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Abstract:

The Moon is an archetypal atmosphere-less celdstidy in the Solar System. For such bodies,
the environments are characterized by complex antem among the space plasma, tenuous
neutral gas, dust and the outermost layer of thiaser Here we propose the SELMA mission
(Surface, Environment, and Lunar Magnetic Anomaliestudy how airless bodies interact with
space environmenSELMA uses a unigue combination of remote sensiagultraviolet and
infrared wavelengths, and energetic neutral atomging, as well as in situ measurements of
exospheric gas, plasma, and dust at the Moon. Afteervations in a lunar orbit for one year,
SELMA will conduct an impact experiment to investig volatile content in the soil of the
permanently shadowed area of the Shackleton cr8ErMA also carries an impact probe to
sound the Reiner-Gamma mini-magnetosphere andt@saction with the lunar regolith from the
SELMA orbit down to the surface. SELMA was proposedhe European Space Agency as a
medium-class mission (M5) in October 2016. Researtlthe SELMA scientific themes is of
importance for fundamental planetary sciences andofir general understanding of how the
Solar System works. In addition, SELMA outcomesd wintribute to future lunar explorations
through qualitative characterization of the lunavieonment and, in particular, investigation of
the presence of water in the lunar soil, as a \¢ugesource to harvest from the lunar regolith.

1 Introduction

The Moon, Phobos, Deimos, and the majority of piaryesatellites, Mercury, dwarf planets, and
asteroids do not possess atmospheres. Solar cadiapace plasmas, meteoroids, and dust
directly access the surface, changing its prope(talled space weathering) and resulting in an
environment where four main components, plasmatralegas, dust, and the outermost layer of
the surface interact with each other in a very dempay. In order to investigate these
interactions, we have designed a new-generaticar lomssion, SELMA (Surface, Environment,
and Lunar Magnetic Anomalies).

The mission SELMA was proposed in responsethie call for a Medium-size Mission
Opportunity in European Space Agency's (ESA) seignogram (M5) SELMA is a mission in
the frame of the Cosmic Vision themes “1. What the conditions for planet formation and the
emergence of life?” and “2. How does the Solar &ystvork?” Cosmic Vision, 2005 SELMA
addresses the Cosmic Vision topics “1.3 Life andithaility in the Solar System” and “2.3
Asteroids and other small bodies”.

The science question of SELMA is "How do airlesslibs interact with space environment?".
SELMA studies the Moon, an archetypal atmosphesg-telestial body in the Solar System.
SELMA studies water, one of the main ingredientstifie life as we know it. SELMA will reveal
the mechanisms of the water/hydroxyl formation egotith-covered surfaces. While such bodies
hardly can or could have been habitable, genewdlet how water is created, transported, stored,
and escapes are an important contribution to utadedsg the fate of water in the solar system.
SELMA also studies how airless bodies and small meaig structures (magnetic anomalies)
interact with the solar wind plasma, how surfacertated exospheres are created and maintained,
and how the dust environment works; details ofgtientific objectives are described in Section
2. All these results are of fundamental importafareplanetary science and can be applicable
throughout the solar system including the moonslugiter and Saturn, asteroids and dwarf
planets.

In order to realize the science objectives, SELMAnprises of the SELMA orbiter, SELMA
impact probe for Magnetic Anomaly (SIP-MA), passiwgactor (10 kg copper sphere), and a
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SELMA: How do airless bodies interact with spacéremment?

relay CubeSat (RCS). The SELMA orbiter and SIP-Mtrscientific instruments. The SELMA
orbiter carries four remote sensing instruments aaden in-situ instruments. SIM-MA is
equipped with four scientific instruments. The SEANhission's lifetime is 15 months. The
launch time is flexible, while the proposed SELMAsgeion complies with the requirement of
ESA's M5 mission time line, i.e., aiming at 202%eTSELMA orbiter is inserted into a lunar
polar orbit, nominally with a pericenter at 30 kmdaan apocenter at 200 km above the surface,
for collecting the scientific data for the whole ssion period. Two different measurement
campaigns are conducted. An impact probe experimsing SIP-MA to investigate the lunar
mini-magnetosphere is done 6 months after the lgumdile the timing is flexible. The
opportunity for SIP-MA is once a month. The secexgeriment will be done at the end of the
mission: A passive impactor will be released aimatga permanently shadowed region (the
Shackleton crater is the baseline) to create araeinplume, which will be measured both
remotely and locally by the SELMA orbiter. The SERMrbiter chases the passive impactor
along almost the identical orbit with a full sciengperation, and it crashes to the closer location
to the passive impactor. Details of the missioncdpgon and instrumentation are described in
Sections 3 and 4.

SELMA uses a unique combination of remote sensiaguitraviolet and infrared wavelengths
and energetic neutral atom imaging, as well astinreeasurements of exospheric gas, plasma
and dust to investigate the complex interactioswface—space environments. Uniqueness of the
SELMA mission is coordination of science and instemtation throughout the mission; i.e., the
mission design, system and instrument developnsamtnce operation, and data exploitation.
Previous lunar missions have addressed only agpdine interaction. For example, the LADEE
mission focused exosphere and dust, Kaguya wasudace and plasma, ARTEMIS is for
plasma, and LRO is for surface and exosphere. LCR@#E an impact experiment into a
permanently shadowed region, but characterizatioth® produced plume relied on remote
sensing instruments. The SELMA mission is the firgssion to investigate the interaction
between the surface, exosphere, plasma and dusd,the coordinated measurements.

2 SELMA Science questions

Of the very complex lunar environment interactioB&LMA focuses on four main subjects:
water, volatiles cycle, mini-magnetospheres, anst.dlihe four SELMA key science questions
can be described as follows.

1. What is the origin of water on the Moon?

The surface of non-icy airless bodes is covereth wagolith, a layer of loose, heterogeneous
material including dust, broken rock, and otheateddl materials (e.¢deiken, 1991 The regolith
has been formed by the impact of large and smaleoneids and the steady bombardment of
micrometeoroids, which slowly break down surfaceckeo One of the most important
manifestations of the interaction of the lunar tegavith the solar wind plasma is the formation
of OH/H,O bearing materials in the outermost layer via doahmeactions between oxygen in the
regolith’s minerals and implanted protons from sbé&ar wind Pieters et al. 2009; Sunshine et al.
2009; Clark, 2009 The solar wind protons can thus be considered ase of the sources of
water on airless bodies. On the other hand, comatsalso have brought substantial amounts of
water to planetary bodies during the long periodombardment, which is another important
potential source of water. Answering the questMnat is the origin of water on the Moon?" is a
key to understanding the water distribution andg@nee in the Solar System.

2. How do the "volatile cycles" on the Moon work?
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SELMA: How do airless bodies interact with spacéremment?

The volatiles surrounding airless bodies form alisiohless gas layer, a surface-bounded
exosphere (e.gstern, 1999 At the Moon, the exospheric atoms and molecalggnate from

the interior, and are kicked off from the regoliftain surface by solar photons and particles, and
through micrometeoroids impacts. The release pseseare highly variable due to the variability
of the solar radiation, impinging particle fluxaeseteoroid fluxes and impact rates, surface
mineralogy, temperature, topography and structaesyell as the transient releases of gas from
the lunar interior. The exospheric particles do intéract with each other but with the surface
and can be redistributed over the whole body. Bxesp particles originating in the hot
equatorial regions may get transported to and &@app the cold polar regions, forming volatile
reservoirs thereWatson et al., 19g1Some atoms and molecules, especially thosevwofiass,
escape to space due to sufficiently high velociNesatiles may also undergo ionization by solar
UV radiation, and will be picked-up by the solarmndielectric field, and escape the system.
Answering the question "How do the “volatiles cyglevork on the Moon?" will reveal the
sources and sinks as well as transport processhe wblatiles on airless bodies.

3. How do the lunar mini-magnetospheres work?

The Moon does not possess a global magnetic difgdebut only local crustal magnetic fields,
so-called magnetic anomalies, with field strendth tew 100s nT at the surface (eGpleman et
al., 1972; Richmond and Hood, 2008; Tsunawaka e8l15. This field strength is comparable
with the weak magnetic dipole field of the Mercyrl95 nT on the equator; e yess et al.,
1974; Anderson et al., 20L1The magnetic anomalies do affect the local seilad plasma flow
but cannot fully prevent it from reaching the sagdVorburger et al., 2012 Due to the small
size of the anomalies, which is between the progmoradius and the electron gyroradius, the
electrodynamical interaction is inherently kinetand very complex, being one of the
fundamental solar wind interactions in the solasteyn. These lunar mini-magnetospheres are
natural laboratories for studying small-scale plasimtieractions in the solar system and the
physics of dusty plasma. SELMA will focus on answerthe question "How do the lunar mini-
magnetospheres work?"

4. What is the influence of dust on the lunar esrvinent and surface?

Levitating lunar dust, inferred from the Apollo iges of horizontal glow (e.gicCoy and
Criswell, 1974; Rennilson and Criswell, 197#ascinated scientists, and worried and bewildlere
engineers and astronauts. Dust was identified @sumber-oneenvironmental problem on the
Moon. However, the physical processes responsiyldhie mobilization of lofting of the dust
particles are not yet fully understood due to caxrphteraction between the lunar surface and its
UV and plasma environment. For example, the cootisu interplanetary meteoroid
bombardment sustains a permanently present thectiusd in the exosphere. In addition, the
plasma and associated electric fields in the exagpbontrol the dynamics of the dust particles.
Similar processes occur at many astrophysical thjedhere dusty plasmas appear frequently;
for example, in interstellar molecular clouds, mtp-planetary disks, in cometary tails, planetary
rings and surfaces of airless planetary bodiesrefbee, the Moon provides an exceptional
testing ground for fundamental research of the igBysf complex dusty plasma. SELMA will
focus on answering the question "What is the imfbeeof dust on the lunar environment and
surface?"

From these four overarching science questionsuwbdr derive several science objectives in the
following sections. Table 1 summarizes the SELM#Ace objectives.

Table 1: Science objectives of SELMA broken doam the four overarching science questions.
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What is the origin of water on the Moon?
Understand the role of the solar wind in the foiiorabf water bearing materials

Investigate how exospheric gases affect the abwedaof water bearing materials and vice
versa

Investigate how variable the abundances of QB/Hearing materials are and how the
variability is related to the plasma and neutra gavironment

Investigate the solar wind proton balance in tmaiisoil

Determine the water content in the regolith of pmmently shadowed regions and its
isotope composition

How do the “volatile cycles” on the Moon work?
Fully characterize the lunar exosphere

Investigate how the lunar exospheric compositionratated to surface illumination
conditions and sources due to photon and thernsalrdgons

Investigate how the lunar exosphere compositiaelmsed to the plasma environment and
sources due to surface sputtering

Investigate how the lunar exosphere compositiorelgted to impact events and sources
due to impact vaporization

Establish the sinks of the lunar exosphere

How do the lunar mini-magnetospheres work?
Establish the structure and topology of the magrfegid at the surface

Establish the mechanisms creating small-scale pladepletions and deceleration of
electrons and ions.

