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Objectives of the document

The aim of the present document is to define thense management of the MICROSCOPE
mission. The scientific objectives of the missioa eecalled as well as the reference scenario
of the in orbit experiment and the different tymégiata that will be available. The approach
proposed for the organisation of the scientific oamity interested in the MICROSCOPE
data processing and exploitation is described. pbkcy for the data access, use and
dissemination is also defined.

1. Overview

2.1 Scientific objectives

The MICROSCOPE mission has been proposed by ONERAilze Observatoire de la Cote
d’Azur (OCA); it has been selected in the framehaf CNES scientific programme in the field
of Space Fundamental Physics. It aims at testiag=tuivalence Principle through one of its
major consequence, the Universality of Free FalKVthat is to say the equivalence between
the inertial mass and the gravitational mass, wittaccuracy better than 19i.e. more than
two orders of magnitude better than the presergronnd experiments.

Recent laboratory experiments exploit the torsiendqulum technique and have to combat
environmental instabilities, in particular the Eagravity gradient fluctuations.

Earth-Moon laser ranging data have also been wagely lto test the Equivalence Principle but
the Sun gravity is more than one thousand timedlaenthan the Earth gravity in the vicinity
of the Earth and an improvement of the experierateebthan 10 times is not expected in the
near future. In addition, the material compositafnthe two celestial bodies may introduce
difficulty for interpretation of the results.

Since the Equivalence Principle holds a centralitioposin the theoretical formulation of
gravitation and in the characterisation of our sptime frame, it is of prime importance to
check its validity up to the extreme precision. ditetical attempts to unify gravitation with
the three other fundamental interactions (electgmetic, weak and strong) such as the string
theories lead to predict the possibility of a vimla of the Equivalence Principle at a level just
below the present experimental accuracy. Such greds need to be challenged by
experimental testing of Equivalence Principle vathetter accuracy in space.

The first measurement of a violation of the Equewale Principle might open the way to the
demonstration of a new force or a new interactibeside the electromagnetic, weak and
strong interactions), the existence of which isgdmted by many quantum theories of gravity.
It would be the first signal of a new physics beyahe Standard Model of particles. It would
thus bring into question our knowledge at the fais¥ between the field quantum theory and
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the theories of gravitation as well as their a@dlan to astrophysics and cosmology. Present
observation of dark matter and dark energy coulohtagpreted in conjunction with a potential
violation measurement.

On the other hand, if the Equivalence Principleveein the inertial mass and the gravitational
mass were to be confirmed to an accuracy of ongipa0™, this would provide an important
verification of the relativistic theories of graaiion, which postulate this principle. A
confirmation of the Equivalence Principle shouldtHier stimulate the interest in more
accurate experimental or observational data onPtb& Newtonian coefficients and would
pose strong constraints on unified models of furetatal interactions.

MICROSCOPE would then be the first attempt in sp@acsearch for direct evidence of new
gravitational phenomena before the realizationwanemore ambitious missions to complete
the understanding of a violation or to look dedp#y such a violation.

Description of the experiment :

The MICROSCOPE space experiment consists in testng accurately the universality of
free-fall of two masses made of different materialsboard a drag-free satellite in low Earth
orbit.

The core instrument is based on two ultra-sensitisi@-axis electrostatic differential
accelerometers. These accelerometers employ eimlevitation and minute motion and
attitude sensing of solid test masses in a prgciselnufactured and thermally monitored
instrument cage, at ambient temperature.

Each differential accelerometer includes two cylical and concentric test masses. The first
differential accelerometer contains two masses noadiéferent materials and is dedicated to

test the Equivalence Principle (EP). The secondoom¢ains two masses of the same material
Platinum and is used to assess the accuracy ah#dasurement and the level of systematic
errors.

The experimental procedure consists for each coaplest masses in applying electrical
potentials on electrodes surrounding them in ordewllify their relative motion on the same
orbit. The fine measurements of the applied eleaitpotentials provide the dissymmetry of
the acceleration on both test masses to followstdree trajectory while they are under the
effect of the same Earth’s gravity field.

The measurements are also used to perform theageatontrol of the stability of the satellite
attitude as well as of the orbit in such a way targntee the accuracy of the EP test. The
applied non-gravitational forces on the satelle @mpensated by the action of the eight cold
gas micro-thrusters accommodated on two facesea$placecratft.

Thus, this space experiment takes advantage afrtissturbed acceleration environment, on
board the dedicated MICROSCOPE drag-free satahid benefits from low fluctuations of
the gravity gradients: on one hand the Earth’s igyaield can be modelled with already
existing static harmonic developments and on therdtand the satellite is designed to exhibit
very weak mass deformations.
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Thus, the success of the MICROSCOPE experimenesrdlist of all on performing the
measurement of acceleration lower than 8°1@s?> and on analysing very precisely the in
orbit residual perturbations of the test mass nmatitodeduce any possible EP violation signal.

2.2 Technological objectives

MICROSCOPE will also test the limits of the techogies necessary to control the attitude
and the orbit of a drag-free satellite which ise#ding its payload from non-gravitational
perturbations (Earth and Sun radiation pressutegyspheric drag...).

These technologies are mainly based on:

e Cold gas micro thrusters providing the continuowsatnic force and torque necessary for
the satellite control.

 Star sensors associated with ultra-sensitive amgskters for the estimation of the
residual drag and the estimation of the attitudatpay and motion,

» Estimators, command laws and software for the simwcsloops corresponding to the
satellite degrees of freedom.

The production and the precise in-orbit testingsoth a drag-free satellite are obviously
necessary for the MICROSCOPE experiment but alsudatary for the preparation of future
and more ambitious space missions, especiallyari¢ihd of Fundamental Physics.

2.3 MICROSCOPE satellite and payload

The MICROSCOPE mission is developed in the framehef CNES MYRIADE micro-
satellite product line.

The payload needs to be protected from any extgmalirbation. So it is accommodated in
the internal payload case at the centre of theccliif satellite. The satellite is equipped with
solar panels sufficiently rigid after their deplognt; this configuration is well suited for the
selected heliosynchronous orbit which is prefefogdhe thermal stability of the satellite and
the payload and which also reduces the sizes ofstia panels to the benefit of their
structural rigidity (see figure 1).

The same internal payload case supports on itshgensor housings and at the middle the
electronics units. It includes also the thermaltadrhardware and provides the centring of the
proof masses with respect to the satellite spis.dkexhibits a very high mechanical stability
during the entire mission.

