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Le Principe d’Equivalence : o |
un fait expérimental, pilier de la I?tihtiyité Générale

. Remarques :

* Ausens stricte, on teste que m, et m, ont le méme facteur de proportionnalité pour tous

les corps ; 'identite est assuree par un choix adequat de la constante G.

+ Cette equivalence peut sembler moins ¢tonnante a I'époque de Newton (une seule force
connue) que maintenant (mais Newton s’en étonne quand méme...). Par exemple la

/ . ' . \ . . .
charge electrlque n'a rien a voir avec la masse inertielle.

. Conséquence . universalité de la chute libre
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.~ MICROSCOPE prin'me<. PRI ﬂ

MICROSCOPE = 2 differential accelerometers
« SUREF = same compositions (Pt-Pt)

« SUEP = different compositions (Pt-Ti) Fondamental frequency :
Fep = Fspin + Forb

1 differential accelerometer = 2 sensors (test masses)

differential
accelerometer , (EP = Wspin + Worbit
Morbit

; ONERA
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What do we measure? Sy .

i = —[T] C@z gravity gradient

EP violation

inertial accel. and relative motion

non grav. forces including propulsion

- NG perturbations on the test mass
= dating

and sampling local gravity (satellite and the rest of the payload)

electrostatic forces on other proof mass

=>» Satellite position

+ Earth’s gravity model
+ Non gravit. model
+ Satellite attitude

= control law of
the drag-free system

=» Satellite attitude

= control law of
inertial sensors

‘ ; ONERA
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Sensor model

e sensor (test mass) k

e theoretical acceleration (input): 7(’”

: ?(k)
e measured acceleration (output):

T o4 ® e 7% 1+ G 4 Ne] g0 4 T,

/ / \ Noise
(not white!)

Biais Scale factors Test mass rotation Angular to linear

+ axis coupling acceleration coupling
(symmetric matrix)

Quadratic terms
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The differential a’c'cele?lation measured

on the x axis (in the orbital plan)

orid) =9

+ 0292 + 0,9y +0-9-

- sz + (aci3Ay + ac12A;) Sy, + aci12AySyy + aci3ALS,,
+ (—aci3Ay, + aty + 20— (AY — 2ac13A, + 2 )Qy + (Ay — 2ac12A, + 2 )Qz

+ 2(—@613Ay + CLClgAz)Qx — — 2a012Ax)Qz

- Am,inst - Ay,inst -

+ 2 (adllf‘gf) + adlgféc) + adlgl“gc))
2 2
ri — r —
e ) -t

estimated by calibrati
observed or/and computéd

g=810"S

Eotvos parameter

Symmetric part of gravity and inertial gradient
with unknown off-centering A
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P

m
A (ﬁ) =107 =2 Ay =10"%g~810"1°> ms™2
i

= 4 millions d’années pour passer de 0 a 1 m/s (marche lente)
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The gravity grad.'ient |

£

- The gravity gradient signal is @ 2 Fep (+ other small
harmonics)

- The spin frequency Fspin and the duration of the sessions
are chosen such that the main gravity gradient signal and
the EP violation signal are orthogonal

2 Fep

1e-10 B . Erom a simulation (no accelerometer noise)
: using estimated orbit and attitude from session 176
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The in-plan (orbital) components of the off-centering AX and Az can be
estimated very accurately thanks to the very clear;2 Fep harmonic |

)

ol

acceleration (ms
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How do we deal with gfaviK o

-

ICROSCOPE mission
products (CNES)

Gravity acceleration and gradient
Instrument Reference Frame

\

Attitude
+ internal rotations

/

Results
Public scientific

products

i

Satellite position Gravity acceleration and gradient
J2000 Reference Frame J2000 Reference Frame
J2000 to Earth rotation Earth to J2000 rotation

(IERS conventions) (IERS conventions)

Satellite position Gravity acceleration and gradient

Earth Reference Frame Earth Reference Frame

\ Earth’s gravity /
potential model

; ONERA
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How to h'a'r}.dle the differential signal ?

