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ABSTRACT

Eventhoughmagneticfield andplasmain-situ measurementsnearMars from the 1989 PHOBOS-
2 projectand from earliermissionsare available,the existenceof anMartian intrinsic magnetic
field is still controversial. In this study we analyzedataof the PHOBOS-2magneticfield ex-
perimentsMAGMA andFGMM andusethe upstreamsolar wind parametersof the TAUS and
ASPERA experiments.Different methodsare usedto investigatethe influenceof the interplane-
tarymagneticfield (IMF) andof apossibleweak intrinsicfield on the solarwind interactionwith
Mars : The compressibilityof plasmaboundaries,the correlation betweenupstreamIMF and
tail propertiesand betweenmagneticfield structuresand planetaryrotation. The studyshows
that the magneticfield in the tail is stronglycorrelatedwith the upstreamIMF suggestingthat
the Martian magnetotailis induced,at least to a large extent. Compressibilitystudiesreveal
a weak dependenceof the plasmaboundarieson the solarwind dynamicpressurebut the bow
shock locationappearsto be not affected by the Martian longitude within the accuracyof our
measurements.We concludethat an intrinsic planetaryfield, if it exists, doesnot play a major
role in the interactionbetweenthe solarwind andMars.

INTRODUCTION

The first in-situ observationof the Martian plasmaand magneticfield environmentwas made
in 1965 whenthe Mariner 4 spacecraftpassedthe planet at a distanceof about 3.9 Mars radii
(1 RM = 3390 km). A sharpincreaseof the magneticfield near the closest approachwas in-
terpretedas the crossingof a bow shock/1/. In 1971-72 the two orbiters MARS 2 andMARS
3 performedmeasurementsdown to 1100 km altitude and establishedthe permanentexistence
of a Martian bow shock/2,3/. The magnetometerexperimenters/4/ statedthe existenceof a
Martian magneticfield basedon observationsof MARS 2, 3 and the 1974 MARS 5 mission.This
interpretationof the measuredfield as planetaryin origin hasbeencalledinto questionlater /5/.
Thetimeresolution of the magneticfield andplasmainstrumentsaboardthesespacecraftwasof
the order of onesampleperminuteandthe trajectorydid not allow thestudyof the inner region
of the Martianplasmaenvironmentor the centraltail. The 1989 PHOBOS-2missionprovidedfor
thefirst timethe opportunityto studythe Martiantail nearits axis andthe plasmaenvironment
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Figure 1: Themainboundariesandeventsobservedby the PHOBOS-2magneticfield experiments
MAGMA andFGMM during the first 3 low altitude elliptical orbits (E1,E2andE3) and during
circular orbits (outersemi-circle)aroundMars. Tic marksindicatehoursrelativeto the closest
approach(CA). Squaredenoteinboundandoutboundcrossingsof the planetopause,crossesthe
positionwhere the magnetometerobservedthe bow shock.

down to low altitudes (860 km). For the first time the spacecraftcarried2 magnetometers/6/,
3-D plasmainstrumentswith ion-compositionanalyzers/7,8,9/andaplasmawaveanalyzer/10/.
After 5 highly elliptical orbits the spacecraftwasmaneuveredinto an 8 hour circular orbit with
a radiusof 9600 km (Figure 1). Until the loss of the spacecrafton March 27, 1989 the field and
particleexperimentscollectedby far moredatathanobtainedduring the previousmissions.This
providedfor the first time the opportunityto study the influence of the IMF and of a possible
intrinsic magneticfield on the solar wind interactionwith Mars on the basisof magneticfield
datafrom about 50 orbits.

The type of the interactionof the solar wind with objects in the solar systemdependsmainly
on their plasmaor neutralenvironmentandon the intrinsic magneticfield. In the caseof a
“magnetic” planet, e.g. the Earth, Mercury or Jupiter, the intrinsic magneticfield determines
the shapeof the obstacle.If the planet hasonly a smallor no intrinsic field but an ionosphere,
the shapeof the obstacledependsmainly on ionosphericparameters.The decelerationof the
solarwind dueto massloadingis typical for the cometarytype of interaction. Weknow from in—
situ measurementsthat Venushasno measurableintrinsic field andwe havein—situ observation
of the Martian magneticfield and plasmaenvironmentbut the questionof an intrinsic Martian
magneticfield is still controversial.

Different methodscanbe usedto investigatethe influenceof a potentialintrinsicfield or theIMF
on thesolarwind interactionwith aplanetarybody:
— Magnetic field datafrom low orbiting spacecraftor from landing units (this method will be
usedduring the MARS-OBSERVERandMARS-94 missions);
— Correlationstudiesof the upstreamIMF and the magneticfield in the tail of the planet;
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— Correlationbetweenplanetaryrotationandplasmaboundaries;
— Compressibilityof the plasmaboundaries.

