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Quantum Inertial Sensors: Atom accelerometers

< A disruptive technology: — Advantages & Performances:
« Ultra-cold Rb Atoms. « Stability
« Matter-Wave Interferometer. « Accuracy
« Cold atom accelerometer « Dynamics
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Main Applications:

< Earth Science:
Mapping of Earth’s gravity field from space (GRICE) and
atmosphere modelling.

— Fundamental physics:
Weak Equivalence Principle test (R&T ICE)

- Other potential applications:
Inertial navigation

Gravitational wave detection...

— Ground gravimetry:
State-of-the-art performances
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Earth dynamics and climate issues

Gravity/Geodesy

» Natural resources management
» : * Natural disasters forcast

Hydroiogy * Monitor and understand global warming Internal Geophysics
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Gravity mapping from space

Future constellations

GRACE Il (US)
NGGM (Europe)
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R&D Atom accelerometers for space
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Performances & On-board operability:

. On-board metrological performances.
. Vibrations and rotations effect study.

. Validating key technologies

Ultra-cold atomic source:
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 Laser system:

. Ultra-cold atomic sources in micro-

. Fiber telecom based laser system. _
gravity.

. Frequency doubling (MUQUANS).
q y g ( ) . Atom-chips for atom trapping and

. Qualification TRL 6. cooling.
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GRICE: Mission and Instrument Concept (Phase 0 CNES)
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*T. Léveque et al, « Gravity Field Mapping Using Laser Coupled Sensitivity : ~10 HE.HZ'UZ
Quantum Accelerometers in Space », J Geod 95, 15 (2021)
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Main results for Earth’s gravity field mapping*

— Estimate of mission performances:
Synthetic data production - taking into account the quantum instrument noise STELLAR

Specific data processing implementation
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*T. Léveque et al, « Gravity Field Mapping Using Laser C  oupled Quantum Accelerometers in Space », J Geod 95, 15 (2021).
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CARIOQA: Quantum Pat

STE-QUEST
(WEP test)
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» Main challenges for operation in space:

» Payload/Satellite inter-compatibility '
» Nadir rotation compensation
* Weightlessness operation &

» Compactness & space qualification

1_#7 « On-board performances verification GRICE
ok CARIOQA / (Space geodesy)
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CARIOQA Framework

< CARIOQA Mission statement:
« Cold Atom Rubidium Interferometer in Orbit for Quantum Acce lerometry
« Mission for demonstrating the operation of a Quantum Accelerometer on a satellite .

. Scientific data feedback: Earth’'s gravity needs validation and Thermosphere
modelling.

— Instrument guidelines :
« Atom accelerometer

« Sensitivity: <109 m.s2Hz 12
« Mass: <100 kg
« Consumption: <100 W
< Mission :
« Platform: Dedicated satellite platform
« Developement: ~ 5 years X
« Mission lifetime: 3to 5 years \‘

CARIOQA
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CARIOQA - phase 0 status

Phase 0.1 Phase 0.2

Mission requirement definition

Weightlessness specific design
Nadir rotation compensation
Sub-system definition

4 instrument scenarios

Acceleration [m/s?]

Non-gravitationnal forces modelling
Instrument noise & bias simulation
Instrument/satellite compatibility

Mission analysis

Sub-system definition

ADCS performance analyis (trade off
wheel/cold gas, gyroless/startracker, ...)

Platform layout
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Conclusion and main challenges:

-> Quantum technologies can improve the performances of space
gravimetry missions

< In-orbit payload operation:
Weightlessness specific design
Nadir rotation compensation
Payload/Satellite inter-compatibility

< TRL of the instrument:
Space Qualification
Compactness and embeddability (consumption, size)

< In-orbit performances simulation/validation:
Sensitivity/accuracy requirements determination

-> Need for a pathfinder mission : CARIOQA
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