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The Planet-B neutral gas mass spectrometer is designed for in-situ measurements of the gas composition in the
upper atmosphere of Mars. The sensor uses a dual frequency quadrupole mass analyzer with a mass range of 1—
60 amu (atomic mass units) and two el ectron multipliersto cover the dynamic rangerequired. Theion source, which
is collinear with the analyzer, operates in two different modes: 1) a closed source mode measuring non-surface
reactive neutral species that have thermally accommodated to the gas inlet walls; and 2) an open source mode
measuring chemically surface active species by direct beaming with no surface collisions. The in-line Retarding
Potential Analysis (RPA) system selects the mode of operation. An onboard Field Programmable Gate Array
(FPGA) is used to control the instrument operating parameters in accordance with pre-programmed sequences and
to packagethetelemetry data. The sensor issealed and maintained in avacuum prior to launch and will be opened to
the environment of Marsafter orbit insertion. Measurementsof He, N, O, CO, N, NO, O,, Ar, and CO, will bedone
at periapsis and the data will be used to determine the variation of the neutral atmosphere density and temperature
with altitude, local solar time and season. Measurements are possible from 130-140 km to 500 km depending on
the gas species, chemical background, and instrument measurement mode. The data will contribute to the studies
of thermosphere energetics, lower atmosphere meteorology (e.g. dust storms) and serve as a resource for studies of
the interaction of the upper atmosphere with the solar wind.

1. Introduction

The Planet-B mission to Mars will study the upper atmo-
sphere and its interaction with the solar wind. Theion and
electron environment will be measured by at least 6 instru-
ments; the neutral atmosphere will be measured in-situ by
the Neutral gas Mass Spectrometer (NMS) and remotely by
the Ultra Violet Spectrometer (UVS). The NMS instrument

observation objectiveis:

- The in-situ measurement of the neutral composition,
isotopic ratios and temperature of the major gas species
(He, N, O, CO, N2, NO, Oy, Ar, and COy) intheMartian
upper atmosphere using a quadrupol e mass spectrome-
ter.

The science objectives are:

- To determine the variation of the neutral composition
with altitude, local solar time, season and solar activity

- To study thermospheric energetics, transport, and circu-
lation; evolution of the atmosphere; and the formation
of the ionosphere
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- To study the effects of lower atmosphere dust storms
on the composition, temperature and dynamics of the
upper atmosphere

- ToprovideaPlanet-B resourcefor studiesinvolving the
neutral upper atmosphere, ionosphere and solar wind
interaction.

Previous in-situ neutral upper atmosphere measurements
come from the Viking pre-entry neutral mass spectrome-
ter (Nier and McElroy, 1977) at solar minimum when Mars
was near aphelion. The dayside measurements were made
at approximately 44° solar zenith angle. In the atitude
range 120-200 km, CO,, N, CO, O, NO and Ar (Nier and
McElroy, 1977) weremeasured and O wasinferred by model -
ing (Hanson et al., 1977). Isotopic ratios of 3C/12C, 180/160
and °N/**N were determined near the homopause level at
approximately 120 km. Wave-like structures were observed
inthe derived scale height temperatures. More recently, near
solar minimum, the Mars Pathfinder descent provided mass
densities and inferred temperatures up to about 120 km near
local solar time 34 am. Helium has been detected by re-
mote sensing (Krasnopolsky et al., 1994). Figure 1 shows
theMars' upper atmosphere dayside composition for low so-
lar activity as measured during the Viking pre-entry science
phase (Nier and McElroy, 1977); a model of O (Hanson et
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Fig. 1. Composition of the dayside Mars thermosphere at low solar activity with Mars near aphelion as derived from in-situ measurements by the Viking
1 pre-entry science mass spectrometer for CO», NO, CO, N2, Oz, and Ar (Nier and McElroy, 1977), O as modeled by Hanson et al. (1977), H, and H
from a chemical model (Rodrigo et al., 1990), and He estimated from a recent remote sensing measurement (Krasnopolsky et al., 1994). The Planet-B
mission is expected to occur during high solar activity with higher densities and temperatures.

al., 1977); amodel of H and H, (Rodrigo et al., 1990); and
He extrapolated from a measurement of the mixing ratio in
the lower atmosphere (Krasnopolsky et al., 1994).