Typical equation to solve :

Design matrix A observations Y
. A . A
g(t) Tu(t) T=(4) S Ay:(1)
L ﬁx = ' =) X=(ATPA)'A"PY
Z
. ) : . P : weight matrix =
aty) Tu(ty) T=(ty) A]/x(tN) inverse of the covariance
~ “ parameters X / matrix

Difficulties :

- P non diagonale for non white noise
- Covariance matrix difficult to know accurately

- Even if known, problem of inversion (typical dimension = 1 000 000)

S Observatoi ONERA
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Methods for analyses S . | “ﬂ

. 2 techniques :
1. Estimation in the time domain

Coloured noise = mandatory to use a non diagonal weighting

Kalman-AR Model Analysis (Baghi et. al., Phys. Rev. D,
91(062003), 2015.

Expectation-Conditional Maximization (Baghi et. al., Phys. Rev. D,
93(122007), 2016.

An other method (MCMC-Hammer) is under investigation by H.
Inchauspé (ONERA)

2. Estimation in the frequency domain
Allows diagonal weighting (the weight is related to the PSD)

Uses the fact that the impact of each parameter is well localised in
the frequency domain

Ybservatoi ONERA
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Analysis in the Fouriér;dor@n i
. | ' \\.
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Analysis in the Fouriér;dor@n i

J

The optimal weighting is directly linked to the PSD

fft observable avant retrait des parametres estimes

fft observable apres retrait des parametres estimes

———  psd avant retrait des parametres estimes

1le-08

———  psd apres retrait des parametres estimes

le-09

le-10

le-11

le-12

le-13

le-14

le-15

le-16%
e-10%6 1e-05 0.0001 0.001 0.01 0.1 1 10
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Calibrafibns of o.l'iffer‘enotial;“liqsar, 'responses

v | \

- The goal is to characterize the difference of response (scale factors,
alignments, coupling) of the 2 masses to a same excitation : ad17j
coefficients

-  The excitation is @ a well chosen frequency (Fcal = 73/10 Forb) and along
1 axis at the same time

-«  The responses are observed on the most sensitive axis X

FFT Acceleration X,scaa Y =2 X cou pling
NOc_178_CAL tetadZDFIS2_01_SUREF
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SUEP : évolution des’féctea.;@'d"écr!elle
: \ \

v |

—o—K1dx TSU ——TFEEU Corrélation avec la Température
9.60E-03 35 .
Hors points chauds, Kd stable et les
9.40E-03 L 30 variations toujours dans I’enveloppe
de spec sur 1 an.
9.20E-03 o
: ; - 25 <.
9.00E-03 Essais ther m:queL \ & Estimée en vol toujours dans la spec.
o >
§ 8.80E-03 A - 209
. // \\\\ 5
> - w
£ 8.60E-03 - 1 V¥/ R
-4
8.40E-03 — N\ L
\__—/\/—_/- \/-7 L 10 5
8.20E-03 — -
\_____./"\N e — |
8.00E-03 o Pour ces points, une correction
de la dérive de biais (ordre 1)
780E'03 T T T T T T T T T T T T 0 préalable-
208 216 232 246 250 264 312 318 324 330 400 422 436 444

1¢r semestre 2017 er semestre 2018

$ SUEP et SUREF ON

Specification = +/-
1,5%10+
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SUEP: me,s-align'emer’lt;des.l;‘nasses d’épreuve
, o

»

Pas de lien évident avec la température

Les mes-alignements sont stables sur toute la mission : écart max < 30 pyrad pour une spec a +/- 50urad