Beside the thermal stability, it includes a magnstiielding for the masses.

The first stage supports the electronics units iaie thermally linked to the outer radiator,
and is insulated itself from the satellite struetiny six titanium alloy blades. This anti-Sun
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radiator is protected from the Earth albedo by mecso that the thermal conditions do not
vary. The second stage which supports the two hgasand the magnetic shielding is
mechanically linked and thermally insulated frora fiist stage by six titanium alloy blades.

CGPS Micro Thruster

S-Band
antenna

Vs 1 coers
e | Tank :‘W:"I“
? \ lodule

PF radiator

Payload digital - I onditiening &
electronics ~ SE stribution Unit

On Board
Computer

Star Tracker

Launcher IiF Payload assembly radiator baffle

Figure 1. MICROSCOPE satellite internal Layout (left) andezral Layout (right)

The satellite carries four pods of two thrustensth@ attitude and the orbit control. They are

mounted on two opposite faces of the satellite Withassociated ensembles of three nitrogen
reservoirs.

The satellite payload comprises four inertial semsaperating at finely stabilised ambient
temperature. Those inertial sensors are assodgtpdirs.

One pair constitutes one differential accelerometsch is composed of three units:

* The Sensor Unit (SU) comprising two quasi cylindriand co-axial masses and two
silica instrument cores surrounding these masseth, being included in the same
instrument tight housing (see figure 2),

« The Front End Electronic Unit (FEEU) including tlwapacitive sensing of both
masses, the reference voltage sources and thegapaklectronics to generate the
electrical voltages applied on the electrodes,

* The Interface Control Unit (ICU) comprising the itlid) electronics associated to the
FEEU for the control laws of the servo-loops anel ithiterfaces to the data bus of the
satellite. The ICU includes also the power convsrémd the interfaces.
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Circuit boards

Pumping device

¥
Connectors

Base plate assembly

Test Masses

Electrode cylinders

Figure 2. T-SAGE (Twin Space Accelerometer for Gravitatiorpe&riment) gold coated tight

housings including two differential concentric itigr sensors (left); cutaway view of the concentric
sensors with the two test masses -in violet- sunded each by two silica electrode cylinders -inred

(right).

The sensors and their functional analogue eleasomust be integrated inside the instrument
highly stabilised thermal case. The electronicg isiess demanding and represents the only

interface with the satellite buses (power, TM/TC).

SU shielding

SU stage

Titanium blade
SU stage

Titanium  blade

/FEEU stage

FEEU stage

I/F with
-Xsat pannel

Figure 4: MICROSCOPE payload configuration with its magaedhield (in grey, left figure); the two

FEEUs are stacked and mounted on the bottom fadbeopayload case with the radiator on the

external face; the SUs are very well insulatedhantop.
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Each inertial sensor includes one mass made déetsd material according to theoretical and
practical criteria. The two masses of each diffeamccelerometer are monitored in order to
have exactly the same orbit. The motion of eachsnmginely measured by six capacitive
position sensors with respect to the surroundiegteddes mounted on the very steady sensor
structure. Each mass is then actively controlledhgyelectrostatic forces generated from the
electronics servo loops.

The payload is composed of two differential acaategters that can be separately switched
ON/OFF.

Each of the four inertial sensors has three opegatiodes:
« Stand By Mode (SBy),
* Position Sensing Mode (PSM),

* Acceleration Sensing Mode (ASM), with two configimas Full Range (FR) or High
Resolution (HR),

In the first mode (SBY), the sensor is poweredibutot operating. No voltage is applied on
the electrodes around the test mass but only oteiitenass (Vp at DC and detection voltage
Vd at 100kHz). No instrument science data are tratted.

In the second mode (PSM), most of the sensor el@cs is operating but the electrostatic
loops (for the test mass levitation) are not clpgkd position of the mass lying on stops is
measured. All instrument data are transmitted.

In the last mode (ASM), the sensor is nominally raipg and is delivering its data. Two
configurations allow the modification of the ingtrant full range and the associated
resolution by modifying Vp, Vd and the control laftkese changes can also be done in the
previous mode).

Before the first in-orbit switch on (and so duritige launch), the test-mass of each inertial
sensor is clamped by the Test-Mass Blocking Medmanin this configuration, the sensors

can sustain the launch accelerations and vibratibhe masses are released in orbit under
telecommand.

2.4 Mission selection process

The MICROSCOPE project has been proposed by Piemboul (ONERA) and Gilles Metris
(OCA) in answer to the CNES call for proposals @nmg scientific missions on small
satellites, on July 1997.
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The proposal was highly recommended by the Fund&hBhysics Working Group (FPWG)

of CNES. The Scientific Programme Committee of CNE®S, Comité des Programmes
Scientifiques) then recommended to undertake abiéfs study on 13 October 1998 and

confirmed the selection of the project on 9 Decenil9®9.

On 12 January 2004, the Steering Committee of tiese A Review (Revue des Exigences
Préliminaires, REP) recommended the start of tlas@liB.

On 24 June 2004, the CNES Board of Governors asttbrthe commitment of phases
B/C/DIE.

Besides the project was proposed for collaboration with E®4 responding to the ESA
flexible missions F2/F3 call for proposals in Jaiyu2000.

The involvement of ESA in the MICROSCOPE projectsvapproved by the ESA Science
Programme Committee on 11-12 October 2000 and itted ESA/CNES agreement was
signed on 21 June 2001.

In this collaboration ESA was foreseen to provitle Field Emission Electric Propulsion
(FEEP) proportional micro-thrusters.

In return, the project has been opened to Europgeaperation on the basis of the already
defined technical and scientific specifications. jint CNES/ESA announcement of
opportunity for scientific contributions to the MROSCOPE mission was released in January
2002.

A proposal from ZARM (Centre of Applied Space Teclogy and Microgravity, Bremen,
Germany) was jointly selected. As a result, co-¢senselected : Hansjorg Dittus later joined
by Claus Lammerzahl (see §2.5).

Two other proposals were submitted by M. Fehrirffggm ESA/ESTEC and by G. Balmino
and R. Biancale from GRGS (Groupe de Rechercheéeni€sie Spatiale, Toulouse, France).

The FEEP Extended Technology Experiment proposed.dyerhinger has been reconsidered
in the framework of an eventual extended missiaha@end of the nominal one.

