year 8	Year 9	Year 10	Year 11	Year 12	Year 13	8	24	43	55	55	57	39	29	42	12	12	Year


AW (Deg)




SLOW SC 23	Year 1	Year 2	Year 3	Year 4	Year 5	Year 6	Year 7	Year 8	Year 9	Year 10	Year 11	Year 12	Year 13	49.347830000000002	65.510270000000006	54.958939999999998	67.840180000000004	52.716549999999998	58.006749999999997	49.587739999999997	55.64302	52.740940000000002	47.727400000000003	33.395960000000002	22.383379999999999	20.285150000000002	SLOW SC 24	Year 1	Year 2	Year 3	Year 4	Year 5	Year 6	Year 7	Year 8	Year 9	Year 10	Year 11	Year 12	Year 13	24.091049999999999	36.763129999999997	39.941429999999997	47.302610000000001	44.99586	52.024479999999997	40.277329999999999	39.358649999999997	38.716560000000001	30.083929999999999	29.53734	FAST SC 23	Year 1	Year 2	Year 3	Year 4	Year 5	Year 6	Year 7	Year 8	Year 9	Year 10	Year 11	Year 12	Year 13	88.485709999999997	93.528090000000006	83.887370000000004	75.698080000000004	75.137320000000003	88.856759999999994	71.956569999999999	63.864040000000003	72.643780000000007	79.015270000000001	51.195920000000001	34.530769999999997	20.88785	FAST SC 24	Year 1	Year 2	Year 3	Year 4	Year 5	Year 6	Year 7	Year 8	Year 9	Year 10	Year 11	Year 12	Year 13	11.83178	51.603850000000001	83.337289999999996	96.366709999999998	93.125190000000003	96.102119999999999	77.277780000000007	52.996670000000002	64.5	31.016950000000001	31.805969999999999	Year


AW (Deg)




SLOW SC 23	Year 1	Year 2	Year 3	Year 4	Year 5	Year 6	Year 7	Year 8	Year 9	Year 10	Year 11	Year 12	Year 13	29.441027080838367	29.600495889504916	29.933271099149533	29.726016927777909	29.683886882824723	29.69912111252442	29.787250715605754	29.676973296622645	29.473538060527765	29.488960846467055	29.089982783181171	29.012571507003027	29.04271723547258	SLOW SC 24	Year 1	Year 2	Year 3	Year 4	Year 5	Year 6	Year 7	Year 8	Year 9	Year 10	Year 11	Year 12	Year 13	29.705380419099033	29.387286580132955	29.374097332825354	29.508017690420388	29.486305769549769	29.372459070076133	29.518848086445253	29.305218050679439	29.305218050679439	28.334833592666158	28.905363528733627	FAST SC 23	Year 1	Year 2	Year 3	Year 4	Year 5	Year 6	Year 7	Year 8	Year 9	Year 10	Year 11	Year 12	Year 13	30.634759318820581	30.870230035626072	31.242449491246177	30.867705489078634	30.967204804188313	31.196035175399505	31.08567224703264	31.30666087655063	31.068282360909297	31.526260425102748	30.65986868166268	30.439569517147174	30.539784700690682	FAST SC 24	Year 1	Year 2	Year 3	Year 4	Year 5	Year 6	Year 7	Year 8	Year 9	Year 10	Year 11	Year 12	Year 13	29.791150778131673	30.549540277282762	31.030854638305939	31.12449444331688	31.006782555373348	30.962182221953594	31.154067748192507	30.623858942633593	30.623858942633593	29.908216853089392	30.083889442591961	Year


Log KE (J)




