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Key points

« We developed a numerical model of the energy spectra of photoelectrons emitted from the sunlit lunar surface.

« Model-observation comparisons reveal spatial and temporal variations in the lunar surface potential.
« Our numerical model can be applied to evaluate the plasma environment near the surface of the Moon and other airless bodies.
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Charged particle environment on the lunar surface f};:f'e“t clectrons electrons} Auger electrons
Since the Moon lacks a dense atmosphere and a global magnetic field, the lunar surface interacts directly with d
ambient charged particles. \ \/ /
As a result of the interaction, the lunar surface potential varies to balance incoming and outgoing electric currents N
driven by the charged particles (Manka, 1974; Fig. 1).

. . . . . Schematic illustration of the charged particle
Characteristics of photo-emitted electrons and the dayside surface potential enwironment on the lunar surface
On the dayside, photoelectrons are emitted from the surface, and Auger electrons, which have characteristic energies
that depend on the source atoms, are also emitted in response to photoemission (e.g., Xu et al., 2021; Fig. 2). P““"‘*‘;“”” Ksh:he“
Because photoemission dominates the current balance, the dayside lunar surface potential tends to be positive (e.qg., |
Stubbs et al., 2014). However, the potential varies depending on the ambient plasma environment (e.g., Halekas et al., N
2008, 2011; Poppe et al., 2011, 2012, 2015), crustal magnetic anomalies (Burke et al., 1975; Futaana et al., 2013), and -
solar activity (Sternovsky et al., 2008). Characteristic X-ray 4=~

or
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In this study, we use a numerical model of photoemitted electron energy spectra from the dayside lunar ®

surface (Kato et al., 2023) to investigate the dayside surface potential variability based on model- g, 2
Obse rvati()n COmpa risons Schematic illustration of the Auger electron emission

Process.

2. Methods .

Numerical model (Kato et al., 2023) e 4

Input Parameters Output (Fig. 3) Sgsgf;eggiztsezﬂgggy
FISM2, Energy spectra of |Physical and chemical parameters related to |Energy spectra of photo-emitted R PR {1 THEMIS-ARTEMIS (black),
solar irradiation model photoemission electrons (photoelectrons and """’f*"*-‘-:t;,-;fé, o peciralred)
(Chamberlin et al., 2020) | (e.g., Photoionization cross sections) Auger electrons) o ;p;/er;%g%r; (magenta) (Kato
Estimating the surface potential by model-observation comparison ) 6‘5" 5 #

By comparing model calculations with the electron observations from Kaguya and A

THEMIS-ARTEMIS above the lunar surface, we can estimate the potential difference :Eifjnf’i?éf;“_y‘tﬁﬁﬁEfgeﬁ_?faf@;;[aC_e_: fg§§;gg;§g§§rvedabovethe'unarsurface

between the spacecraft and the surface from the relative energy shift of photo-emitted  : J Fig.4 | |
electrons (Fig. 4). e 000
When the spacecraft potential is known as is the case for ARTEMIS, we can also f o "‘°de"’“*"‘“‘°"a"dlpa‘e""“°bse”at‘°“s ge;vcveefrr; ftths 'Lﬂggeslt}gfssceersgti}tnhe
estimate the lunar surface potential. —— Potential difference cgmparison.y

3. Results and discussion of model applications

3.1. Relationship between surface potential and potential minimum above the surface

Non-monotonic potential distributions can form above the lunar il potentar and Suriace potontal
surface (Fig. 4), as indicated by upward-accelerated electron 0 > 5
beams above the dayside lunar surface (Poppe et al., 2012; Fig. 5). . ;

Our event study based on model-observation comparison shows o 7
that the minimum potential and the surface potential vary

synchronously (Kato et al., 2023; Fig. 6). \k "l

Future studies should investigate the controlling factors of these . B et i
pOtentials and the threshold between monotonic and non- Slcgﬁematicillustration of non- Rlegbresentative observations of upward nglétionship between potential minimum
monotonic potential distributions. oL g dsuton g b e R, e s
3.2. Relationship between surface potential and crustal 3.3. Relationship between surface potential and solar
magnetized regions activity o E
Our analysis using Kaguya We evaluate variations in photon : Pl ‘
observations shows that electrons  * % i emission associated with solar R = H Wl
originating from magnetized regions — N activity using the FISM2 model "t “x/“i T
are more strongly decelerated than ﬂ (Chamberlin et al., 2020). o >~
those from non-magnetized regions, T — Considering the current balance sz ———————
corresponding to a more positive el T E— ﬂ o4 3 between downgoing electrons bl P e
surface potential over magnetized ‘Tf‘“m'f T oz 3 observed by ARTEMIS and upgoing T
regions in the lobes (Kato et al., 2025). % Tty H electrons calculated by the model, :
Although a more positive potential is .~ m“‘“' e we find that the surface potential -

expected over magnetized regions, : ! | L becomes more positive as solar

consistent with previous studies in Whore  ®0 ey activity increases and it can exceed  ° ¢ 3
the solar wind (Futaana et al., 2013)  Fig.7 | | | +100 V in the lobes during solar

and plasma sheet (Burke et al., 1975), ElriftttfdnQgiﬁgﬁtéigsefvgfifﬁgT&aattidefg/e.,r%ig.ﬁ o flares (Kato et al., 2026). Fig. 8

the energy shift is smaller than in Cocuited photo smiced cecron snergy specra ant
those studies. different solar activity (Kato et al., 2026)
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