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1 Abstract

JOVIS is a micro-satelliteprojectpresentedto theFrenchspatialagency (CNES),
dedicatedto the searchof Jovian global oscillations. JOVIS considerstheplanet
Jupiteras a mirror reflectingthe solar light, but with a size modulatedby the
planetarydeformation.Thismodulationwill translateinto flux variation.Theba-
sic principle of the project,derived from the asteroseismologicalspacemission
COROT, relieson theability with CCD high precisionphotometryto detectpe-
riodic oscillationin a noisy signal. The nominalspecificationfor thesensitivity
is the detectabilityin 5 daysof fluctuationsof about1 ppm, due to oscillation
velocityof about25 cm.s� � , with a signalto noise-ratio-betterthan15.

Imagingcapabilitieswill allow the identificationof Jovian oscillationmodes
up to thedegree

�������
. It will make possibleto soundwith precisionthewhole

planetaryinterior, including the supposedcoreboundary, andthe plasmaphase
transitionbetweenmolecularandmetallic hydrogen. JOVIS will alsoprovide a
uniqueopportunityto follow overseveralyearsall varyingtroposphericphenom-
ena,with a low spatialresolution,but with aquasi-continuoustemporalcoverage,
andaveryhighsensitivity.

2 Scientific goals

JOVIS is dedicatedto soundverypreciselythevariability of theJovianvisibleflux.
The low frequency componentof thevariability is dominatedby meteorological
phenomena,whereasthehigh frequency componentis dueto globaloscillations.
Theseismicstudyof Jupiteris theprimarygoalof JOVIS.

2.1 Jovian seismology

2.1.1 Jovian interior structure

The imagewe have from any astrophysicalobjectis two-dimensional.Whatwe
seefrom thegiantplanetsis in factaverythin layer, from afew microbarsdown to
the10-barlevel. Somephysicaldata,aspressure,temperatureor density, cannot
be measuredin the deepinterior. However, the valuesof the mass,the gravita-
tional moments,therotationperiodandtheluminosityconstraininterior models.
But thedensityprofilesobtainedfrom thesequantitiesarestronglynonunique.
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	 The Jovian interior correspondsto pressureanddensityrangeswherethe
equationsof state(EOS)of hydrogenandheliumarevery far from theper-
fectgaslaw. Thedeterminationof thepressure-densityprofile in theplane-
tary interiorwouldbeauniquetool for determiningtheEOSof ahydrogen-
heliumgasmixing at veryhighpressure.	 Theprecisedeterminationof thecurrentstateof thegiantplanetinterior is
acluefor their formerevolution.	 Themeasurementof theconcentrationsof heliumor otherelementsin the
wholeplanetandnot only in theupperatmosphere,aswell asthedetermi-
nationof thestructurediscontinuitiesarekey pointsfor planetology.

Seismologyisaverypowerful tool for theinvestigationof theinteriorstructure
of any object(Gudkovaet al. 1995).

We needto “listen” to the Jovian resonancesin order to determineof what
the planetaryinterior is made: JOVIS will answerthe specificpoints adressed
previously.

2.1.2 Ground-basedgiant planet seismology

A review on Jovian seismologyis givenin Mosser(1994). Ground-basedJovian
seismologyhasalreadyprovideduswith importantresults(Mosseret al. 1999).
However, accuratemeasurementsthatcouldbeusedfor stronglyconstrainingthe
modelsarecurrentlynot achievable. They would needa network of a leastthree
4-m classtelescopesequippedwith dedicateddetectors,observingduring a few
months.

Continuousobservation,stability, long durationobservationarenecessaryin
orderto get the requiredsignal-to-noiseratio, andremainthe propertyof obser-
vationsmadefrom space.

2.1.3 Principle

Jupiteractsas mirror that reflectsthe solar light. The visible flux dependson
the sizeof the mirror, modulatedby the Jovian oscillations(Fig. 1, Fig. 2). JO-
VIS will be sensitive to both radial andnon radial modes. The visibility of the
modesdependsonthedegreeandazimuthalorderof thesphericalharmonics
���
 �
(Table1).
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Figure1:
How theJovianlimb is modifiedby thedifferentmodeswith degreeandazimuthal
order ���������

For radialmodes,therelativeflux variation(Table2) is relatedto thevelocity� of themodeof frequency � by:���� (ppm) ��� � (m.s�! "�� (mHz)

2.1.4 Oscillation spectrum

Theoscillationspectrumof Jupiterwasanalysedby many authors,numericallyor
semi-analytically. The eigenfrequencies�$#&% '�% ( , dependingon 3 intergers(radial
order ) , degre � , azimuthalorder � ), expressschematically(Provostet al. 1993)
as:

�$#&% '�% ( � * ),+ �-/. �10
+ 2ndorder �32  �
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Table1:
Relative visibility of theJovian modesseenby JOVIS. This coeffi-
cient,scaledat 1000for radialmodes,accountsfor thespatialinte-
grationof eachsphericalharmonics4657 with degree8 andazimuthal
order 9 . Modeswith high azimuthalordersarefilteredout because
of thelimb darkeningfunction.

degree: azimuthalorder ; <=;?>@:
0 1 2 3 4 5 6

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
frequency modes are not efficiently trapped.