SLOW SC 23	Year 1	Year 2	Year 3	Year 4	Year 5	Year 6	Year 7	Year 8	Year 9	Year 10	Year 11	Year 12	Year 13	28.5910646070265	28.924279286061882	29.113943352306837	29.342422680822207	29.278753600952829	29.255272505103306	29.204119982655925	29.113943352306837	28.913813852383715	28.716003343634799	28.431363764158988	28.243038048686294	28.414973347970818	SLOW SC 24	Year 1	Year 2	Year 3	Year 4	Year 5	Year 6	Year 7	Year 8	Year 9	Year 10	Year 11	Year 12	Year 13	28.531478917042254	28.667452952889953	28.781755374652469	28.806179973983888	28.806179973983888	28.633468455579585	28.638489256954639	28.389166084364533	28.389166084364533	28.079181246047625	27.973127853599699	FAST SC 23	Year 1	Year 2	Year 3	Year 4	Year 5	Year 6	Year 7	Year 8	Year 9	Year 10	Year 11	Year 12	Year 13	30.176091259055681	30.568201724066995	30.352182518111363	30.255272505103306	30.301029995663981	30.414973347970818	30.352182518111363	30.204119982655925	29.968482948553934	30.255272505103306	29.690196080028514	29.447158031342219	29.763427993562939	FAST SC 24	Year 1	Year 2	Year 3	Year 4	Year 5	Year 6	Year 7	Year 8	Year 9	Year 10	Year 11	Year 12	Year 13	29.778151250383644	29.984527313343794	30.204119982655925	30.113943352306837	30.146128035678238	30.079181246047625	30.113943352306837	29.819543935541869	29.819543935541869	29.908216853089392	29.161368002234976	Year


Log KE (J)




SSANH SC23	35065	35096	35125	35156	35186	35217	35247	35278	35309	35339	35370	35400	35431	35462	35490	35521	35551	35582	35612	35643	35674	35704	35735	35765	35796	35827	35855	35886	35916	35947	35977	36008	36039	36069	36100	36130	36161	36192	36220	36251	36281	36312	36342	36373	36404	36434	36465	36495	36526	36557	36586	36617	36647	36678	36708	36739	36770	36800	36831	36861	36892	36923	36951	36982	37012	37043	37073	37104	37135	37165	37196	37226	37257	37288	37316	37347	37377	37408	37438	37469	37500	37530	37561	37591	37622	37653	37681	37712	37742	37773	37803	37834	37865	37895	37926	37956	37987	38018	38047	38078	38108	38139	38169	38200	38231	38261	38292	38322	38353	38384	38412	38443	38473	38504	38534	38565	38596	38626	38657	38687	38718	38749	38777	38808	38838	38869	38899	38930	38961	38991	39022	39052	39083	39114	39142	39173	39203	39234	39264	39295	39326	39356	39387	39417	39448	39479	39508	39539	39569	39600	39630	39661	39692	39722	39753	39783	39814	39845	39873	39904	39934	39965	39995	40026	40057	40087	40118	40148	40179	40210	40238	40269	40299	40330	40360	40391	40422	40452	40483	40513	40544	40575	40603	40634	40664	40695	40725	40756	40787	40817	40848	40878	40909	40940	40969	41000	41030	41061	41091	41122	41153	41183	41214	41244	41275	41306	41334	41365	41395	41426	41456	41487	41518	41548	41579	41609	41640	41671	41699	41730	41760	41791	41821	41852	41883	41913	41944	41974	42005	42036	42064	42095	42125	42156	42186	42217	42248	42278	42309	42339	42370	42401	42430	42461	42491	42522	42552	42583	42614	42644	42675	42705	42736	42767	42795	42826	42856	42887	42917	42948	42979	43009	43040	43070	43101	43132	43160	43191	43221	43252	43282	43313	43344	43374	43405	43435	43466	43497	43525	43556	43586	43617	43647	43678	43709	43739	43770	43800	12.9	6.9	6.8	3.1	1.2	15.2	1.6	10.1	0.5	0.5	8.4	5.8	2.6	6.1	5.3	5.3	19.7	13.2	9.3000000000000007	26.2	29.4	25.3	33.4	36.1	15.4	15	17.2	14.1	34.5	39	39.6	73.3	71.3	48.3	48	72.5	54.5	57.9	59.8	41.9	88.6	130.69999999999999	