-2.10E-04

—4=—ThedadZ

—4—TSU ~—@—TFEEU

220
-2.20E-04

244 262 354 426

-2.30E-04

-2.40E-04

-2.50E-04

ThetadZ

—

-2.60E-04

N
A

1

-2.70E-04
/

-2.80E-04

m—

(/

-2.90E-04

40

35

30

25

20

15

10

Température SU et FEEU

17 - CNFGG - 21-02-2018

—4—ThedadY —e—TSU —m—TFEEU
1.60E-04 35
1.50E-04 ’ - 30 -
S8}
- 25 &
1.40E-04 =
> / / L 20 =2
- (7]
£ 130e04 N | ] o
F / S5 2
1.20E-04 @
>— - 10 &
()]
1.10E-04 5 F
1.00E-04 x x ] . 0
222 242 258 352 424
ONERA

€D Qusatoie

THE FRENCH AEROSPACE LAB



o171
172
vy 173
o 174

b 176

) 178
L 179
! 180
b 181
b 182
y 183
) 184

2017-02-13T13:59:55.846867

205
206
207
208
209
210
211
212
213
214
215
216

220
221
222
223
224
225
226

2017-01-18T14:22:59.978006
2017-01-18T16:03:22.968294
2017-01-19T00:25:49.137973
2017-01-19T05:30:59.159261

2017-01-27T714:13:07.942964

3944 NO_ECLIPSE_NO_LUNE 1 1.01295 E 0.9 0.9 6808.7 6826.2
CAL_K1dxDFIS2_01_SUREF| 3945 NO_ECLIPSE_NO_LUNE 1 5.07000 E 4.7 5.6 6804 6820.6
3950 NO_ECLIPSE_NO_LUNE 1 3.07939 E 2.5 2.5 6801.2 6818
EPR_V2DFIS2_01_SUREF| 3953 NO_ECLIPSE_NO_LUNE 1 120.00000 E 81.1 67.5 6720 6750.3
15 4073 NO ECLIPSE NO LUNE 1 151531 E 1 06 6719 6749 6
EPR_V2DFIS2_01_SUREF| 4074 NO_ECLIPSE_NO_LUNE 1 82.00000 E 56 48.4 6662.9 6701
739715 — 4156 NO_ECHPSE-NO_tONE—— 1+ 2.57703 15 8 Z 6661 6659
2017-02-02T09:54:42.094912 CAL_tetadZDFIS2_01_SUREF| 4159 NO_ECLIPSE_NO_LUNE 1 5.07000 E 3.1 2.8 6657.8 6696.2
4164 NO_ECLIPSE_NO_LUNE 1 1.01295 E 0.6 0.7 6657.2 6695.5
CAL_tetadYDFIS2_01_SUREF| 4165 NO_ECLIPSE_NO_LUNE 1 5.07000 E 2.6 3.1 6654.6 6692.4
4170 NO_ECLIPSE_NO_LUNE 1 1.18063 E 3.9 3.6 6650.5 6688.3
CAL_deltaYDFIS2_01_SUREF| 4171 NO_ECLIPSE_NO_LUNE 1 5.07000 E 13.2 13.5 6637.1 6674.5
4176 NO_ECLIPSE_NO_LUNE 1 1.18365 E 0.4 0.6 6636.6 6673.8
CAL_K21xx_02_SUREF| 4178 NO_ECLIPSE_NO_LUNE 1 10.00000 E 5.1 5.3 6631.4 6668.5

2017-02-02718:17:08.262799
2017-02-02T719:57:31.253445
2017-02-03T04:19:57.421332
2017-02-03T06:16:57.435594
2017-02-03T14:39:23.605273
2017-02-03T16:36:41.576425

dateDebut

2017-02-13T715:40:18.833216
2017-02-14T00:02:44.983178
2017-02-14701:43:07.970959
2017-02-14T10:05:34.128091
2017-02-14715:10:44.141758
2017-02-18T01:45:43.539435
2017-02-18T04:15:53.554441
2017-02-23T09:55:00.000000
2017-02-23709:55:00.000000
2017-02-27T16:00:00.028541
2017-02-27717:40:23.014532