The eccentric orbit of Mars makes the solar radiation
stronger at perihelion than at aphelion and there are strong
seasonal variations. The combined effects of radiation at
perihelion plus topography trigger global dust stormswhich
heat the upper stratosphere. Such effects were observed to
inflate the entire atmosphere at the time of arrival of Mariner
9, raising the altitude of constant density surfaces. Thisdust
storm coupling of the Mars upper and lower atmospheres
has important implications for the orbit insertion of future
Mars-bound spacecraft. Dust storm events and their impacts
on the Mars upper atmosphere were recently simulated and
studied in preparation for Mars Global Surveyor aerobraking
activities(Bougher etal., 1997). Global pressurechangesare
observed in thelower atmosphere as afunction of season due
tothesublimation of CO, at the poles. Theupper atmosphere
issignificantly affected by the solar EUV and global circula-
tion (Bougher etal., 1990). Mean daysidetemperaturesfrom
neutral density scale heights, plasma scale heights and air-
glow intensity scale heightsrange from about 130K to 350 K
for solar activity levels corresponding to Fip7 values ex-
trapolated to Mars' orbit from 25-85 (x10-2 Wm—2Hz 1)
(Bougher et al., 1990). Estimated day-to-night temperature
differencesrange from 45 K at low solar activity (Viking) to
130 K at high solar activity (Mariner 6, 7) (Bougher et al.,
1990). Solar activity for the Planet-B mission is expected to
be near solar maximum (Schatten and Pesnell, 1993; Joselyn
et al., 1977) with correspondingly higher densities and tem-
peratures than the solar minimum Viking data. Figure 2
shows the expected diurnal variation of the exospheric tem-
perature during several missions to Mars at different levels

of solar activity (Bougher and Shinagawa, 1998; Bougher et
al., 1990).

Although Mars has a much |ess massive atmosphere than
Venus, the density of the neutral atmosphere in the region
from 250 km to 450 km is of the same order of magnitude.
Hot Oand H (Nagy et al., 1990) are expected to be present in
low concentrations at high altitudes. Atomic nitrogen could
be present in the Mars upper atmosphere as it is on Venus
(Kasprzak et al., 1980). However, the NMS measurement
technique for N (and O) will be different from that of the
Pioneer Venus Mission (Niemann et al., 1980b) because of
the presence of NO (and Oy) in Mars' upper atmosphere.
Super-rotation of the thermosphere is known to exist for
Earth, Venus and some of the outer planets, and presumably
existsfor Mars. For Venusit was determined from measure-
ments of thermosphere He and H (e.g. Mayr et al., 1980).
Wave-like perturbations are observed in the Venus thermo-
sphere(Kasprzak et al., 1988, 1993a) which havebeen shown
to be due to upward propagating gravity waves and similar
techni ques can be used to deducethe propertiesof wavestruc-
tures in the Mars thermosphere. For Venus, gravity waves
and super-rotation of the thermosphere combine to produce
large dawn-dusk asymmetries in the diurnal variation of the
neutral and ion composition. Similar dynamic asymmetries
can be expected for Mars.

Measurements of H, D and H; by the UVS will giveim-
portant information on escape of these gases (reviewed by
Hunten, 1993). Using ionosphere and neutral atmosphere
datait is possible to compute the in-situ D/H ratio in the up-
per atmosphere if the conditions for charge exchange equi-
librium are valid (Grebowsky et al., 1995). NMS measure-
ments of H and H, are expected to be marginal because of the
sizable gas background expected from surface outgassing of
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Fig. 2. Prediction of Mars' diurnal variation of the exospheric temperature (Bougher et al., 1990) for the Viking pre-entry science (F1p.7 = 68), the Mariner
9 mission (F1p7 = 112), Phobos mission (Fi07 = 150), and the Mariner 6, 7 mission (F107 = 206). The Planet-B mission model prediction is for

October 1999 and F10.7 = 200 (Bougher and Shinagawa, 1998).

H, compared to the ambient signal level. Actual orbit mea-
surements will be needed to fully evaluate the potentia for
measuring these species. Neutral atmosphere measurements
are possible in the Martian dust rings and near the satellites
using extended integration periods for the expected neutral
species and for the signal background.

| sotopic ratios are of great interest as clues to atmospheric
originand evolution. However, the NM Sratio measurements
will be in a region of the thermosphere that is diffusively
separated. Extrapolation to alower atmosphere mixing ratio
requires an accurate knowledge of the homopause altitude.
To determine the homopause altitude the measured N,/CO,
ratio will be compared with the known value for the mixed
atmosphere.