Investigate how small scale magnetic structurescathe solar wind on the global scale
Investigate how the properties of mini-magnetosphi@ary with solar wind conditions
Investigate long-term local effects of magneticraabes on the surface

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

Investigate how the impact events affect the l@hest environments
Investigate how plasma effects result in lofting linar plasma

2.1 What is the origin of water on the Moon?

The existence of water on the lunar surface wastddfor half a centuryVatson et al. (1961)
contested the previously common assumption that Ntwown was completely dry. They
considered the possibility of water in its frozeornh being accumulated in permanently
shadowed regions (cold traps) and calculated \v@mydvaporation rates of ice, concluding that
the cold traps should be able to retain water aoggcal timescales. A long series of theoretical
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studies were thereafter conducted, adding varimssiple source and loss mechanisms, with
differing conclusions (e.gArnold, 1979; Lanzerotti et al., 1981; Hodges, 20Qdcks et al.,
2002; Crider and Vondrak, 2003

Recent missions established that the lunar soitatos: hydrogen-rich materials although the
exact chemical composition (H/OH/B, ice) is not known. The neutron spectrometer antho
Lunar Prospector (LP) observed a depletion of epittal neutrons in the polar regions, which
was interpreted as the presence of hydrogen-ricterrabs in the form of water inside the
permanently shadowed areaBSeldman et al., 1998 The neutron spectrometer on Lunar
Reconnaissance Orbiter (LRO) showed that depletibise epithermal neutrons do not always
coincide with the permanently shadowed regionsrbay also occur in illuminated craters too
(Mitrofanov et al., 2010 Spectroscopic observations in the near-infrgi¢kR) range of the
OH/H,O absorption band (2.7-3.3 um) on the lunar surtaxelucted by M3 (Moon Mineral
Mapper) onboard Chandrayaan-1 showed that waterammior hydroxyl exist in the lunar
regolith Pieters et al., 2009 igure 1). Similar features in the infrared speetere found in the
data from Cassini VIMSQlark, 2009 and HRI-IR spectrometer on Deep Imp&a@tifshine et al.,
2009. Phobos and Deimos also exhibit similar signature the NIR absorption band (e.g.
Freaman et al., 2014).

Figure 1: Three-color composite image of refleatedr-infrared radiation from the Sun as
obtained by M3. Blue shows the signature of watek laydroxyl molecules as seen by a highly
diagnostic absorption of infrared light with a wésegth of 3 um. Green shows the brightness of
the surface as measured by reflected infrared famfiafrom the Sun with a wavelength of 2.4-um,
and red shows an iron-bearing mineral called pymeedetected by absorption of infrared light
at 2.0-um. The figure is from Pieters et al. (2009)

Currently, two main hypotheses on the origin of B bearing materials are under
consideration: (a) the water and hydroxyl resuitrfrchemical reactions between oxides in the
lunar soil and protons implanted by the solar wi@dder and Vondrak, 20Q0and (b) the water
wasl/is being brought to the Moon by comets, asisrand meteoroid€fg et al., 2010; Bruck
Syal et al., 2016 New evidence from LADEE is consistent with mei&o delivery of water to
the Moon Benna et al., 2005 The key question iSwvhat is the role of the solar wind in the
formation of the water bearing materials¥nderstanding source, accumulation and loss
mechanisms for lunar water are of fundamental ingmme for general planetology as well as the
physics and chemistry of surface-space-volatileaations.

In addition to the local source, there are disaussion the water vapor transport from the
equatorial regions to the polar cold traps viagkesphereHodges 1991; Crider and Vondrak,
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2002. The key question ishow do exospheric gases affect the abundance térvieearing
materials and vice versa?"

The distribution of hydrogen-bearing materials irdel from the neutron spectrometer
measurements differs from the one imaged by M3IR (8 um) band-depth (linked to OH/@&
abundance). The signal observed by the neutrortrepseter comes from about the first meter
below the surface, whereas the NIR measuremembms the top micrometers of a grain. That
implies that the M3 detection of OH/8 species is distinctly surface-correlated, iiakdd to
the upper few micrometers of the lunar regolithf ot significantly deeper. The above
mentioned infrared studies showed evidence of QE/Ht non-permanently shadowed regions,
and even at lower latitudes, seemingly more caedldo surface temperature, with daily
variations McCord et al., 2011; Li and Milliken, 2017 This result is controversial since
theoretical studies were struggling to explain watecumulated in cold traps over long time-
scales, whereas these observations indicated a maoh rapid and transient process. While it
was pointed out that the infrared observations vegaly uncertain at lower latitudes (higher
temperature, increasing thermal emission) and cbeldn instrumental effedClark, 2009, the
high temporal variability and shallow deposits sgly suggest that solar wind impact plays a key
role in water formation on the Moon. FUV observaidrom LAMP corroborate the diurnal
variability of surface hydratiorHendrix et al., 2012 The key question ihow variable are the
abundances of the OH#B bearing materials and how is the variability redd to the plasma
and neutral gas environment?"

Because the hydrogen at the lunar surface shousdtoeated (and result in an equilibrium state
between implantation into the grain and loss bjudibn from the grain), the solar wind protons
are implanted in several molecular layers into rgrsiirfaces L(oad, 1968 or diffuse to the
exosphere, escaping to space in a form of atomidgraleH (Hodges, 2011 or molecular
hydrogen Kurley et al., 201), or being trapped in the permanently shadowe@nsgas HO
(Crider and Vondrak, 2000 The balance of hydrogen near the surface has tealed to be
highly controversial against that of laboratory esiments. A high amount of hydrogen is
scattered back directly from the lunar surfaceantast to the lab experiments and numerical
simulations. Approximately 20% of the solar windfaons are reflected back to space as neutrals
with energy > 30 eVWieser et al., 2009a; Futaana et al., 2012; Vorlarrgt al., 2013 10—
50% as H molecules Klurley et al., 201y and ~0.1-1% as positively charged ioheq et al.,
2014. Theoretical and numerical interaction modelsMeein plasma and lunar regolith, from the
solar wind to the final fate, have not yet beeraldgthed. The key question 'laow does the
solar wind hydrogen interact with the lunar soil?"

The LCROSS mission investigated the plume causetidoympact of an upper stage rocket into
the Cabeus crater close to the lunar South Pot,observed the water absorption line in the
infrared spectrum as well as an ultraviolet emisdiom hydroxyl radicals, indicating a mass
fraction of water in the ejected regolith of 5.68% (Colaprete et al., 2000 The neutron
spectrometer on LRO indicated 0.5-4.0% water icavbight near the LCROSS impact point
(Cabeus), while the water signatures spread tostimdit region in the vicinity of the crater
(Mitrofanov et al., 2010 The Lyman Alpha Mapping Project (LAMP) ultraveblspectrograph
on LRO indicated the presence of about 1-2% watethé permanently shadowed Haworth
crater, yet not in the equally shadowed Shoemaiater; situated just next to iG(adstone et al.,
2012. Reported different detections of water ice iffedent experiments could relate to the
depth of the water ice depth. Lunar dusts at tHarRegions could cover the water ice, changing
its depth structure. The key question"i®w much is the water buried in the soil of the
permanently shadowed region and what is its isotmpeposition?"

2.1.1 SELMA measurements (water)
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In order to quantify the solar wind contribution faxmation of water bearing materials on the
lunar surface, global characterization of the selard proton flux at the surface (not at the
spacecraft) together with coordinated measurenwrtse abundance of water bearing materials
at surface will be conducted. To differentiate theurce of water (solar wind origin or
micrometeoroid/cometary origin), a monitoring ofstilexosphere (see also Section 2.4) and
impact flash measurements is conducted simultaheouShe synthetic, coordinated
measurements of in situ and remote sensing measatsmare the unique point of SELMA.
Isotope composition, in particular for D/H raticopides direct information on the source of the
water at the surface. In addition, thorough measargs at the permanently shadowed regions
are conducted to understand if and how the solad Wwas direct access to these regions. SELMA
undergoes an impact experiment at the end of tesiom. An artificial impact into a permanently
shadowed region produces a vapor plume and thetglemsl isotope composition of the vapor
are made. The information will directly address #warce of the water in the cold trap. In
addition, the exosphere effects on water bearingerals are characterized. For this, exospheric
gas composition and water-bearing material mapphegcorrelated. The influences of temporal
variations of the environment (both plasma andna¢eikosphere) on water bearing-materials are
investigated. Long-term correlations between plasmatrals, and water-bearing materials at the
surface are then taken. Repeated measurements iBatfth's magnetotail (~6 days every one
Moon day) help to study the long-term correlati@cduse the solar wind plasma is absent inside
the magnetosphere.

Overall, these scientific investigations call fanet following measurements: Coordinated
mappings of the water-bearing minerals (in IR ard tange, likePieters et al., 200%nd
Gladstone et al., 2032nd solar wind flux at the lunar surfaéaifaana et al., 2012 The spatial
resolution of 5 km (typical crater size) for opti¢r and UV) measurements, and that of ~10 km
(typical ion gyro radius) for ENA is desired. In diiibn, environment monitoring is of
importance, namely, recordings of upstream soladwiux (at the spacecraft), the exospheric
composition and density, as well as context imagmghe visible range. SELMA further
investigates the surface processes and the hydrbgkmce by characterizing the scattered
hydrogen species in all charge states. Fluxes'pH and the neutral H flying from the lunar
surface are thus required to be measured. The me@asat of the isotope ratios in the exospheric
gas and in the impact plume are also a key.

These measurements entail the following instruntiemis.

- Spectral imaging in the IR (hydroxyl and water apson features in the wavelength
range 0.4-3.um) and UV (Lymans (121.567 nm) and water features (130-190 nm)
with spatial resolution <5km.

- Energetic neutral hydrogen flux in the energy rarddgis—a few keV with angular
resolution of 5°.

- Solar wind proton (0.1-10 keV) with 30% accuracylehsity and velocity.

- High mass resolution (MM > 1000) mass spectroscopy of exospheric gasses to
determine the isotope ratio.