2017-02-28707:07:59.169132

2017-03-08T17:35:20.494387
2017-03-09T01:57:46.642557
2017-03-09703:38:09.628548
2017-03-09T12:00:35.776718
2017-03-09T13:57:35.785554
2017-03-09T22:20:01.933724
2017-03-10T00:17:19.958477
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n nomFiche n o _ -
1 NVIHEONINEmer P
4321 NO_ECLIPSE_NO_LUNE 2 1.01295 E 0.7 1 1 6587 6622.4
CAL_K1dxDFIS1_01_SUEP| 4322 NO_ECLIPSE_NO_LUNE 2 5.07000 E 4 3.7 6582.9 6618.5
4327 NO_ECLIPSE_NO_LUNE 2 1.01295 E 0.5 0.6 6582.5 6617.9
CAL_K1dxDFIS2_01_SUEP| 4328 NO_ECLIPSE_NO_LUNE 2 5.07000 E 2.9 33 6579.4 6614.3
4333 NO_ECLIPSE_NO_LUNE 2 3.07939 E 10 9.3 6569.1 6604.9
EPR_V3DFIS2_01_SUEP| 4337 NO_ECLIPSE_NO_LUNE 2 50.00000 E 176 151.3 6392.6 6453.3
4387 NO_ECLIPSE_NO_LUNE 2 1.51531 El 5.4 4.2 6386.9 6448.7
EPR_V3DFIS2_01_SUEP| 4388 NO_ECLIPSE_NO_LUNE 2 76.07591 El 263.5 235.1 6123.1 6213.3
4464 NO_ECLIPSE_NO_LUNE 0 0.00000 E 0 0 6123.1 6213.3
TSNA| 4464 NO_ECLIPSE_NO_LUNE 0 61.80639 E 0 33 6122.9 6209.7 Rep
4526 NO_ECLIPSE_NO_LUNE 2 1.01295 E 13 11 6121.7 6207.8
CAL_K1dxDFIS2_01_SUEP| 4527 NO_ECLIPSE_NO_LUNE 2 5.07000 E 49 8.3 6116.9 6199.3
NO_ECLIPSE_NO_LUNE 2 3.07939 E
EPR_V3DFIS2_01_SUEP NO_ECLIPSE_NO_LUNE 2 120.00000 E

CAL_tetadZDFIS2_01_SUEP

CAL_tetadYDFIS2_01_SUEP

CAL_deltaYDFIS2_01_SUEP

CAL_K21xx_02_SUEP

NO_ECLIPSE_NO_LUNE
NO_ECLIPSE_NO_LUNE
NO_ECLIPSE_NO_LUNE
NO_ECLIPSE_NO_LUNE
NO_ECLIPSE_NO_LUNE
NO_ECLIPSE_NO_LUNE
NO_ECLIPSE_NO_LUNE

NN N NN

5.07000
1.01295
5.07000
1.18063
5.07000
1.18366
5.07000

immmmMmQmmm

3.9
0.8
3.6
2.9
11.9
0.4
3.3

Qa) Aenetire

7.9
1.4
8.3
4
15.7
1.6
7.3

5688.3




First results

Gravitational gradient effect:
due to an offcentring of the
test-mass as thin as the tenth of a hair!

EP accelerometer / \ REF accelerometer
- e f—eer—y 10— ———r

T T T T T T T

- v e ereeeey v
I — Raw data

PSD [ms_2/ Hz]

10’14 " 1 saaaal n sl i TR " A4 10_ " L4 " s el " s el N MR n MR
10° 10 103 102 10? 10° 10° 10" 103 102 10* 10°
Frequency [Hz] Frequency [Hz]
fep =3.11 x 1073 Hz fep =0.93 x 1073 Hz

