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Introduction
This supplementary material presents the results of additional analyses that validate the assumption of a uniform ion composition for lunar-origin ions around the Moon. Specifically, it demonstrates  ≈  for lunar-origin ions.

Text S1.
[bookmark: _Hlk170469791][bookmark: _Hlk170463737]We selected time intervals when Kaguya was in the lobe and did not observe any clear periodicity in O+ ion counts corresponding to Kaguya’s 2-hour orbital period. This suggests that no terrestrial-origin O+ ions were entering the IMA. Additionally, we verified whether the ion flux measured by IEA was very low during these intervals, as IEA is oriented outward to space and primarily detects magnetospheric ions. This procedure yielded three such intervals: 14:00–23:00 UT on December 23, 2007, 14:00 UT on January 21, 2008 to 10:00 UT on January 22, 2008, and 04:00–14:00 UT on July 17, 2008. For these intervals, we calculated  and  as shown in Table S1. The results indicate that  is smaller than , contrary to the findings for intervals 1–3 in the main text. However, the differences fall within the standard errors and lack statistical significance. Therefore, we conclude that  and  are nearly equivalent for lunar-origin ions at Kaguya’s altitude, supporting the assumption made in the main text.


[bookmark: _Hlk170296602][bookmark: _Hlk170297097]Table S1. Time interval, count (), count ratio of O+ ions to Na+ and Al+ ions  for the lateral FOV () and nadir FOV (), and plasma regime for the selected intervals.
	[bookmark: _Hlk170296252]Time interval
	2007/12/23
14:00–23:00 UT 
	2008/01/21 14:00 UT–
2008/01/22 10:00 UT
	2008/07/17
04:00–14:00 UT

	 
	5
	39
	60

	
	3
	15
	25

	 
	1.671.22
	2.600.79
	2.400.57

	 
	11
	40
	49

	
	3
	9
	15

	 
	3.672.39
	4.441.64
	3.270.96

	Plasma regime
	Lobe
	Lobe
	Lobe
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