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. PHRITFEAASDLDERTOT 7 (L REBB T EN
HE NS,

o« ZEINRAY X DR b= AVPKEEEE CX T D ARDIGESF
=BS5S MNCTED,

« Deep dipF+>/R—>(~125-500km)(CHLTIE. +9
(ORE Ul R R EREEl Dpeak charged
particle regionDEFEIN BT =N D,

« Homopause®_tHhSexobase® _t F TOH MR F =& H
U. BEEDMZHRANRDCEMNERNTULND, ORI
KD T, FEARR[DRE ERT—IVI\A bHKED,

e Establish the structure and composition of the upper neutral atmosphere by securing den-
sity profiles of He, N, O, CO, N,, NO, O,, Ar, and CO, along the spacecraft track

e Measure isotope ratios such as °C/2C, 80/'°0, PN/MN, * Ar/*°Ar, 8 Ar/°Ar

Secure profiles of thermal ions OF, COF, NOT, OF, CO™, C*, N7, OHT, and N*
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NGIMS@Dmass spectrometer&control electronics(d. Lunar
Atmosphere and Dust Explorer (LADEE) missiondNeutral Mass
Spectrometer (NMS) & K <AATULVB,

CNFT(CHIEREDAE E CIBONIZEMAMENDN TV D,
Quadrupole mass analyzer and detector systems(d. E£E°NE
DEEXR. REDEWVLWK. A5 DRKETRHNDIZOH(CENDN
JCEDDRETH D,

ErdDiciThar(d. CassinitE&dIon and Neutral Mass
Spectrometer (INMS) ZCONTOUR-NGIMS. Comet Rendezvous
Flyby Mission (CRAF)(CIE&FER > /=ENGIMSTH 3.,
CONTOUR-NGIMS & Cassini INMS Tt &11/zElectrostatic 90

degrees deflector(d. —DMDY —AM5quadrupole mass analyzer
N A =mZELEED,

CONTOUR. LADEE. Cassini INMSh'SDOHE(CLDT. MAVEND
NGIMS@®Dnominal sensitivity(d. ZE3&(Cx LT

> 1073 (counts/sec) /(part/cc) EVLWDRREZFDICENTET,

2015/3/10 NEf RS 10



NGIMSDAIGEHEIE

AUEN

Mars Atmosphere and Uolatile Evolution Mission
CU/LASP « NASA GSFC « UCB/SSL « LM « NASA JPL

\ Antechamber
/ ~ Closed lon Source
i

lonization Region

| | Bayard-Alpert (BA) gauge
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\ i
J !
|~ Quadrupole Deflector
Collimator "~ lon Lens System
U
Open lon Source -/ T
lonization Region g
; R 7 ! TR
<. Quadrupole ; TN * {2 nl}
: Mass Analyzer ‘ :
A : Neutral gas sampling (1) open source/molecular beaming
X g .:1 (2) closed source
% I)‘\ =1 ! Positive ion sampling Thermal and suprathermal through open
Xk lon Detector source
I N A lon source Electron beam i1onization
’L_ S dary Electrons Electron energy‘ N 75eV B
lon source sensitivity ~ x 10"~ counts/sec/part/cc for argon
r‘( 5 Mass range 2-150 Da

Detector system Detector pulse counting electron multipliers

Example scan modes (1) neutral gas mode, (2) 1on sampling
mode, (3) fractional scan mode in 0.1 amu
steps

Deployment mechanism Metal ceramic breakoff cap, pyrotechnically
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« Closed ion sourceld. HIEkKD _FIEARKDEEDREWFHACHFE =N,

« Electron impact hot filament ion source &/NSRRHOE =TS, @BERE
FlDOARRZEFET DEIRDTF v > ) =513,

o FHRANMEOERH Sclosed ion sourcelC A D, BEMKFEL CTULVBRAMAED
ZE D Hithermalize=N 3.

o AAOHROROEDIHISHREUTCUEOIWMEDH A (IEEFAITDIE, B
2xM Sclosed ion source N T < DRHFIDEE (4.

