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1. Introduction 2. SEA for Matching AP & QP Events 3. Heliocentric Distance Dependence

Our previous study (Olufadi et al., 2025, in prep) and that of (Regnault | | We construct a speed-matched subset of events, using similar ME ve- || The variational study of CME features as a function of heliocentric dis-
et al., 2021) using CMEs measured at 1au have shown that nearly all || |ocities for both AP and QP CMEs, in order to eliminate the potential || tance. The figure below illustrates the geometry of a CME flux rope and

CME properties vary with solar cycle (SC) activity, as illustrated in Fig- | | influence of CME speed when assessing the impact of solar-cycle ac- || its correspondence to the axes obtained from Minimum Variance Analy-
ure [1]. We are currently conducting a more detailed analysis of the || tivity on CME properties (for example, faster CMEs are found to have || sis (MVA). While MVA yields the minimum, intermediate, and maximum:-
CME profile to differentiate the effects of the solar cycle from the inher- || stronger magnetic field strength). variance directions of the magnetic field, these axes are commonly in-

ent characteristics of the CMEs. For this study, we selected events near . . . terpreted when the rotation is well defined as approximating the radial,
~ 1 AU from over 1600 CME timestamps stored in the HELIO4ACAST SEA Result: The close similarity in AP and QP profiles in figure 1 and 2 holoidal, and axial directions of the flux-rope structure.

catalog (Mostl. et al., 2017). confirms that the temporal behaviors in Figure 1 are primarily driven by

solar cycle variations, not CME speed.

Method: we adopt superposed epoch analysis (SEA) in this study. g
SEA Result: Overall, Bisg, Vp and T, enhanced profile in AP, indicate a .
stronger, hotter and more compressed sheath consistent with fast CME  meanAP  —— medianAP  —— mean-OP  —— median-QP ™
dynamics. %
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) ' ———— e Figure 3. Schematic of a CME flux rope illustrating how Minimum Variance Anal-
5 5.0 - P, L WW ysis (Wang 2015)
S 2s- dWWW g Z'Wm Ao We also study the variation in CME axial and poloidal magnetic field
- SR \ @W components derived using minimum variance analysis (MVA) as a func-
T - : ! J : tion of heliocentric distance for all CME bins in this study.
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Figure 2. SEA for matching AP and QP events. / 4579 T o Bemloso 0_79)r_—11:92f;>;1
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\ Figure 1. The combined SEA plot of AP and QP events. +0 § ErrorinBj
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5. Result Summary 257 S roxB, to maxBy rato _
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= Across all CME regions, AP events show enhanced B, 1), - - - &
and V,, compared to QP events, while proton density n,, 07 5 2.5 -
remains higher in QP. After applying a velocity-matching . _ T+ N 1 = A ,
criterion to remove speed-related biases, the SEA profiles 'j-%‘ 1.5 - e - B 9 2.0 - [ £}
remain essentially unchanged, demonstrating that the AP-QP E T e? ! ° [ S T
differences are intrinsic solar-cycle signatures rather than N Tlel |1l leel —e— 1> 119 SN
artifacts of CME propagation speed. = T TTT111]]7 ? ¢ 0. | \
= At the ME front, proton temperature is consistently higher and 7 1 -
more broadly distributed than at the rear, indicating a hotter os1 L L1 (L] [LL]LT - 1 1 0.5
leading region. The ME front also shows enhanced B, N - - ~1.25 —-1.00 —-0.75 —0.50 —0.25 0.00 025 0.50 0.75
relative to the sheath, likely due to magnetic-field pileup or 00+ In mid_bin [au]
Pwaghnehc erosion, though distinguishing these effects requires mid_bin [au] Figure 4. The plot of In max. B, In max. B; Vs. helio-dist. [In mid-bin]
urther investigation.
= Similarly, RANSAC f'tS. of the toroidal (By) and poloidal (B;)) \ Figure 6. Sheath-ME ratio relative to heliocentric distance. /
components yield similar decay exponents (-1.42 and -1.49), - R Sy
within 15% of previous studies. This shows that By and B; 4. Ageing Effect T Egeéuf;:f-z(zoﬁglz.symioly
weaken at comparable rates, indicating self-similar expansion § 0 (lean) = omor
of CME magnetic fields. Here, we then investigate the aging effect of CMEs result- 10 b ouerliiesn e
» From Figure [5], the mean AP, QP, and overall CME |B| profiles || Ing from their expansion during propagation by examining the |
all display clear power-law decay with heliocentric distance, front-to-rear rahos Of. the .B|<.and Bj components, as \{V€|| as =
with fitted exponents of —1.63, —1.30, and —1.57, respectively. the corresponding ratios within the sheath and ME regions. ©
These values are consistent with the ~ = behavior reported oo .
in Davies 2021, and minor deviations from the slopes | —— RANSAC fit: y = 0.327x + 0.932 E
presented in Wang 2005, Leitner 2007, and Winslow 2015 1.75 ©  Bue— rront 1O B rear Fatio g
likely reflect differences in event selection, solar-cycle +
segmentation, and the extended multi-spacecraft distance Y L]
range considered here. ¢ 125
* The front-to-rear ratios of ME By;q and B; against By, show s 1o
no clear trend with distance, but most values are > 1. This g
iIndicates systematically stronger fields at CME fronts, Q_g 0.75 3x10°1 4x10°] | 6x100 | 1

Qmsistent with magnetic-field decay and aging as CMEs / o Distance [au]

expand through the heliosphere.
0.25 1 \%ure 5. The Average Log-Log B-field Power Law Fitting Plot vs. helio-dist. /
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