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Cold atom source State prep. 3-pulse interferometer Detection

LIGHT PULSE COLD ATOMS INERTIAL SENSOR



Matter-wave inertial sensor

➫ If we have a S/N ration of 1000, the sensitivity 
of the accelerometer is (T = 1s) : 



Precision, Trueness or Accuracy and stability



Commercially available

Menoret et al. Scientific Reports 8, Article number: 12300 (2018) 



Monitoring water storage

Model

From Quantum 
Gravimeter

Rainfall



Monitoring volcano (ETNA) activity 
▪ 2800 m elevation 
▪ 2.7 km from summit craters 

Hard conditions 
▪ Volcanic tremor 
▪ Temperature changes 
▪ Difficult access in summer 
▪ No access in winter (snow) 
▪ Dedicated off-grid power supply

Magma mass (1010 kg) variations 4 km below surface



Can it work in any environment

➫ High rotation rate 
➫ Strong vibrations



How to cope with acceleration noise
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Geiger et al., Nature Comm. DOI: 10.1038/ncomms1479
Barrett, et al., New J. Phys. 17 085010 doi:10.1088/1367-2630/17/8/085010, Patent FR306314

Mirror



Navigation system

▪ Inertial
▪ Integrate acceleration and angle 

measurement
▪  Black box













Real time compensation of  tilt

• Contrast is maintained over a large range.
• Close to the horizontal, the contrast is lost due to 

the finite size of  the beam and mixing with 
parasitic interferometers.



Hybrid Quantum Accelerometer Triad

B. Canuel et al, Phys. Rev. Lett. 97, 010402 (2006)

X. Wu et al, Phys. Optica 4, 12, (2017)



Sequential interrogation sequence







Science Adv.P. Cheinet et al, Phys. Rev. App. 10, 3 (2018)



Science Adv.P. Cheinet et al, Phys. Rev. App. 10, 3 (2018)



How to cope with rotations

Rotation in the plane Ωy ≈ 5 deg/s 
• 100 % contrast loss in ≈ 10 ms 

• Limiting for navigation systems 
• Limiting for space mission in LEO 

• For 5 second interrogation time, rotation needs to be ≈ 6 10-5 deg/s (50 times than earth 
rotation) 
• Rotation compensation of retroretlecting mirror





Dynamic compensation of  rotation



Dynamic compensation of  rotation
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IS IT THE END  
OF THE STORY ?



Underwater gravity mapping



Space geodesy

Simulation of  
hydrology map 
In the GRICE scenario

CNES GRICE phase 0 study



Future compact sensors

Cheinet et al., Patent n° FR2003648 
Barret et al., Patent FR3087883





aqs.aip.org

Topics covered in AQS are diverse and reflect the most 
important subjects in quantum science:

° Quantum Materials and Devices 

° Quantum Systems and Engineering 

° Quantum Measurement, Sensing, and Metrology 

° Quantum Communications, Computing, and Simulation 

° Quantum Photonics and Optics 

° Quantum Biology

Fast facts:

https://avs.scitation.org/journal/aqs



