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STEP : THE MICROSCOPE ORIGINS

� Pr. Francis Everitt : PI of GPB & STEP had been gathering US & European teams in 

the late 90’s => but no mission came up in NASA nor in ESA

� Stanford University : test of EP with 10-18 accuracy based on GPB technology

MICROSCOPE 
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STEP MISSION AND ACCELEROMETER (Cryogenic tech., 

SQUIDS, Superfluid He, supraconducting test-masses)
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Prototype tested in ONERA



The « free-fall » test in space with MICROSCOPE

resolution objective on δ : 10-15

g

Impossibile v isualizzare l'immagine. La memoria del computer potrebbe essere insufficiente per aprire l'immagine  
oppure l'immagine potrebbe essere danneggiata. Riavviare il computer e aprire di nuovo il file. Se v iene visualizzata di  
nuovo la x rossa, potrebbe essere necessario eliminare l'immagine e inserirla di nuovo.
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2 double accelerometers for the test

2 similar instruments  on board which comprise each 2 concentric test-masses 
SUEP :   Sensor Unit with Ti / PtRh
SUREF : Sensor Unit with PtRh / PtRh

Gold coated Ti TM
PtRh or Ti
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© CNES/S. Girard, 2014Silica part realized by ultrasonic  machining
(ONERA patent). Accuracy is  2 to 5µm

PtRh

PtRh

115 mm



T-SAGE (Twin Space Accelerometer for Gravitation Experiment) –

micrometer & microvolt accuracy inherited from GOCE, GRACE 

ONERA know how

6

SensorsSensors: SU PE + SU REF: SU PE + SU REF

2 double-accelerometers

Each SU gives a TM difference of 
acceleration to femto-g level

Analog Front End Electronics Analog Front End Electronics : : 
1 FEEU for each SU1 FEEU for each SU

Low Noise voltage references 
0.2µV Hz-1/2

Low noise measurement 
pick-up <1µV Hz-1/2

Digital Interface Electronics: Digital Interface Electronics: 
2 stacked 2 stacked ICUICU

DSP + FPGA
Control loop handling 

2x 24 x 40bits signals @ 1kHz 

Science TM = 24bits @ 4Hz



The MICROSCOPE satellite
� Cold Gaz propulsion

� A space laboratory of 300kg

� 1,4 m x 1 m x 1,5 m

� Instrument in the BCU (Payload 

Thermal Cocoon Case) at the center 

of the satellite

� Sun-synchronous polar orbit @ 710 km 

� Several modes :

� Inertial fEP = orbital frequency = 1.7×10-4 Hz

� 2 rotation rates of S/C 

fEP = 0.9×10-3Hz & fEP = 3.1×10-3Hz

SAS (x3)
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© CNES / Virtual-IT 2017+ Onera 2017

OBC

Pyrsoft (x6)
Battery

MTB (x3)

ICUME

OHS (x2)

RxTx (x2)

µDPU

PCDU

RW

S-band antenna

(x2)

BCU (Payload Module)

ICUME

BCU = SU + FEEU



DRAG-FREE SATELLITE LABORATORY OF PHYSICS

�

With capabilities of stimuli production: 

� linear or angular sine accelerations,

� Test-masses displacements,

� controlled thermal heaters (Off in science mode). 
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FEEU

SU



ACCELEROMETER MEASUREMENT

Contains the Eötvös parameter
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Biais Scale factors

+ axis coupling
(symmetric matrix)

Test mass rotation

Quadratic terms

Angular to linear

acceleration coupling

Noise

(not white!)



The measure along the cylinder axis (X) = the main measure

g = 7,9 ms-2

Earth’s gravity gradients
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Eötvös parameter

Earth’s gravity gradients

with test-mass off-centering ∆ 

ad11 : Scale factor matching

Ad12 or 13 : Misalignment of 2 test-masses

+ noise



FIRST RESULTS PUBLISHED IN PRL BASED ON 2 SESSIONS
SUEP

Over 120 orbits
• Statistical noise integrated 

over 120 orbits
• Systematics evaluated with a 

majoring of SU temperature 
variations (15µK @ f )

218

From mean square fit
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SUREF

variations (15µK @ fEP)

Over 62 orbits
• Statistical noise integrated
• Systematics evaluated after 

PRL (TBC) with a majoring of 
SU temperature variations 
(30µK @ fEP)

Phys. Rev. Letts. 119 231101 (2017) : No evidence of violation >  1,9×10-14

176



These 2 sessions represents 7% of available data for the EP test : 
We well detect the Earth’s gravity gradient effect but no violation…

EP accelerometer REF accelerometer

Gravity gradient effect: due to an offcentring of the test-mass (<30µm)
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fEP fEP



Effect of in-flight calibration on session 218 (SUEP)

� Time evolution of measured difference of acceleration on SUEP along X
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� Test-mass off-centering estimated through the Earth’s gravity effect at 2fEP

=> Correction of off-centering effects at fEP and 2fEP

∆x = (20.15 +/- 0.03) µm 

∆z=(-5.69 +/- 0.03) µm

Level of acceleration to be 

corrected @fEP < 3x10-17m/s²  

NEGLIGIBLE for a rotating 

satellite



Calibration of scale factor matching

�
Evaluated  during 

thermal stabilization

Operation at higher 

temperature
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• Correction useful at 10-15 level
• Temperature effect correction not needed



Calibration of misalignment matching

�

Operation at higher 

temperature
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• Correction NOT manadatory for a test at 10-15 level
• Temperature effect negligible



Thermal sensitivity measured in flight by local thermal stimuli

Thermal heaters with a 

periodic cycling

SU thermal probe 

at interface

 

ZSUPE 

XSUPE 

YSUPE 

T6 

T4 

T3 T5 

T2 

T1 

The ratio of differential 

acceleration to temperature 

variations   @ heating frequency 

=> thermal sensitivity of SU or 

FEEU

ON OFF
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During EP test, no temperature signal detected @ fEP only noise 

leading to major a systematic acceleration lower than 67×10-15m/s² 



CURENT STATUS : in 2018 less science more 

sensitivity tests & technological tests 

� 750 orbits dedicated to sensor thermic behavior and systematic check have 
been successfully performed => very promising

� From March to August 2018: SUEP is to be continuously measuring without 
switch off (for technological experiment purposes)

� In 2018 : more than 5 months of experiment dedicated to Aeronomy (Drag Free 
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� In 2018 : more than 5 months of experiment dedicated to Aeronomy (Drag Free 
Off)

� EP test data available from the beginning : 1882 orbits for SUEP and 932 orbits
for SUREF (including different temperature conditions & test-mass 
displacements) ; 300 orbits for calibration.

� End of mission : 16th of October 2018



CONCLUSION

�
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