- Visible camera with FoV 60°x30° to monitor the ingpflash

- Dust monitoring to estimate the incoming micromedéb flux

- Hydrogen flux in the energy range a few eV-a feW kar all the charge states separated.
In addition, the following instrumentations for timepact experiment are requested.
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- A mass of 10 kg projectile, with mass spectrom@#nAM > 1000) flying through the
plume.

- Context imaging in the visible range during the awipwith spatial resolution <100 m.

2.2 How do the "volatile cycles" on the Moon work?

The lunar exosphere is a key region to understiedwater (volatile) cycle at the Moon.
Transport of gases within the exosphere is cetdr#the lifecycle of lunar volatiles: it connects
the production of volatiles at the surface (by salend impact or release by micrometeoroid
bombardment), and their sink (photolysis, escapsptice or transport to poles). The LADEE,
LRO, and ARTEMIS missions have greatly advancedungterstanding of the composition and
structure of the tenuous lunar exosphere, yet kegpheric constituents such as water and OH
remain poorly understood more than forty years dffte first Apollo landing.

Very low number densities for the lunar exosphéigure 2) make the observations difficult.
The multiplicity of the mechanisms responsibletfog input and loss of species in the exosphere
presents modeling challenges. These mechanismadadbn sputtering, photon stimulated
desorption (PSD) and micro-meteoroid impact va@dian resulting in inputs to the exosphere,
as well as photo-ionization, surface adsorption eschpe to space from the lunar gravity field
(e.g.Stern, 1999; Wurz et al., 2007, 2012

10"

100

Density [m'3]

10 1(;0 1(;00 1;)“ 10° 10'

Altitude [km]
Figure 2: Density profiles in the lunar exosphewve Yolatile species on the dayside (at a surface
temperature of 400K) based on measurements or Uppks (Heiken et al.,1991; Stern,1999;
Killen and 1p,1999). Figure is from Wurz et al. (Z).

Post-Apollo experimental work focused on the ndusadium (Na) and potassium (K)
components of the lunar exosphere, as these camldévely easily studied from Earth by
telescopesRotter and Morgan, 1988, 1998; Flynn and Mendill893. The behavior of Na and

K is, however, not representative for most of thieeo species because these two elements are
mostly influenced by meteoritic influx and photarduced desorptionSprague et al., 1992;
Wurz et al., 200y

The composition of noble gases in the lunar exagphmeasured by the Apollo LACE
experiment and additionally inferred from studidsgas trapped in lunar regolith samples
brought to Earth indicated that species such asrhgHe) are dominated by a solar wind source,
but with additional contributions probably from theterior of the Moon Kodges Jr. and
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Hoffman, 1975; Wieler et al., 19p6Both LADEE and LAMP observations confirm the asol
wind source; they are halted when the Moon is inlEs magnetotailHeldman et al., 2012;
Cook and Stern, 2014; Hurley et al., 2016; Gravalet201§. Because the solar wind impinges
on the lunar surface with energies of about 1 keMd H, He and other solar wind species are
absorbed in the surface material (in the regoliting and rocks) and are trapped. A fraction of
the noble gases is subsequently released to begarnef the lunar exosphere (e.lginton and
Taeusch, 1964; Johnson, 1971; Hodges, 1973

The flux of heavier, more refractory, elements @ funar exosphere is dominated by ion
sputtering and micrometeoroid impact vaporizatidvufz et al., 200 In this case, the lunar
surface material will be the primary source reseri@ elements in the lunar exosphere such as
Si, Ti, Al, Fe, Mg, Ca, and O, of which only O hasen observed directhCpok et al, 2013;
Vorburger et al., 2014 However, pickup ions of refractory elements wifdr origin have been
identified in the solar windK(rsch et al., 1998; Mall et al., 1998Based on modelingNurz et

al., 2007, the expected densities of several key elementwin several orders of magnitude
lower than present upper limits.

Recent measurement by LADEE has identified severatral species in the exospheBerina et
al., 2019, as well as ionized specidddlekas et al., 20)5Neutral He contents are controlled by
the solar wind alpha particle supply in addition raiher constant endogenous source, i.e.,
radioactive decay from the lunar interiddepna et al., 2005 Ne was discovered over the
nightside. A localized enhancement of Ar at a dpeaelenographical region has also been
reported Benna et al., 2015

Species detected in the lunar exosphere are théledpecies ClH(Hodges, 2015 N,, CO,, He,
NHa, H, (Stern et al., 2013 Ne, and Ar. lonized species;HHe', C', O', Na', Al*, Si', K*, Ar’,
Ca" and Fé&, have also been detectddalekas et al., 2003 providing proof of the existence of
the neutral counterpart in the exosphetarfle and Killen, 200% Their densities sum up to a
total density of about 2-2@n12 at the surfaceWurz et al., 2012Stern, 1999)In contrast, from
the observation of the large electron content ia lilmar ionosphere, which is still debated
(Imamura et al., 2010 one would infer the total neutral density todideast a factor 10 higher
(Stern et al.,, 1999 Alternatively, it has recently been suggestedt tthe dust in the lunar
exosphere Horanyi et al., 201p might be the source of these electro8tubbs et al., 2011,
Szalay and Horanyi, 20)5The lack of measurement in the high-latitudeiceg during the
LADEE mission and the earlier Apollo missions makedglifficult to discuss the localized
internal source of neutrals. A global exospherinsity mapping will be needed. The SELMA
mission will"fully characterize the lunar exosphere”

The exospheric populations at any moment are dgiyetne strength of the release compared to
the loss processes for each species and the popubdithe species in the lunar exosphere shows
temporal variability. The transport cycle in the ol system contributes to the variability.
Looking locally, the exospheric composition is detmed through balances of atoms and
molecules being released from the surface, whichbealost through their escape from the lunar
gravity field or transported back to the surface.

Some of the release processes are driven by thei®unthe thermal releas&térn, 1999
photon dissociation desorption, and solar wind tepuig Hinton and Taeusch, 19%4These
mechanisms will introduce clear daily variationstli®e lunar exospher¢d6dges and Johnson,
1968. For example, He and Ne follow the exosphericildgium for non-condensable gasses
with surface temperaturd8¢énna et al., 2015; Hurley et al., 2016'he contribution of each
mechanism to the source of the exosphere has eatidentified. Although the solar conditions
(photon flux, heat flux) are rather constant, ueigpportunities can happen during lunar eclipses
(Mendillo and Baumgardner, 1995; Potter and Morga@998. The key question here'laow is
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the lunar exospheric content related to the surfdlcenination conditions and sources due to
photon desorption?"

Because of the variable conditions in the solardvand the existence of the Earth's magnetotail,
where the Moon spends 25% of its time near thenfigibn period, the exosphere has also shorter
time-scale variation than a lunar day. Inside thegnetosphere, where no solar wind plasma
precipitates, one can expect a change of the plasatuction mechanismA(ilson et al., 2006
resulting in a change of the exospheric compositidre exospheric He contents was found to
follow the solar wind variation, with an assumptioin4.5-day thermal desorption time constant
(Benna et al., 2005 The global characteristics change with the @astr conditions, which
address the source and loss mechanisms for thelexesas a whole, and thus for each species.
The key question i%how is the lunar exosphere content related toplesma environment and
sources due to surface sputtering?”

Micrometeoroids are another potential source of lingar exosphere. Such impacts were
scientifically first identified only in 1999 as minint flashes Bellot Rubio et al., 2090 The
inflow flux is homogeneous over the surface and thils add a constant influx of material to the
lunar exosphere. Enhancement of the influx duriegeor showers will cause a temporal increase
in the exosphere of some specidsiften et al., 1998 s well as the occasional impact of a larger
meteoroid on the surface will be observable diye@langano et al., 2007 Recently, NMS on
board LADEE spacecraft examined the exosphericispathanges resulting from Chang'E 3's
landing on 14 December, 2013. No large effectshenetxosphere by the exhaust materials were
detected Elphic et al., 2011 This could be due to the long time differencel &ine distance
between the measurement place and the landing(aftkr 30 minutes, LADEE passed the
nearest point to the landing site with a separatibd300 km). In addition, the three primary
constituents of the exhaust plume fall in mass phbnthat have high instrumental background
levels. The spatial and temporal variations in &éx®spheric characteristics are the key to
understand its circulation. Therefore, the key foashere is'how is the lunar exosphere content
related to impact events and sources due to impambrization?"

The exospheric particles will be lost from the syston specific time scales. Loss mechanisms
include surface adsorption or attachment (includhage in the cold trap), and escape to space
(including direct escape, thermal (Jeans) escape, \d@a the photo-ionization). Surface
attachment is directly associated to the resewfouolatiles, in particular for the cold traps. The
direct escape (when the particles have more spgeedthe escape speed of 2.4 km/s, on their
generation) depends on the source mechanismspldgtesng or scattering may result in direct
escape for lighter particlesTtfjompson, 1968; Wurz et al., 200Dut the photon-stimulated
desorption or thermal desorption can hardly prodsweh high energy particles. The thermal
escape might work only for lighter species such ligdrogen or heliunKllen et al., in Presg

For most of the heavier particles, the escapingham@sm is via the photo-ionization. The
SELMA mission aims to understatithe sinks of the lunar exosphere."”

2.2.1 SELMA measurements (exosphere)

A full characterization of the lunar exosphere wi# conducted by the determination of its
composition. The composition will be surveyed glbhaincluding the polar regions. Global
maps, as well as the altitude profiles of 30—200 &fhthe abundances of all main components (H,
H,, He, O, OH, Ne, Na, Ar, K, Ca, GHN,, CO, CQ, NHs, Kr, Xe) are produced. To separate
the isotope ratio of the order of 1BetweensO and1;O (in the solar systemurimoto et al.,
2007, M/AM>1000 is desired. The investigation of the solaotpn induced exospheric
composition will be addressed by measurementseotamporal (daily to monthly) variability of
the lunar exospheric compositions. Indeed, a unggumrtunity occurs during the lunar eclipses,
when the flux of solar photons is completely shiiiowing to Earth's shadow. Another temporal
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variation of the exosphere could be induced bypglesma, depending on where the Moon is
located (in the solar wind or in the Earth's magsgthere). To evaluate the plasma contribution
to the exospheric content, the correlation betwenvariations in local plasma conditions and
the exospheric characteristics is investigated oyrdinated measurements of the plasma and
exospheric gas. To quantify the composition of glesma, separation of'kKand Ca is aimed
(Yokota et al., 2005 corresponding to MMM~80. To investigate impact vaporization as a seurc
of the exospheric material, the correlation betwlear exosphere variations and impact events
is explored. Thus, impact events should be measiogether with the exospheric gas density.
The sink for exospheric species is investigatedbgsuring escaping particles. The fluxes of the
escaping ions (non-thermal) and neutrals (theraral)quantified to derive the escaping flux from
the exosphere to space. Measuring the exospherg aad neutral species in a wide altitude
range is a key measurement for this investigation.

