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Spaceborne particle experiments (mass spectrometer)
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Solar wind
H+, He++, O7+, O°+, ...

Interplanetary dust/
Micrometeoroid
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Exosphere

Na, K, O, C, Ar, ...
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T 4a+2017. Yok 9017 Seki+2019 Ne 3x107em” LADEE NMS Benna et al 2015
+ + +
Eliasia , Yokota o 2hel] Energetic ~20% of incident SW | IBEX, Chandrayaan-1 SARA | McComas et al., 2009; Futaana et
H flux al. 2012
H> 10-50% of incident | LRO/LAMP Stern et al., 2013; Hurley et al |
SW flux 2017
\ R CHy 450/cm” | LADEE NMS Hodges, 2016
¢ H 75 b d) fl:% ﬁ ﬁ& II:I:II Na 5x 10°/em” column LADEE UVS Colaprete et al_, 2016b
= K 4% 10%/em” column LADEEUVS Colaprete et al., 2016b
- ' Exosphere = P
| . T1 TBD* LADEE UVS Colaprete et al 2016a
- PICkuP ions Fe TBD* LADEE UVS/meteor streams | Colaprete etal 2015
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Ca TBD* LADEE UVS/meteor streams | Colaprete etal 2015
Mg TBD LADEE UVS Colaprete et al 2016a
8] TBD* LADEE UVS/meteor streams | Colaprete etal 2015
OH TBD* LADEE UVS/meteor streams | Colaprete etal 2015
H,O > 100/cm’ LADEE NMS/meteor streams | Benna et al 2015b
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Solar wind ions
Solar photons (96% protons + 4% He™", <1% other heavy ions)
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Solar wind electrons
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Photodesorbed Na and K




KAGUYA Obs.

Linear—electric—field Time—of-flight mass spectrometer
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Kaguya MAP/PACE+LMAG 06 OCT. 2008 / 00:00:00-24:00:00 (REC)
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Kaguya MAP/PACE-+LMAG 06 OCT. 2008 / 00:00:00-24:00:00 (REC)
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KAGUYA Obs. lon abundance map of the Moon




KAGUYA Obs.
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(Natural) SIMS analyses of small bodies
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KAGUYA obs. shows that the lunar materials are evolved
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—>supporting not capture but giant impact theory
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KAGUYA Obs.
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Emission Rate Abundance Standard Deviation
Species a(%/°) Ay/Aq(%) o(x 103)
Nat (k= 1) 0.41 62.3 1.63
(k=2) 0.68 54.0 2.15
(k=3) 0.93 48.9 3.38
KT (k=1) 0.50 56.4 455
(k=2) 0.91 441 2.68
(k= 3) 1.34 35.7 470
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Emission Rate Abundance Standard Deviation

Species a(%/°) Ay/Aq(%) o(x 103)
Na* (k= 1) 0.41 62.3 1.63
(k=2) 0.68 54.0 2.15
(k=3) 0.93 489 3.38
KFk=1) 0.50 56.4 455
(k=2) 0.91 441 2.68
(k=13) 1.34 35.7 4.70
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KAGUYA Obs.
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(k = 3) 1.36 60.4 79.2 3.38
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(k=2) 1.30 56.6 86.8 271
(k= 3) 1.98 50.2 99.6 467
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KAGUYA Obs.
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Emission Daily Standard

Rate Abundance Supply Deviation

Species a(%/°) An/Ao (%) Spp3/Ag(%) o(x103)
Na* (k=1) 0.58 713 574 1.96
(k=2) 0.96 64.6 70.8 217
(k= 3) 1.36 60.4 79.2 3.38
Kt (k=1) 0.74 65.3 69.4 4.29
(k=2) 1.30 56.6 86.8 2.71
(k=3) 1.98 50.2 99.6 4.67
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Emission Daily Standard

Micrometeoroidh o DHEFEE  6e21-1e22 Na atoms/s Rate  Abundance  Supply  Deviation

BUrinos 2007 Species a(%/°) Ay/Ao(%)  Sppa/Ag%)  o(x103)
3622_5622 Na atoms/s Nat (k=1) 0.58 71.3 574 1.96
EI—— (k= 2) 0.96 64.6 70.8 2.17
(k = 3) 1.36 60.4 79.2 3.38
3 B K+ (k=1) 0.74 65.3 69.4 429
BEMNLDOMHBEE: 1.7¢23 Na atoms/s (k= 2) 1.30 56.6 86.8 271
FHLEMBADELE : 5e22 Na atoms/s (k = 3) 1.98 50.2 99.6 4.67
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lon mass spectrometer on MMX
Launch in 2024
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Requirements

o For isotopes (H,N,0,C)
o Mass resolution: >30,000
om/z:1to 30

o For molecular formulas

o Mass accuracy: 10 ppm
> m/z: 10 to 300

isotopes Accuracy

1H=

T HTER DEFE

MULTUM: multi-turn time-of-flight mass spectrometer
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» ~5kg
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