7 . ONERA
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First results

EP accelerometer Consistent with zero,
Parameter Unit Estimation| Precision Accuracy
1L, Pt) 105 |{_1.0 9 9
Az | pm 20.1 0.04 0.1
Ay | wm | gy 0.2 0.2
A, | km 5.6 0.04 0.1
REF accelerometer
Parameter Unit Estimation| Precision Accuracy
5(Pt,Pt)| 10-15 || +4 4 TBD |
Ay | pm 35 0.02 0.1
Ay | pm 5.9 0.06 0.2
A pum Pierre Touboul et al.
z +5.5 0.02 0.1 Phys. Rev. Lett. 119, 231101

S Observatoi ONERA
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FIRST RESULTS

week ending

PRL 119, 231101 (2017) PHYSICAL REVIEW LETTERS 8 DECEMBER 2017

S

MICROSCOPE Mission: First Results of a Space Test of the Equivalence Principle

Pierre Touboul,"” Gilles Métris,>" Manuel Rodrigucs,l‘i Yves André,’ Quentin Baghi,2 Joél Bcrgé,l Damien Boulangcr,1
Stefanie Br(:mcr,4 Patrice Carlc,1 Ratana Chhun,1 Bruno Christophc:,l Valerio Cipolla,3 Thibault Damour,5 Pascale Danto,3
Hansjoerg Dittus,® Pierre Fayct,7 Bernard Foulon,' Claude Gagcam,1 Pierre-Yves Guidotti,” Daniel Hagcdom,8
Emilie Hardy,' Phuong-Anh Huynh,l Henri Inchauspc,1 Patrick Kayser,' Stéphanie Lala,' Claus Limmerzahl,*
Vincent chat,l Pierre I_)cscur,1 Francoise Liorzou,l Meike List,4 Frank Lﬁfﬂcr,8 Isabelle Panct,9 Benjamin Pouilloux,3
Pascal Pricur,3 Alexandre Rcbray,1 Serge Rcynaud,10 Benny Ricvcrs,4 Alain Robcrt,3 Hanns Sclig,4 Laura Scrron,2
Timothy Sumner,'" Nicolas Tanguy,l and Pieter Visser'?
lONERA, chemin de la Huniére, BP 80100, F-91123 Palaiseau Cedex, France
2Université Cote d "Azur, Observatoire de la Cote d’Azur, CNRS, IRD, Géoazur,

250 Avenue Albert Einstein, F-06560 Valbonne, France
*CNES, 18 Avenue Edouard Belin, F-31401 Toulouse, France
‘ZARM, Center of Applied Space Technology and Microgravity, University of Bremen,

Am Fallturm, D-28359 Bremen, Germany
5IHES, Institut des Hautes Etudes Scientifiques, 35 route de Chartres, F-91440 Bures-sur-Yvette, France
®DLR, Koln Headquarters, Linder Hohe, 51147 Kiln, Germany
"LPTENS, Ecole Normale Supérieure (PSL Research University), 24 Rue Lhomond, 75231 Paris Cedex 05, France
PTB, Physikalisch-Technische Bundesanstalt, Bundesallee 100, 38116 Braunschweig, Germany
°IGN, Institut Géographique National, 73 Avenue de Paris, F-94160 Saint Mandé, France
Laboratoire Kastler Brossel, UPMC-Sorbonne Université, CNRS,

ENS-PSL Research University, Collége de France, F-75005 Paris, France
""Blackett Laboratory, Imperial College London, United Kingdom
12Faculty of Aerospace Engineering, Delft University of Technology, Kluyverweg 1, 2629 HS Delft, The Netherlands
(Received 12 May 2017; revised manuscript received 20 September 2017; published 4 December 2017)

According to the weak equivalence principle, all bodies should fall at the same rate in a gravitational
field. The MICROSCOPE satellite, launched in April 2016, aims to test its validity at the 107! precision
level, by measuring the force required to maintain two test masses (of titanium and platinum alloys) exactly
in the same orbit. A nonvanishing result would correspond to a violation of the equivalence principle, or to
the discovery of a new long-range force. Analysis of the first data gives &(Ti, Pt) = [—1 £ 9(stat) £
9(syst)] x 10713 (1o statistical uncertainty) for the titanium-platinum E6tvos parameter characterizing the
relative difference in their free-fall accelerations.