Integrationtime A�BB velocity C
(days) (ppm) (cm.sD!E )

0.5mHz 1 mHz 2 mHz 3 mHz
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:
Normalandsomewhatexaggeratedsimulations
of Jupiteroscillatingin themode F�G�HJI�K = (5,3)
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L
modulationdueto thecore MONQP"RTSL
rotationalmodulation MVUXW$Y[Z]\^S

_ The large splitting W1` describesthe global propertyof the fluid envelop.
Accordingto interior models,W1` is in therange[152, 157 a Hz]; according
to observations,W1`cbedgf?hjilkma Hz_ Thefrequency n3o is mostlysensitive to theregionswith high soundspeed
gradients_ ThenumbersN and R givethesizeandthedensitycontrastof theplanetary
core_ W$Y[Z]\ is theinverseof therotationperiod(9h55min)

The acousticcutoff frequency occursaround3.1 mHz. The maximalmodes
life-time doesnot exceed10 daysfor 3 mHz mode,but may reach10p daysat
1 mHz

Figure4 showshow thecharacteristicfrequenciesW1` and n3o canbeconsidered
asseismiccontraintsfor Jovian interiormodels.

2.1.5 Varying albedo

The flux variationsdueto the global oscillationswill be mixed with the albedo
variationsof therotatingplanet.This mixing wasalreadyanalysedin theframe-
work of thesearchfor globaloscillations(Ledereret al 1995). In fact, it is quite
easyto disentanglethetwo phenomena,becausetheir signaturesarewell distinct
in theFourierspace.Albedovariationsappeara low frequency, harmonicsof the
Jovianrotationfrequency (28 a Hz), whereasseismicoscillationsappearathigher
frequency (up to 3.1mHz).

Figure5 shows a simulationof 10-daysobservations,basedon Jovian radial
modesandon a syntheticmapof Jupiter, including the dancingof the Galilean
satellites. Jovian modes,with amplitudevarying between1 and4 ppm, appear
clearly.

2.2 Meteor ology

Thestudyof theevolutionof theJoviancloudsconsistsmainly in thephenomeno-
logical descriptionof the observed variations. The global understandingof the
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Figure3:
Jupiter, asseenby JOVIS. The planetimageis spreadover about1200pixels.
The imageof a Galileansatellitecorrespondsapproximatelyto thePointSpread
Function.

dynamicalevolution of Jupiterremainssuccinct,despitetheVoyagerandCassini
missions,andtheamountof highquality imagesof Jupiter. In fact,thesystematic
studyof the global evolution of the Jovian atmospheresuffers from the lack of
continuityof theobservations,or from thepoorphotometricalaccuracy.

Observationsbasedat the Pic du Midi Observatory (Pyŕeńees,France)have
shown thegreatinterestof imagestakenregularly within a few days,in orderto
testmeteorologicalmodels.Suchsphericallysymmetricmodels,developpedover
cylindrical maps(Yanoet al. 2000),canpredict the evolution of the main vor-
tices. Mid-infraredobservations,systematicallyconductedat the IRTF (Mauna-
Kea,Hawaii), haveproducedinterestingresultson troposphericandstratospheric
waves(Ortiz etal. 1998).Theevolutionof thehotspotsseemsto berelatedto the
propagationof Rossbywaves,whatsuggeststhat thehot spotsarethedynamical
signatureof deepconvection.

Theglobalvariability studydoesnot needa high spatialresolution,contrary
to themorphologicalstudydoneby theVoyagerandGalileomissionsor with the
HST. About50pointsalongtheplanetarydiameterareenoughfor themonitoring
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Figure4:
All the Jovian interior modelsof this diagramfit the gravitational constraints.
However, whendisplayedin thisHR-likediagram,with thecharacteristicfrequen-
cies q1r and s3t asx- andy-axis, they arevery differentaccordingto the seismic
information.Thisproveshow seismicdataconstraininterior models.

of theJovian clouds.JOVIS will provide oneimageevery minute,in orderto get
for eachJovian rotationacylindrical map.