These measurements ask for the following key insént characteristics.

- Continuous measurements at high mass resolutionNMb00) of the composition of
exospheric gasses.

- lon and electron fluxes in the energy range ofd\dsa few keV.

- lon mass composition (MM > 80) from the Moon in the energy range of 10 2¥keV
with moderate (25%) energy resolution

- Measurements of light flashes from 100 g meteoroids

2.3 How do the lunar mini-magnetospheres work?

The Moon currently does not have a global dipolagnetic field, as would be generated by a
liquid metal core dynamo. However, the Moon hasliged crustal magnetizations of up to a
few 100 nT called magnetic anomalies. These anes\dirst discovered by Apollo 1Dyal et

al., 1970, are spread over the whole surface, mostly dledten the lunar far sidé&kichmond
and Hood, 2008 They were probably formed early in lunar histargen the dynamo was still
operating Purucker et al., 2012 Alternatively, some of the remnant magnetizatioay be from
transient magnetic fields generated during largpaich events, through the expansion of an
impact-generated plasma cloud in the presence afrdnent magnetic field. This is supported by
the apparent location of the largest magnetic atiemaear the antipodes of the giant impact
basins KHood et al., 1991; Wieczorek et al., 2012

The interaction of the magnetic anomalies with sb&ar wind is of special interest for plasma
physics, because it occurs over multiple scalemehafrom the fluid scale (plasma can be
described as a fluid, on scales larger than thesoate, >100 km) to the electron scale (electron
kinetics are important, <100 m). The effects of netgx anomalies on the solar wind were
detected during the Apollo era as an increase @fstilar wind magnetic field caused by the
increase of the solar wind density above the anesaRussell and Lichtenstein, 1975
Although some numerical studies have been condudtexlto the very small scale (altitude scale
is ~10 km, which is significantly smaller than tioe scale in the solar wind) and lack of lunar
missions for long time after Apollo, no detaileddies had been conducted until 1990s. Electron
and magnetic field data from Lunar Prospector @rearea of clustered magnetic anomalies at
the Imbrium antipode, indicatively showed signasucé a bow shockLin et al., 1998 and
plasma void Klalekas et al., 2008 It was concluded that a mini-magnetosphere wasdd.
Such mini-magnetosphere reduces the flux of thar seind precipitation on the lunar surface as
shown inFigure 3 (Wieser et al., 2010; Vorburger et al., 2012; Futaaet al., 2013 The
formation, structure and characteristics of theismagnetosphere are dominantly controlled by
the magnetic field orientatiorDéca et al., 2015; Fatemi et al., 2013n particular, due to the
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lack of the measurement of magnetic field at thréase, we do not know whether the horizontal
field plays a more important role than the vertioald (Wang et al., 201)3or vice-versaRoppe

et al., 201§. Overall, the interaction between the magnetmnaaly and the solar wind is highly
controlled by the magnetic field geometry. SELMAmai at establishingthe structure and
topology of the magnetic field at the surface”

....

e
- e
- .,

Figure 3: Formation of mini-magnetosphere proverebgrgetic neutral atom measured by
Chandrayaan-1/SARA instrument. The flux of the ®amds proportional to the solar wind flux
at the lunar surface. The magnetic anomaly inflesnibe solar wind flux close to the surface
(below the spacecraft). Figure is from Wieser e(2010).

Near the magnetic anomaly (and most likely instie mini-magnetosphere), Lunar Prospector
observed increases in low-energy (<100 eV) elecfirores simultaneously with large magnetic
field amplifications, which is consistent with arciease in plasma density across a shock surface.
Low frequency wave activity in the magnetic fieldital (both broadband turbulence and
monochromatic waves) was often associated withtrelecnergization, sometimes up to keV
energies.

Due to the small size of the magnetic anomalies ntlechanism deflecting the solar wind is not
well understoodKallio et al., 2012. Likely, the protons are affected by the ambip@kectric
field, which is set-up by the charge separatiomvbeh magnetized electrons and non-magnetized
protons Gaito et al., 2012; Futaana et al., 2Q1& by the Hall electric field due to the diffeten
motions between the ions and electrad@n{inen et al., 2014 In addition, at the lunar surface,
surface potentials are formed due to the balantedes plasma currents and photoelectron
currents Yondrak, 1988 The photoelectron emission from the surface atfloence in the
electron scale environment near the surface vialactric potential formationPoppe et al.,
2016. In summary, the electrons play significant rolesthe interaction region. SELMA
establishes'the mechanisms creating small-scale plasma deplstiand deceleration of the
electrons and ions associated with mini-magnetogshé

Kaguya and Chandrayaan-1 have also conducted unns#asurements of particles and fields
above the anomalies. Proton deceleration and etebating were observed from 100 km down
to few 10s km $aito et al., 2012 The solar wind proton flow deviation above anbesis
detectable up to 100 km altitude and occurs ouwgelareas because the anomalies affect the
solar wind in a coherent walye et al., 201l Over the strongest anomalies up to 50% of the
solar wind flux is deflected. This significant flwf the deflected protons causes a change in the
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morphology in the interactiorFatemi et al., 2014by creating a large-scale disturbance of the
solar wind, and trajectories that allow protongedach the lunar wake and the nightside surface.
The key question ithow does the magnetic anomaly affect the soladwimthe global scale.”

The mini-magnetospheres associated with the anesaliow strong variability with solar wind
conditions Yorburger et al.,, 2012 For example, a mini-magnetosphere associated with a
isolated magnetic anomaly close to the Gerasimogrelter shows clear response to the solar
wind dynamic pressure. Most other magnetic anomdleore than half) on the lunar surface
have more small-scale features in their magneticl fand do not show such a clear correlation
with the solar wind conditions demonstrating a veoynplex interaction. Lunar Prospector also
observed the variability of the anomaly effectstba solar wind depending on the solar wind
conditions and solar zenith angle due to the gewraktchanges in the solar wind dynamical
pressure. Theories and simulations support theseraditions (e.gFatemi et al., 2015;
Zimmerman et al., 2015; Deca et al., 2D1bhe variability of the solar wind flux reachirnige
surface does affect the proton implantation ratee Key question ishow do the properties of
mini-magnetospheres vary with solar wind condit®ns

It was noticed that many of the magnetic anomat@selate in location with specific albedo
features on the surface, called swirls. It was eatgyl that this is a manifestation of the space
weathering effectHood et al., 200l Recently, alternative ideas link the differenaeslbedo
with the redistribution of lunar dust, which is cgad and thus governed by magnetic and electric
fields set up by the interaction between a magreetmmaly and the solar winGérrick-Bethell

et al., 201). The key investigation i%he long-term effects of magnetic anomalies onldical
surface." The alternation of the impinging solar wind pattémfluences the distribution of the
volatiles close to the magnetic anomaly.

2.3.1 SELMA measurements (mini-magnetosphere)

SELMA characterizes the topology of the magnetigldfidown to the lunar surface. All
components of the magnetic field vectors are measufo establish the small-scale plasma
depletion and deceleration mechanisms, ions, elestand, electromagnetic waves inside the
mini-magnetosphere are also measured. The 3-Ditseltistributions of ions and electrons (with
energy 10s eV-a few keV) are measured simultangough the electromagnetic waves to
evaluate the dynamics of the environment. Thesesamements should be conducted very close
to the surface down to the electron scale (~100Fa) this investigation, the high time resolution
is a key: 0.05 s for fields and 0.5 s for particlés do this, SELMA is equipped with an impact
probe, SIP-MA, which will be released to the Rei@Gamma region.

On the other hand, to investigate the global impachagnetic anomalies on the upstream solar
wind characterization of the keV-energy plasma tiogewith knowledge of the local magnetic
field is requested. This should be achieved byitin mieasurement of 3-D proton and electron
velocity distributions and magnetic field. The soldnd impact on the mini- magnetosphere
structures can be addressed by energetic neutraliataging YVorburger et al., 2012combined
with in situ solar wind monitoring. This measuremesguires the ENA imaging with a 10 km
resolution because the typical size of the minidnetgsphere is 100 km. Simultaneously, the
solar wind parameters should be obtained. Thesesurements are conducted by the SELMA
orbiter with its altitude coverage of 30—200 km.

The study of long-term effects of mini-magnetosghen the lunar surface, interdisciplinary
measurements are coordinated, namely, SELMA combiemote sensing in the wavelength of
IR, VIS, and UV ranges together with in situ plasmaasurements. Assessment of the lofting
dust contribution to the changes in the swirlsl$® anvestigated. These interdisciplinary studies
are enabled by systematic coordination among th@ngmg solar wind flux, albedo in the
visible range, OH/ED related spectra, and local dust measurement (#0)3
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These measurements entail the following key instmincharacteristics for the SELMA orbiter.
- Total ion and electron fluxes in the energy range0s eV—a few keV.
- Solar wind proton (0.1-10 keV) with 30% accuracylehsity and velocity.
- Magpnetic field vector ranging from 0.1 nT to 500D with an angular accuracy <10°.

- Energetic neutral atom for the surface imaging witlkergy of 100 eV-3 keV, with spatial
resolution <10 km at the surface.

- Visible surface image with resolution <1 km at seface.
In addition, the impact probe instrumentations sthaomply with the followings.
- Magnetometer >40 Hz with accuracyA<1 nT (orAB/B>1%) for 1-2000 nT.

- lon and electron spectrometer in the energy rarfgg0oeV—-a few keV with a time
resolution of 0.5s.

- Electric field measurements in the frequency rahd§#Hz down to DC.

