ACT PROJECT HIGHLIGHT
QUARREM: QUANTUM ATOMIC RYDBERG

RADIOMETER FOR EARTH MEASUREMENTS

OVERVIEW

QUARREM will advance an innovative
hyperspectral microwave radiometer concept
that utilizes quantum phenomena to achieve
state-of-art high sensitivity, low-noise, ultra-
broadband coverage with no need for RF
front-end/mixers, for a vast improvement in
size and sensitivity-to-bandwidth (4-40x) over
classical microwave radiometer systems. In this
system, the excited states of Rydberg atoms
act as a sensitive detector replacing microwave
amplifiers.

SCIENCE AREA

Microwave radiometers are invaluable for
collecting accurate, frequent data in the
Planetary Boundary Layer (PBL), providing
atmospheric temperature and humidity profiles
that are crucial components for weather
forecasting. However, new measurement
techniques with high vertical and temporal
profiling are needed to provide diurnal 3D

PBL thermodynamic properties and 2D PBL
structure to better understand the impact of PBL
processes on weather and air quality.

TECHNOLOGY

The QUARREM system replaces RF electronics in
conventional radiometers (i.e., bandpass filters,
low noise amplifiers, mixers and intermediate
frequency channelization electronics) with

a single compact atomic vapor cell sensor
integrated into a directive antenna, reducing both
component size and complexity. The proposed
quantum system aims to minimize channel
bandwidth and increase channel quantity
enabling detection sensitivity near the quantum
radiometric limit. This single atomic receiver
could adapt post-launch to resolve multiple
frequency channels, and it will self-calibrate
which enables longer integration time.

ADVANCEMENTS:

« System modeling and theory extension
will include noise contributions and verify
absolute calibration points.

Test-bench development will explore the
direct relation to temperature sounding in the
V-band, enabling architecture optimization,
optics miniaturization, and antenna
integration.

Atomic vapor cell prototyping will move
from traditional glass “vials” to integrated
titanium-glass atomic vapor cells to function
as the analog sensor.
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This project is managed under the Advanced Component
Technology (ACT) program. For more information, please
visit esto.nasa.gov.

EARTH SCIENCE TECHNOLOGY OFFICE



