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Figures S1to S3
Introduction
This document shows 3 supporting figures. Figure S1 shows the spatial distribution of the

EMIC-driven events with associated peak ionization rates and peak altitudes. Figures S2 and S3
show the ionization rate results if the input PAD is assumed realistic, isotropic or sinusoidal.
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Figure S1. Spatial distribution of the 144 EMIC-driven precipitation events in geographical (A,
B) and magnetic (C, D) coordinates. A&C: peak of ionization rate; B&D: altitude of ionization
peak. No evident pattern emerges in terms of ionization peak or altitude concerning
geographical or magnetic locations. This may be attributed to the relatively small statistics of
the dataset and the limited L-MLT coverage of the ELFIN CubeSats. Note that our dataset
encompasses years from 2019 to 2022, thus neglecting any temporal variation within this time
period. Additionally, various factors influence not only the ionization rate profiles (e.g., solar
conditions, atmospheric density, PAD, etc.) but also the efficiency of EMIC waves in scattering
electrons (e.g., wave properties, radiation belt flux, etc.) and the available coverage of LEO
spacecraft. Therefore, revealing possibly underlying trends based on geographical/magnetic
coordinates poses a complex challenge, even with larger statistical datasets.
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Figure $2. Comparison of ionization rates given a realistic (A), isotropic (B) or sinusoidal (C)
PAD. To isolate the impact of pitch-angle variations alone and ruling out any effect due to a
different input energy flux, we ensure that the energy flux inside the loss cone is equal across
the chosen PAD shapes. Thus, from the realistic average PAD (A), we calculate the isotropic (B)
and sinusoidal (C) PADs by conserving the energy flux in the loss cone for each energy
channel. D&E: variability of the ionization peak (black) and corresponding altitude (blue) as a
function of pitch-angle (D) or energy (E); F: total ionization rates in a linear scale.



44
45

46

47
48

BERI inputs

Total ionization rate (pairs/cm /s)

Figure S3. Same format as Supplementary Figure 2, but for the median PAD (A).
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