Concerning the aeronomy proposal from G. Balmingd Bn Biancale, no objection has been
expressed by the scientific working groups (Eartbs@vation and Fundamental Physics)
except for the additional requirement of an absolusitioning. It was not considered as a
scientific priority by these groups and therefdreas not included in the nominal mission.

In February 2006, the preliminary design reviewtltd satellite was performed followed by
key points concerning the instrument, the missierfggmance and the satellite in January
2007.

The decision to enter the instrument in phase CHA3 vaken though difficulties with the
satellite electrical propulsion system were fadgNES, jointly with ESA, decided to study
alternatives for the propulsion system and finatiypcluded to use the cold gas system such as
in the Gaia ESA mission, instead of the ion projpunlsystem with FEEPs like in the Lisa
Pathfinder ESA mission.

In 2010, the MICROSCOPE project was technically dyeao be engaged in the
implementation phase, after the additional studthefsatellite definition needed by the new
selection of the micropropulsion system providedESA (cold gas system).
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The Design Review of the satellite was successfoyd in April 2011 followed by a
performance key point in November 2011 associated@elta System Design Review.

At that time, the satellite payload has been fixébe, satellite definition validated and the
mission scenario frozen (see annex 1).

Since the decision of the Board of CNES made id20@@ajor modifications concerning the
space segment and the mission had occurred, ndelyo:

e Use of a European launcher,

» Addition of a desorbitation system (to avoid cnegtspace debris)
« Change of the propulsion system and redefinitiothe satellite,

* Delays on the payload and the satellite development

* More careful consideration of the project risks.

The CNES Board validated this new configuration apdroved the implementation phase on
December the'8, 2011, together with the corresponding cost iasee

The ESA Science Programme Committee approved dstad contribution on the cold gas
micropropulsion system on June thd'2R012.

As for the situation in mid 2012, the payload iamge at the end of its qualification and many
flight model parts are already produced. The prexment of the satellite elements has started
in CNES in January 2012.

2.5 Overall management and responsibilities

The MICROSCOPE project is developed in the framthefCNES MYRIADE microsatellite
series, in cooperation with ESA and DLR.

CNES is responsible for the overall managementh@ifproject that comprises both the ground
segment and the development of the satellite.

The Principal Investigator (PI) is Pierre Toubo@cientific Director of the Physics Branch in
ONERA Palaiseau.

The co-Pl is Gilles Metris, astronomer at the Obsire de la Cote d’Azur OCA, in the

Research Unit Geoazur in Sophia Antipolis.

Hansjorg Dittus, Member of the Executive Board, @pResearch and Technology, DLR, is
co-Investigator (co-I).

Claus LAmmerzahl, Director of the Center of Apphllepace Technology and Microgravity
ZARM located at the University of Bremen, is co-I

The project is open to cooperation, including nessc New co-Is will be selected by the
SWG, on the basis of their answer to the intermaticall for proposals that will be organised
(see 84.2) .
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ONERA is prime contractor for the payload and ispansible for the development of the
ground segment of the Scientific Mission Centre &M

ONERA and Observatoire de la Cote d’Azur (OCA) asponsible for the measurement
process of the space experiment, for the missida pieocessing and analysis, for the data
validation, archiving and distribution and for tméssion scientific return.

ZARM, at the University of Bremen in Germany, cdmiites to the payload development and
to its qualification by i) developing specific tesfjuipments dedicated to perform the
operation of the MICROSCOPE accelerometer in th&kKAfree fall tower, ii) participating
to the tests and their interpretation and iii) mépg the data processing.

The German metrology laboratory PTB collaboratethéoproject by providing the test-mass
material (platinum and titanium, under DLR fundintf)e ultra-fine machining, the accurate
characterization and the metrology of the test-emss

ESA provides the Cold Gas micro thrusters and meuds, while CNES provides the
pressure regulation system.

CNES is in charge of developing the satellite platf and of conducting the integration and
the tests. It is also in charge of the Command @btentre (CCC) in CNES Toulouse and of
the Expert Centre for Drag free control (CECT, @ert’Expertise de la Compensation de
Trainée).

The CNES Project Manager takes upon the techne&sponsibility of the project. He is
supported in his tasks by a project team compoged o
« the MICROSCOPE project team for system and sa&dIGNES),

» the Cold Gas project team (ESA),
* the payload team (ONERA),
» the Science Mission Centre team (ONERA in coopanatiith OCA).

The overall supervision of the MICROSCOPE missien under the responsibility of
the MICROSCOPE Steering Committee which is the ésglevel body.

The Steering Committee meets on a regular basisotator the advancement of the project
and to solve any issues that may have emergedrticgar, it concerns:

» topics related to mission specifications and sdierabjectives,
* compromises between the scientific mission ancgezational requirements,
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* agreements concerning developments achieved inlaberatories (payload and
mission centre), including cooperative agreements,

* agreements between funding agencies,
e organisation, funding, schedule.

The Steering Committee is composed of represer&at¥ the funding agencies, CNES, ESA,
DLR, and heads of the scientific institutes ONERXCA, ZARM.

It is chaired by the CNES Programme director orafgesentative.
The Pl is invited to attend the Steering Committexetings.
Scientists from cooperating laboratories or ingtgumay also be invited by the chairperson.

The Project Manager and the PI regularly reporthto Steering Committee on the technical
and scientific status of the mission.

The CNES Fundamental Physics programme coordirddes the secretarial work for the
Steering Committee.

3 MICROSCOPE measurement principles

The success of the MICROSCOPE experiment relies on:

e the definition, the production and the in orbit gg®n of the dedicated instrument for
the comparison of the inertial accelerations of tmasses,

e the definition, the production and the operatiothaf specific satellite which controls the
instrument environment during the experiment itmteof local gravity and kinetic
acceleration field, thermal field, electromagnéietd,

e the definition and the operation of the experimpgrtcedures, not only to perform the
scientific sessions of the mission but also theorhit calibration and performance
assessment sessions.

It also relies on:

the validation of the in orbit instrument environmhe
the validation of the in orbit instrument perfornsan

e the validation of the observed signals, amplituflectuations, error budget and
confidence level according to the experiment cooia,

e the interpretations of the observed signals witipeet to the present physics and the new
theories.

The confidence on the final results depends onninaber of measurements assessed in
different experimental conditions.