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

The lunar dust environment is expected to be dammthby sub-micron dust particleddranyi et
al., 2014. These particles originate from highly weathelgthr regolith. The typical grain size
range is from centimeter scale to submicron sddéaken et al., 1991 During the Apollo era,
so-called horizontal glow was unexpectedly discedeby astronauts in orbit. It is caused by
scattered sunlight, appearing at the terminatags k&cCoy and Criswell, 1974; Rennilson and
Criswell, 1974. This scattered light has been believed to be tdukfted dust, most likely
ejected by strong electrostatic forces in the vigiof the lunar terminatorGriswell, 1973;
McCoy and Criswell, 1974; Rennilson and Criswe874; Berg et al., 1976; Zook and McCoy,
1991). Modeling efforts suggested a significant dusigphere (typical grain size of 0.1 um) over
the terminator region, extending to altitudes abb®@ km, with an integrated column density of
10° kg/m?. (McCoy 1976; Zook and McCoy 1991; Murphy and VondraR93. The
electrostatic forces that make the dust graingdbftave been discussestifbbs et al., 200&énd
reference there in), but no firm conclusion hasnbeevided. Recent fully kinetic calculations
show the effect of electric fields on the lunartduspulations Dyadechkin et al., 2015; Kallio et
al., 2016. One of the main difficulties in the discussi@i®out the dust environment is the lack
of the in situ measurements of dust grains.

The first attempt to observe the lunar ejecta cloydhe Munich Dust Counter on board the
HITEN satellite orbiting the Moon (15 February 19@210 April 1993) did not succeed, owing
to its distant orbit and low sensitivitig{seder et al., 1996 The Lunar Dust Experiment (LDEX)
onboard NASA’s Lunar Atmosphere and Dust EnvironmEmplorer (LADEE) began its
measurements on 16 October 2013 and detected| aft@proximately 140,000 dust hits in the
altitude range of 1-250 km during about 80 dayswhulative observation time out of 184 total
days by the end of the mission on 18 April 20Eplic et al., 2013 LDEX was designed to
explore the ejecta cloud generated by sporadicpilateetary dust impacts, including possible
intermittent density enhancements during meteostidwers, and to search for the putative
regions with high densities of 0.1-um-scale dustiglas above the terminatorklgranyi et al.,
2014). Due to the limitation of the orbiter trajectoiynly the equatorial region (x22° from the
lunar equator) was explored. Therefore, SELMA widmplete the emerging pictur&ully
characterizing the missing portions of the lunasdenvironment.”

There are two main mechanisms for maintaining thrail dust cloud: 1. ejecta production by
continuous bombardment of interplanetary dust gagj and 2. the putative electrostatic lofting
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of surface materials. The Moon is continually bondlea by interplanetary dust, liberating orders
of magnitude more solid ejecta than the impactiagiges. Only a small fraction of the impact
generated ejecta particles escape lunar gravitynawst of them follow ballistic orbits and form
a gravitationally bound dust exosphere around tberMIDPs are delivered to the Moon at a rate
of ~5000 kg/dayGriin et al. 198% Their characteristic radius is ~100 pum with ¢gbispeeds of
20 km/s Taylor 1996. Those ejected particles form the dust clo@dif et al., 2011 The lunar
dust cloud was first observed by LDEMdranyi et al., 2015; Figure ¥ Ejecta clouds were also
observed by the Galileo mission during flybys of thy moons of Jupiter: Europa, Ganymede
and Callisto Krueger et al., 2000

LADEE 5.0
Altitude —
4.0

180 km
120 km
60 km
0 km

3.0

To the Sun

B E— 2.0

1.0
I0.0
Figure 4: The top-down view of the dust particlesley (a > 0.3um) projected onto the lunar
equatorial plane. While pointed near the directadfrthe motion of the spacecraft, LDEX did not
make measurements between 12 and 18 local timée Wioring indicates regions where

LADEE did not visit or was not set up for normaéagtions. Figure is from Horanyi et al.
(2015).

(W ¢-01) Ausueg

Strong temporal variability of the dust density wadsserved by LDEX on LADEE, most likely
associated with the stochastic nature of the meigompacts. Moreover, intermittent density
enhancements were also observed during severa @rtnual meteoroid streanktofanyi et al.,
2019. Clear spikes in the dust impact rate duringvileéi-known meteor shower (for example by
Taurids and Geminids) were detected. On the otla&dhthe rendezvous of LADEE with
Chang'E-3 landingHlphic et al., 2014 did not provide any clues of dust signals. Iltvesy
unlikely to be observed because the separationdagtwhe two spacecraft was too large.

Nevertheless, LDEX measurements during intense ormte showers indicated strong
correlations with dust influx. However, the quaatiite assessment between the dust cloud and
the impact flux could not be fully characterized®a on LDEX measurements alone. In addition,
the question of what is the direct influence byektively large impact to the dust cloud still
remains. The key question“isow do the impact events affect the lunar dusirenment?"

Another putative source mechanism for high altitddear dust is electrostatic lofting. UV
radiation and/or solar wind plasma near the surfa@xpected to induce intense electric fields
near the terminator regio®ternovsky et al., 20D8The electric field may loft dust particles with
characteristic radii of ~0.1unmMcCoy and Criswell 1974; McCoy 19r6This phenomenon is
preferably occurring near the terminator regiongrehthe sunlit and shadow boundary exists.
The effect of varying surface potentials becausshaidowing on the lofting of lunar dust was
shown in recent simulationdDyadeschkin et al., 2015Due to the different illumination
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conditions, the surface potentials may diff&foxdrak, 1988 and strong electric fields are
expected to exist. Due to the coincidence of thengt electric field potentials and the scattered
sunlight measured by Apollo astronauts, the loftadt particles are assumed to be responsible
for the horizontal glow.

However, the processes involved remain controver®iaservations by the start tracker camera
onboard the ClementinegGlenar et al.,, 2014 and the LAMP instrument onboard the LRO
(Feldman et al. 20Ddindicate the upper limits for the density of thigh altitude dust exosphere
lower than the previously reported densities. LD&# not find any evidence for the expected
density enhancements over the terminatdrdnyi et al., 201p Overall, no observations (other
than the indirect evidence of horizontal glow) hauecessfully supported the existence of lofted
dust. As of yet, unknown conditions or UV illumimat and/or plasma exposure may be
important to generate electrostatic dust loftinge key question is "how might plasma effects
result in lofting the lunar dust?"

2.4.1 SELMA measurements (dust)

SELMA will be the first to fully characterize thdofpal lunar dust environment. Correlations
between the variability of the global dust disttibn and the exospheric profiles will be taken;
the investigation is realized by simultaneous teeees measurements of dust characteristics and
the exospheric composition and spatial profile.tAs lunar dust environment is thought to be
dominated by submicron-sized dust, the dust sig&illution down to 0.3um is measured. To
understand the origin of the lunar dust environmeatrelations between impact events (both
natural bombardment of >100 g meteoroid or aréifigmpactor) and dust profiles are to be
investigated. Simultaneous measurements of the glmst distribution and monitoring of the
meteoroid impact are necessary. An artificial impaof 10 kg would realize the measurement.
The correlation of the dust population with thespta environment will also be investigated. It is
realized by characterizing the dust environmentlevisimultaneously monitoring the plasma
particle populations and electric and magnetidéeBimultaneous measurements of the dust size
distribution and plasmas observations are thusuwed.

These measurements call for the following key urs&nt characteristics for the SELMA orbiter.
- Dust flux >0.3um (>10° g)
- Electric field from DC-1 MHz

- Continuous measurement of high mass resolutiomiM# 500) mass spectroscopy of
exospheric gasses.

- Measurements of light flashes from 100 g meteoroids

In addition, the following instrumentations for timpact experiment are requested.
- A mass of 10 kg projectile into a known permanestigdowed crater.
- Electron 3D distribution functions with time resttun of 0.5 s

- Electric and magnetic field

3 SELMA mission

3.1 SELMA mission overview

The SELMA mission is designed to achieve the SELBtAence objectives (Table 1). For this
purpose, the SELMA mission includes an orbiterjrapact probe SIP-MA, a passive impactor,
and a simple relay CubeSat (RCS) (Table 2). The Nsklorbiter is inserted into a low
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maintenance quasi-frozen orbit 30x200 km with teggenter over the South Pole, similar to the
NASA Lunar Reconnaissance Orbiter (LRO) orbit. Tifetzime is 15 months in order to cover all
the known meteor shower events. All instrumentsateethroughout the whole missions.

Table 2: SELMA mission elements and their timediné the lifetime

Elements Time line Life time

SELMA orbiter Moon orbit insertion after 4-5 dayitea launch 15 months

SIP-MA Impact probe experiment 6 months after ldunc 30 min.
Impactor (passive) Impact experiment 15 monthg &tench 30 min
RCS Impact experiment 15 months after launch 87 min

Two impact experiments are conducted during thesions The first impact experiment is at six
months after the launch; the impact probe SIP-MAedkased targeting the Reiner-Gamma
magnetic anomaly region to address the "mini-mtagpdhere” science. During the descent SIP-
MA transmits the data to the SELMA orbiter. Theetime of SIP-MA is ~30 min. The
requirement is that the experiment is done whenMben is in the solar wind, and when the
solar zenith angle of the target magnetic anomalg¢d—60°. The primary target is the Reiner
Gamma areaHood et al., 1979 This required geometric constellation is reais¥ery month.
Therefore, there are no requirements of the exmarinmime. Here tentatively we assumed to
conduct the measurement 6 months after the SELMAdIa

The second impact experiment is for the direct mmesmsent of the water content inside the
permanently shadowed region (for "water" sciensewall as "exosphere” and "dust" sciences).
This is conducted at the end of the mission. Thgetas, as a primary candidate, the Shackleton
crater. The sequence is summarized in Figure 5. @ements are released: a passive impactor
and a relay cubesat (RCS). The passive impactgetsathe permanent shadowed region to make
an artificial impact. Prior to the impact, the SERMrbit is changed to a circular lunar orbit
(CLO) of 400 km altitude (1) to increase the impaagle to 10°. After a few orbits, RCS, serving
as a data relaying satellite during the SELMA intpecreleased with a lowV (2). RCS closely
follows SELMA in its CLO. Shortly after the RCS ealse, SELMA performs AV-maneuver
targeting a point of impact in the Shackleton aré®. Immediately after the impact maneuver, a
passive impactor is separated (4) to impact theaser>10 sec ahead of SELMA to create a
plume (5), which the SELMA orbiter investigatesdrefthe impact (6). The SELMA orbiter will
crash to the surface in the end (7). During thecelatsthe science data are continuously
transmitted from SELMA the ground and to the RGH, s its 400 km altitude orbit, that stores
the data on-board for later downlink to Earth. RE&quired to record the data when SELMA is
in the crater out of visibility from the ground atalback-up the data received during this critical
operation.
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2) RCS separation

1AV 3) AV to impact orbit
@
i Y
4) Release of impact probe
@
6) Prume observation
g 7) SELMA impact
E Y 5) Impact T
! P )
& % Communication to RCS
Earth communication VWV 5

Figure 5: Impact experiment sequence to investiggtermanently shadowed region (not in
scale).

