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Fig. 1 Structure of mass spectrometer aboard Phoenix
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Fig. 8 Ion source and mass analyzer of mass spectrometer aboard Huygens
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Fig. 9 The ion source assembly is shown on the top with the open
source (OS) , closed source (CS) , and quadrupole deflector (QD)
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I FH VYRR AT BT 1% T R R A4 Y L s i L A U 7
LRGN IR BUORE LA R B R e, Horb B EUREAL
R TTRE DR AR s AR he B A DR N T 1 - s v
HIFE R ALY BT o B S A A RE S O BT ) H 33834
AR BT, R RE XS IT e H 3 AR AR R Y
JiR TG 3 & w A AT R AL AR, B R S 4 R
RS X B BT RN LS, R AN R
FEANERIM . A SRR R FE . KRR AT
BABFENS, ET7 0] DR B 5N HIT RS
TR, PRI R E X AR R AR B A H %

HR A A AR, SRR TR E X

4 BERETER

FE VY AT 5 1 52 AR 2 B T O
RS T B Z KRG 3 h IR BUS T 8T



% 6 0]

FRNAE: PUETHET B RS S /N RAEGEN 88

527

B 200144, B A2 B 5K 2 ()R ol
AP A1) P 25 DU BT 5 B 1 140 DR R 2 4 28 T 4 75 “ b
257 GR35 7R 4T RAREUE S AR I
BRAJZ RS I 23 03 A, 3RAE T KRR I B
BMARTEEONRER. EEBRKERE, K8
PRONZS AT T DB SR AU I I, FF s R ) TR
TG54 (NH;. HyO. NO%E) . 20114E10H
R “RE 1S 7M201599 H K H“RE2S”HbR €
I b, BCE T PUERTIAEERINEE, SR MR R

2.0 T T

MR EA . B 1222 “RE25 7 RAIAEARIN A3 7E380 km
o JEE RN P KSR 43 R 3R T G S i 1, O 0 )
TRA TR A SERY RS g, GEK
R BAM k. BIHBNIE, B2 E R
Oy b R AR K AR ] 7 DY % T i i 1 2 /N T
1 kg DIFE/NT1 WL JREZERITEE1~100 amu, 43
i ~1 ppb, T LAZRAERLN TR b, 5 2 X BRI
JZ KRSy S B R I R AN TR R R S SR
T 53K

- H,0/0 } }

- CO,/0 i
15 - NJO : : _
1.0 siidi
0.5 W

1 !
() WiRB KRS GRS &L

1015 C
1014 E '..! AMAL

2016/9/21 17:55

2016/9/22 17:55
(b) JLIR 22 1A il o e PRI TR 22 1

2016/9/23 17:55

12 “FRE25 7380 k& TP FR 85 o S e pft 0 112 8 1) F) 8 B oo JR T 48 1) 5 B B
Fig. 12 The atmosphere composition variation with time and the ratio to the oxygen by TG-2 in 380 km height

5 #ERiE

B R NFRRIANRAE . NIRRT AR5
M HAT 2 — o R TAT 2 RGN RARERI ) it
W P BERE . IRINAE S DN R BT
i SR S5 45 PR R AT B A () T e 15 P )5 34
%o M B TSRO A AR RSN 3T R L
MRMANEE, W T REMBEFIR. TERGNE
JEPE S R YR B e B R HE R (8] AL AR
Wt S AT 2R o AR 0 R B RIMAE S
VOB AT 08 T ) B e )iz o B NS AR 42 )
BRI, TR0 E BRI AR, 2R KT HE S i
T 2 18] B2 FH 5 AR 5 T (R e, A AR AROR TR 23 1R

M rp Ak b 15 HEAE A
2 £ X W

[1] PALMER P T,LIMERO T F. Mass spectrometry in the U.S. space

program: past, present, and future[J]. Journal of American Society for

Mass Spectrometry, 2001(12) : 656-675.

JAERG B, wMR, &5 B SR IR S BRI T R R (D). 5 2 4R
2015,36(6),492-505.

ZHOU Z Q,LYU H,ZHANG D, et al. Application of mass spectrometer

[2]

in deep-space exploration[J]. Journal of Chinese Mass Spectrometer
Society,2015,36(6) : 492-505.

