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Introduction:  The Earth’s Moon is exposed to a 

wide range of plasma environments during its 29.5-day 

orbit period. For about three-quarters of each lunar 

lunation, the Moon is bombarded by the solar wind. 

For the remaining 3-5 days, the Moon is shielded from 

the solar wind bombardment in the Earth’s magneto-

sphere, whereas exposed to ions coming from the iono-

sphere and upper atmosphere (hereafter called Earth 

wind). The Earth wind is transported from the iono-

sphere/upper atmosphere to the lunar orbit along the 

magnetic field lines and observed by the Kaguya, Geo-

tail, and ARTEMIS spacecrafts [1-5]. Ozima et al. 

(2005) proposed that most of the nitrogen and some of 

the other volatile elements in the nearside lunar soils 

come from the Earth's atmosphere rather than the solar 

wind [6]. Recently, Wei et al. (2020) suggested that the 

evolution of the magnetosphere and atmosphere can be 

inferred by examining the implanted particles in the 

lunar soil from both the lunar nearside and farside dur-

ing geological history [7]. Many studies show that so-

lar wind protons implanted in the uppermost surface of 

lunar mineral grains could produce lunar surface water 

(e.g. [8-11]). The lunar surface water content has not 

decreased when the Moon enters the magnetotail, 

when the solar wind is shielded by Earth’s magnetic 

field [12-13].  Thus, it is important to statistically ex-

amine the plasma flow within the Earth’s magnetotail 

around the Moon and to estimate their influences on 

the lunar surface. 

The plasma flows in the Earth’s magnetotail have 

been observed within ~ –66 RE < X GSM < ~ -9 RE 

including lunar orbit using the Active Magnetospheric 

Particle Tracer Explorers/ Ion Release Module 

(AMPTE/IRM), ISEE, Geotail, Cluster, and 

ARTEMIS observations [14]. Kiehas et al. (2018) 

showed that there are many fast earthward ions flows 

emanating from beyond the lunar orbit using five years 

of ARTEMIS data. They suggested that near-Earth and 

midtail reconnection are equally probable of occurring 

on either side of the ARTEMIS downtail distance. In 

this work, we intend to statistically examine the earth-

ward/tailward flux around the Moon using ARTEMIS 

observations and study their influence on the lunar 

surface water using Monte Carlo simulation. 

Methods:  In this study, we used the ion measure-

ments from the two ARTEMIS probes (ARTEMIS-P1 

and ARTEMIS-P2) to find earthward/tailward flow 

events. Following the selection criteria used in previ-

ous statistical studies, the earthward and tailward flow 

events were selected by Vx > 30 km/s and Vx < -30 

km/s, respectively, with durations of at least 1 minute. 

Figure 1 shows an example of the earthward flux event 

observed by ARTEMIS-P1. 

The ballistic hops of water molecules in the lunar 

exosphere are simulated using a Monte Carlo method 

as described in Schörghofer (2014) [15]. Individual 

water molecules are launched with Gaussian-

distributed Cartesian velocity components that amount 

to a random initial azimuth and thermal speed appro-

priate for the local surface temperature. Water mole-

cules are lost inflight by photo-destruction. 

 
Figure 1. Overview of an earthward flux event ob-

served by ARTEMIS-P1 satellite. From top to bottom 

are locations of the satellite in the SSE coordinate sys-

tem, plasma velocity, magnetic field, density, tempera-

ture, proton energy spectrum, electron energy spectrum, 

and plasma beta. 
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Results and Discussion: As shown in Figure 2, the 

earthward/tailward flux mainly appears in the plasma 

sheet and plasma sheet boundary layer. The occurrence 

rate of tailward flux is higher than that of earthward 

flux. The occurrence rate of earthward flux is higher 

on the dawnside and the occurrence rate of tailward 

flux is higher on the duskside, which are consistent 

with previous results [14]. Figure 3 shows that the en-

ergy flux at 1 keV of earthward/tailward flux is two 

orders of magnitude lower than that in the solar wind 

at 1 keV, the earthward/tailward flow has an energy 

flux two orders lower than the solar wind. However, 

the energy flux with energies greater than 4 keV is 

larger in earthward/tailward flow than that in the solar 

wind. 

 
 Figure 2. (a-b) Occurrence rates of the earthward and 

tailward flow events as a function of AGSM-Y. The 

occurrence rates of the earthward and tailward flow 

events (c-d) in the plasma sheet and (e-f) in the plasma 

sheet boundary layer, respectively, as a function of 

AGSM-Y. 

We simulate water molecules produced by earth-

ward flux in Earth wind. Figure 4 shows that the water 

molecules produced by earthward flux can be pre-

served in the lunar soil, as the lunar farside is in the 

nightside and the temperature is lower. Both the earth-

ward ion flow and tailward ion flow in the magnetotail 

can implant both the lunar farside and nearside, where-

as the solar wind only implant into the lunar farside, 

which could explain the formation of hematite in the 

both side of the lunar surface. Moreover, the high en-

ergy protons and heavy ions in earthward flux could 

produce more vacancies on the lunar surface, which 

could effectively promote the water formation process.  

The possible formation mechanism for Earth wind-

induced water remains unclear due to the fact that the 

transport of mass, flux, and energy in the Earth’s mag-

netotail is much more complicated and dynamic than 

that in the solar wind. 

 
Figure 3. The energy flux of solar wind (red), 

earthward flux (blue), and tailward flux (green). 

 
Figure 4. The simulation result of the water mole-

cules produced by earthward flux implanted into the 

lunar farside surface. 

Acknowledgement: We thank ARTEMIS instru-

ment teams and Schörghofer's Model. Funding: This 

research was supported by the National Natural Sci-

ence Foundation of China (Grants 42225405, 

41974189). 

References:  

[1] Fu, S. Y. et al. (2001) JGR, 106, 29683–29704. 

[2] Zong, Q. G. (1997) JGR, 102, 11409–11428. [3] 

Seki, K. et al. (2001) Science, 291, 1–4. [4] Terada, K. 

et al. (2017) Nat Astron 1. [5] Poppe, A. R. et al. (2016) 

GRL, 43, 6749–6758. [6] Ozima, M. et al. (2005) Na-

ture 436, 655–659. [7] Wei, Y. et al. (2020) GRL, 47. 

[8] Sunshine, J. M. et al. (2009) Science 326, 565–568. 

[9] Pieters, C. M. et al. (2009) Science 326, 568–572. 

[10] Li, S. & Milliken, R. E. (2017) Sci Adv 3. [11] 

Farrell, W. M. et al. (2017) JGR 122, 269–289. [12] 

Wang, H. Z. et al. (2021) Astrophys J 907, L32. [13] 

Hendrix, A. R. et al. (2019) GRL 46, 2417–2424. [14] 

Kiehas, S. et al. (2018) JGR 123, 1767–1778. [15] 

Schorghöfer, N. (2014) GRL 41, 4888–4893. 

2110.pdf54th Lunar and Planetary Science Conference 2023 (LPI Contrib. No. 2806)