The global variability study, in oppositeto local morphologicalstudies,can
beachievedwith a moderatespatialresolution.This database,uniquein termof
stability andcontinuity, will permit thefollow-up of long termevolution,suchas
periodicitiesasssociatedto Rossbywaves.Furthermore,JOVIS will giveaccessto
thevery long termvariability.

3 Specifications

The basicprinciple relies on the capability to detecta periodicoscillation in a
noisysignalandto measuretheits principalparameterswith agreataccuracy.

3.1 Scientific specifications

JOVIS is intendedto fulfill requirementsthatcannotbeachievedby ground-based
measurements.

Theorbit hasto insurea duty cycle aslong aspossible,in orderto reducethe
modesaliasesdueto discontinuousobservation.Thesourcesof noise,extensively
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Figure5:
Simulationof the radial modesspectrum. Left panel: low frequenciesare not
filtered, so that the low frequency rangeis dominatedby the planetaryrotation
andthedancingof thesatellites

analysedin thepreparationof the COROT mission,have to be reducedaslow as
possible,in orderto reachthephotonnoise.Themissionlife-time will permit to
obtainaveryhighaccuracy in theFourierspace.

3.2 Payload concept

JOVIS is conceivedto benefitfrom thedevelopmentof thefrench“petitemission”
COROT, managedby thefrenchspatialagency CNES1.

The specificationsof JOVIS are intendedto measurea 1-ppmvariation in 5
days,photonnoiselimited. This limit is derivedfrom the COROT project. Com-
paredto COROT, the performancesare enhancedby different factors(smaller
CCD,brightertarget).

1 http://www.astrsp-mrs.fr/www/pagecorot.html
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Telescope: off-axis telescopewith aprimarymirror of 10cm,andaperturef/30;
PSF:2” at 800nm;Jovian image:1200pixels;+5.4magnitudeon1 pixel.

Detector : frametransferCCD,back-sideilluminatedlight-sensitiveareaof 512u 256
pixels; 13 v m pixels; total field of view: 8.4’ u 4.2’ The 1-ppm level be
reachedafter 5 days. The detectorwill alsoreceive directly the solarflux
for reference.

Orbit : A low Earthquasi-polarorbit is compatiblewith the v -missionbudget
andan ASAP launch,andcanprovide an acceptableduty cycle; mission
life-time: 3 years

Attitude control system: JOVIS shouldbe3-axisstabilized,with stellarsensors,
andguidingon theplanet,thescientificsignalbeingusedby theplatform.
A slow drift of theplanetaryimageon theCCD is acceptable.

Platform : Theplatform,developpedfor themicro-missions,with propertysim-
ilar to the PROTEUS platform, shall provide a pointing precisionwith a
noiselessthan0.1” in 1 min, without recurrentcomponentbetween5 and
30min.

Thermal control : Passive,with Peltiereffect cooling.

On board computer, communication : Requiredmemoryabout200Mbit. The
transferof two 1200-pixel imageseveryminuteneedsabout63 Mbit/day

Power, mass: in agreementwith the v -satellitespecifications:30 W, 30kg

3.3 Mission profile

The ideal orbit shall provide a continuousobservation of Jupiter. A low Earth
quasi-polarorbit, compatiblewith anASAPmission,shouldtrackonJupiter, that
movesabout30w per year. The Jovian synodicyear (about13 months)is then
dividedin 6 parts:x 5 months:continuousobservation(centeredon theplanetaryopposition)x 2 months:discontinuousobservation,with occultationby theEarthx 1 month:continuousobservation
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y 2 months:no observationof Jupiter, too closeto theSun. Secondarypro-
gramswill thenbemade.y 1 month:continuousobservationy 2 months:discontinuousobservation,with occultationby theEarth

Thelaunchshouldoccurin 2005.

3.4 Collaborations

Theinstrumentwill berealizedby theDépartementdeRechercheSpatialeof the
ObservatoiredeParis-Meudon.Thepayloadis estimatedto 18 MF (about3 M$).

TheJOVIS teamis currentlycomposedof researchersfrom thefollowing lab-
oratories:y DESPA, ObservatoiredeParisy DASGAL, ObservatoiredeParisy Institutd’AstrophysiquedeParisy LaboratoiredeMét́eorologieDynamique,Parisy DépartementCassini,Observatoiredela Côted’Azury ESTS,Universit́edeBilbao

Internationalcollaborationsaresearchedfor the platform andfor the opera-
tions.
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