H 1
ng; =ngi(Ta; /Ts;i)?(exp(=S;°) + m2S;[1 + erf(S;)])

1
S; =Vcos(a) /c;,c; = (ZkTa'i/mi)E
EBEEBACENTES,
n: 2. TJRE. a:ambient value. S:source value. V:HIZEERER (N
FTIRIEMNMTORTD)ULIRE., a:FHOBBCH T BEMREBEDRENRD ~
ILOBIDBE. ¢ :REEIHRBEROHARFORE., kiNILWYYTEE
ZAEDclosed ion sourceMIARETHNUL, (FF2MRAFT S THRZ
L. [OlErzd BFE L TIEIE50%Dduty cyclez I3 FE CHD.
NGIMSOEFRIEAREIH (L. MAVENIZ=HHEIETH D,
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Closed ion sourceld. HEkdD _FEXRRDEEDEVWEHRICHFE =N,
Electron impact hot filament ion source &/NSRHEOBBZIFS. HEFE
FlDOARRZEFET DEIRDTF v > ) =513,

FIZNEHOERH Sclosed ion sourcelC A D, BE=AF LU CL\DRAMAEID
ZE D Hithermalize=N 3.

A A>OHROROEDIHISREUTCUEOIWMEDH A (FEEFAITDIE, &
#x\Sclosed ion sourcenN 7 < AKTFIMZRELE
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Open lon Source

* Open ion source(d, closed ion sourceDEE(C KD THRER=NTZD., &
A2 UTEOWONZRIE T Do

« Open ion source I TId. collimating aperturesN A FDHMEE — AZHZBK
9D, €TDOE—LIIE. 6-coil filament (hot, 97 % tungsten, 3 % rhenium,
%%)5”) MR ESNTIZEF(C KD T CTE/zcrossed electron beam’z 1818

o —EBOMIF(IAA>ALU. electrostatic deflector Z#%C. quadrupole
mass analyzer & pulse counting detectorNA B9 B,

« BFE-—LNSTESDERIR)LF—Dthermalized ionsZHVDBRL T28dD
BSDMSEBWERD Jw RERD/ A7 X(CKDTC. thermalized ionsh
2B (CrejectEaN B,

— BIEEEN4.15km/s T, BT L —00.89eV/amudD &= (C(F. BB thermalized
ions(IXNEM (Creject =M. He+ DK DIREBNA A (IIRHMNEL LB,
. E@/I’j)(i\ A A ALTEECE T DI, REBMRICK D TIRAOLD —fmE

«  NGIMSOBE T (. electrostatic deflector A/ > RJCANHI25eVDE
[EEEEZITD,

o AAALTEBARDERF (CXH T Dopen ion sourceDENZFMA(E. closed
sourceADED E(FEE U THD. (closed sourceI TDRAM
enhancementHV /&L \ & &)
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Open lon Source

* Open ion source(d, closed ion sourceDEE(C KD THRER=NTZD., &
A2 UTEOWONZRIE T Do

« Open ion sourceNTId. collimating aperturesh"filFDH4E — LAZ R,
9D, €TDOE—LIIE. 6-coil filament (hot, 97 % tungsten, 3 % rhenium,
%%)5”) MR ESNTIZEF(C KD T CTE/zcrossed electron beam’z 1818

o —EBOMIF(IAA>ALU. electrostatic deflector Z#%C. quadrupole
mass analyzer &pulse courtinn Antnctarn 1AL R er

- BFE—LANSTEBEI ~Closed lon Source

IoMCEBLRREI DY R . | lonization Region
A
2B (CrejectEaN B, § - S
~ FEEEN4.15km/sT, B S
jions(IXNERM (Creject =41, §§ Bayard-Alpert (BA) gauge

_ EEOAAYE. A A A2 R O Defeoios

n% o
«  NGIMSODFE(F. electro ~ Colimator = ~-lon Lens System
EEEZAT Do Open lon Source [_,J—C‘:H( :F?

o A AALTBIBANDOH R Fionization Region
sourceADED & (FFE U

enhancement /2L & =)
Mass Analyzer

j T+~ Quadrupole
A

2015/3/10 NEMRS 16
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Quadrupole Mass Filter

Mass analyzer(d. PUDdDhyperbolic quadrupole rodsh57i2D . ENSIEFELT

[CACE Y1 CLVD, radio frequency (RF) &static (DC) voltages EfHAENHTE
DET. BEDHHTED,

o BV, + V. cos(wt) E—V e + Ve cos(wt) ) E(w:V, DEKEEL). RFBID—D
Drod N7 ([CEEATE. €DFER. 22X tdquadrupole field(3.
o(x,y) = Vg + Voc cos(a)t))(xz - yz)/ROZ
ERSND. (Ry:ZEA(TIFN) DS —FA L \rodZRENDIERE. x,y:z8h & fBEiEL 2
rod \DEFEm (2= U ZEH)