3.2 SELMA mission elements
3.2.1 SELMA orbiter

The SELMA orbiter is designed to accomplish a mgjaf the scientific objectives. The orbit of
30-200 km is the primary requirement; the pericemiétude was defined from the precise
imaging for "water" science as well as the in siheasurements needed for the "mini-
magnetosphere"” science. The pericenter latitudée tise South Pole, because of the concentrated
permanently shadowed region at the South Pole, edlsas the aggregation of the magnetic
anomalies in the southern hemisphere. The apocatltiteide was defined to enable monitoring
of the global meteoroid impacts (influencing "vdkaftycles" and "dust" sciences) and to meet
the need for altitude profiles of the exospherimposition (for "volatile” sciences). The mission
length is for 15 months, which cover one full Earéfar observation so that the mission covers all
meteor shower events, maximizing the opportunitgetecting impact events. The launch date is
flexible.

The SELMA orbiter is a 3-axis stabilized spacecrafte SELMA orbiter hosts four remote-
sensing instruments and seven in situ instrum@iitsse sensors are accommodated to conduct
the coordinated observations; for example, thelignad remote-sensing sensor fields of view.
All the sensors are operated continuously. Figurehéws the SELMA orbiter design. Four
booms are deployed for the electric field measurgsje@nd a single boom for the magnetic field
measurements.
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f

Figure 6: SELMA orbiter design. The SELMA orbita i8-axis stabilized platform, with a solar
array with a 2-axis driving mechanism on one sitithe bus in order to realize continuous
measurements over the one Earth year (missiomiiédt The remote sensing instruments are
mounted in the nadir deck (green arrow in the fegualways pointing to the lunar surface,
sharing the same boresight. In situ instrumentslacated either the nadir deck, ram deck (red
in the figure), or zenith deck (anti-nadir direationot visible in the figure). Four long booms are
for the electric field measurement (Orchestra), andther boom is for magnetometer. The
block at the top-right corner is the SIP-MA (Seetisa 3.2.2).

3.2.2 SELMA Impact Probe-Magnetic Anomaly

Some of the scientific objectives for the "mini-matpsphere” science require the very low
altitude measurement (0.1 km altitude) inside amatig anomaly. A dedicated impact probe is
thus launched from the orbiter. The impact probEl.BA Impact Probe-Magnetic Anomaly
(SIP-MA), flies through the mini-magnetosphere teasure the plasma characteristics using very
high-time resolution instruments. After the meamest, SIP-MA will crash into the lunar
surface. The key region is below an electron gyliois (0.1 km; 10 eV electron under 100 nT).
Figure 7 shows the SIP-MA mechanical design. Faonts for field measurements are deployed
after the separation. The measurements are conddoten to the altitude range below 0.1 km.
To descent from the altitude of 0.1 km to the stefto crash, SIP-MA typically takes 1-3 s
(assuming 1-2° of impact angle). Thus, 3-D protad electron distribution with full angular
coverage within 0.5 s, together with DC electronsignfields are measured. Four in situ sensors
are accommodated (see Section 4 for details).
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Figure 7: SIP-MA mechanical design. Red-colored tructure in the right is the separation
ring. Four sensor heads (three are visible in figsire) are for the ion and electron
spectrometers to coverr4ield of view together, and the four booms (twe wasible) are
deployed for electric (mini-EF) and magnetic (IPMAf&Ids.

3.2.3 Passive impactor:

To produce the enough material from the permanehtiylowed crater for the impact experiment,
a passive impactor is prepared. It is a 10 kg coppkere, with which Holsapple and Housen
scaling law model (http://keith.aa.washington.ethatérdata/scaling/index.htmHousen and
Holsapple, 2011 predicts ~700 kg ejecta. Assuming 6% water cdntenthe permanently
shadowed crateMitrofanov et al., 201)) 40 kg (2000 mol) of water molecules are released
Assuming a 10 km scale plume (£46n7), the density becomes of the order of &6 While

the water molecule content in the regolith is hyglhcertain, and the assumed 6% is the highest
value ever reported: a 10 kg impactor producesi® times higher density of water compared
to the natural exosphere faC cm™). To have sufficient sampling time for the mass
spectrometer inside the plume, the spacecraftchmavtel through the plume for longer than10 s.

3.2.4 Relay CubeSat

A relaying cubesat, RCS, is released in ordeeteive the measured data by the SELMA
orbiter during the last seconds. The received dditabe transferred to Earth. RCS is required
because the SELMA orbiter becomes invisible fromtlEahen it enters to the shadowed crater.
RCS is a 6U cubesat, with S-band communication ggeland a simple camera to monitor the
SELMA impact.

4 Science payload

Table 3 summarizes the proposed science payloadh@&ndkey measurements, as well as the
required key performance to satisfy the SELMA sceéenases. Tables 4-6 show the summary of
payload performance.

Table 3: SELMA science payload and the requireddezformance. Contributions to the science
guestions are also indicated by X (for major cdmition) and x (for interdisciplinary
contribution)
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Instrument  Full name Key measurement Key performance © <
name o 2
. B 2
g & £5%
= 4 =t£a
SELMA
orbiter
VIS-NIR IR and visible ~ H,O/OH/ice detection  Spectral range 400 X X
spectrometer  on the surface - 3600 nm
SPOSH Wide angle Surface context Visible range; FoV: X X X X
and transient  imaging, transient 120°x60°
phenomena phenomenon Meteoroid mass:
camera detection, meteoroid ~ 10s g- 1 kg
impact
MUVS Moon UV Surface UV Spectral range 115 X X X
imaging spectroscopy 315 nm
spectrograph
ENAT ENA telescope  Backscattered Energy range 10 X X X
hydrogen to monitor ~ eV-3 keV.
proton flux impinging ~ Ang. resol. < 10°
the surface
LIS-SW Lunar positive  Positive SW ion Energy range 1eV- X X X (x)
ion distribution functions 10 keV
spectrometer 3D coverage (2m)
LIS-MS Positive ion Positive ion mass Energy range 10 x) X X (x)
mass composition eV-1keV
spectrometer ~ Secondary ionmass 3D coverage (21m)
spectroscopy Miq>2
M/AM > 50
LSHE Lunar Scattered negative Energy range 1 X X X (x)
scattered hydrogen and proton  eV—10 keV
proton and distribution functions 3D coverage (2)
negative ions  Solar wind monitoring
experiment from nadir plane
LES Lunar electron  Electron distribution Energy range 1 eV- X X X
spectrometer  functions 10 keV
3-D coverage (4m)
Time resolution 1
sec
MMAG Moon Magnetic field vector ~ 0.1-30000 nT X X
Magnetometer AB<0.AnT
LEMS Lunar Exosphere M/AM > 1000 X X X
Exospheric composition and
Mass content
Spectrometer
Orchestra Plasma Wave  Plasma waves and Sampling frequency X X
Instrument electric field 10 kHz
AE<1mV/m
LDD Lunar Dust Dust size, fluxes, and  Dust particle mass X
Detector velocities down to 106 kg

SIP-MA
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MiniEF Waves and Electric field Frequency 1.4 MHz X X
electric field measurement Spatial resolution
100 m
IPEI Impact probe  lon and electron Energy range: a few X
ions and distribution functions  eV-a few keV
electrons Time resolution:
spectrometer 0.5s/3D
3D coverage (4m)
IPMAG Impact probe  Magnetic field vector ~ Range: 0.1 - 30000 X
magnetometer nT
AB<0.1nT
IPCAM Context Context imaging Video stream X
camera PR imaging
Impact
experiment
Passive Passive impactor 10 kg X X
impactor (*)
|IECAM Context Context imaging Video stream X
camera PR imaging
Table 4: SELMA orbiter remote sensing instrumemtgumances
Instrument VIS-NIR SPOSH MUVS ENAT
Objective Photon Photon Photon ENA
Spectral range 400-3600 nm 400-800 nm 115-315 nm
Spectral resolution ~ AMdA =100 1.2nm
Field of view 3.2 61.7° 0.3x7.5° 10x10°
Angular resolution ~ 0.015° 0.031° 0.06° 5x5°
Sampling time <6 ms 0.5s
Energy range 10 eV-3 keV
Energy resolution 50%
Mass range 1-70 amu

Mass resolution

H and heavies

Table 5: SELMA orbiter and SIP-MA in situ partighstrument performances

Instrument  LIS-SW LIS-MS LSHE LES LEMS LDD IPEI
Target Positive ions  Positive ions H*, H- Electrons Neutral Dust H* e
(M>=2)

Energy [ 1eV-10keV 1eV-1keV 25 eV-40 <15keV 0-10eV > 1km/s <

speed range keV 15keV

Energy 15% 25% % 10% N/A 10%

resolution

FOV 360°x90° 360°x90° 360°x90° 4 360°x10° 4 for
(2m) (2m) (2m) each

Angular 22.5x11.25°  22.5x11.25°  22.5x5° 22.5x5° N/A 22.5x5°

resolution
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Sensitivity, 102 om2 sr Flux of 104 102cm2sr 1/cmds
G-factor eVieV fem? s

Time 2s 3s 0.5s 1-100s 0.1s 0.5s
resolution

Mass range 2-150 amu 1-1000 N/A
amu

Mass >80 1100 N/A
resolution

Impact 3x108-107
charge e-
range

Impact 10%
charge
uncertainty

Cumulative 5x10 e7/s
charge

deposition

rate

Table 6: SELMA orbiter and SIP-MA field sensor parfance

Instrument MMAG Orchestra IPMAG Mini-EF
Platform Orbiter Orbiter SIP-MA SIP-MA
Target Magnetic field Electric field Magnetic field Electric field
Range 164000 nT DC-1.4 MHz 10000 nT DC-1.4MHz
Resolution 8 pT