93.9	64	73.2	105.3	99.5	67.599999999999994	57.7	59.6	84.6	88.5	85.2	123.2	133.30000000000001	101	86.6	59	93.1	85.6	81.5	63.3	83.5	80.400000000000006	92.4	135.19999999999999	61.7	77.400000000000006	109.2	102.5	93.6	100.7	78.5	69.8	57.7	107.2	85.4	46.8	54.2	65.2	81.400000000000006	86.5	57.8	60.6	32.200000000000003	33.9	52.3	46.4	23.6	71.099999999999994	74.5	41.2	30	38.200000000000003	35.299999999999997	34.799999999999997	20.100000000000001	28.2	19.899999999999999	12.5	12.2	15.4	44.3	30	14.1	30.5	30.1	11.4	24.6	8.6999999999999993	13.5	10.6	16	15.3	35.799999999999997	33	10.8	4.5	0.3	25.8	9.1	1.3	2.7	0.3	9.9	4.7	7.4	0	0.5	0	2.6	4	8.1999999999999993	0	2.2000000000000002	0.5	8.3000000000000007	0	0	0.5	0.8	0	2.4	0	0.6	0	0	1.6	1.8	0	0	0.3	0.9	2.9	6.6	0	SSANH SC24	35065	35096	35125	35156	35186	35217	35247	35278	35309	35339	35370	35400	35431	35462	35490	35521	35551	35582	35612	35643	35674	35704	35735	35765	35796	35827	35855	35886	35916	35947	35977	36008	36039	36069	36100	36130	36161	36192	36220	36251	36281	36312	36342	36373	36404	36434	36465	36495	36526	36557	36586	36617	36647	36678	36708	36739	36770	36800	36831	36861	36892	36923	36951	36982	37012	37043	37073	37104	37135	37165	37196	37226	37257	37288	37316	37347	37377	37408	37438	37469	37500	37530	37561	37591	37622	37653	37681	37712	37742	37773	37803	37834	37865	37895	37926	37956	37987	38018	38047	38078	38108	38139	38169	38200	38231	38261	38292	38322	38353	38384	38412	38443	38473	38504	38534	38565	38596	38626	38657	38687	38718	38749	38777	38808	38838	38869	38899	38930	38961	38991	39022	39052	39083	39114	39142	39173	39203	39234	39264	39295	39326	39356	39387	39417	39448	39479	39508	39539	39569	39600	39630	39661	39692	39722	39753	39783	39814	39845	39873	39904	39934	39965	39995	40026	40057	40087	40118	40148	40179	40210	40238	40269	40299	40330	40360	40391	40422	40452	40483	40513	40544	40575	40603	40634	40664	40695	40725	40756	40787	40817	40848	40878	40909	40940	40969	41000	41030	41061	41091	41122	41153	41183	41214	41244	41275	41306	41334	41365	41395	41426	41456	41487	41518	41548	41579	41609	41640	41671	41699	41730	41760	41791	41821	41852	41883	41913	41944	41974	42005	42036	42064	42095	42125	42156	42186	42217	42248	42278	42309	42339	42370	42401	42430	42461	42491	42522	42552	42583	42614	42644	42675	42705	42736	42767	42795	42826	42856	42887	42917	42948	42979	43009	43040	43070	43101	43132	43160	43191	43221	43252	43282	43313	43344	43374	43405	43435	43466	43497	43525	43556	43586	43617	43647	43678	43709	43739	43770	43800	1.1000000000000001	0.5	0.2	0.4	2.2000000000000002	3.7	0.4	0	4.9000000000000004	7.7	6.4	10.6	11.5	21.4	18	7.6	7.1	7.8	10.9	24.3	20.399999999999999	22.5	21.1	22.2	18.3	29.3	54.8	57.1	37.5	34.6	47.5	55.2	93.5	89.4	94.9	53.8	70.3	35.700000000000003	47.5	41.4	53.3	37.299999999999997	23.1	46.3	42.1	37.4	54	41.3	66.2	39.200000000000003	44.6	59.5	60.8	24.2	21.1	31.8	25.5	40.1	24.5	22.3	30.3	30.3	43.2	48.3	35.299999999999997	38.4	35.1	53.6	40.700000000000003	20.399999999999999	41.7	36.1	28	45.8	23.3	46.4	42.8	42.2	34.299999999999997	