Measurement sessions are already planed with atiainpointing of the satellite (inertial
mode, with two fixed orientations) or with rotat®wf the satellite pointing (spin mode, at
two different frequencies) to modulate the Eartivgy in the instrument frame.
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The scientific signals provided by the instrumemngist, for each of the four inertial sensors,
in the measurements of the six accelerations ($oacel torques) delivered by the electrostatic
actuators to maintain motionless the test massmghect to the inertial sensor frame.

In particular, the three linear accelerations cpomd to the difference of the absolute test
mass kinetic acceleration minus the applied gréfietg. If the gravity field acts identically on

the two test masses of the two inertial sensoren tthe instrument can provide the
measurement of a possible difference of cinematielaration which would be induced by a

My1 _ Mgz

non-nullity of the E6tvs parameter, i.g,=2-"1 M2 ~ M Mz my and m being the
My Mz Mg My

m; M
gravitational mass and the inertial mass respdgtif@ mass 1 and mass 2.

These scientific outputs cannot be correctly imetgrd without a fine knowledge of the
satellite orbital and attitude motion. So the measents have to be associated to the star-
sensor outputs and to the housekeeping data adrdgefree and attitude control system as
well as to thea posteriori orbit determination.

In addition, the fine behaviour of the instrumentdaits sensitivity to the on board
environment have to be accurately surveyed. Thlspra board data concerning the
instrument operation conditions have to be thorbughalysed, understood and interpreted.

So, the parameters driving the operation of theunsent and of the satellite sub-systems are
either calibrated or carefully surveyed in the eliéint conditions. The objective is to assess
the levels of the disturbances and the sensitioftghe instrument to these possible error
sources.

That is why the MICROSCOPE mission scenario (see®ad) includes:

e The nominal commissioning phase of the satellitk @frthe payload,
Preliminary tests of performance and sensitivityhi® environment,
EP test sessions in different conditions,

Calibration sessions separating the EP test session

During these sessions, the perturbations have tdetained at a sufficient low level or to be
evaluated and subtracted from the measurements.satadlite with its sub-systems, the
instrument and the in-orbit operation are thus @bl in such a way to limit the disturbing
terms:

e Thermal fluctuations,
e Magnetic environment,
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Attitude pointing,

Attitude motion,

Orbit fluctuations and drag-free control residue,
Thermo-elastic behaviour of the satellite and gedvity,

The drag free subsystem not only controls the datpfithe instrument to a null acceleration
by acting the thrusters of the propulsion systerarger to apply forces and torques, but also
contributes to recover the instrument driving pagtars during the in-flight calibration:

Linear sensitivity matrix,
Quadratic sensitivity,
Test-mass miss-centring,
Accelerometer alignments.

Obviously, the accuracy of this very important Bége sub-system must be demonstrated
during the scientific data processing of both theasurement sessions and the calibration
sessions.

Then, the acceleration measurements have ta pesteriori corrected in the ground data
processing with the results of the calibration pss and with the other environment
characterisation.

For example, the Earth’s gravity gradient accelenamust be subtracted in the data thanks to
the accurate knowledge of the orbit position legdio the fine computation of the Earth
gravity field and to the calibration of the twott@sass off-centring.

4 MICROSCOPE scientific organisation during development

4.1 Preparing the perfor mances of the mission: the Perfor mance Working Group

During the MICROSCOPE payload development assatidate the mission analysis, a
dedicated Performance Working Group (PWG) has lbeganized under the responsibility of
the Pl and the Co-PI and chaired by the CNES MICROBE performance coordinator. This
group oversees and validates the expected perfeenari the defined mission and
components.

The PWG is responsible for defining the performaresguirements of the systems and their
justification with respect to the science missiteatives, for sharing these requirements over
the various system elements, and for drawing upomptete balance of the evaluated
performances and updating it as the developmenhefsystem components proceeds. The
PWG presently validates the expected performan€dheomission through error budgets,
accepted by the MICROSCOPE teams and the diffelanéw committees of the mission
development.
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The PWG is helped in its activities by the analyaed results from all contributors to the
project.

The PWG meets every month and reports on the meagrethe performance evaluation to the
CNES Project Manager.

All current members of the Science Working GrouV(® see § 5.5) can patrticipate to the

PWG. In fact, the activities of the SWG are prelsecdrried out during the monthly meetings

of the PWG. This has led to a better efficiencyhe trade-off between the scientific interest
and the engineering constraints of this space amssind to better relationships between the
different actors.

The PWG will pursue its activities up to the Fligk¢adiness Review (FRR). After the FRR,
the PWG activities will be merged in the activitieisthe Science and Performances Group
(SPG: see § 5.7) of the Scientific Mission Centre.

4.2 Preparing the scientific exploitation: M1 CROSCOPE colloguiums and calls

MICROSCOPE colloquiums will be organized on an atriasis to inform, promote and
present the scientific developments of the MICROBE@nission.

The first MICROSCOPE colloquium has been held inER Palaiseau on September the
19", 2011. The objective of this Colloquium was to ifios the MICROSCOPE scientific
return of the mission among the other present andsaged accurate experiments in the fields
of gravitation and meteorology, and in the contexihe new extended theories of gravitation.
It was also the opportunity for the scientific coommity to be informed of the status of the
mission and to declare its interest.

The second MICROSCOPE Colloquium will be held onuay 29-30, 2013.

The objectives are to present in details the misdioe instrumentation and the experiment
and to describe the expected data as well asrgamnisation of the scientific mission centre.
The scientific community will be invited to preseheir interest and their related know-how
in the contribution to the data processing.

Before the third Colloquium in 2013/14, a call fdeas will be organised and sent to the
scientific community in order to propose dedicatedtributions. The resulting ideas will be
presented and discussed during the Colloquium.

Before the fourth Colloquium in 2014/15, a call fopposals will be organised on the basis of
the outcome of the 2013/14 Colloquium. The seleptegposals will be presented and debated
during the Colloquium. So, between Colloquium 3 dndhe scientific community will have
time to get organized and to coordinate the preggsojects efficiently.
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Two other Colloquiums foreseen before the laundhbe dedicated to the preparation of the
data processing and expected results.

The two calls (for ideas and then for proposald) k& focused on the "scientific analysis of
the MICROSCOPE data". They will be released und¢ES and ESA responsibility.

The frame of these calls is extended to the theateinterpretation of the results of the
Equivalence Principle test. It will address FrenEhropean and international scientists. The

Science Working Group (SWG, see § 4.5) will be die@prolved in the preparation of the
calls and the evaluation of the scientific propssal

5 MICROSCORPE scientific organisation during exploitation

N.B. This paragraph deals only with the scientifiganisation. The project organisation
during exploitation will be defined later.