2-19.5(19.5-150.5)DadDE =&EH T (£3.0(1.4)MHzDEEEHMENIN D,

« VI RDTT7HEIICED T, REVPREIKET NZtBFi I SRFND/NSI2RIE
DEALHMESN D, TOEIEIC KD THERENRE DEHEN-20°CH 5 +40°C
(CRTEN D,

o Vi ld BIOBEMRTFT D) \A T REE(Vyigs) 2. BEE—TRZHID S

B, BEENHEZTZEOIZRFOIRET, A AHEENEH(C+DRER(T1 D
IV ZBEP I CENTEDIXDCHABUGNS, /AP AEBEZRET D,
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Detector Assembly

« AANEKL > X RXFIEZDDredundant off-axis continuous channel
electron multipliersh Sk =ND,

o AANKL X AFAF. EDDOL XSO, ENS5DL > X
quadrupole analyzer Emultipliers®EIICAIE LU TULVD, EBESEHE(X-200VHVS
550V <. analyzerh‘Sdetector(C1 AR T DKL (CL > XHMEHONT
LD,

« Photonis model 4870-channeltron electron multipliers(d. % — R THHIZ
TNl

«  NGIMSOmultipliers(d. FI95 1 > MN~5x 107, BBERHT> M. J\v D
TSI RIAZIN L BT D KDIEWEE(Csaturated B,

« Multipliers(&. quadrupoleDEHIMAIEL THED. BDT A S POREFD
FEZEITTLD,
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Calibration Reservoir

» HZRORILZFHMM I D=8 (C. calibration gas reservoir
ZAHIFAFTNTULD,

* N,, CO,, Ar, Kr, Xeh'calibration FHDH X E718> TLV\D,

» Ionization region®D5 w5 —N9 <IEL (CHDTZH. tHas
HESTFATITBEICFVTIIL—23>2FTDDFE LY
M. N,, CO, Ccalibrationd dZ & . calibration factor
D%ﬁf%éo

e 500kmEA T OERHIEF(C., mass spectrometer(CH&EEH X
MASRNEKDIC, calibration gas reservoirlE— DDV
A4 2o0)VULTTHIEESN TS,

« Calibration(3#uARBID-1 > —/ VUL TiNRTITITIHON
Do

. 7-12=00>0OE%={FE> TNGIMSDclosed sourcelc X
EAESND. (A AZIRICT x 1076 TorrdEA)
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« NGIMSOEEIRIL. 3ADresettable circuit breaker & B 328V DC (ENEEEH
22V DC-36V DC) TfEMON D/ AANSIRB.

. E—4—(3=>D(Bakeout, HTR1, HTR2)%3.
e NGIMSDOAERDDEFHEES(E. Main Electronics Box (MEB)(C&&E N
TL\D,

PS/HV—Power Supply/High Voltage
CDH—Command Data Handling
CTL—Control

IF— lon Focus

CS—Closed Source

OS—Open Source

« Radio frequency (RF)<&Detector (DET)(Equadrupole mass analyzer
housing(CHR DTS5 NTLD,
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Scan Sequences
| o e

« NGIMS(E. BES00kmUTFICRBEIMEADE 45> X T A XICAD,

« ZNTNDITTAXICBNT, m/zDEEA A BEEEIRTDT—T
JLZFT U T, detector saturationZziid TR eHCEESTREITET D,

e 1/10 amuD D EREE(C K DEVRI(E. #ED/\wW OIS RZEVHT
Dl TIREEZEIB I DRIE TENOND,

« CalibrationE®— R, BEOYA IR —40 2 XADO—EFTIFIR0VN,
RS DI\ T A —X > ADREZALZIRANRD DO (TITIOND EENH D,

o EES0kMELETIE, #4253 RS RINAME—RDOZXEFTHB,
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« NGIMS(E, ZENRV/REAGEETT. ANEPDEZREN I T28b(CMEBD = Al &
QMSO—EIlE (CSilver Teflon coated radiatorsH DL\ TUL\B,

. FERDDELZR(E. Germanium Black Kapton MLI blankets CTBHDINTL\B,
(FHESEBEFR )