Sensitivity <10 pT/VHz <20 pT/ VHz

Electron density 10-4-105 cm-3

Electron 0.01-100 eV

temperature

4.1 IR and visible spectrometer (VIS-NIR)

The IR spectrometer for SELMA is based on the hgetof the SIR-2 spectrometdidll et al.,
2009 and the experience of the M3 instrument on Cheyahn-1 Rieters et al., 2009 The
spectrometer consists of an optical unit, a wedtgr {or Linear Variable Filter, LVF), a dual-
hybrid detector and a thermoelectric cooler. A Ligka band-pass filter whose coating has been
intentionally wedged in one direction. Since thad@ass’ center wavelength is a function of the
coating thickness, the peak wavelength transmittemligh the filter will vary in a linear fashion
in the direction of the wedge. The LVF has at agipoint a Gaussian transmission profile, at
which radiation is transmitted. The LVF has a rabgéwveen 0.4 to 3.6 pum over a length of
approximately 10 mm. The filter is mounted on asstdie, which exactly fits the detector. The
dual-hybrid detector (silicon for pixels 1-70 andyGtiTe for pixels 71-280) is thermally
insulated and is cooled and stabilized through wa-fbage Peltier element. The option with a
radiator similar to the Chandrayaan-1/SIR-2 is ads@ilable and used for the spacecraft
mechanical layout. The spectral dispersion is aeltieonly through the LVF. The optics have a
focal length of 150 mm and an f-number of 4.5 yigdan IFOV of 0.015° per pixel which
corresponds to a ground-sampling distance of 20xel/pt an altitude of 100 km. At a spin rate
of 1 rpm, the resulting dwell time for one IFOV wbe around 6 ms. The active FOV is
3.2°x3.2°.
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4.2 Wide angle and transient phenomena camera (SPOSH)

The SELMA wide-angle camera, based on the SmarbiBamc Sensor Head (SPOSH), is a
frame camera built to observe meteoroid impacts paosisible other luminous night time
phenomena in the visible range (400-800 nm) ord#nk hemisphere of the Moo®erst et al.
2011, and will allow detection of any meteoroid impadth a mass larger than a few grams. In
spite of the highly sensitive CCD (1024x1024 pixelge foresee limited daylight operation for
context imaging. The camera contains a camera theddconsists of an optical telescope with a
wide-angle lens and a detector unit. The highlysgme CCD allows the detection of impact
flashes on the dark side of the Moon. The digitalcpssing unit (DPU) uses powerful event-
detection software, and in impact flash search aimers the DPU will reduce the data stream
dramatically by transmitting only those portionsrohges that contain events.

4.3 Moon UV imaging Spectrograph (MUVS)

MUVS is a long-slit ultraviolet imaging spectroghapvith a spectral bandpass including far- and
mid-ultraviolet wavelengths in the 115-315 nm ranghich will be used to: 1) Measure the
surface water frost abundance in permanently shadowgions; 2) Characterize the diurnal
transport of water/hydration across the lunar sexf&) Identify space weathering processes by
surveying lunar swirl features; and 4) Investigtite exospheric response to SELMA’s impact
probes and also natural meteor streams. MUVS buihds the legacy of LAMP’s UV spectral
mapping Gladstone et al., 20)0with the improved sensitivity, spatial resolutiand spectral
coverage. By extending the wavelength to 315 nmpaoed to LRO/UVS), we will search for
OH (308 nm) in the exosphere, as well as other corapts (Mg at 285 nm, Fe at 272 nm, and Si
at 252 nm).

The MUVS telescope feeds a 15-cm Rowland circlectspgraph with a spectral bandpass of
115-315 nm. The telescope has an input aperturedx4nd uses an off-axis parabolic (OAP)

primary mirror. Light from the OAP is focused orttee spectrograph entrance slit, which has
field-of-view of 0.3°x7.5°. Light entering the skt dispersed by a toroidal diffraction gratingttha

focuses the UV bandpass onto a curved microchanaie (MCP) cross strip (XS) detector. The
MCP uses atomic layer deposition (ALD) coated biticade glass plates with a solar blind, UV-

sensitive GaN photocathode applied to enable middd¥sitivity; a sealed tube vacuum and
MgF2 window are used to keep this photocathodeipeispost-assembly.

4.4 ENA Telescope (ENAT)

The ENA telescope (ENAT) is based on the CENA (Clnayaan-1 Energetic Neutrals Analyzer)

and ENA (Energetic Neutrals Analyzer) instrumers the Chandrayaan-1 and BepiColombo
missions Barabash et al., 2009; Saito et al., 201&NAT has a factor-of-10 better angular

resolution and a factor-of-10 larger geometricatda than them. Signal processing is a heritage
from the SWIM (Solar Wind Monitor) sensor on Chamgran-1 Barabash et al. 2009

ENAT consists of four building blocks, a chargedtiée deflection and collimator system, a
surface ionization section, an energy analyzer atiche-of-flight section. The charged particle
deflection and collimator section rejects chargetdtiples up to 10s keV by electrostatic
deflection. As opposed to its predecessors, ENAafufes only one single viewing pixel with
5°x5° angular pixel size, but with a much largeometric factor. The generated positive ions are
extracted from the conversion surface, energy aedlyn a wave shaped energy analyzer and
post-accelerated by 2.4 kV. lons are then guidethéotime-of-flight section of the instrument
where they hit a highly polished tungsten singlestal surface. The interaction with the surface
generates a secondary electron that is measured asichannel electron multiplier (CEM),
providing the start signal for the time-of-flighte@surement. The ion is most likely neutralized in
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the process and travels to the stop surface lo@astubrt distance away where another secondary
electron is generated. This electron is collectearother CEM providing the stop signal of the
time-of-flight measurement. The combination of tiofeflight section and the energy of the
particle allow us to calculate the mass of theigart

4.5 Lunar positive ion spectrometer (LIS)

The Lunar positive ion spectrometer (LIS) consaftéwo sensors: a) the lon Spectrometer for
Solar Wind (LIS-SW) and b) lon Spectrometer for BlaSpectrometry (LIS-MS). The
Cluster/CIS/HIA and CODIF, Cassini/CAPS, BepiColmfdEA and MSA, Solar
Orbiter/SWA/PAS, and JUICE/PEP/JDC sensors prosigeificant heritage for LIS.

The LIS-SW sensor consists of one compact, low ptaghkly capable sensor based on a design
carefully and specifically optimized for the ion lbuproperties (density, velocity and
temperature) of the solar wind. The sensors progifiast 3-D measurements in the energy range
1 eV-10 keV are customized for the energy rangeelsas the dynamic range encompassing
solar wind as well as magnetospheric supratherntatlzermal plasma originating from the Earth
when the Moon is embedded within the terrestriaymedosphere. The LIS-SW sensor consists of
five main structural elements: 1) the electrostatitrance deflector selects incident positively
charged particles entering at elevation angle &wlsthem into the electrostatic analyzer; 2) the
electrostatic analyzer selects the energy passbgrektting voltages on an inner plate; 3) the
detector board includes 16 ceramic CEM along thgppery; 4) the HVPS and FPGA boards
situated below the detector plane; 5) an electrdiog containing LVPS and DPU boards
common to both LIS-SW and LIS-MS contains the odshe subsystems.

LIS-MS sensor will provide lunar surface and exwspc composition information through
secondary ion mass spectrometry. It will measueesdrtondary ions sputtered from the regolith
grains by solar wind ion bombardment. The LIS-MSotees lunar secondary ion fluxes ranging
between~10 and 10 ions cm? s* (depending on the species) but excluding highrselad
proton flux and photon background.

The LIS-MS sensor consists of five main structueddments: 1) the electrostatic entrance
deflector selects incident positively charged gt entering at elevation an@le@nd steers them
into the filtering chamber; 2) the filtering chamlwehich should prevent the proton and photon
background to enter contaminate the reflectron deanand let the minor and trace species
access the reflectron chamber; 3) the reflectime-tf-flight chamber where the selection of ions
with m/q is achieved; 4) the HVPS and FPGA boartlached to the sensor head; 5) the
electronic box containing LVPS and DPU boards memn to both LIS-SW and LIS-MS.

4.6 Lunar scattered proton and negative ions experimen{LSHE)

LSHE observes and measure the distributions ofeseat negative hydrogen, protons and alpha
particles in the energy range from 25 eV to 40 KENe LSHE instrument is based on the design
of IMA/MEX, IMA/VEX and ICA on Rosetta. It comprisea top-hat design (16 sectors over
360° entrance) and uses a magnetic mass sepastsbem. lons entering LSHE first pass
through a semi-spherical electrostatic energy aealythen a two-slit electrostatic lens, and
finally the mass analyzer where a cylindrical magnéeld created by permanent magnets
separates the trajectories of different ion speeaesording to their mass per charge. The particles
are detected by an MCP which comprises an anodensysith 32 rings representing ion mass.

4.7 Lunar Electron Spectrometer (LES)
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The LES instrument will determine the electron dgnsemperature and the velocity distribution
functions of the local plasma environment of thacgeraft. The baseline design will address this
with two top-hat type electrostatic analysers, eadth a FoV deflector system to allow
electrostatic deflection of incoming electrons lpyto +45° out of the plane of the undeflected
FoV. The two sensors will be accommodated on thir r@and zenith faces, close to the edges or
corners of the spacecratft.

Incoming charged particles enter the sensor thrahghexterior electrically grounded aperture
grid. The particles are steered from the arrivag¢ction into the hemispheric Energy Analysis
section using voltages applied to either the uppdower deflector electrodes providing a Field-
of-view Deflection System. The EA section permitdyoelectrons of the selected energy and
type to reach the detector subsystem consistiagneicro-channel plate (MCP) detector.

4.8 Moon Magnetometer (MMAG)

The MMAG instrument measures the magnetic fieldhe vicinity of the spacecraft. This is
crucial for characterizing lunar magnetic anomabesl revealing how they interact with the
ambient collisionless plasma environment (solardnas well as the Earth's magnetosheath and
magnetotail). Previous implementations of the fabegsensors and associated electronics have
flown on missions such as Cassini and Double &tat,are included in the planned Solar Orbiter
and JUICE magnetic field investigations, providimghly relevant, direct heritag®g@ugherty et

al., 2004; Carr et al., 2005; O’Brien et al., 2007Two separate digital fluxgate sensors will
perform magnetic field measurements. Fluxgate sere® electrically passive and comprised of
magnetically susceptible cores, each core wrappeadd coils of wire. An alternating current is
passed through one coil (the drive coil), cycligadriving the core to positive and negative
magnetic saturation. A current proportional to thegnetic field along the coil axis is induced in
the other colil (the sense coll). In addition, arent is applied through the sense coil to directly
null the detected field along the coil axis through magnetic core. The combination of current
through the three sense coils orthogonal to edoérdhus allows the full, local magnetic field
vector at each fluxgate sensor to be determined.

