
Moon and space plasma,
A natural laboratory, where
space weather meets space weathering

Yoshifumi Futaana
Swedish Institute of Space Physics
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Non-atmospheric bodies
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Rarefaction wave

VacuumMoon

Solar wind

Space weathering

Moon in the solar wind: classical view
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Richmond and Hood, 2008

Magnetic anomaly
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Harnett and Winglee, 2002

Mini-magnetosphere
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(NASA / LRO_LROC_TEAM)
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Weathering effects?

Space weathering Hood et al. 2001 Comets

Dust
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• Sputtered ENAs

ENA generation from surface

ScatteringSputtering

Surface/Atmosphere

Mostly small energy  (<100 eV) Energy loss of a few 10s %

Plasma
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• ENA provides information at the surface

We provide plasma at surface by ENA
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Plasma at surface

ENA at spacecraft containing
plasma information at surface

Plasma at spacecraft

Wieser, Barabash, Futaana et al., 2010.
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Scattering from lunar regolith
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Phobos H+

[Futaana et al., 2010]

10



Planetary Space Weather meeting, Europlanet, IRAP, Toulouse. /25

Extreme event for Moon
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magnetic anomalies or electric field close to 
the object? What happens if the solar wind 
conditions are very extreme? 

To answer these questions, we concentrate on five 
specific tasks in this project. These tasks correspond 
to the list in the General description section. In the 
following subsection, details of each task are 
described: 

1. Experimental model development. 
2. Study of “Mercury proxy” event. 
3. Search for Phobos signatures. 
4. Backscattering modified by magnetic 

anomalies. 
5. Backscattering modified by wake. 

1.$Experimental$model$development$
From statistical analysis of energy and directional 
spectra in the SARA data, we will develop an 
experimental model of the backscattered solar wind 
particles. The energy spectra of the backscattered 
protons and ENAs contain a large amount of 
information. While we have published the energy 
spectra (Wieser et al. 2009), we have not yet conducted a detailed discussion about them and 
associated physics. We have only shown that the ENA imaging can be used as a monitor of 
the solar wind proton “access” to the lunar surface. Indeed, the energy spectra can give us an 
idea of its origin. For example, if the produced particles are due to the sputtering of the 
surface materials, the energy spectra will have sharp cut-off energy (e.g. Betz and Wien, 

1994). On the other hand, if the particles are 
from the solar wind reflection (backscattering), 
the particle energy spectra may be extended to 
the energy of the impinging solar wind. Figure 1 
shows the energy spectra obtained by CENA 
(Wieser et al. 2009): they show no sharp cut off 
energy but rather extended spectra. This is 
similar to the spectra of backscattering rather 
than sputtering.  

As we have a significant amount of the 
dataset from CENA and SWIM, we will conduct 
a statistical survey of such energy spectra. The 
first task is to produce an experimental energy 
spectra model from a large amount of observed 
energy spectra. By comparing this experimental 
model with existing theoretical models (e.g. 
Betz and Wien 1994) or simulated models (e.g. 
SRIM code; Ziegler et al. 2008) of surface-
plasma interaction mainly deduced from 
laboratory measurement, we aim to understand 

 

Figure 1: The energy spectra of the 
solar wind protons and the 
backscattered ENAs obtained by 
CENA instrument. Three sets of 
spectra in consecutive orbits are 
shown.  No cutoff energy is seen in 
ENA spectra. The figure is taken 
from Wieser et al. 2009. 

 
Figure 2: Time series of solar wind 
density at Moon deduced from WIND 
(red) and in situ measurement by SWIM 
(black diamond). Clear corresponding 
fluxes are measured in CENA count rate 
(blue). CENA has 2-hour intrinsic 
periodicity owing to the spacecraft 
orbital motion, and thus, only their local 
peaks are meaningful. 

SW Density (SWIM)

SW Density (WIND)

Scattered H (CENA)

Lue et al., 2014
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Scattered hydrogen ENA
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Vorburger et al., 2014

Shielding = Mini-magnetosphere size
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Space weather impact weathering

Pdy=0.63 nPa

Pdy=1.11 nPa

Pdy=2.53 nPa

Hybrid simulation, Fatemi et al., 2015
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ENA, magnetosphere, water

Solar wind precipitation map

Water / hydroxyl features

Wöhler et al., 2017

Vorburger et al., 2014
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Water production by solar wind?

H+ + e- + Fe=O → Fe-OH

2 Fe-OH → Fe=O + Fe + H2O

2 Fe-OH → Fe-O-Fe + H2O
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Lunar environment

Surface 

Plasma 

Dust 

Exosphere

Space weather influences space weathering
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SELMA (M5): Science overview

What is the origin of water on the Moon?

How does the volatile cycles on the Moon work?

How do the lunar mini-magnetospheres work?

What is the influence of dust on the lunar 
environment and surface?

SELMA is a mission in the frame of the Cosmic Vision themes 1 and 2

1. What are the conditions for planet formation and the emergence of life?

2. How does the Solar System work?

How do airless bodies interact with 
space environment: The Moon as an 
accessible laboratory
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• Mass 1302 kg (at launch); Dry 
mass 627 kg; Payload 111 kg

• Four elements
• SELMA orbiter
• SIP-MA (42 kg)
• Impactor (10 kg) and RCS (6U) for 

impact experiment
• 15 instruments

• 4 remote sensing
• 7 in situ
• 4 in situ (SIP-MA)

• Launch January 1, 2029 
(flexible)

• Soyuz-Fregat or Ariane 62
• Lifetime for 15 months

• Epochs
• SIP-MA after 6 months
• Impact experiment after 15 months

6U

SELMA (M5): Mission overview

SELMA orbiter

SELMA Impact Probe

Magnetic Anomaly


(SIP-MA)

Relay CubeSat

(RCS)

Impactor10 kg copper
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• Deep inside mini-magnetosphere
• Low altitude (down to electron scale; 

Debye length~0.1 km) is important
• Shallow impact angle (1–2˚) indicates 1–

3 seconds for 0.1 km descent
• Measurement of electron and ion's 3-D 

distribution functions with 0.5 s 
resolution is required

SIP-MA

Courtesy of S Fatemi
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SELMA: summary

Water

Exosphere

Mini-magnetosphere

Dust

Coordinated measure-
ments of in-situ and 
remote sensing

Impact probe for mini-
magnetosphere

Water detection by 
impactor

How does the Solar 
System works?

What are the conditions 
for planet formation and 
the emergence of life?

1302 kg (wet)
627 kg (dry)
with 111 kg (payload)

15 sensors (4 remote 
sensing, 7 in situ, and 4 
on impact probe)

Launch in 2029
Lifetime for 15 months

SELMA science

SELMA characteristics

Cosmic Vision
SELMA Mission

How do airless bodies interact with space environment: 
The Moon as an accessible laboratory
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Support SELMA today!

Open 
http://tinyurl.com/support-selma1

Put 
your name, institution, and country 2

Click 
"Submit"3

Send 
the link to your friends4
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