- BEOYA I AEEIEH4.55ETHD. KNEbD Dz OB EImE 15
(&, -20°CH'5+50°CTHhH D,

e NGIMS(E. RA>)\AE—RQQOW)NH—ENEBDKEDZLHHD, 1T
> AE— RMEAOW)TIENmZRC2453 (R A CI1ERD T, TS5 X
NzRH D, I XE— RICHIID TcalibrationEY A R (37W)H
DD

« Deep dipF1 >R—2TI& ITNEHNM125km(T7R D RAMAEIDREH
aero heating C:E8b5N D, (EFTILTIE102E(C0.065W/cm? 1EX D)

 Survival mode(-30°CHh'5+65°C)

— NGIMSD/\D—(FETF L. Base Plate_Esurvival Kapton strip heatersHh\E1ON S,

» Decontamination mode

— lon Source CoverhM180°CLA_EI(C/2D &, Inconel sheathed flexible heaters CiAZE D /o BEAE S
BEPR 9 B,
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Thermal Balance and Thermal
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 Deep dipfF(CFRI TN DHEBDEZF TDEERDFESR. MEBODCDHES
D34 CCmLz. U L. BERREEHED-20°CH\S +50°C& i/
LCu\z,

. BBEZEHER(CHSULV\TIE. MLI blanketing(C K DIEEDEEMNRE ITH
niz.

o HREN, MEEERCHWVWTCTHRET DL DPEE GRS DT,
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« Comprehensive performance tests (CPT)ICHWVWTHEEEVEREEH (C

D> THEELEEBEE—D% RUJE, (0.1Da scan)
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NGIMS Operation and Calibration

The Neutral Gas and Ion Mass Spectrometer on MAVEN

Decontamination
Mode

Standby Mode ; Science Mode

Calibration Gas

Measurement Measurement

‘Below 500 km

B Mode M Activity [l Science Products | Auxiliary and Calibration Products

Fig. 8 NGIMS operational modes are illustrated and described in the text
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Neutrals Mode

0s/Cs 0s/Cs
Reference

Switch O <l ol 5 Switch
- gebé 0S = ¢S I 3 z;t cS = 08 bé

Time
| 0OS Measurements | | CS Measurements | | 0S Measurements |

lon mode

Time
L__OSlon Measurements __| L__0Slon Measurements __|

« Neutrals mode(d. TR (C K Dopen sourceDEEDRHEZIEIET D
J=&b(Z. open source &close sourceN R H(CRRESND,

« MDY DX (I30=UOEDEIE T, £AEFNMPIEE.
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Science Operation

o EE-5000km(TET D E. NGIMSORA > )\AIREENMEZE T L. B
1 T ERMEE D,
— filament/multiplierd> X7 DEIEA >
- T HBRDILE ) A X &I T D=/ TS5 RIARD ML

7 A E
- )\ OIS DY RRAFv 2D T, Haah BFE#ZET DF THIS0
DIERSTF

— 500kmIU T[S/ IA—LTYV I ITTAXKET
— Mode (neutrals or ion), source (open or close) (CEU/REMIERTE.
RAT—=TIVICHED TRERBE AR NLZBIE
— Scanning sequenceDEZEEAEEHFEDNEE EFENDESLANIL
(CHHTET)
« FEMNMENAISIEDULT, BUSB00kmEL EISET DETD255
B ICNGIMSDEVRIN I THN D, (BU RS> ) AIRREEN)
- w3 HARIH., NGIMSF—AFNETEH NI ARTURNRI(C
SHETENGIMSDERTE T 7 1 )L7Z/ERk L. uplinkd 3 FE.
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Telemetry

« “DDERDFECKDT—FEIS
— Instrument Team Facility (ITF)(C kS real-time dataflow
— post-event file retrieval

o ITFCET—INEREREN. BRLIREBHDGSEY J o T/
V- )LBELPFT—IR—-X(C k> TNIEBEEND,

e« NGIMSTL A KNJICEFEFNDIRZEFREE) v hEJNDR

F—-E 07— FrUTL—23>MThnsd.