24.5	37.5	31.3	53.6	24.5	37.799999999999997	39.1	46.8	28.5	34.200000000000003	12.1	25	40.6	37.9	26.1	15.8	10.199999999999999	24.3	24	13.6	18.7	14.6	19.2	6.7	25.7	24	7.2	3.2	7	1.5	1.5	1.6	7.9	10.3	15.6	1.6	2.2000000000000002	1.4	0.1	4.9000000000000004	1.2	7.7	0.4	9.4	9.1	9.9	1.2	0.3	0.2	1.1000000000000001	0	0.1	0.5	SSASH SC23	35065	35096	35125	35156	35186	35217	35247	35278	35309	35339	35370	35400	35431	35462	35490	35521	35551	35582	35612	35643	35674	35704	35735	35765	35796	35827	35855	35886	35916	35947	35977	36008	36039	36069	36100	36130	36161	36192	36220	36251	36281	36312	36342	36373	36404	36434	36465	36495	36526	36557	36586	36617	36647	36678	36708	36739	36770	36800	36831	36861	36892	36923	36951	36982	37012	37043	37073	37104	37135	37165	37196	37226	37257	37288	37316	37347	37377	37408	37438	37469	37500	37530	37561	37591	37622	37653	37681	37712	37742	37773	37803	37834	37865	37895	37926	37956	37987	38018	38047	38078	38108	38139	38169	38200	38231	38261	38292	38322	38353	38384	38412	38443	38473	38504	38534	38565	38596	38626	38657	38687	38718	38749	38777	38808	38838	38869	38899	38930	38961	38991	39022	39052	39083	39114	39142	39173	39203	39234	39264	39295	39326	39356	39387	39417	39448	39479	39508	39539	39569	39600	39630	39661	39692	39722	39753	39783	39814	39845	39873	39904	39934	39965	39995	40026	40057	40087	40118	40148	40179	40210	40238	40269	40299	40330	40360	40391	40422	40452	40483	40513	40544	40575	40603	40634	40664	40695	40725	40756	40787	40817	40848	40878	40909	40940	40969	41000	41030	41061	41091	41122	41153	41183	41214	41244	41275	41306	41334	41365	41395	41426	41456	41487	41518	41548	41579	41609	41640	41671	41699	41730	41760	41791	41821	41852	41883	41913	41944	41974	42005	42036	42064	42095	42125	42156	42186	42217	42248	42278	42309	42339	42370	42401	42430	42461	42491	42522	42552	42583	42614	42644	42675	42705	42736	42767	42795	42826	42856	42887	42917	42948	42979	43009	43040	43070	43101	43132	43160	43191	43221	43252	43282	43313	43344	43374	43405	43435	43466	43497	43525	43556	43586	43617	43647	43678	43709	43739	43770	43800	0.4	0.8	5.8	3.7	6.4	1.3	10.199999999999999	9.6	2.5	0.2	16.5	8.1999999999999993	4.8	4.9000000000000004	6.8	17.7	5.7	7.6	3.6	9.5	30.3	7.5	17	19.399999999999999	29.1	35.200000000000003	64.8	56.5	39.5	51.5	57.1	47.8	60.7	30.2	49.3	46.7	31.5	40.1	43.7	51.7	61	76.5	79.599999999999994	78.3	33.1	63.4	88.8	49.2	75.400000000000006	106.1	133.1	103	80.7	64.8	111	79.5	69.400000000000006	82.6	65	57.7	61.1	58.2	82.3	81.3	49.7	67.7	61.3	84.1	129	91.6	83	112.7	106.1	100.4	89.4	79.7	102.1	82	106.8	110.4	106.5	64.7	89.4	74.7	101.3	41.8	48.4	51.5	63.2	47.6	53.8	74.2	48.5	59.6	47.6	37.4	40.5	46.4	54.9	46.7	60.6	51.1	39.5	39.700000000000003	34.700000000000003	43.7	40	17.5	23.5	34.799999999999997	26.1	28.1	45.9	41.5	26.6	27.5	26.4	8.6999999999999993	27.2	33.5	11.8	4.4000000000000004	14.6	50	27.3	19.8	14.8	20.8	23.2	14.9	33.1	18.3	21.1	18.399999999999999	5	4.9000000000000004	11.2	21.3	15.1	9.3000000000000007	3.2	1.5	0.4	17.3	3.5	2.9	15.5	2	2.8	5.2	0.6	0	0.3	1.3	0	1	SSASH