5.1 Introduction

As previously mentioned, the test of the EquivageRcinciple to the level of 1§ requires a
thorough and reliable validation of the measuresamid of the overall performance of the
experiment. The definition of the in orbit experimed procedures, of the satellite operations
and of the instrument characteristics is now fix€de reference mission scenario is also
established to allow the realisation of the command control centre and of the scientific
mission centre.

The satellite will be operated by CNES during oearyand a half, in relation with the CECT
satellite experts and the CKi$strument experts and under the supervision ef GMS

Science and Performance Group (SPG, see 8 5.%¢figuwvhich will be involved in the data
processing and analysis.

Sessions of the scenario can be extended, replpg@siponed, modified or suppressed
according to the already obtained results and vgossible. Stringent rules must be respected

before modification of the scenario but every weblk, working scenario for the next month
will be up-dated.

The operational procedures and the preliminarydesibn of the measurements will be made
under the supervision of the Science Working Grd@WG, see 8 5.4) in order to

! CECT : Centre d’Expertise de la Compensation deriee
2 CMS : Centre de Mission Scientifique
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progressively build up the data required to gemetfag final scientific products which will be
used by the whole community.

The main logic of the scientific operations is thkowing:

e The result of the MICROSCOPE mission is based opeemental measurements
which will need numerous and repetitive validatmeriods in different environmental
conditions,

e The analysis of the measurements will require a piet@ understanding of the
instrument operation, of the experimental proceslarel of the operational conditions;
in that way, subsystem data and instrument dathhaVe to be considered in an
integrated manner for the scientific interpretation

e The reliability of the performances depends onitlserument characteristics as well as
on the satellite and system and will have to betlpiapproved by scientists and
engineers,

e The experimental results will lead or not to a atmn signal of the Equivalence
Principle, measured with an accuracy finely chamdwéd for each experimental
conditions (10° and better is expected). These results will beudised and approved
by the Science Working Group; they can then givae rio various theoretical
interpretations coming from different scientificneamunities.

e Phenomenological activities are needed to sushanrésults with respect to various
extended theories of gravitation and to envisaggtrspectives of the MICROSCOPE
experiment.

5.2 Scientific actors

The following persons and bodies are involved ia sigientific part of the MICROSCOPE
mission:

* the MICROSCOPE PI, co-Pl and co-lIs,
» the MICROSCOPE Science Working Group (SWG),

« the MICROSCOPE Performance Working Group (PWG) rdyri
development phase only.

5.3The MICROSCOPE Principal Investigator, co Principal |Investigator and co
Investigators

The PI has the following responsibilities:

e He is responsible for the overall scientific penfi@nce of the MICROSCOPE mission,

e He gives the scientific constraints necessarydbaate the mission scenario,

e He provides the inputs for the scientific programgibdf the MICROSCOPE mission
to CNES,
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e He exploits the scientific data of the mission tbge with the involved scientific
groups,

e He checks and validates the quality of the scientiita products ( N1 and N2, see
section 7) before approval by the SWG for distitruto the science community,

e He co-chairs the SWG,

e He provides the necessary and pertinent informatiaupport and stimulate the SWG
activity,

e He reports to the scientific advisory bodies of GNEFundamental Physics Group,
CERES, CPS) and of ESA (PSWG, SSAC),

e He reports to the Steering Committee,

e He supports CNES and ESA on public relations a@ti

The co-Pl assists the Pl in all these activities.

The co-Is will bring their specific and pertinexpertise for the collaboration of their team to
the MICROSCOPE data scientific exploitation.

The ZARM and DLR present co-Is are involved in ¢inieund tests of the instrument and will
contribute to the mission data analysis for thedpotion of the N1 and N2 data in cooperation
with the Pl and Co-PI group.

New Co-Is will be selected by the SWG on the bas$igheir answer to the international call
for proposals that will be organised.

Co-Is are responsible for their own funding whishguaranteed via their national funding
agencies.

The MICROSCOPE Science Working Group

The SWG acts as a focus for the interest of thensific community in order to maximize the
scientific return. This structure promotes the deldzetween the scientists interested in the
MICROSCOPE data analysis, allowing exchanges wighgroject team and discussion with
other scientific users. It coordinates the différgientific contributions.

The Science Working Group (SWG) is responsible for:

e Supervising and approving the evaluation and thielatton of the performance and of
the calibration analysis of the instrument botlgomund and in orbit,

e Selecting the proposals for the data processimgsponse to the calls,

Selecting new Co-lIs,

e Reviewing the scientific goals of the mission agular intervals in the light of the
results,

e Approving the final scientific data products todistributed to the community (see 88
data policy),

e Reviewing the organisation of the data archive,

e Promoting diffusion of the information (colloquig...
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The members of the SWG are:

The PI (ONERA) who is the Chairperson,

The co-Pl (OCA),

The ZARM co-l1 ,

The DLR co-l,

Five scientific representatives of the already saged scientific themes, i.e. General
Relativity and Gravitation, Fundamental Interactipinterdisciplinary Physics, Earth
gravity field, Aeronomy, one of them being proposscco-Chairperson by CNES,

e One European scientist representative of similacgpnissions.

Permanent guests of the SWG are:

e The CNES Fundamental Physics coordinator,
e The CMS manager,
e The CNES project manager (CNES/DCT).

The ONERA payload manager and the GEX (Group ofelispsee paragraph 5.4) chairman,
are invited to the SWG meetings when needed.

The list of the SWG members will be proposed by GN&the Steering Committee.
The SWG remains in place until the final scientgroducts are delivered to the community.

5.4 The MICROSCOPE major operational groups

To ensure the operations of the MICROSCOPE misseweral groups are constituted. The
organisation is represented in Figure 1.



Date : 07/01/2013

MIC-GP-G-9-5503-ONE ONERA )

CNES-DSP/EU-05-136

Edition 2 -21/32 T
cnes

CENTRE NATIONAL D’ETUDES SPATIALES

N N
-y =P =

Cccc CECT CcMS
Operational coordination
[ GCO [ GPOM [] 1h / week

= = =l

(<] (<]
@ : g Implementation, processing and 1st analysis
CCC Ops CECT Ops CMS Ops e B g Deily
Platform & Ground Segment Mission & Mission &
Drag—freeAmonitoring PayloadAmonitoring
; )/

< DO &

Processing and analysis, expertise
GEX SPG o
Payload environment Payload, Weekly + on request
expertise PerformancAe & Science
v

@ Mission performance and scenario supervision
Scientific exploitation
SWG Monthly + when required

Figurel: The Science Working Group (SWG), the Science and Perfor mance Group (SPG) and the
operational organization

Some groups are usual, like the Command Controtr€@CC) of the MYRIADE CNES
missions.