Asthe Planet-B spacecraft passesthrough periapsis, it car-
ries out an atitude scan at one local solar time over a lati-
tude band centered very near the equator. The Martian local
time of this scan goes through an entire diurnal cyclein one
Martian year, or 687 Earth days. Thisdiurna scan is a sea-
sonal one and an annual one with exactly the same periods,
though seasonal effects should be small at the low latitudes
covered. As shown by Mariner 6, 7, and 9 (Stewart, 1972),
the UV Sinstrument has the capability to measure certain at-
mospheric constituents at latitudes and local times other than
those at periapsis so that the two instrument measurements
are complementary. Measurements by the NMS down to
140 km or lower are possible. The upper altitude limit for
the closed sourceis speciesdependent. For non-surfacereac-
tive gases (e.g. He, COy,) it islimited by the signal statistics.
For reactivegases(e.g. Oand N) it isinfluenced by theslowly
desorbing gases from the surfaces which were collected dur-
ing the prior periapsis pass (Niemann et al., 1980b). The

open source detection threshold islimited by signal statistics
only.

Densities of each constituent, and temperature profiles de-
rived from their scale heights, will be a basic resource for
the other experiments on the spacecraft. This resource will
typically be used in two ways: orbit-by-orbit comparisons,
and comparison with a global model of densities and tem-
peratures. The global model will be an input to physical
models of the heat balance and general circulation (Bougher
etal., 1990), and will provideaninput to aeronomical models
treating photochemistry, transport, and recombination. NMS
data coupled with the Mars TGCM (Thermosphere General
Circulation Model), complementary Mars’ 98 Pressure M od-
ulated InfraRed Radiometer (PMIRR) data and the altitude
of theionospheric peak will provideamonitor of lower atmo-
spheric perturbations, such asdust storms. The Mars TGCM
will serve as atheoretical link (from 70 to 150 km) between
the PMIRR and the NM S data.

The neutral gas density measurements will be an input to
ionosphere models. Theionosphereisformed from the neu-
tral atmosphereand el ectrons produced by photoioni zation of
the neutral species contributeto the electron population. lon-
neutral collisionsaffect ionospheric drift and the propagation
of plasma waves. The ionosphere, plus any remnant mag-
neticfield, formtheobstacletothesolar wind. TheNM Sdata
in the exosphere will provide inputs for ion pickup calcula
tions. Classical O pickup ions are formed from ionization
of exospheric O atoms which are swept away by the solar
wind. The behavior of the exobase oxygen is determined by
the neutral thermosphere structure and dynamics (e.g. Nagy
etal., 1990). Thesolar wind motional electricfield that maps
down into the magnetosphere and ionosphere can accelerate
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Fig. 3. The mechanical elements of the NMS.

ionospheric ions as for Venus (e.g. Luhmann et al., 1995).
The escaping energetic ions represent a neutral atmosphere
lossfor Mars (e.g. Lundin et al., 1989).

2. NMSInstrument and Operation

The NMS is a modification of the instrument used on the
Pioneer Venus Orbiter (ONMS) (Niemann et al., 1980a) to
determinethe neutral gas composition and temperaturein the
Venus thermosphere and exosphere (Niemann et al., 1980b).
The ONMS operated for nearly 14 years in the Venus envi-
ronment including thefinal pre-entry phase (Kasprzak et al.,
1993a,b). TheNM Ssensor usesadual frequency quadrupole
mass analyzer with a mass range of 1-60 amu (atomic mass
units) and two secondary electron multipliersto cover thedy-
namicrangerequired. Theion source, whichiscollinear with
the analyzer, operates in two different modes: 1) a closed
source mode measuring non-surface reactive neutral species
that havethermally accommodated to the gasinlet walls; and
2) an open source mode measuring direct beaming, chemi-
cally surface active, species coming in at spacecraft equiva
lent energies. Anin-line Retarding Potential Analysis (RPA)
system selects the operational mode. In the closed source
mode thereisan additional ram pressure enhancement when
the orificeis pointed in the direction of the spacecraft motion
which lowers the detection threshold. The NMS instrument
sensitivity has been increased by about a factor of 6 relative
tothat of the Pioneer Venusinstrument to compensatefor the
decreased O concentration of Mars relative to that of Venus.
A summary of the pertinent NMS instrument parametersis
givenin Table 1.

The NM S sensor and electronics packageis cylindrical in
shape with the entrance aperture of the sensor at one end of
the cylinder. The entrance aperture is covered by a metal-
ceramic breakoff hat that ispyrotechnically removed after or-
bit insertion. The instrument is mounted on the same space-
craft panel as the extendable magnetometer MaST (MST).