SC24	35065	35096	35125	35156	35186	35217	35247	35278	35309	35339	35370	35400	35431	35462	35490	35521	35551	35582	35612	35643	35674	35704	35735	35765	35796	35827	35855	35886	35916	35947	35977	36008	36039	36069	36100	36130	36161	36192	36220	36251	36281	36312	36342	36373	36404	36434	36465	36495	36526	36557	36586	36617	36647	36678	36708	36739	36770	36800	36831	36861	36892	36923	36951	36982	37012	37043	37073	37104	37135	37165	37196	37226	37257	37288	37316	37347	37377	37408	37438	37469	37500	37530	37561	37591	37622	37653	37681	37712	37742	37773	37803	37834	37865	37895	37926	37956	37987	38018	38047	38078	38108	38139	38169	38200	38231	38261	38292	38322	38353	38384	38412	38443	38473	38504	38534	38565	38596	38626	38657	38687	38718	38749	38777	38808	38838	38869	38899	38930	38961	38991	39022	39052	39083	39114	39142	39173	39203	39234	39264	39295	39326	39356	39387	39417	39448	39479	39508	39539	39569	39600	39630	39661	39692	39722	39753	39783	39814	39845	39873	39904	39934	39965	39995	40026	40057	40087	40118	40148	40179	40210	40238	40269	40299	40330	40360	40391	40422	40452	40483	40513	40544	40575	40603	40634	40664	40695	40725	40756	40787	40817	40848	40878	40909	40940	40969	41000	41030	41061	41091	41122	41153	41183	41214	41244	41275	41306	41334	41365	41395	41426	41456	41487	41518	41548	41579	41609	41640	41671	41699	41730	41760	41791	41821	41852	41883	41913	41944	41974	42005	42036	42064	42095	42125	42156	42186	42217	42248	42278	42309	42339	42370	42401	42430	42461	42491	42522	42552	42583	42614	42644	42675	42705	42736	42767	42795	42826	42856	42887	42917	42948	42979	43009	43040	43070	43101	43132	43160	43191	43221	43252	43282	43313	43344	43374	43405	43435	43466	43497	43525	43556	43586	43617	43647	43678	43709	43739	43770	43800	0.2	0.7	0.4	0.8	0.7	2.6	5.0999999999999996	0	2.2000000000000002	0	0.5	5.7	8	7.1	6	2.8	6.8	11	14.3	5.3	16	11.1	13.3	2.2999999999999998	9	19	23.8	19	20.7	21.5	17	10.6	26.6	36.299999999999997	44.2	55.5	24.1	12.1	39.1	44.5	43.2	54.7	77	48.5	51.6	39.1	33.6	15.5	29.9	21.7	33.700000000000003	47.8	59.4	52.5	65.099999999999994	60	29	74.3	89.4	101.9	86.7	115.8	85.5	64.2	77.2	64.5	65.099999999999994	53.3	89.3	69.599999999999994	61.9	76.8	65	20.9	31.2	28.9	46	24.3	31.5	39.9	41.1	32.299999999999997	8.6	33.5	19.2	17.3	7.3	9.4	17.3	8.4	7.4	9.6	6.7	7.3	5.6	8.3000000000000007	1.8	2.4	4.0999999999999996	13.6	4.3	0	11.1	6.9	19.7	6	2.5	1.2	5.3	9.1999999999999993	0.9	1	2.8	0	0	6.5	1.9	4.8	0	1.9	0	0.4	0	0	0	0	0.6	0.3	0	0.4	0.4	1	SSN SC 23	35065	35096	35125	35156	35186	35217	35247	35278	35309	35339	35370	35400	35431	35462	35490	35521	35551	35582	35612	35643	35674	35704	35735	35765	35796	35827	35855	35886	35916	35947	35977	36008	36039	36069	36100	36130	36161	36192	36220	36251	36281	36312	36342	36373	36404	36434	36465	36495	36526	36557	36586	36617	36647	36678	36708	36739	36770	36800	36831	36861	36892	36923	36951	36982	37012	37043	37073	37104	37135	37165	37196	37226	37257	37288	37316	37347	37377	37408	37438	37469	37500	37530	37561	37591	37622	37653	37681	37712	37742	37773	37803	37834	37865	37895	