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CONTEXT AND OBJECTIVES
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O Cold atom interferometry

O Quantum simulation

O Quantum metrology
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A Cold atoms (T~pK) are free-falling under vacuum.

A Acceleration is measured by imprinting the phase of a laser on the atomic
wavepackets at 3 different times.

| Cold Atoms Matter—WTe Opiics Detection
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n Cold atoms: high sensitivity, high accuracy, high stability

» Joint Laboratory (Inertial Quantum Sensors for Position and
Navigation) rrm——
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i Institutd 0 Op t 1atpm mterferometry

i IXBlue: optical gyroscopes, photonics and inertial
navigation
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Applications
A Land and sea mapping
A Space
A Geophysics survey
A Defense
A Autonomous vehicle
Advantages

A Autonomous system
A Higher resolution than GNSS
A Orientation and velocity information
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A Autonomous and quiet
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U Bias free accelerometer
U Ultra high performance
iXAL A5 iXAL A7
Low performances Average High performance Very High iXAtom
Consumer market. performances. Navigation class performance.
Military / Spatial
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|deal platform to tackle three main
challenges of strapdown cold
atom sensors:

U Multl-axis measurement
U Vibrations
U Rotations 10
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REAL TIME COMPENSATION OF
VIBRATIONS AND ROTATIONS



LE HYBRIDIZATION

universite
*BORDEAUX

| | — acg tamac |

Increase dynamic
range and bandwidth

—— AQG, Talence

— —— FGS5, Larzac

Mechanical
accelerometer

10° 10° 10* 10

Correct slow

V. Menoret et al, Sci. Rep 8,12300
(2018)
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C Rotation rate measurement
with
Fiber-Optics Gyroscopes

C Real-time correction (FPGA) of
the mirror orientation with a
piezo tip -tilt stage
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3 D'STRAPDOWNO ATOM
ACCELEROMETER FOR GRAVITY
MAPPING/MATCHING
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i Alternative measurement of the  three axes (q,,,~ 45° with the
vertical) and the norm of the vector | gl

a T1lt of the experiment is drifting d g6nrad over 10 hours

100

Allan deviation (ng)

U Simultaneous measurement
possible
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GRAVITY MAPPING WITH A BIASLESS ACCELEROMETER
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-GNSS signal provides direct position information with a position
(white) noise,  "Q (W W )
- Initial gravity map EGM2008 characterized by an error standard

deviation ,, j and a correlation length 0

O ¢&n , ¢ MWOa ., s UL €

e 0 p QA | , P& VO
10-3 ”1 D 1 I 2 . 3 . 4 I 5
107 10 10 10 10 10 10
7 (8) 107 ¢ i
. . . [ —FW
U Perfect accelerometer: 370 ng with a correlati i e L Rl S —— FWBW
length of 100 m O /
R /\ ;
t_é‘i—) _ e ‘/ Best dassical navigation grade acoeleromelers<
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Goal : 500 ng (calibration improvement)

Accelergmeter bias (ug)
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Blue No Classical EGM2008 (%19)
Red Yes Classical EGM2008 (%1g)
Yellow Yes Quantum EGM2008 (%19)
Purple Yes Classical Improved map (J.19)
Green Yes Quantum Improved map (J1g)

It requires a better map to benefit from the absolute character of the quantum accelerometer
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» 3D strapdown atom interferometer: from the laboratory
to the first industrial prototype /7
. . DGA
» Proof of concepts for real time compensation of
vibrations and rotations R

» Classical/quantum sensors hybridization

n Tests on the field (onboard)

» EXploration of « not so mature » technology: atom chips,
ultra -cold atoms, 3D atom interferometry, miniaturized
laser source
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ROADMAP

2020

Bias free 3D
accelerometer
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First gyroscope gyroscope on

Starting a gyroscope

activity prototype the field
‘ ‘ Navigatiom
2023 2025 2030 2035
‘ Miniaturized _
Bias free 3D  accelerometer First Space atom
accelerometer accelerometer
on the field Space: applications s
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10" 10° 10" 102 100 10*  10°
Integration time 7(s)

U Hybrid sensor:
A High bandwidth
A Stabilityx 10 ng

A Sensitivity (long-term): P. Cheiney etal, Phys. Rev. Applied 10, 034030 (2018)
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REAL TIME COMPENSATION OF
ROTATIONS
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» Use the same beam for cooling and the
Raman atom interferometer along the 3

aXeS

» Compact sensor head using state of the
art technology
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