Other groups are specific to the MICROSCOPE mission

* The Group for Coordination of the Operations (GCO),

e The Group for Preparation of the Operations of\li&sion (GPOM),

* The Group of Experts (GEX),

« The Science and Performance Group (SPG).

The Group for Coordination of the Operations (GCO) is set in place at CNES level to
coordinate all the operational activities on theQRIOSCOPE system. It does not interact
with the SWG, but may occasionally require theipguation of a CMS expert.

The role of theGroup for Preparation of the Operations of the Misson (GPOM) is to
define the programming task (working scenario) fribra needs expressed by the SWG and
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the CMS. It validates and monitors the working scen It validates the updated flight
software payload capacity and the operational phaes to be implemented. It validates the
updated operational processing software of the @MIbits procedures. It insures the survey
of in flight operation of the payload.

The GPOM is chaired by the head of the CECT in aijpen.

The GPOM participants are the manager for the MIGROPE operations, the head of the
CECT, the head of the CMS, the CNES performancedoaator and the experts associated
with the CECT if required (including AOCS), the repentative of the SWG (the PI or his
delegate).

The Group of Experts (GEX) is in charge of proposing and conducting all thgoas to
guarantee and improve the quality of the payloadrenment, in association with th@entre

of Expertise for Compensation of Drag (CECT). The GEX, chaired by the CNES
performance coordinator, is composed of CNES egpICAA, thermal...). The GEX
benefits from the support of CNES operators for rilgtine tasks within the CECT such as
data handling, regular processing for attitude anmbit restitution, drag-free monitoring.
Payload expert from ONERA is invited to GEX whereded. Both GEX and CECT are
specific to the MICROSCOPE mission because of #rg gtrong links between the scientific
instrument and the satellite operation performahtearticular, the drag compensation and
the attitude control of the satellite require todeeply surveyed during the mission as well as
the recovery of the orbit position. Both are colain orbit through the data provided by the
instrument itself.

CECT will be responsible for interfacing betweere t6CC and the CMS for the data
exchanges, the management and the monitoring of IBAA, and the performance
monitoring of the system.

The role of the Science and Performance Group ($@tailed in paragraph 5.5, as the SPG
is closely related to the CMS (Centre de Missiore®dique). The SPG benefits from the
support of ONERA CMS operators and from CNES opamat groups in charge of routine
tasks within the CECT such as data handling, paytoanitoring.

55 The MICROSCOPE Scientific Mission Centre (CMS)

The Scientific Mission Centre is operating under shapervision of the Pl and the Co-PlI.

It insures two functions: the payload operationadtions during the mission on the one hand,
the scientific data management, processing andvanghduring and after the mission on the
other hand.
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The Scientific Mission Centre (CMYS) is responsible for:

* Ensuring all the operational functions (exchangésdata, meetings, reporting...) in
relation with the CECT to maximise the in flight esption of the MICROSCOPE
instruments;

* Managing and monitoring the T-SAGE instrument dgitime mission;

* Proposing the actual mission scenario with respedhe reference scenario: the CMS
proposes, under the supervision of the SWG, thenggd working scenario to achieve
the best scientific objectives taking into accailnat operational constraints and the limited
lifetime of the satellite;

Defining the scientific data outputs and the asded processing for survey, automatic

calibration and automatic analysis;
* Assessing the instrument operation, sensitivithheoenvironment and performances;

* Archiving and disseminating the different data e scientific community through the
process agreed on by all parties.

The scientific and technical team who is in chaojeghe CMS has the expertise of the
instrument and develops, in collaboration with @A team, dedicated scientific tools for
the data processing. For the operational aspdwdetm relies also on the ONERA internal
expertise in software engineering and control syste

During the mission and before the release of tha tathe communitythe Science and
Performance Group (SPG) will carry out the following activities for the C#with the help
of the GEX:

The supervision and the optimization of the missaperation programme, both
during the calibration sessions and the sciencesumement sessions; the SPG
informs and exchanges with the SWG,

The scientific analysis of the data and the prepardor the processing,

The scientific expertise of the experiment, of itrument, of its environment and its
sensitivity,

The processing of the data from level 0 to 1, awll 1 to 2, leading to the EP test
results,

The validation (in regard to the claimed accurao¥)the exploited data, of the
experiment environment, of the operation of all theolved systems and of the
needed assumptions and the methods used in thesgog.

The SPG interacts with the SWG to stimulate thala@tation of the data. On request of the
SWG, the SPG may complete the delivered data ofirtkeuments to fit with dedicated
scientific objectives.
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The SPG is co-chaired by the Pl and the Co-Pl, utdinated by the CMS manager. It
includes experts from ONERA, OCA and ZARM as wedl the CNES GEX chairman;
scientific members working continuously in the datacessing, from the PWG or other
teams, can be added to the SPG.

6 Dataproducts

Various types of data products will be generatethleyproject:

e Technical and scientific data products: these hesdeliverables resulting from the
mission which will be made available to the comnyiait large and which will form
the basis for scientific research and publicatiortseir nature and delivery schedule
are described in more detail in section 7,

e Scientific publications which are intended to appeahe scientific literature, having
undergone scientific validation and peer review,

e Public relation materials whose purpose is to na@inthe public at large informed of
the progress and scientific results of the missamd which are normally distributed
through the written and visual media (e.g. newspapagazines, TV..).

7 MICROSCOPE technical and scientific data

All along the orbit, each of the four inertial serswill provide six scientific measurements
corresponding to the electrostatic forces and t&scapplied to each test mass. In addition,
many other data will provide information on the eomment of the masses, on the instrument
operation and on the satellite behaviour.

All these data will be processed to different lsveaw data, level O, level 1 and level 2 data.
They are defined on the following way:

Raw data are TM data coming from the satellite to the guuwegment without any
processing.

Level O data (NO) are obtained though re-formatting of the raw d#tay are presented in
documented files, where each provided parametexpsessed in physical unit and is dated.
Complementary information coming from other elersesftthe system is delivered.