37926	37956	37987	38018	38047	38078	38108	38139	38169	38200	38231	38261	38292	38322	38353	38384	38412	38443	38473	38504	38534	38565	38596	38626	38657	38687	38718	38749	38777	38808	38838	38869	38899	38930	38961	38991	39022	39052	39083	39114	39142	39173	39203	39234	39264	39295	39326	39356	39387	39417	39448	39479	39508	39539	39569	39600	39630	39661	39692	39722	39753	39783	14.5	14.2	13.7	12	11.2	11.6	11.3	11.2	11.3	12	13.4	14.3	14.5	15.2	18.3	22	24.4	27.2	30.4	33.6	38.200000000000003	43.1	47.1	52	58.4	65.400000000000006	72	76.900000000000006	80.8	85.4	89.8	93.5	96.4	98.2	102.3	110.4	118.4	122.5	122.3	125	132.6	136.30000000000001	138.1	142.9	150.5	159.30000000000001	164.1	164	166.1	170.6	174.3	175.2	172.9	172.7	174.2	172.8	168.8	165.3	163.1	162.69999999999999	158.30000000000001	152.5	155.1	160.69999999999999	163.69999999999999	167.4	172	175.8	177.1	177.3	180.3	179.1	177.6	179.7	178.2	174.4	171.3	166.9	161.5	155.4	149.5	143.9	136	131.4	129.6	125.7	118.7	111.9	107	101.7	96	92.9	91.8	89.1	86.9	84.1	80.099999999999994	76.400000000000006	73.2	71	69.5	67.099999999999994	64.8	63	60.2	57.9	56.6	55.7	54.5	53.2	52.3	49.3	45	44.5	44.6	41.9	39.4	38.9	38.4	36	33	29.7	27.4	27	27.4	26.2	25	25.9	26	23.7	21.1	20.2	19.8	19	17.7	16.399999999999999	14.4	12.8	11.6	9.9	9.6	9.9	9.1999999999999993	7.9	6.6	5.6	5.0999999999999996	5.0999999999999996	5.4	4.8	4	3.8	3.2	2.4	2.2999999999999998	2.2000000000000002	SSN SC 24	39814	39845	39873	39904	39934	39965	39995	40026	40057	40087	40118	40148	40179	40210	40238	40269	40299	40330	40360	40391	40422	40452	40483	40513	40544	40575	40603	40634	40664	40695	40725	40756	40787	40817	40848	40878	40909	40940	40969	41000	41030	41061	41091	41122	41153	41183	41214	41244	41275	41306	41334	41365	41395	41426	41456	41487	41518	41548	41579	41609	41640	41671	41699	41730	41760	41791	41821	41852	41883	41913	41944	41974	42005	42036	42064	42095	42125	42156	42186	42217	42248	42278	42309	42339	42370	42401	42430	42461	42491	42522	42552	42583	42614	42644	42675	42705	42736	42767	42795	42826	42856	42887	42917	42948	42979	43009	43040	43070	43101	43132	43160	43191	43221	43252	43282	43313	43344	43374	43405	43435	43466	43497	43525	43556	43586	43617	43647	43678	43709	43739	43770	43800	2.5	2.7	2.9	3.3	3.5	4.0999999999999996	5.5	7.4	9.5	10.9	11.7	12.7	14	16.100000000000001	18.5	20.8	23.1	24.6	25.2	26.4	29.5	34.5	39.1	42.5	45.7	48.8	53.8	61.1	69.3	77.2	83.6	86.3	86.6	87.4	89.4	92.5	95.5	98.1	98.3	95.1	90.9	86.6	84.5	85.1	85.3	85.8	87.7	88.1	86.8	86.1	84.4	84.3	87	90.9	94.6	99	104.6	107	106.9	107.6	109.3	110.5	114.3	116.4	115	114.1	112.6	108.3	101.9	97.3	94.7	92.2	89.3	86.1	82.1	78.900000000000006	76.099999999999994	72.099999999999994	68.3	66.400000000000006	65.900000000000006	64.3	61.2	57.8	54.4	52.5	50.4	47.8	44.8	41.5	38.5	36	33.200000000000003	31.5	29.9	28.5	27.8	26.5	25.7	24.8	23.3	22.2	21	19.600000000000001	18.3	16.7	15.4	15.1	14.2	12.6	9.9	7.8	7.5	7.2	7	6.7	6.5	6.8	6.7	6	5.4	5	4.5999999999999996	4.3	3.9	3.7	3.5	3.4	3.1	2.6	2	1.8	Date
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