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1 Abstract

Jovis is amicro-satelliteprojectpresentedo the Frenchspatialagengy (CNES),
dedicatedo the searchof Jovian global oscillations. Jovis considerghe planet
Jupiteras a mirror reflectingthe solar light, but with a size modulatedby the
planetarydeformation.This modulationwill translatanto flux variation.Theba-
sic principle of the project, derived from the asteroseismologicapacemission
CORQOT, relieson the ability with CCD high precisionphotometryto detectpe-
riodic oscillationin a noisy signal. The nominalspecificationfor the sensitvity

is the detectabilityin 5 daysof fluctuationsof about1l ppm, dueto oscillation
velocity of about25cm.s™!, with a signalto noise-ratio-bettethan15.

Imaging capabilitieswill allow the identificationof Jovian oscillationmodes
up to thedegreel ~ 20. It will make possibleto soundwith precisionthe whole
planetaryinterior, including the supposedore boundary and the plasmaphase
transitionbetweenmolecularand metallic hydrogen. Jovis will alsoprovide a
unigueopportunityto follow over severalyearsall varyingtropospherigphenom-
ena,with alow spatialresolution but with aquasi-continuoutemporalcoverage,
andavery high sensitvity.

2 Scientificgoals

Jovisis dedicatedo soundvery preciselythevariability of theJovianvisible flux.
The low frequeny componenbf the variability is dominatedoy meteorological
phenomenayhereaghe high frequeng components dueto global oscillations.
Theseismicstudyof Jupiteris the primarygoal of Jovis.

2.1 Jovian seismology
2.1.1 Jovian interior structure

Theimagewe have from ary astrophysicabbjectis two-dimensional. Whatwe

seefrom thegiantplanetssin factaverythinlayer, from afew microbarsdownto

the 10-barlevel. Somephysicaldata,aspressuretemperaturer density cannot
be measuredn the deepinterior. However, the valuesof the mass,the gravita-

tional momentstherotationperiodandthe luminosity constraininterior models.
But the densityprofilesobtainedrom thesequantitiesarestronglynonunique.



e The Jovian interior correspondgo pressureand densityrangeswherethe
equationof state(EOS)of hydrogenandheliumarevery farfrom the per
fectgaslaw. Thedeterminatiorof the pressure-densityrofile in the plane-
taryinteriorwould beauniquetool for determininghe EOSof ahydrogen-
heliumgasmixing atvery high pressure.

e Theprecisedeterminatiorof the currentstateof the giant planetinterior is
acluefor theirformerevolution.

e Themeasurementf the concentration®f heliumor otherelementsn the
whole planetandnot only in the upperatmosphereaswell asthe determi-
nationof the structurediscontinuitiesarekey pointsfor planetology

Seismologys averypowerful tool for theinvestigatiorof theinterior structure
of ary object(Gudkovaetal. 1995).

We needto “listen” to the Jovian resonances orderto determineof what
the planetaryinterior is made: Jovis will answerthe specific points adressed
previously.

2.1.2 Ground-basedagiant planet seismology

A review on Jovian seismologyis givenin Mosser(1994). Ground-basedovian
seismologyhasalreadyprovided us with importantresults(Mosseret al. 1999).
However, accurataneasurementhatcould be usedfor stronglyconstraininghe
modelsarecurrentlynot achievable. They would needa network of a leastthree
4-m classtelescope®quippedwith dedicateddetectorspbservingduring a few
months.

Continuousobsenation, stability, long durationobsenation arenecessaryn
orderto getthe requiredsignal-to-noiseatio, andremainthe propertyof obser
vationsmadefrom space.

2.1.3 Principle

Jupiteractsas mirror that reflectsthe solar light. The visible flux dependson
the size of the mirror, modulatedby the Jovian oscillations(Fig. 1, Fig. 2). Jo-
vis will be sensitve to both radial and non radial modes. The visibility of the
modesdepend®nthedegreeandazimuthalorderof thesphericaharmonicsyy ,,
(Tablel).