This will in particular include:

e The electrostatic forces and torques applied oh esss,

e The driving parameters of the instrument (elect®nconfiguration, geometrical
configuration...),

e The thermal environment,

e The instrument position along the orbit and itgwade,
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e The AOCS data from the attitude sensors and actyatoparticular from the cold gas
thrusters and the magneto-torquers,
All data will be properly dated.

The data will be differently organised according\i@a, NOb or NOc:

e The NOa data contain the entire formatted TM. They obtained about two hours
after each pass over an operating ground statiene tare no additional data packets to
TM. The NOa are not nominally transferred to the &Mbut may exceptionally be
required in case of urgency;

e The NOb data contain the formatted NO data, orgahand delivered to the CMS for a
period of 24H. Complementary data are also provittedurther help the mission
analysis (orbit restitution, orbit event file, lisf measuring lack). The NOb are
delivered every day;

e The NOc data contain the formatted NO data, orgahand delivered by session with
data to further help the mission analysis (fineitastitution, fine attitude restitution,
list of measuring lack). The NOc are delivered wgek

Level 1 data (N1) are derived from level O data after pre-processuity a priori known
characteristics of the space experiment and wighmteded instrumental parameters. They are
either instrumental data (when they are derivethflfevel O data coming from the payload) or
technological data when they are derived from dataing from other elements of the satellite
or of the system. They are both produced during ¢hkbration periods and the EP
measurements periods.

N1 data are obtained from CMS software to genatata that could take into account inputs
from multiple sessions (NOc) and from matriceseagisstivities and orientations corresponding
to each inertial sensor. N1 data include calibraji@rameters, acceleration and sensitivity
matrices used to produce these accelerations.

Nla data are obtained from NOc with the matriceseasfsitivities and orientations of each
inertial sensor which are established just afterdmmissioning phase.

These matrices are kept fixed throughout the misstach matrix is defined on the ground
before the launch, and they can be updated afeeintforbit commissioning and, possibly,
after the pre-testing phase if necessary. Theyaréntended to be changed according to the
different phases of calibration or of the EP measuants.

Nla data cover all the sessions for which the acatbn measurements are validated; they
are defined in order to be delivered to the sdientommunity as initial data which have not
undergone specific corrections that may give maseiscussion.

They are intended to be used for independent asadydor processing that would be biased
by the data processing made later in N1b or N1c.
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The distances between the masses are also provtisdare deduced from measurements
made during the integration before launch.

The N1b data are similar to the N1a data but irelomhtrices of sensitivities and orientations

corresponding to the latest validated calibratieasgon that has been performed before the
considered session. These data are therefore dapenn the quality and confidence attached
to the conducted calibration sessions.

N1c data are obtained from Nla data corrected mlrices of sensitivities and orientations
of each inertial sensor, which is determined frtwa tesults obtained during all the calibration
sessions, from the estimated environmental vanatiand from the understanding of the
evolution of each inertial sensor parameters.

N1b and N1c are used for the production of N2 data.
When validated, N1a, N1b and N1c data will als@ab&lable to the scientific community.

Level 2 data (N2) are derived from level 1 data by applying scient#igorithms taking into
account the fine analysis of the instrument openaéind environment. They can be used for
publications in scientific newspapers.

To reach the level 2, the first step will be to Igsa the six accelerations of each inertial
sensor around the specific frequency Fep of thetdsE corresponding to the modulation
frequency of the Earth’s gravity fields along thensitive axes of the instrument and to
characterise the noises and corrections to be made.

The perturbing accelerations will be correlated/@aoious environmental conditions (thermal,
drag-free, magnetic..).

In fact, since the expected signals will be at Wwalbwn frequencies and phases, long periods
(days or weeks) of measurements will enable tjgetien of most of the stochastic noises.

By selecting inertial mode or rotating mode of Saellite about the normal to the orbital
plane, the frequency and phase of the signal caméeged.

N2 data include measurements known as "differéntalrresponding to differences in
acceleration fields seen at the two considerednestses. These data require the estimate of
the distance between the two masses and the corregft the effect of the Earth’'s gravity
gradient tensor. They may also require other ctimes depending on the data level.

N2a data are obtained with the CMS software frona Mata for each session and from the
estimated pre-flight distances between the masses.

N2b data are derived from N1b data and from theneséd distances between the test masses:
these estimations come either from specific cdiibmnasessions or from the analyse of gravity
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gradient signal during the considered EP sessitwe. differential measurements corrected
from the gravity gradients are provided for eackheftwo accelerometers.

N2c data are derived from N1lc data, from the egtonaof the distances between the test
masses considered as optimal, from the models afitgr gradient signals and from the
understanding of the behaviour of the instrumenthwiespect to the changes in its
environment.

The results of the commissioning sessions and efp#rformance sessions of the instrument
are both exploited.

Assessments of all interfering signals considerethe measurement equation are given with
their uncertainties.

The residual signal corresponding to a possibldatian of the Equivalence Principle is
provided for each session with its statistic chimastics, taking into account comparisons
between the two accelerometers.

When validated, N2a, N2b and N2c data will als@b&lable to the scientific community.

In summary, all validated data N1 and N2 will beypded to the scientific community with
the tools and auxiliary data to transform the Natado the different levels of data.

8 TheMICROSCOPE data policy

The MICROSCOPE data policy that is defined in the pnéparagraph applies to:

The PI,

The co-Pl,

The Co-lIs,

all the MICROSCOPE Science and Performance GroBGj$nembers
all the MICROSCOPE Science Working Group (SWG) mersb
unless specified otherwise by a MICROSCOPE Ste€Cmmmittee decision.

The representatives of the cooperating groups, reesndf the SWG, will be responsible for
applying the same rules to the members of themgro

The rules will then be followed by all scientis@sving access to the MICROSCOPE data.

The MICROSCOPE data policy concerning access, ndedéssemination of the data shall
reflect the wish:

e To deliver to the scientific community scientifiesults of the highest quality within
the shortest possible delay,

e To encourage the exploitation of the data by thensiic community at large and the
publication of results as early as possible, irr pegiew publications.
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The SWG ensures that all calibrated science dataappropriate housekeeping data will be
distributed to the public after completion of thmestrument calibration and validation of the
measured accelerations under different flight coma, no later than one year after the
availability of the N2c calibrated science data.

The SPG is in charge of producing the data fiteshe archived and distributed by the CMS.

