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Over the last 50 years, only nine mass spectrometers have successfully operated at Mars -
- Three orbiters Viking 1 Aeroshell 200-120 km Alti i ingle Fi i
. - m Altitude Minutes Raw Data Interp 2 Faraday Cups m/z Single Filament, : Links to Earth, :
. Two atmosphere entry vehicles UAMS 20-Aug-75 20-Jul-76 i 415 s Es oEr desia 6.2 24x30x 24 17.5 13.3 Mattauch-Herzog 1-49 5 @ JPL. Univ. of MN le-7 A/PaN, 1.E4+05 1.7 7-49 £] 75 & 25 oV not required no GC Oorbiter & Lander recorders 20-30 MB/day - Orbiter
- Three surface landers
. One surface rover Viking 1 Lander 20-AUG-T5 20-Jul-76 Lander; Analyses on 22 Sols 19 28 % 30 x 38 37 25-140 Reverse Nier-Johnson 19-915 10 Raw Data Interp 3e-8 A/PaN,; 1 E+07 12-stage Venetian Dual Ffilament lon Pump, Poly MPE-Tenax, 2m x 196 KB CPU + 20-30 MB/day - Orbiter;
This presentation provides historical context for past instrumentation, to better GC/MS J 29 km off target over 3 months 90°/90° @ MIT 100 ppm N, @ S/N=4 ' Blind Cu/Be EM El; 40 & 70 eV 0.5L/sec; 0.25 watts 0.75mm 40 MB Wire Recorder 1MB/day - Lander
appreciate future Mars missions.
Viking 2 Aeroshell T A 200-115 km Altitude Minutes o T o . YIRS e - Raw Data Interp a7 A/PaND | s 2 Faraday Cups m/z Single Filament, ot reduired e Links to Earth, 50-30 MB/day - Orbiter
UAMS P P during 4.5 kps Entry (per design) ' ' ' J @ JPL, Univ. of MN ' 1-7,7-49 El 75 & 25 eV . Orbiter & Lander Recorders y
; ; hy So feW? or 3e-8A/PaN2; 100
. . o Viking 2 Lander 9-Sep-75 3-Sen-76 Lander; Analyses on 26 Sols 19 28 % 30 x 38 37 25-140 Reverse Nier-Johnson 19-915 10 Raw Data Interp " N2, 1 E+07 12-stage Venetian Dual Filament lon Pump, Poly MPE-Tenax, 2m x 196 KB CPU + 20-30 MB/day - Orbiter;
Getting an undamaged instrument to Mars is difficult - GC/MS P P 6 km off target over 2 months 90°/90° @ MIT (Ea)pS/N—4 ' Blind Cu/Be EM El; 40 & 70eV 0.5L/sec; 0.25 watts 0.75mm 40 MB Wire Recorder 1MB/day Lander
One year of travel time with temperature and radiation (~0.4 Sv/yr) extremes
Velocity at Mars approach = 14,400-25,200 kph Phoenix Lander- Permanent madneti 4 EMs - -
- At Manr ; ) gnetic ) o Dual Filament lon Pump, no GGC; 74 MB CPU + .
Landing VEIOCity must be < 9 kph TEGA 4-Aug-07 25-May-08 7 km off target May - Nov 2008 5.7 24x23x18 10 13 sactor 1-140 1.6 CO,, H0, 0, 10 ppb 2.E+07 ?22_307;;_71 jg, El: 23, 27, 37, & 90 eV 1L/sec DSC/MS 112 MB Aux 32 kbps; 50 MB/day
Mars gravity is 37.6% Earth's — sufhicient to smash spacecraft
Mars atmosphere (610 Pa vs Earth's 101,325 Pa) — dense enough to require entry shields, Curiosity Rover; Nov 9. 2012 - 2013 luorona CH,: 2 ppb; .
) . - e ’ Nomay A . , - , ) ) phthalene, 4 . Dual Filament 30x 0.25mm, 250 MB CPU, 250 MB/day,
so thin that conventional parachute braking is difficult SAM 26-Nov-11 6-AUg-12 2'21kknr:]°0¢:f;3:|t’ ~125 Sols *0 40%40x 30 (est. >0 150 Quad M £33 1100 Fluorophenanthrene, PFTBA 1OOXTéi§fFE§rn;’nri " 1409 EM; Pulse Count El; 70eV Dual Turbo Pumps 6 columns+TCD 2 GB Aux via Orbiter relay
Mars is typically 4.2-20.8 light-minutes from Earth; spacecraft must be highly autonomous.
Mangalyaan Mars Orbiter; Faraday Cu Dual Filament
Orbiter Mission, 5-Nov-13 24-Sep-14 265-71,000 km Sep 29,2014 -7 4 e <5 (est.) 29 Quad MS 1-300 19-540 e 7e-14 Pa 1.E+10 2 E)l(/I P £l 706V not required weeEc e e
Future Prospects MENCA altitude
Based on current planning and construction, several countries are preparing for much more Orbiter; Sual 756V
. . . . i "o . Maven, 125-6,200 km Ar: ~3e-2 (cts/sec)/ Dual CEMs, . 3 MB RAM +
sophlstlcated MS instrumentation at Mars. Usmg typlcal Hohmann transfer trajectories, the NGIMS 18-Nov-13 22-5ep-14 (data 125-500) Sep 2014 - present 14 41 x40x 22 36 40 Quad MS 2-150 1-3.5 N, CO,, Ar, Kr, Xe @4e-5 Pa (part/cc) 1.E+08 C—5e7 open/closed not required no GC CEPROM 2 MB/sec
next likely launches would be Summer of 2022 and Fall of 2024 and 2026. Ballistic capture or altitude El sources
Aerocapture trajectories would have more flexible timelines, but have never been " |
Tianwen Ul TOF; High-Energy particles C-E Plate; 25 mm
attempted at Mars. ’ 23-Jul-20 10-Feb-21 MINPA powered on, 31 e <5 (est.) 8.4 similar to STATIC on 1-70 4 OENSIGY PaTIces, 1 o | e MCP e not required noGC e
MINPA testing MAVEN Switzerland, China ALO, on Si
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