HOFFMAN J H, GRIFFIN T P, LIMERO T, et al. Space applications of
mass spectrometry [EB/OL]. (2010)[2017]. https://ntrs.nasa.gov/archive/
nasa/casi.ntrs.nasa.gov/20100039433.pdf.

MAHAFFY P R, BENNA A M, KING T, et al. The neutral gas and ion

B3]

[4]
mass spectrometer on the Mas atmosphere and volatile evolution
mission[J]. Space Science Reviews, 2015(195) : 49-73.

[5] BALSIGER H, ALTWEGG K, BOCHSLER P, et al. Rosina-Rosetta

orbiter spectrometer for ion and neutral analysis[J]. Space Science

Reviews, 2007, 128(1/2/3/4) : 745-801.

[6] NIEMANN H B, HARPOLD D N, ATREYA S K, et al. Galileo probe

mass spectrometer experiment[J]. Space Science Reviews, 1992(1-4) :

111-142.

[7] WAITE J H, LEVIS W S, KASPRZAK W T, et al. The Cassini ion and

neutral mass spectrometer INMS) investigation, The Cassini-Huygens

mission[J]. Space Science Reviews,2004(114): 113-231.


https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20100039433.pdf
https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20100039433.pdf
https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20100039433.pdf
https://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20100039433.pdf

528 TR R 27 4 H46

[8] NIEMAN H, ATREYA S,BAUER S J,et al. The gas chromatograph mission[J]. Space Science Review,2014(185):27-61.
mass spectrometer aboard Huygens[C]// Huygens: Science, Payload and VBRI
Mission, Proceedings of an ESA Conference. [S.1]: ESA,1997,1177: EERE(1977-), &, BIFFAE 5, FERF R AT RSN .
85-108. A b AL R R R = 45 Rk 22 1 0 (100190
[9] PAUL R M,RICHARD R H,BENNA M, et al. The neutral mass 35 : (010) 62586400
spectrometer on the lunar atmosphere and dust environment explorer E-mail: orchard@nssc.ac.cn

The Application of Mass Spectrometer in Planetary System and
Small Solar System Bodies

WANG Xinyue"’, SUN Yuegiang"®, LI Yongping"?, TANG Ping"*
(1. National Space Science Center, Chinese Academy of Sciences, Beijing 100190, China;
2. Beijing Key Laboratory of Space Environment Exploration, Beijing 100190, China)

Abstract: Mass spectrometer is one of the primary science payloads for deep space explorations. It has been used for the
atmosphere and soil composition analysis of the planet system and the small Solar system body for many times. The composition and
isotope abundant of the atmosphere and soil measurement can be used for the research of the resource prospection, inhabitability,
celestial body evolvement, origin and the history of the key geologic events. Mass spectrometer has been used for several times in
deep space missions of exploring the atmosphere of Mars, Saturn system, Jupiter system and comets etc. The deep space objects
detected by mass spectrometer are introduced. The quadrupole mass spectrometer is used widely in deep space exploration activities.
It’s not only used to detect the thin atmosphere and the adsorption gas of the soil but also to detect the dense atmosphere with the
front design of the vacuum equipment. The spaceborne quadrupole mass spectrometer developed by National Space Science Center
has been used widely in the detection of the component and density of the Earth atmosphere. Finally, the development trends of the

MS technology are analyzed, including miniaturization, broaden spectrum and large dynamic count range.

Key words: mass spectrum; planetary atmosphere; planetary soil; space exploration

High lights:

e Mass spectrometer has been used in deep space exploration missions for the planet system and small Solar system bodies,
analyzing the component of the atmosphere or the soil adsorption gases of Mars, Saturn system, Jupiter system and comets etc.

e Quadrupole mass spectrometer has been used the most widely in recent thirty years on human deep space exploration missions
than other ones for its advantages of light weight, low consumption, high resolution, good environment adaptability and zero
magnetic leakage.

e Spaceborne quadrupole mass spectrometer developed by National Space Science Center has been used widely in the detection for
the component abundance of the Earth atmosphere and the pollution outgases of the satellite. The performance of the equipment is that

the weight is less than 1 kg, the power consumption is less thanl W, the mass number of 1~100 amu and the resolution of ~1 PPb.
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