The normal to the sensor apertureis normal to the spacecraft
panel. The electronics are mounted in an “X” shaped frame
which surrounds the cylindrical sensor housing at its center
(Fig. 3). Theouter cylindrical shell servesasmechanica and
electrical shield. The sensor cross-section (Fig. 4) showsthe
ion source with the break off hat removed, the quadrupole
analyzer and the secondary electron multiplier detectors. A
getter pump is used to maintain vacuum in the sensor prior
to opening it to the Martian atmosphere. Once opened to
the atmosphere, the analyzer volume, which isisolated from
theion source region, is vented in adirection that is at right
anglesto that of theion sourceram direction. Thiskeepsthe
analyzer pressure lower than the ambient ram pressure and
ion-mol ecul e scattering effectsin the analyzer areminimized
or nonexistent.

The principal components of the mass spectrometer are:
(1) theion source, (2) ahigh resolution quadrupole mass fil-
ter, and (3) two secondary electron multiplier detectors. The
electron gun uses a heated filament to supply the electrons
needed for gas ionization. The quadrupole mass filter con-
sists of four precision ground hyperbolic rods mounted in a
mechanical assembly. An AC and a DC potentia is applied
to the quadrupole rods creating a dynamic electrostatic field
within the quadrupole region that controls the transmitted
mass/charge value, the resolution, and the transmission effi-
ciency. The flat-topped mass peaks allow a mass scan mode
in which each mass is monitored by a single step to achieve
the lowest detection limit in a specified sampling period. A
radio frequency (RF) generator drives the quadrupole at two
frequenciesto reduce the requirements for alarge amplitude
voltage change imposed by the mass range (1 to 60 amu).
lons exiting the analyzer are detected by two secondary elec-
tron multipliers differing in sensitivity by a factor of about
twothousand. Chargepulsesat theanodeof themultiplier are
amplified and counted if they are above a preset discrimina-
tor threshold. The lowest count rate detectableis limited by
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Table 1. Listing of NMSinstrument parameters.

Neutral Mass Spectrometer (NMS) instrument parameter table

Gas sampling system

1) Closed source
2) Open source (molecular beaming) with retarding potential

analyzer (RPA) energy discrimination

lon source Electron impact ionization; electron energies 75 and 25 eV; in-line
particle retarding

Sensitivity 1 x 10~* (counts/sec)/(part/cm?®)

Density range 1) lon source density about 170 cm~2 (signal/noise ratio = 1) to
102 cm=2 (max. ion source pressure 10~ mbar); 2) Ambient density
2 x 10* cm~3to 10'? cm~3 (integration period = 0.011 sec)
Ram pressure enhancement = 46.9 for CO, at 4.44 km/sec

Mass analyzer Quadrupole mass filter, 0.2 cm field radius, 7.5 cm rod length
Radio frequencies: 3.25 MHz and 4.85 MHz

Mass range 1-60 amu

Scan type 1) Selected masses for rapid mass sampling; 2) 1 or 1/8 amu per
step scan from 1 to 60 amu; 3) RPA sweep at fixed mass number

Resolution/Crosstalk <107 for adjacent masses

lon detector Two secondary electron multipliers operating in pulse counting

mode (detector noise ~1 count/minute)

Sample and integration periods

SC Integration Total sample
Bit rate Period (ms) Period (ms)
64 Kbps 11.0 11.62
32 Kbps 22.0 23.24
16 Kbps 44.0 46.48

512 1408 1487

Spatial resolution

55 meters along spacecraft track for 64 Kbps telemetry rate

Deployment mechanism

Metal-ceramic breakoff cap, pyrotechnically removed

Viewing angle (angle of response)

1) Closed source, approx. 27 steradians
2) Open source approx. 50° cone half-angle with respect to normal

of ion source orifice

Dimensions Cylinder 15.0 cm diameter, 33.7 cm length including 6.95 cm for
breakoff cap

Weight 2.8 kg including 0.26 kg for gjected breakoff cap

Power Average 7.4 watts, peak 11.8 watts, standby 6.3 watts

Temperature range —30°C to +50°C operating

—40°C to +60°C survival

—100°C to +200°C ion source temperature range

789
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Fig. 4. Outline drawing of the NM S sensor showing the major elements. Dimensions arein mm.

the background noise of the multiplier (approximately one
count per minute). The upper count rate is approximately
3 x 107 counts/sec.

A Field Programmable Gate Array (FPGA) isresponsible
for controlling the various voltages needed by the sensor and
for packaging of the detector and associated housekeeping
data to be accessed by the spacecraft telemetry bus. The
FPGA providesa9 instruction computer simulation for con-
trol andisprovided with 8K x 8 of RAM and 8K x 8 of PROM
memory. The PROM contains a default measurement se-
guence that can be executed without memory uploads from
the spacecraft. Other sequences will require programs to be
uploaded to RAM from the spacecraft Backup File Memory
(BFM).