The terms of reference of SPG and SWG (includingidentiality of the data and restrictions
on publications during the validation phase) wid biven in a Letter of Agreement to be
agreed by the members of the groups.

8.1 Validation period

The validation period starts with the receptionkarth of the first MICROSCOPE data and
ends when the first coherent set of data usabpetimrm scientific analysis has been properly
calibrated and its meaning has been confirmed.

The validation of the data is pronounced by the S&@ the PI after reporting by the SPG.
During the validation period the data are not redeboutside the SPG and the SWG.

During the validation period, publications are phbles under approval by the PI and in
compliance with the data rights described in thedreof Agreement.

8.2 Diffusion period

The diffusion period starts once the validation tbe MICROSCOPE data has been
pronounced.

The MICROSCOPE scientific data are made availablehe science community at large
within a reasonable delay, less than one year.

The Scientific Mission Centre will archive and distite all the data and processing
algorithms at least during five years after the ehthe mission.

8.3 Datarights and publication policy

The liable data are those defined in paragraph 7.

CNES, as the satellite provider, and ONERA, asptindoad provider, have rights to use and
distribute data from the MICROSCOPE mission.
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The data distribution is made in agreement with EA/CNES document concerning
participation of ESA in the MICROSCOPE mission avith the rules previously expressed in
this document.

Scientific results obtained with MICROSCOPE data anade available to the scientific
community in general through publication in appra refereed journals or other established
channels of communication.

Any publication and reports using MICROSCOPE dataalls include a suitable
acknowledgement of the services afforded by the ROKSCOPE partners.

The general policy for publication is the following

e The PI shall publish within the shortest possibag the mission results concerning
the main mission objective, the EP test,

e During the validation period, preliminary resultancbe published by the PI or the
SWG members after formal approval by the PI,

e Any report or publication of results obtained frohe use of MICROSCOPE data, or
any other information from the MICROSCOPE missitialsindicate that the results
were obtained from the CNES-ESA-ONERA-CNRS/OCA MI@KRCOPE mission. In
particular, any scientific publication must at leasention in the acknowledgements
«This work was supported by the Centre NationaltuEs Spatiales (CNES). It is
based on observations made with T-SAGE instrumentiagked on MICROSCOPE
satellite». In the abstract, the words MICROSCOR#& B-SAGE must be used.

9 Public and Educational Outreach Policy

The use of the MICROSCOPE data for Public and Hitutal Outreach purposes is strongly
encouraged.

CNES has the overall responsibility for planningd acarrying out outreach and public
relations activities related to the MICROSCOPE ioiss

The MICROSCOPE Steering Committee members coomliaatong themselves in advance
concerning public information activities relatedteir responsibilities.

The MICROSCOPE Steering Committee members retam fiight to release public
information on the portion of the activities thatieely fund and manage.

The MICROSCOPE Pl and SWG members shall activehtrifute to outreach and public
relations activities. Material suitable for reledsethe public or participation in media events
shall also be made available upon CNES or ONERAeasgand shall be at the disposal of the
MICROSCOPE Steering Committee members in order tppaert their respective
communication plan.
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In addition, the Pl and the SWG members shall plwvihe MICROSCOPE Steering
Committee members with a copy of all their Publigi®ach product.

10 Applicable Documents

DAl Mission Specification MIC-SP-S-7-5005-ONE issueevision 3 of June 12004
DR1 Convention CNES-ONERA 03/1332/00 du 6 septen004

DR2 Agreement between CNES and ESA concerning BBA participation to the
MICROSCOPE mission signed on *21,June, 2011 and following SPC revision
(ESA/SPC(2012)22).
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Annex 1

Objective reference mission scenario
(September 2012, may be updated)

sessions orbits days orbits
propu ON
Satellite commissionning & verif. 51 3 0
TSAGE commissionning & erif. 87 6 0
Propulsion commissioning & verif. 73 5 20
Drag-free SCAO \erification 667 46 522
Preliminary Test EPI SUEP & SUREF 250 17 250
Preliminary Test EPR SUEP & SUREF 110 8 110
Performance Test 436 30 436
Calibration SUEP 138 9 138
Calibration SUREF 138 9 138
Test EPI-SUEP 250 17 250
Test EPI-SUREF 250 17 250
Test EPR-SUREF 284 20 284
Test EPR-SUREF 284 20 284
Calibration SUEP 138 9 138
Calibration SUREF 138 9 138
Test EPI-SUEP TM centered 125 9 125
Test EPI-SUREF TM centered 125 9 125
Test EPR-SUREF TM centered 142 10 142
Test EPR-SUEP TM centered 142 10 142
Test EPR-EP consolidation 284 20 284
Test EPR-SUREF consolidation 284 20 284
Calibration SUEP 138 9 138
Calibration SUREF 138 9 138
Test EPI SUEP consolidation 125 9 125
Test EPI SUREF consolidation phase 90 125 9 125
Total (only full operation sessions) 4921 339 4586

This scenario is considered by the operational mpicgaegment for the implementation of the
needed tools and procedures. It will be implememetie CNES Control Centre and revised
during the mission when needed and according toetipgest of the Scientific Mission Centre.
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Annex 2: Acronyms

AOCS: Attitude and Orbit Control System
CCC: Command Control Centre

CECT: Centre of Expertise for drag compensationtesys(Centre d’Expertise pour la
Compensation de Trainée);

CNES: Centre National d’Etudes Spatiales

CERES: CNES Committee for Universe Science Program
CMS: Scientific Mission Centre (Centre de Missianestifique)
CPS: CNES Committee for Scientific Program

ESA: European Space Agency

FEEU: Front End Electronics Unit (element of T-SAGE
FEEP : Field Electric Emission Propulsion

GCO: Group for Coordination of the Operations

GEX: Group of Experts related to the CECT

GPOM: Group for Preparation of the Operations efitission
ICU: Interface Control Unit (element of T-SAGE)

MICROSCOPE : MICRO Satellite a Compensation den&aipour I'Observation du Principe
d’Equivalence

OCA: Observatoire de la Cote d’Azur

ONERA: The French Aerospace Lab

PI: Principal Investigator

PWG: Performance Working Group

SPG: Science and Performance Group

SSAC: ESA Space Science Advisory Committee
SU: Sensor Unit

SU EP: Sensor Unit for the Equivalence Principle
SU REF: Sensor Unit for Reference

SWG: Science Working Group

TM/TC: Telemeasure/Telecommand

T-SAGE: Twin Space Accelerometer for Gravitatiopesment