« T—Atwv I, MAVENF—AICKD TERIT IO,
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NGIMS Calibration

Table 3 NGIMS closed source sensitivities for He, Ar and Kr®

Fil # Emission CEM# Species EI cross Absolute Normalized
(UA) section? Sensitivity Sensitivity
(A°)2 (cts/s)/(part/cc) (cts/s)/(part/ce)/(A°)>

1 250 1 OAr 2.52 2.84 x 10792 1.13 x 10792
1 50 1 OAr 2.52 1.83 x 10793 7.26 x 10704
1 250 1 84Ky 3.45 2.03 x 10792 5.89 x 10703
1 50 1 84Ky 3.45 .38 x 10703 4.00 x 10704
2 250 2 OAr 2.52 3.03 x 10792 1.20 x 10792
2 50 2 OAr 2.52 2.36 x 10793 9.36 x 10704
2 250 2 84Ky 3.45 2.27 x 10792 6.57 x 10703
2 50 2 84Ky 3.45 1.90 x 10~93 5.51 x 10794

4This sensitivities will be updated following the first in-flight calibration activity

PElectron impact ionization cross sections are from Rejoub et al. (2002)

LEDRKE (L. He. Ar. Kr. XeDFENE— RTHIE=NT=.
tz> 5 —H'pinched offé‘ﬂf’&@’ﬂ?r (. BEEFAIC

OD;EI: 4%7&L%JLE’J(LEE/,\J
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NGIMS Calibration

Closed Source Sensitivities

e S :B=m,. 70eVTMelectron ionization cross section o
TRBIESNIZRE
Sa =Sn " CRF(mS) " Og
o Cppld. BUEMMIEFZRECT. 0.71(m, < 20.5). 1.00(m, >
20.5)

Open Source Sensitivities

o HAT>XHABHI(C, He, N,, Arz{E> CTREEMHLE.
« Open &closedDEXTRREO, (&,

_ Sa (mref ) ‘N (mref )

0, =
No (mref)
* n.:Closed source CHITE =N/z&Z1Em,. ,0Ddead time corrected count
rate, ny:0pen source CRIE =/ SF&m,..,Ddead time corrected
count rate, Cyy L)L —HIE/RENT. open’source TR LF—o&
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NGIMS Calibration

lon Sensitivities

« Open sourceD T+« S A> M ATDEF(Copen source CEIG =
Nz A> &, open sourceDN D EES(CA A EZRAA—TT
Sion deflector plates CEUAl =N/ A > (L. quadrupole
detectors(C(EWL\D, CDOEESDT—FZE(CSTZTalL—>3>
MNETFHESNTWSRIEEBEEZBRICT D,

o AAZRE(L LPWDOEFEBE LRI DI LETKED,

D,
lop =—" CEN(ms)
ny

+ niE CDOEEF 2 5J)LDdead time corrected count rateD&
5T, Do LPWCTEBURISNIZEFERE. Cpy: s S TR+ —R
JGNSIKETZ TR LF—H1E(%RE (open sourceMS3kdIZED &
& 0)
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NGIMS Calibration

Calibration Configuration

Mass spectrometerd=+7 UJL—23 ~ % pinch of fASSE IEHERODHI(C
7o, BNUE. A AVIEH)—DROD (CE B — c‘:$xIE7fAz%§7J\HR
D {FUV/zflanged transition jointzFHUW\NCiTD /T,

HEC D JTA /I A (He,Ar,Kr,Xe) D0.1amuZdfZEE(d, S50uAD T 1 T A >
NFSE%E © Dclosed source mode CESH SN B . (_*1(1._(4:3 TR
BANRDT S AIE. T4 SA MO H-—HDESOHEAXICKD/ Ny
050> RaESOHFNADE—TITHD,

CNSdD)\w 057> Ridbreak-off &, 1A ENREZEDFHHIC
IRENNL, HERESN TR L 723,

Instrument Sensitivity

e BUVEZIFHKUWLREIET Thclosed sourcedDi ) ADKAAAEI
TEIENS., #sDSZREZTEH U,

« REDRME (I FHEBEORENT. FBUDEERZE CODE]
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NGIMS Calibration

Cross Talk and Linearity

« ‘HeDE—DU%&EoTZBHEUIZY)E & Dcross-talk(d, 6 x 1075K
DN 1=,

o CNEKD. cross-talklEBEMRLLZBITE I D L COFIBEERTIE
TR0,

 Channel electron multipliersD#rRAZ [t 2tz DEFN K TEUAI U Tz,
o HERDYAFT=ZVILZDLERIGELTLND,
« SEEEU\deadtimeDFEIENNELRDB,
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NGIMS Calibration

Temperature Stability

Mars Atmosphere and Uolatile Evolution Mission
CU/LASP « NASA GSFC « UCB/SSL « LM  NASA JPL
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NGIMS Calibration

In Situ Calibration and Characterization
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