The low limit density value in Table 1 cannot always be
realized because background gases, identical to those to be
measured, are being emitted from the surrounding surfacesor
because of interference at some mass numbers of other ambi-
ent gases present in high concentrations. The upper density
vaueislimited by molecular mean free path conditionsinthe
ionization and analyzer regions. At high solar activity onthe
equator this corresponds to an atitude of about 124-128 km
for CO, (Bougher et al., 1990).

The chemical properties of the species to be measured
vary from highly reactive to the nearly inert gases. The non-
reactive species He, Ar, CO, N, and CO, will be measured
in the closed source mode. Some reactive species can be
measured in the closed source mode as surface recombined
reaction products (i.e. O as O, N as NO) after the O sur-
face coverage has reached an equilibrium value. For Pioneer
Venus, approximately 15 dayside orbits, ranging in atitude
from 150-160 km, were needed to reach O surface equilib-
rium (Niemann et al., 1980b). At altitudes corresponding
to those of Venus, the gas surface equilibration period will
be somewhat longer because of the lower O densities. The
species O, N, NO and O, will normally be measured in the

open source mode. At lower altitudes, assuming surface O
equilibration has been reached, a switch will be made to the
measurement of O assurfacerecombined O, and N assurface
recombined NO.

For the closed source, sensible ambient density measure-
ments can be made from 0° to about 90° angle of attack and
for the open source from 0° to about 50° angle of attack
(Niemann et al., 1980a). The angle of attack is the angle
between the spacecraft velocity vector and the normal to the
NMS orifice. The effective sampling ratewill depend onthis
angle, the spin rate (nominally 8 seconds) and the telemetry
bit rate (see Table 1). The current design of the Planet-B
orbit for the main mission (Planet-B Interim Report, 1995)
has periapsis located near 3° latitude at an altitude of about
146 km with apoapsis near 47500 km. The orbit period is
37.9 hours. Due to the exponential decrease of the neutral
gas density with increasing altitude, NM S measurements are
confined to a region near periapsis. The Planet-B project
has defined NM S operations to occur in a 20 minute period
centered on periapsis. An dtitude of 330 km (the atitude
of the minimum Viking CO, density (Nier and McElroy,
1977) that would be measured by the NMS) occurs 6 min-
utes before and after periapsis at latitudes of 21° and —15°
respectively (£10 minutes correspondsto 30° and —24°, re-
spectively). Thein-situ measurements of the NMS are basi-
cally equatoria. Figure 5 illustrates the expected local solar
time coverage for the first Martian year of operation. Also,
shown for periapsis only, are the maximum angle of attack,
the minimum angle of attack, the measurement angle limit
of the open source (50°) and the measurement angle limit
of the closed source (90°). Closed source measurements at
periapsis can be made throughout the first Martian year due
to the wide angle of attack response. Similarly, for the open
source except at orbit numbers near 180 and in the range
480-550 where the minimum angle of attack is greater than
the nominal operating range.



H. B. NIEMANN et al.: THE PLANET-B NEUTRAL GAS MASS SPECTROMETER 791

Oct. 11, 1999 Jul. 1, 2002
11:01:13 05:01:10
Planet-B Nominal Mission \
24_"'|""|' |$|||270
Local Solar Time .'o.. ]
21 | S, ]
Nl " {225
i X % ° 1 o >
18 £ 3 % ..o ) 8.8
= ; x 9 3 Q
S sl F X “ 418053
[} o X () X [
= - % X% . o.
= = Bl K e EH
© 12 :.o / g’ x % 135 < 3
3 e, Max. Angle of Attack X & 8=
= 9F %, Closed Source < ] S s
s T *,~~-Angle Limit < 90 deg. - --------- >»>190 & >
- 6L *%, Open Source o ] S x.
SR Angle Limit < 50 deg.-#--+--> -
o ++‘+'%'i+¢‘ ++ ++ - 45
3 Fr, +++ ) ++++++++ Min. Angle_ |
0 A T of Attack + 5 0
0 100 200 300 400 500 600

Nominal Orbit Number

Fig. 5. A plot of the periapsis local solar time, minimum angle of attack and maximum angle of attack as a function of the orbit number. The nominal
limits for the angle response of the open and closed source are also shown.

3. Summary

The NM S instrument will make in-situ composition mea
surements of the major neutral gas species in the upper at-
mosphere of Mars: He, N, O, CO, N2, NO, Oy, Ar, and CO..
These data will contribute to studies of thermosphere ener-
getics, lower atmosphere dust storms, the formation of the
ionosphere and the interaction of the upper atmosphere with
the solar wind.
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