DOI: 10.1103/PhysRevLett.119.231101
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Conséquences de ces préﬁi{e\rs resultats

i .

<O

- Contrainte des parametres d’'un potentiel de Yukawa et des
constantes de couplage du dilaton (Bergé et al soumis a PRL)

- Contrainte sur “A new long-range force from an extra u(1)” (P.
Fayet, soumis a PhysRevD)

- Contrainte du modéle caméléon (these de Martin Pernot-Borras)

. Al-Pt
Be-Al

Be-Ti
I Pt - Ti (MICROSCOPE)

72t

—  MICROSCOPE

- Eot-Wash08
1077H ... Eot-washgo
<+ UR

-4t

10

-12 T L L L L
101 10° 10! 102 10° 10% 10° 10° 107 10% 10° ~4 -2 0 2
ATm1 drd, [1071°]
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Les sessions de test du P'rfTN‘\ipe d’Equivalence

\Q>~OSCOPE

. SUEP : 19 sessions, 1518 - SUREF : 6 sessions, 616

orbites| | orbites | ]
I e [ s | 2| S
256

5 120 | 5 2 120 120 o,
6 326 102 DFV:3ISZ 3 174 120 DFV:2|32
7 358 92  .8e 3 176 82 7,
9 402 20 o, 6 294 94 g
9 404 120 %, 8 376 80 i
o 406 20 o V. 8 380 120

10 430 16 oF s
10 438 40 O s

V2

10 442 40 DF : 1S2

DEC

heervata
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Acce i Acceleration X,scaa
74_EPR_V2DFIS2_01_SUREF NOc_176_EPR_V2DFIS2_01_SUREF
1 1 1

-3.525e-07

N

| | | . | L
4e+05 6e+05 8e+05 2e+05 3e+05 4e+05 Se+05
Time (seconds) Time (seconds)

Micro-debris
impact

Filtered data (running average) Leap

Ybservatoi ONERA
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v

Acceleration X,scaa Acceleration X,scaa
_ _ NOc_174_EPR_V2DFIS2_01_SUREF _ NOc_174_EPR_V2DFIS2_01_SUREF _
1e-09 g+ le-09 g——HHH————+H-HH——— - —
g i i i i : i i i i i
[ | | | ] B I | | | |
le-10 & i i i i le-10 = i i i [ i
E i i i i E i i i I I
E i i i i = i i i I I
- i i i i - i i i I I
le-11 i i i i le-11 i i i i |
g i i i i g i i i [
r i i i i o i i I I
o N i i i i o~ N i i ! I
Yy le-12 i ! E i Yy le-l2 i E E E
g g i ! i i ) i i i i
o - i i i i = R i i I I
2 le-131 i ! ! ! S le13L i i i i
g g | i g g ! | |
2 F i i 9 F i ) i
3 r i i i 3 r i
3 le-14 = : : : 2 le-14 3 : .
C ] 1 ] C 1 |
u i i i u i i b i
le-15 ; ; ; le-15 ! ! 'NMMW :
E i i i } E i i ’ i
C ! ! ! L C ! ! ! ! !
le-16 & i 5 5 i le-16 & 5 5 5 5 5
E i i i i 3 i i i i i
£ i i i i £ i i i I I
i i i i 1 1 IIIIIIi 1 1Lt 1 ]7_ 1 1 lllllli 1 1 IIIIIIi 1 1 IIIIIli 1 |- Illli 1 1 IIIIIIi
1_17 1 L1 111l 1 L1ty 1 | _
“Ye0s 0.0001 0.001 0.01 0.1 “Ye0s 0.0001 0.001 0.01 0.1 1
Frequency (Hz) Frequency (Hz)

These harmonics were expected!

