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Overview
§ Find all the Earth-mass planets within the habitable zones of the
nearest Sun-like stars. Search the 20 nearest FGK stars for all the
planets in the habitable zones with sensitivity
down to 1-3 Earth masses.

§ Make thousands of observations during the planned 3 year mission.
§ Achieve 2 orders of magnitude improvement in astrometric precision

over ESA’s Gaia mission.
§ Leverage the interferometric pixel metrology techniques in the

calibration of silicon optical detectors - enabling ultra-high precision
astrometry.

§ Demonstrate sub-micro-arcsecond differential astrometry in a small
satellite platform for the benefit of future exo-Earth imaging missions.

"MASS" (Micro-arcsecond Astrometry Small Satellite) is an astrophysics
mission designed to produce the first survey of the habitable zone (HZ)
planets in the nearby stellar neighborhood. MASS is based on differential
astrometry (angle measurements) of a target star relative to a background
of reference stars. While both radial-velocity and transit techniques have
been successful at finding planets more generally, they have been ineffective
at reaching Earth-mass planets in the HZ of nearby Sun-like stars due to the
inherent constraints of these methods. Our astrometric approach overcomes
these limitations.

R&TD Objective:
(1) To design conceturally the MASS instrument on the Lunar
Gateway/SmallSat, (2) to study the science capabilities/erro budget for the
MASS and perform simulation of its expected science impact, and (3) to
demonstrate the key laser pixel metrology calibration technique using a large
state-of-the-art 150Mpix sCMOS detector.

Pixel Metrology
High-precision calibration of focal-plane errors uses moving fringes placed
on the detector. Each pixel’s location can be derived from the measured
phase and amplitude of the fringe at that pixel

• A commercial, 35 cm aperture, SiC 
corrected RC telescope

• 6 µas accuracy over 30 min observation
• Detector calibration pre-launch

• 2x 200W solar panels
• 110 kg total mass
• ESPA-Grande compatible
• Propulsion for station-keeping

One possible MASS target list, sorted by the number of 
hours needed to reach the targeted sensitivity depth, in 
Earth masses (MÅ), in the habitable zone. 

Relative pixel position error map in x, y directions. The color map is in pixel unit.

Large detector calibration testbed

Allan deviations of differential centroid: 
target - four reference stars.

MASS mission concept and error budget
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