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Key Technologies
Entry-descent-landing (accurate landing & aerodynamic control)

Explore the surface (sampling, sci. instrument, small busSystem) ! A ¥

Deep space transportation (orbital rendezvous, planetary protection) R b
: X Infrastructure ConstructiorT G

Evolution of Water

Lander/Rover Exploration
20305 Objectives: In-situ Sample Analysis & Surface Science
* Petrology/Mineralogy (e.g., P-T condition)
* Geochemistry (e.g., dating, elemental abundances)
+ Biochemistry (e.g., biomarker/signature, life detection)

\ ‘. . . . o ®
' i Distribution:& Inventory. of Water ERX
P - e | Small Orbiter & EDL Demonstration p . g

Objectives: Global Mapping & Landing Site Selection

« Radar sounder observation of subsurface world

; * Distribution, transport & storage/loss of water and volatiles " ~
AND BEYOND 4 - Space weather and climate investigation at Mars (e.g., radiation) LA .

20205 by ; Telecommunication %
Origin & Delivery of Water B
wvyn
| Martian Moons Exploration (MMX) . ' 83
. 8T 4} S
Objectives: Moon Science & SR I_- = Participation of
7 S » Origin of Phobos and Deimos “’ & Rt o it om o (N A e P e o i’ f e B S EEIY

[Space X; JAXA]
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Discrete aurora Sinuous aurora

A

Origin: Suprathermal electrons (< keV) Ongln. Suprathermal electrons
Morphology: Localized (nightside) Morphology: Elongated (1000-6000km)

s Mechanism: Energized in tail / sheath Mechanism: Energized in tail current sheet
S Peak: 120 km  (eg., Bertaux et al., 2005) (eg., Lillis et al., 2024)

(Lillis etal., 2022)

Proton aurora

Origin: SEP electrons / protons (> 100 keV) Origin: Solar wind protons (~keV)

Morphology: Global, diffuse Morphology: Broad (dayside)
Mechanism: Direct precipitation of SEPs Mechanism: SW protons, H-ENAs
(s neider ey \ Peak: 60 km (e.g., Schneider et al., 2015) Peak: 120 km (eg., Deighan et al., 2018) (Chaffin et al., 2022)

[Bertaux et al., 2005; Schneider et al., 2015, 2018; Deighan et al., 2019]
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HEESE X S Chain of Event

= X-Ray Flux (GOES)

=» EUV/Magnetograms Imagery (SDO)
= Coronagraph, CME (SOHO/LASCO)

=»Solar Energetic Proton Flux (GOES)

=» CME, SEP Propagation (NOAA SWPC)
=»Solar Wind Monitoring (DSCOVR)

=» Geomagnetic condition (Kp index)

Latitude (North)

= Dose rate prediction (WASAVIES)

[ESA M-MATISSE Workshop IC T i%:f; Yaireska Collado-VegaFG & RIS HE; Jiggens et al., 2019] 6




FHA S Chain of Event

=»Solar Energetic Proton Flux (MAVEN/SEP)

= CME, SEP Propagation (NASA M2M SWAO)

St oo =D HEORER

600 f————T——

I
: E
) e o ° 59 500 %
1
an3l
= 5§ a0 :
2322 :
23 :
i i, . Ei;n ii;;iEi) 8" 300 ?
200 ! : s )
9/10 9/11 9/12 9/13 9/14 9/15

Date (2017)

[ESA M-MATISSE Workshop IC T i%:f; Yaireska Collado-VegaFG & RIS HE; Jiggens et al., 2019] 7/



A BFHEASChain of Event+ A o

= X-Ray Flux (MAVEN/EUVM)

= COTOTTagTapiT, C VeSO O/ EASES
=»Solar Energetic Proton Flux (MAVEN/SEP)

= CME, SEP Propagation (NASA M2M SWAO)
= Solar Wind Monitoring (M-MATISSE)
= Geomagnetic condition (M-MATISSE/M-AC, Step1-2-3)

= Dose rate prediction (THIS STUDY+a )

[ESA M-MATISSE Workshop IC T i%:f; Yaireska Collado-VegaFG & RIS HE; Jiggens et al., 2019] 8
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. N (C )
'Monte Carlo particle transport model )( Input ) (Output - N
_ « Atmospheric density » Rate of all collisional processes including:
Equat|on of motion * Incident particle flux » lonization rate
dv (E-v)v\ _.q(E-v)v ||+ Pitchangle distribution || > Excitationrate
T g vXB+E- o o2 « E &B fields »  Emission rate
Collisional physics \_ AN e J
® Collision probability is: Particle energy
Y (Performance h
P;=1-—exp ’— Z ns(l)gsT (S)Aﬁl] Energy range: 1 eV — 10 MeV (e), 10 eV — 200 MeV (p)
s A : . —
Atmospheri¢_ Total collision Distance Atm.o§pher|c spt_ames. CO,, CO, O,, N,, O (Mars, Venus, Earth)
density  cross section in dt Collisional physics:
® Collision occurs when R, < P; (R1: random number [0’1]) + e-(CO, CO, O, O, Ny): 71 processes (elastic, ionization, excitation, emission)
® Collision type is determined as: « p-(CO, CO, 02, O, N,): 73 processes (elastic, ionization, charge exchange, excitation, emission)
- ) [vi, vr : ith and total J H-(CO,, CO, 02, O, N,): 41 processes (elastic, ionization, charge exchange, excitation, emission)
i * collision frequency | |} Emission lines:
2j=IVJ/VT <R; < Zj=1 VJ/VT vi = ng(Doi(E)v . C02+ UVD
® Scattering angle 6 is determined if the collision is elastic: « CO,"FDB
0 n « 01130.4 nm, 135.6 nm, 557.7nm, 630.0 nm
J f(6)do = R3f f(6)deo [f(e): Scattering angle distribution] . Lyman-a, Ha, HB
. B ° o « N,* 1st Negative bands (391.4 nm, 427.8 nm)
nergy loss is calculated:
- Threshold energy for inelastic collisions * Nz VKbands
- Secondary electron energy + efc.
k - Energy & momentum conservation for elastic coIIisions) K )

[Nakamura et al., 2022] 9
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CO2 FDB nadir brightness (electron) 002 FDB nadir brightness (proton) 002 FDB nadir brightness (total)
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S .
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[Nakamura et al., in prep.]
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