I + We estimate and subtract a low frequency tendency (third order polynomial in time domain) I

" Observato ONERA
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Numerous crackles are el

Acceleration X,scaa
- NOc_176_EPR_V2DFIS2_01_SUREF

JORIN) PSS

—

MRnnnnnEnEnnnnnnnnnnnEnnnn Iy

—

(.

!
— SUREF/IS1/AccelerationXscaa.b

—— SUREF/IS2/AccelerationXscaa.b
—— running average de SUREF/IS1/4
—— running average de SUREF/IS2//
—— running average de la demi-differ

—— demi difference

(_ sur) uoneIa[aode
z

S5e+05

Time (seconds)
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Micros debris impacts ' S

Acceleration X,scaa
Session_120_EPR_V2DFIS2_01_SUREF

Acceleration X,scaa
Session_120_EPR_V2DFIS2_01_SUREF ,
| | i

4607 | :

r i i —‘ demi difference 2e-07 - i E E i — ciemi differencei I
i i —— running average de la | | ! : ! :
2071 | | @ - -
o 0f : 2 2 — Yy ! : : é E 2
g : 2 2 £ i ! : : é E D
= - ! ! g 1 B i i i i i i
g . i i g 2007 i : | 5 5 |
5 2007 i i i 7 o% i i E i i i
[~ ' ? | ) @
4e-07 i i 3 < AT i i i i i
-6e-07 — i i ; 7 60-07 - i E E E E E -
i i i L | I | | | L | | | | |
5 : % l g : ™ l g : 6e+105 ' ot 3.1304e+05  3.1306e+05 3.1§§§fe+(osse conffs 1)31e+05 3.1312e+05  3.1314e+05
Time (seconds)
* Not fully absorbed by the drag-free system (as for cracks)
* The two masses respond differently
» Alternatives :
1. Usingasitis
2. Masking and inpainting
3. Modelling (empirical or transfer functions)
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Acceleration X,scaa
Session_120_EPR_V2DFIS2_01_SUREF

Acceleration X,scaa

. : i : i . i . : i : i , i v v NOc_120_EPR_V2DFIS2_01_SUREF v _
' i i i i i i E T e S S
j i i . ! ! , S| i i i i i i T
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-3.40e-U7 i i i i | —— running average de la - : . ; H ; ; ; HIE
i i i i i ! e dverage & Zoom on filtered data : | | !
! ! ! ! ! ! | i 4 -3.526e-07 (- k ! ! i ]
! E i i i i ! ' " (runnfng average) | ! .
| i ! v i i
3.50-07 | i ' ' | i 5 5 5 : 5 5
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] A i i i ; i i i
= i i i i i i [
o b2 ! ! ! ! ! !
g | - i i i i [
& -3.55e-07 ; i i . i | 5
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! ! ! ! ! ! ! ! ! ! ! ! ! ! !
| i i i i i i | | -3.534e-07 : : : : : : =
i i i i i i i i i i i i i i i
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* Unknown origin
« A non negligible amount of data must be skipped

* We have to accumulate separate segments

S Observatoi ONERA
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La Géodésie avec MIéROS‘G‘QEE e

4

- Gradiométrie :
2 accélérometres sépares de 17 cm =» petit gradiometre
Moins performant que GOCE mais altitude différente

C’était un des objectif secondaire de MICROSCOPE mais les
alertes sur SU-REF ont conduit a limiter son utilisation

Seulement quelques sessions (récentes)

« Aéronomie:

Un accélérometre (non drag-free) mesure les gradients (gravité et
inertie) mais aussi les forces non-gravi (PRSD et drag)

Contributions essentielles de CHAMP, GRACE, GOCE

MICROSCOPE est a une altitude différente, ou on a peu de
données =» tres intéressant
Jusqu’a présent MICROSCOPE était en mode drag-free

Apres la fin des tests EP, plusieurs mois de mesures (sans DF)
seront dédiés a I'aéronomie.

% ; ONERA
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