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Science Goal: Answer the highest-priority investigations as 
identified by the Venus Exploration Analysis Group (VEXAG) 
I. Atmospheric Formation, Evolution, and Climate History

A. Atmospheric Formation and Evolution
1. Noble gases 
2. D/H, 15N/14N

B. Energy Balance, Super-Rotation and Greenhouse
C. Cloud and Haze Chemistry and Dynamics

II. Evolution of the Surface and Interior
A. II-A-2 is also about measuring noble gases
B. ΧΦΦ

Venus Xe(9 isotopes):
Å Depleted / Kr
Å Fractionated in mass
Å Comparative 

planetology will help 
determine the 
processes involved 
in the distribution of 
noble gases 

Science requirements were provided in a peer-
reviewed paper (Chassefiereet al., 2012):



VERITAS Mission
(Venus Emissivity, Radio Science, INSAR, Topography, and Spectroscopy)

ÅUse of LM-developed MAVEN bus
ÅType IV trajectory
Å27-month cruise, with launch in 

November 2021 in Earth-Earth-Venus 
Type IV trajectory
ÅVOI in February 2024
Å8.6 months aerobraking to achieve 

216 km orbit at 88.5° inclination
Å3-Venus cycle baseline science 

mission

ÅInstrumentation includes
ÅInterferometric synthetic aperture 

radar
ÅVenus emissivity mapper
ÅGravity science investigation
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ÅWe considered an appropriate TDO to enhance our 
VERITAS mission

Åbŀƴƻǎŀǘ ŎƻƴŦƛƎǳǊŀǘƛƻƴ ƛƴŎƭǳŘƛƴƎ Wt[Ωǎ ǉǳŀŘǊǳǇƻƭŜ 
ion trap mass spectrometer (QITMS), housekeeping 
and UHF transmitter weighing 16 kg

ÅHoused in a container on the VERITAS S/C ςZ deck

Å Released at apoapsis, during the aerobraking 
phase

Å Enters atmosphere 7 ¾ hours after deployment

Reaches a periapsis of 120 km to acquire a 
100 ml sample

Å Skips out of the atmosphere, where it transmits 
noble gas and isotope ratio targeted species data 
for 5 minutes via UHF transmitter to the VERITAS 
S/C

VERITAS TDO
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Key Technical Parameters

Mass

Flight Vehicle 14 kg MEV 

10.2 MEV deployer+ relay avionics

24.2 kg not to exceed total

Power28 vdc, ~3W supplied to heater and battery charger pre deployment

Data interface
RS422, SPC, I2C, or GPIOs for command and telemetry and SpaceWirefor high 

speed/volume data

ThermalTDO package to be thermally isolated from VERITAS

Mechanical 

interfaces

Deployeris new design for 1.25 m/s deployment velocity and 5 RPM spin

PayloadUltra-compact, quadrupole ion trap mass spectrometer (QITMS)

CubeSat 

Equipment*

¶ Radiation tolerant dual-core to 200 MIPS processor

¶ INSPIRE UHF-band radio and LGAs

¶ 150-Wh battery

Flight software

RTOS supports telecom, CMD & TLM functions, 

Disruption Tolerant Network and Science data processing
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QITMS 
Specification

Demonstrated
Performance

Required

Performance

Sensitivity 
>1015

cps/Torr
1012

cps/Torr

Mass 
resolution 

(no cooling or 
buffer gas)

ƳκҟƳ (FWHM) 
>14,000

ƳκҟƳ 
(FWHM) 
=300 @ 
130Da

Measured 
isotopic 
precision 
for noble 

gases 

мл ҉ 
(Madzunkov & 
bƛƪƻƭƛŏ2014)

млл ҉ 

Power 30 W (peak) 50 W



Linear Quadrupole 
Mass Spectrometer Array (QMSA)
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MARINE: ICCE Technology
Maturation For MS

Quadrupole Ion Trap Mass 
Spectrometer (QIT MS)

Vehicle Cabin Atmosphere 
Monitor (VCAM)

VCAM
Flight QIT MS

VCAM
Flight GC

MEMS GC
Development

Spacecraft 
Atmosphere
Monitor

Noble Gas Isotopes 
0.1% accuracy

Deployment of 
Flyby MS on ISS

Development of JPL Flight Mass Spectrometry

Prior,Current or 
Funded Flight 
Instrument

Recent Work

HEOMD / AES
Next Generation 

Life Support

Gas Chromatography (GC)
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