Figurel:
How theJovianlimb is modifiedby thedifferentmodeswith degreeandazimuthal
order(¢, m)

For radialmodestherelative flux variation(Table2) is relatedto the velocity
v of themodeof frequeng v by:
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2.1.4 Oscillation spectrum

Theoscillationspectrunof Jupiterwasanalysedy mary authorsnumericallyor
semi-analytically The eigenfrequencies, ;,,,, dependingon 3 intergers(radial
ordern, degre ¢, azimuthalorderm), expressschematicallyProvostetal. 1993)
as:

/
Vntm = [n + 5 ] Ly

+ 2ndorder (17)
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Tablel:
Relative visibility of the Jovian modesseenby Jovis. This coefi-
cient,scaledat 1000for radialmodesaccountdor the spatialinte-
grationof eachsphericaharmonics’,” with degree/ andazimuthal
orderm. Modeswith high azimuthalordersarefiltered out because
of thelimb darkeningfunction.

degreel azimuthalorder|m| < ¢
0 1 2 3 456
0 1000
1 613 389
2 462 267 60
3 387 235 47 18
4 338 197 42 15 7
5 293 184 40 13 6 3
7 231 152 38 12 5 2 1
10 186 122 37 13 5 2 1
13 152 107 35 17 4 2 1
17 129 87 35 14 4 1 1
Table2:
Radial mode velocity related to flux variations. High
frequeny modes are not efficiently trapped.
Integrationtime g velocity v
(days) (ppm) (cm.s™)
0.5mHz 1mHz 2mHz 3mHz
5 1.0 12 25 50 75
80 0.25 3 6 12 50
500 0.1 1 2 5 50
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Figure2:
Normalandsomevhatexaggerategimulations
of Jupiteroscillatingin themode(¢, m) = (5,3)




+ modulationdueto thecore ( N ,¢)
+ rotationalmodulation(m vy)

e The large splitting v, describeghe global property of the fluid envelop.
Accordingto interior models,v, is in therange[152, 157 ;Hz]; according
to obsenations,vy ~ 142 + 3 uHz

e Thefrequeng V; is mostly sensitve to the regionswith high soundspeed
gradients

e ThenumbersV ande give thesizeandthedensitycontrasiof theplanetary
core

e v, iIStheinverseof therotationperiod(9nh55min)

The acousticcutoff frequeng occursaround3.1 mHz. The maximalmodes
life-time doesnot exceed10 daysfor 3 mHz mode,but may reach10' daysat
1 mHz

Figure4 shovs how thecharacteristiérequencies, andV; canbeconsidered
asseismiccontraintsfor Jovian interior models.

2.1.5 Varying albedo

The flux variationsdueto the global oscillationswill be mixed with the albedo
variationsof the rotatingplanet. This mixing wasalreadyanalysedn the frame-
work of the searchfor global oscillations(Ledereret al 1995). In fact, it is quite
easyto disentangléhe two phenomenayecauseheir signaturesarewell distinct
in the Fourierspace Albedo variationsappeaia low frequeng, harmonicf the
Jovianrotationfrequeny (28 sHz), whereaseismicoscillationsappeaat higher
frequeng (upto 3.1 mHz).

Figure5 shows a simulationof 10-daysobsenations,basedon Jovian radial
modesandon a syntheticmap of Jupiter including the dancingof the Galilean
satellites. Jovian modes,with amplitudevarying betweenl and4 ppm, appear
clearly

2.2 Meteorology

Thestudyof theevolution of the Jovian cloudsconsistsnainly in thephenomeno-
logical descriptionof the obsened variations. The global understandingf the
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Jupiter, as seen by JOVIS
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Figure3:
Jupiter asseenby Jovis. The planetimageis spreadover about1200 pixels.
Theimageof a Galileansatellitecorrespondspproximatelyto the Point Spread
Function.

dynamicalevolution of Jupiterremainssuccinct,despitethe VoyagerandCassini
missionsandtheamountof high quality imagesof Jupiter In fact,thesystematic
study of the global evolution of the Jovian atmospheresuffers from the lack of
continuity of theobsenations,or from the poorphotometricabccurag.

Obsenationsbasedat the Pic du Midi Obsenatory (Pyrérées,France)have
shown the greatinterestof imagestaken regularly within a few days,in orderto
testmeteorologicamodels.Suchsphericallysymmetricmodels developpedover
cylindrical maps(Yanoet al. 2000), can predictthe evolution of the main vor-
tices. Mid-infrared obsenations,systematicalljconductedat the IRTF (Mauna-
Kea,Hawaii), have producednterestingresultson tropospheri@andstratospheric
waves(Ortiz etal. 1998). Theevolution of thehotspotsseemdo berelatedto the
propagatiorof Rossbywaves,what suggestshatthe hot spotsarethe dynamical
signatureof deepcorvection.

The global variability studydoesnot needa high spatialresolution,contrary
to themorphologicalktudydoneby the VoyagerandGalileo missionsor with the
HST. About 50 pointsalongtheplanetarydiameterareenoughfor themonitoring
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Contraintes gravitationnelles / sismiques
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Figure4:

All the Jovian interior modelsof this diagramfit the gravitational constraints.
However, whendisplayedn thisHR-like diagramwith thecharacteristiérequen-
ciesy, andV; asx- andy-axis, they arevery differentaccordingto the seismic
information. This proveshow seismicdataconstrainnterior models.

of the Jovian clouds. Jovis will provide oneimageevery minute,in orderto get
for eachJovianrotationa cylindrical map.