4.9 Lunar Exospheric Mass Spectrometer (LEMS)

The SELMA neutral gas mass spectrometer (LEMS) T©B mass spectrometer using an ion
mirror (reflectron) for performance optimizatiow/qrz et al., 2012)The LEMS mass range is 1—
1000 with the resolution d///AM = 1100. The dynamic range is at least 6 decadea fo s
integration period, allowing for the identificatimf species down to a partial density of about
1 cn?in such a measurement.

lons are either generated in a storage ion soureetral mode) or collected from the ambient
plasma (ion mode). With the pulsed ion optics a&f tbhn source, ion packets are produced,
accelerated, shaped and sent into the ToF strucifter passing the first leg of a field-free drift
path, ions are reflected by an ion mirror, whiclowas energy and spatial focusing, and are then
directed onto a fast micro-channel plate detedtoe. charge signal versus time is recorded on the
detector, registered by a fast analogue-to-digiteiverter (ADC) system, and converted into a
mass spectrum. A ToF mass spectrometer has inhadsantages with respect to other mass
spectrometer concepts since it allows recording ocdbmplete mass spectrum at once without the
necessity of scanning over the mass range of stt@Mley and Mclaren1955). This results in
superior efficiency over scanning instruments ,(neagnetic sector instruments and quadrupole
mass analyzers) and is particularly useful durnagdient lunar phenomena, where only a short
time span is available to perform the mass spe&ndenmeasurements. The LEMS design
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benefits from heritage from the RTOF sensor of RIGZSINA instrument on the Rosetta mission
as well as a stratospheric balloon in summer 280@lanalp et al., 2009; Wieser et al., 2009b)

4.10Plasma Wave Instrument (Orchestra)

The instrument Orchestra will monitor the full élexfield vector in the frequency range DC up
to 1.4 MHz, which will facilitate measurements ofvade range of plasma and electromagnetic
waves, including static electric structures, as|Iwet monitoring signals for sampling
micrometeoroid impacts, and the spacecraft potertisaddition, Orchestra can also be run in
so-called Langmuir mode, and in so doing samplectiié plasma density and integrated EUV
flux. These parameters will provide the basis tal@racterize the electric field strength and
structure including related acceleration and emzatgin processes within mini-magnetospheres
near surface of the Moon (e.g. acceleration strasfuAlfvén or whistler wave processes, ion and
electron cyclotron waves, boundary processes, remtion); b) characterize the ambient
size/mass distribution ofim-sized dust around the Moon; c) characterize thie plasma
environment; and d) monitor the spacecraft potéfdarause by the particle instruments.

Two Langmuir probe sensors sample electric voltagesurrents, which are the basis of the
inferred physical parameters. The probes can thexelbe operated in two different modes:
current sampling mode (used as Langmuir probesplamma diagnostics (e.g., electron and ion
densities, electron temperature, and the drift dpee voltage sampling mode (used as electric
field probes) for measurement of the electric filde spacecraft potential is always measured
independent of operation mode. It is important awehboth probes extended as far as possible
from each other and from spacecraft structures. 3theong booms, properly accommodated,
facilitate this.

4.11Lunar Dust Detector (LDD)

LDD is anin situ dust detector to map the variability of the spadiadl size distribution of dust
near the Moon. It is a ‘built-to-print’ version t¢iie Lunar Dust Experiment (LDEX) that flew
onboard NASA’s LADEE mission from September 2013Amril 2014 Horanyi et al., 201h
LDD will provide complementary observations by &yifying LDEX results; b) extending the
timeline of observations of the dust ejecta productduring different meteoroid streams; c)
extending the spatial coverage using SELMA's poldit; and d) enabling correlation studies
between dust influx/production, with the varialyiliif the neutral and plasma environment to be
measured by the rest of the SELMA payload.

The detection of a dust particle is based on meagtine charge generated by its hypervelocity
(v > 1 km §%) impact on a target. The impact charge Q (thd tataber of ions or electrons) is a
function of both the speed v, and the mass m,efrtipacting dust particle

Q=amv”

where the charge is measured in C, the mass iaridjthe speed in kmi's The speed exponent
is in the range 3.5 B < 5.6. For a characteristic value [pf 3.5,0~0.5. The values for boti
andp are determined by calibrating individual instrunseas they depend on the composition of
both the impactor and the target, and the geonoétitye setupHoranyi et al., 2014

4.12Waves and Electric field (MiniEF on SIP-MA)

Mini-EF on board the SIP-MA makes use of similagalonics as the Orchestra instrument, but
different type of 4 booms and associated 4 Langmprabe sensors. The MiniEF will use shorter
sticks (75 cm), smaller spheres and the pre-ara@ifare within the electric box but the operation
principle is similar to Orchestra instrument. Mifilill not operate in Langmuir mode.
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4.13Impact probe ions and electrons spectrometer (IPEbn SIP-MA)

IPEI is going to measure the properties of the mmd electrons in the magnetic anomalies. The
design and the detection principle is the samén@d ES instrument which is described above
(inverse polarities for the ion detector).

4.14Impact probe magnetometer (IPMAG on SIP-MA)

The SELMA Impact Probe Magnetometer IPMAG is bagedhe digital fluxgate magnetometer
SMILE (e.g. Forslund et al, 2008, Belyayev and Ivchenko, 2015is a miniature flux-gate
system with volume compensation sensor, providiagmetic field measurements at a rate of up
to 250 Hz, with 16-bit resolution. IPMAG is builtraund a digital implementation of the
correlation loop, implemented in Field Programmabield Array (FPGA), where the digital
samples from the sense coils are processed in&heauhfilter to produce the digital value of the
compensation current. The SMILE magnetometer has lewn on a number of sub-orbital
flights (e.g. NASA's Cascades-2 sounding rocketSBN SPIDER sounding rocket) and is
gualified to fly on the SEAM nanosatellite in 20{réalized as EU FP7 project under grant
agreement 607197).

The IPMAG instrument will consist of two three-aXisixgate sensors mounted at different
distances from the spacecraft on a 2 m long boachgéectronics inside the impactor. Using one
boom for both sensors decreases the influence afespaft magnetic interference on the
accuracy of the measurements. The 2 m long deplyaiom for the two magnetometers is a
modification of the dual-tip deployable boom foetS8EAM satellite (ao et al, 201Y. Counter-
rotating tape spring spools are deployed along thighboom tip. The IPMAG boom design uses
the same type of tape springs and spools as thé/3iodm.

4.15Context cameras (IPCAM on SIP-MA, IECAM on RCYS)

IPCAM and IECAM are ordinary RGB cameras that w#l mounted on SIP-MA and RCS for
video streaming. The main objectives are the caniteaging, helping to define the attitude
determination, and PR purposes.

4.16Impactor

The impactor for the impact experiment in the Shetok crater is a copper sphere of 10 kg (13
cm in diameter). The impactor is passive and da¢scarry any systems. The spherical shape
ensures the independence of the impact on the bmpattitude. The copper is selected to
identify the impactor's elements in the volatilarpk.

5 Discussion and Summary

The SELMA mission investigating the interactioredvieen the surface, exosphere, plasma and
dust aims at a launch in 2029-2030 under the E®&dium-size mission (M5) of the Cosmic
Vision programme. SELMA addresses two Cosmic Vidioemes; “1. What are the conditions
for planet formation and the emergence of life?t 4. How does the Solar System work?”
(Cosmic Vision, 2005 In particular, SELMA focuses the Cosmic Visimpics “1.3 Life and
habitability in the Solar System” and “2.3 Aster®a&hd other small bodies”.

SELMA is a unique mission to investigate the complecal space environment—surface
interactions. No missions with similar objectiveslgayload were, are, or will be conducted or
planned in the near future. The NASA LADEE miss{daonar Atmosphere, Dust Environment
Explorer, 2013-2014) did not carry the full setremote sensing instruments and plasma, field,
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and wave investigations. NASA ARTEMIS (two spacéiciar plasma and field measurements),
which is currently in-orbit around the Moon, is neguipped with the instrumentation to
characterize the surface properties, exosphere,dastl Currently, the NASA LRO (Lunar
Reconnaissance Orbiter) focuses on remote sensihdabk instrumentation for in situ and
remote measurements of the local space environn¥é. Indian Chandrayaan-1 mission
(October 2008 — August 2010) with ESA funded satepayloads served as a pathfinder for the
SELMA mission and demonstrated that the SELMA moissioncept is feasible. SELMA will not
only perform similar measurements using superistruments, but it will also characterize the
dynamic exosphere and dust environment.

In term of the surface properties and the inteoacwith the environment, the Moon and Mercury
are similar. Although the Mercury has global magnéeld, it has similar physical processes in
terms of the interactions between exosphere, plasnthsurface because of the lack of the
atmosphere (e.g. Millilo et al., 2005; Lue et 2017). The influence of the plasma to the surface,
which could vary, sputter and weather the surfamesdappen both at Moon and Mercury. Due
to the different interplanetary dust particle sge@dhristou et al., 2015), the parameter range of
the observations can be extended, and we can Hettar the effects of dust impacts on
environment. From these comparative aspects intoumt, the Moon serves as a test-bed in the
Earth’s backyard to study these processes andr leepdore and understand the BepiColombo
data. ESA BepiColombo will reach Mercury in 20241as planned to be operation until 2027.
The active data analysis will continue for at |€agears. The SELMA results, available in 2030,
will come very timely to provide the key knowledf§m BepiColombo data interpretation to
understand the Mercury's exosphere and its vaitigbihe role of the surface in refilling the
magnetosphere via ion backscattering and sputteaimd) the influence of the environment on the
IR and UV surface characteristics. SELMA is a ntiesdf comparative planetology.

The impact experiments SELMA will perform are costply unique. Unprecedented fly-through
of a mini-magnetosphere and high time resolutioasneements down to the surface have never
been even attempted before. The impact experinmetiteé permanently shadowed Shackleton
crater is the first of its kind. The NASA LCROSSssion (Lunar Crater Observation and Sensing
Satellite) in 2009 only used remote sensing tostigate the debris plume. SELMA will use in-
situ instruments, in particular its powerful maggedrometer, to directly sample volatiles
released during the impact. Due to its positioncsinat the South Pole and sufficiently high rims,
the Shackleton crater to be investigated by theMNbklmpact experiment is one of the most
interesting locations for future lunar exploratiorssions.

Research on the SELMA scientific theme is of imaoce for both fundamental planetary
sciences, for our general understanding of howSbkar System works, and for future lunar
explorations, through qualitative characterizatwfnthe lunar environment and, in particular,
investigation of the presence of water in the lws@l, as a valuable resource to harvest from the
lunar regolith. Determining the water content ie tirater’s soil is critical for decisions on South
Pole exploration.
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We propose SELMA mission to study how airless bodies interact with space environment
SELMA uses a unigue combination of remote sensing and in situ measurements at Moon
SELMA investigates the interaction between the plasma, gas, dust and surface at Moon
SELMA conducts two impact campaign measurements to study the environment

SELMA aims to launch in 2029 as a medium class mission of ESA's Cosmic Vision program



