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Space geodesy missions and applications

Past and current gravimetry missions Hydrology (@) e e ot 2o 51 Mastrs v et Geophysics
GRACE and GRACE FO | Volcanology, geology, sismology ...
Study of Earth climate and >, PR
missions (NASA, DLR) , R
global warming consequences: o

Earthquake detected
by GRACE .

Droughts, ice melting, sea rise, ...

|||||
2 5 10 20 % 70 8 % 8 9

-10 -8 -6 -4 -2 0 2 4 6 8 10

Atom interferometry
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Electrostatic accelerometer

Rotation Impact

A satellite = a dynamical environement spinning at ) &~ 1 mrad/s

s Centimetric mass in electrostatic levitation

 Electrodes on the cage around the proof-mass —> Phaseshift and contrast loss

% Six degrees of freedom controlled by six servo-control loops For a single atom : No rotation
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Study of the effect of the mirror rotation [1][2]

Hybridisation |

The two instruments complement each other [1,4]

I 1 1
—— Raman photodiode signal
—— Angular ramp

—— Angular sinus (5Hz)
/\ —— Angular sinus (10Hz) ,
0.5 /
0.0 - P I -
-0.5
v -0.20 -0.15 -0.10 -0.05 0.00 0.05 0.10 0.15 0.20
-1.0 Acceleration (mm/s~2)

Electrostatic accelerometer (no correction)
—— Hybrid accelerometer (ES debiased by Al)
Atom accelerometer (T=20ms)

Atomic proportion in |e> Pe

Drift correction

Dead times /\ Long term drift

-
o
o
o

Angular capacitive detection (V)

2
3
° High frequency part of the ES acc.
c - |
é " : 0.00 0.02 0!04 0.06 0.08
<Atom1c accelerometeD @lectrostatm accelerometeD g e Scan of the interference fringes
¥ 01 I .« . o
§ imported from anothersetofdataI ConStraSt lOSS CapaCltlve deteCtlon PhaseShlft
S‘[abﬂity v Sensitivity ' 1E4 1E-3 001 01 1 10 100 1000 10000 of the angular position
Frequency (Hz) 1 . o [ Theoreticlal model | oo s
Frlnge 1ndex de’[ermlnatlon 1.0 _f‘q&%\ ;T ,,,,,,,,,,, ’ Experimental StUdy 0104 © Experimental data (corrected) _gl [
.. 1 1 oIS ‘ . ;
Aliasing effect removal ; Noise reduction at low frequency g o1 \ - \N . s T ) K’
2 | — Theoretical model for constant and time 8 ol LidbdTdeoet ¢
o 0.61 O Experimental data }b\\ ?) Aj: T TII | 22 I+ 4> j)
& 1 = Error bars 1o ° @ ! |
2 ] 2 -0.05 >
- S dependent rotation rates 2 o5 (Lagw, +o0m) | TRy
= . = exp(-2kZ07TQ?) \ 0Ty ==0,9%0, Lmmi/s 14}
E ® l 0_2: 0,=9,1+0,2mm/s | ~0.15 4 =—=58+5cm +—
Xp e rlm en a S e up 0.0 0.5 1.0 1.5 2.0 2.5 3.0 . . 0 1 2 3 4
Rotation rate Q(mrad/s) * Verlﬁcatlon Of Maximal rotation rate Q (mrad/s)
; , the theoretical model 004
Cold atom accelerometer o4t /\\/\ _ ! /‘\\W/\
oS 0.8 LS L \V/ 1 | ~0s o B \\V |
. I3 ¢ - .
: Electronic control bay * Fibered laser system % o 3 e, * Characterisation of E_LO "
: . = oL ' . 7 for the electrostatic accelerometer ‘s 2 ¢ . @ ]
Optical and electronical Y AR = % 4 Hz repetition rate o . i the atomic cloud N Ml A7 LUK
. ' T S A 5 @ '—0=eXp e o =-0,9 / t D
components for the atomic | 3 ey P f AN ) = Atomic sensor head * ; . Z 0 i ‘r/f =+0 61mth) s:)(3S fnin 0
accelerometer : o 74 f et — L Interrogatlon time 46 ms - | 5 0,=0,64%0,03mm a0l ; i
ye e % ' ¥ /. ~ %  1namagnetic shield Theoretical model 0| _ Theoretical model
e . . : -~ LY 00l © Experimentaldata | o o8 Py s | O Experimental data (corrected) ®
* Temperature ~ 1 puK I T T R oo o5 10 13 20 23 30 55

Vaccum chamber of the

electrostatic accelerometer * Interferometer iIlpU.t .
Vibration isolation platform ~ 1 06 7 R b atoms

Maximal rotation rate Q(mrad/s) Maximal rotation rate Q (mrad/s)

Electrostatic accelerometer

Electrostatic proof mass

< Three measurement axes also the retrorefection miror | £ Compensation of the excitation table rotation with the electrostatic proof-mass (mirror) [1,2]

% Designed to sustain vertically up to 2g acceleration
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% Possibility to detect the proof-mass position Excitation table rotation adjustable gain accelerometer rotation

* Window in the vacuum chamber for the laser beam , .
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Ideal case:  Qprivror = —Q7able

The electrostatic proof mass <—> The retro-reflexion mirror | |
Conclusions and perspectives

% Allows to characterize the cold atomic cloud
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