ACT PROJECT HIGHLIGHT
MODULAR LASER ARCHITECTURE FOR LASER-

COOLED QUANTUM SENSORS AND ATOMIC CLOCKS

TECHNOLOGY

OVERVIEW

This project will develop a high-performance
laser system with low size, weight, power, and
cost for cesium-based atom interferometery
used in quantum remote sensing. Currently,
spaceborne quantum gravity gradiometry (QGG)
is limited by the lack of suitable frequency-
stabilized lasers that can withstand the rigors of
space flight while meeting the high-performance
requirements for light-pulse atom interferometry
(LPAI). This laser system will be able to support
a wide variety of cold-atom-based quantum
sensors and atomic clocks.

The global mapping of Earth’s gravitational
field with high spatial and temporal resolution

is of key importance for understanding dynamic
processes related to climate change, the
hydrologic cycle and water storage, ice sheets,
and physical processes in the Earth’s crust

and interior. Cold atom interferometers offer
numerous potential benefits over existing remote
gravity sensors like GRACE-FO in terms of
sensitivity, stability, and higher absolute accuracy,
and they require only a single spacecraft for the
measurement.
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This project will simplify the integration

of frequency-stabilized lasers into atom
interferometers and other quantum sensors by
developing low-SWaP, function-specific modules
that combine a micro-optical package with all
supporting fiber optics and electronics necessary
for operation. Laser system performance goals
include: output optical power > 60 m\W per
channel; long term frequency instability < 10
kHz; system volume < 8 L; electrical power
consumption < 30 W.

ADVANCEMENTS:

+ The high-level architecture for the laser
system will be developed through system
modeling and laboratory bench studies.

A laser system prototype will be

designed, built, and tested that can output
the 780 nm light required for the Rb atom
interferometer. Micro-optical components,
fiber-optics, and photonic integrated circuits
will be utilized to reduce the volume of the
electro-optics packages while substantially
improving their environmental robustness and
manufacturability.

A modular architecture will enable easy
configuration for a variety of measurement
strategies and will allow much faster
development of future space-based LPAI
systems.
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This project is managed under the Advanced Component
e Technology (ACT) program. For more information, please

e visit esto.nasa.gov.

EARTH SCIENCE TECHNOLOGY OFFICE