The global variability study in oppositeto local morphologicalstudies,can
be achievedwith a moderatespatialresolution. This databaseyniquein term of
stability andcontinuity, will permitthe follow-up of long termevolution, suchas
periodicitiesasssociatetb Rossbywaves. Furthermorejovis will give accesso
thevery long termvariability.

3 Specifications

The basicprinciple relies on the capability to detecta periodic oscillationin a
noisysignalandto measureheits principal parametersvith agreataccurag.

3.1 Scientific specifications

Jovis is intendedo fulfill requirementshatcannotbeachievedby ground-based
measurements.

Theorbit hasto insurea duty cycle aslong aspossiblejn orderto reducethe
modesaliasesiueto discontinuou®bsenation. The source®f noise,extensvely
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Signal brut Correction: photometrie, satellites
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Figure5:
Simulationof the radial modesspectrum. Left panel: low frequenciesare not
filtered, so that the low frequeny rangeis dominatedby the planetaryrotation
andthedancingof the satellites

analysedn the preparatiorof the COROT mission,have to be reducedaslow as
possible,n orderto reachthe photonnoise. The missionlife-time will permitto
obtainavery high accurag in the Fourierspace.

3.2 Payload concept

Jovis is concevedto benefitfrom thedevelopmenbf thefrench“petite mission”
COROT, managedy thefrenchspatialageny CNES.

The specification®f Jovis areintendedto measurea 1-ppmyvariationin 5
days,photonnoiselimited. This limit is derivedfrom the COROT project. Com-
paredto coORroT, the performancesare enhancedy different factors(smaller
CCD, brightertarget).

Thttp://ww.astrsp-nrs. fr/ww pagecorot. htm
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Telescope off-axistelescopavith aprimarymirror of 10 cm, andaperture/30;
PSF:2” at800nm; Jovianimage:1200pixels; +5.4 magnitudeon 1 pixel.

Detector: frametransferCCD, back-sidélluminatedlight-sensitveareaof 512x 256
pixels; 13 um pixels; total field of view: 8.4'x4.2" The 1-ppmlevel be
reachedafter 5 days. The detectorwill alsoreceve directly the solarflux
for reference.

Orbit : A low Earth quasi-polarorbit is compatiblewith the p-missionbudget
andan ASAP launch,and can provide an acceptablaluty cycle; mission
life-time: 3 years

Attitude control system: Jovis shouldbe3-axisstabilized with stellarsensors,
andguiding on the planet,the scientificsignalbeingusedby the platform.
A slow drift of the planetaryimageonthe CCD is acceptable.

Platform : Theplatform,developpedor the micro-missionswith propertysim-
ilar to the PROTEUS platform, shall provide a pointing precisionwith a
noiselessthan0.1” in 1 min, without recurrentcomponenbetweens and
30min.

Thermal control : Passve,with Peltiereffect cooling.

On board computer, communication: Requiredmemoryabout200Mbit. The
transferof two 1200-pixel imagesevery minuteneedsabout63 Mbit/day

Power, mass: in agreementvith the u-satellitespecifications30 W, 30kg

3.3 Mission profile

The ideal orbit shall provide a continuousobsenration of Jupiter A low Earth
guasi-polaiorbit, compatiblewith an ASAP mission,shouldtrackon Jupiter that
movesabout3(° peryear The Jovian synodicyear (about13 months)is then
dividedin 6 parts:

¢ 5 months:continuousobsenation (centeredn the planetaryopposition)
¢ 2 months:discontinuou®bsenation,with occultationby the Earth

¢ 1 month:continuousobsenation
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¢ 2 months:no obsenation of Jupiter too closeto the Sun. Secondarypro-
gramswill thenbemade.

¢ 1 month:continuousobsenration
¢ 2 months:discontinuou®bsenation,with occultationby the Earth

Thelaunchshouldoccurin 2005.

3.4 Collaborations

Theinstrumentwill berealizedby the Départementie Recherche&patialeof the
Obsenatoirede Paris-Meudon The payloadis estimatedo 18 MF (about3 M$).

The Jovis teamis currentlycomposef researcherom the following lab-
oratories:

e DESHA, Obsenratoirede Paris

DASGAL, Obsenatoirede Paris

Institut d’Astrophysiquede Paris

Laboratoirede MétéorologieDynamique Paris
e Départemen€CassiniObsenatoiredela Coted’Azur
e ESTS,UniversigdeBilbao

Internationalcollaborationsare searchedor the platform andfor the opera-
tions.
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