THE CORRELATION BETWEEN THE UPSTREAM IMF AND THE
MAGNETIC FIELD IN THE MARTIAN TAIL

In the caseof amagnetosphericobstaclethe dipole field of the planet determinesthe interaction
with the solarwind andthe magnetopauseseperatesthe region dominatedby the intrinsic field
and the shockedsolarwind region. In the caseof an unmagnetizedor weakly magnetizedplanet
with anatmosphereanionopauseformswherethepressureof the ionosphericplasmabalancesthe
incidentsolarwind pressure.The commonelementsof both themagnetosphericandatmospheric
obstacleincludea bow shock anda region betweenthe bow shock and the obstacle,known as
the magneto(iono)sheath.Different type of tails form in the wakesof magnetosphericandatmo-
spheric obstacles.The atmosphericobstacleexhibits a comet—liketail (inducedtail) composed
of IMF field lines, while the magnetosphericor intrinsic field obstacleforms a tail composedof
stretchedout field linesattachedto the magneticpoles of the planet (intrinsic tail). The exis-
tenceof a magnetotailis not by itself evidencefor the existenceof an intrinsic magneticfield.
However,in constrastto intrinsictails inducedtails shouldbe completelycontrolled by the IMF,
in particular, the orientationof the neutralsheetshouldbe at right angleto the IMF component
perpendicularto the solar wind velocity vector. We plot in Figure 2 the two and half circular
orbits of tail data that are inertially stablized and rotateddynamically accordingto the local
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Figure 2: The two possiblepolaritiesof the magneticfield in the magnetotail.The view is down
the tail. Opencircles arefields awayfrom theSun (negativeB~andasterisksarefields towardthe
Sun(positive Br). The coordinatesystemhasbeenrotatedfor the averagesolarwind direction.
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Figure 3: The magneticfield componentsand the total magneticfield observedduring the ellip-
tical orbits. The reversalsof the X-componentsin the magnetotailof Mars havebeenusedto
deducethe inducedcharacterof the solarwind interactionwith Mars.

direction of the crosstail field. Figure 2 shows that the polarity is predominantlydetermined
by the perpendicularIMF direction indicating the inducedcharacterof the Martian magnetotail
/11/. The polarity changesof the B~componentin the tail canalso be seenon the time series
plots of Figure 3.

CORRELATION STUDIES OF THE TERMINATOR BOW SHOCK
RADIUS AND THE MARTIAN LONGITUDE

In arecentstudyof the PHOBOS-2magneticfield datafrom thecircular orbitsit wasfound/12/,
that thetimeseriescontainspectralpeaksat 12 and24 hourspossiblyindicatingacorotatingpart
of themagneticfield. Thiswas interpretedin favour of the existenceof aweak Martianmagnetic
field /13/. To testthe hypothesisthat these12/24 hour peaksare causedby the variablebow
shocklocationsobservedby PHOBOS-2/14/, we examinedthe magneticfield dataof about 50
circular orbits. The bow shockcrossingswere fitted to the equation

LR—~1+ecos(SZA)

where R is the observedplanetocentricdistance,L the terminatordistance,C is the eccentricity
andSZA the solarzenithanglein the aberratedcoordinatesystem. The aberrationangleof 2.7°
was calculatedusing the averagesolar wind velocity of 500 km/s measuredby the PHOBOS-2
plasmaexperiments(TAUS andASPERA). An eccentricitye of 0.8±0.1wascalculatedfrom the
bow shock crossingsof the elliptical and circular orbits indicating that the shapeof the bow
shockis not changingverymuch. This is similar to the bow shockof Venus/15/. Figure 4 shows
the calculatedterminatorbow shock radius assuminga fixed eccentricity of 0.8 plotted versus
the areocentriclongitude. If the variability of the bow shocklocation would havebeencausedby
corotatingfeatures,e.g. stronglymagnetizedsurfaceregionsor a non—centeredor notspin—aligned
intrinsic dipolefield, the scatterplot shouldshow adistinct maximumat acertainlongitude. But
the plot showsno control of thebow shocklocationby theplanetarylongitude.The 12/24h peak



TheMartian MagneticField (9)217

~5.0

~ 4.0

o
S

C/I 30
:.~ ~ ....~. •~• ~ ~ •5. •

•S 555 55• . I I

6 I I • I I I

2.0 I

.6
S

B
E— 1.0

0 60 120 180 240 300 360

Martian GeographicLongitude (deg)

Figure 4: Scatterplotof the terminatorbow shock radius (in Mars radii) versusthe planetary
longitude.

in the powerspectrummust thereforebe relatedto otherstructuresin the magneticfield data.
The correlationbetweenthe planetarylongitudeand otherplasmaboundarieswill be studiedin
future.

THE INFLUENCE OF THE SOLAR WIND DYNAMIC PRESSURE
ON THE BOW SHOCK RADIUS

The sizeof the terrestrialmagnetosphereand consequentlythe terrestrialbow shockposition is
very sensitiveto the dynamicpressureof the solar wind /16/. This compressibilityis typical
for intrinsic field obstacles.The compressibilityof an atmosphericobstacle,e.g. Venus/17/ is
much smaller.If Mars hadasmallintrinsicfield the compressibilityshouldbe higherat low solar
wind dynamicpressure/18/. Therefore we studiedthe dependenceof the Martian bow shock
terminatorradiuson the upstreamsolarwind dynamicpressureusing the TAUS data. Figure 5
illustrates the variationof the terminatorbow shocklocation and solarwind dynamicpressure
during the circular orbits. Figure 6 shows the terminator radius plotted versusthe dynamic
pressurein arbitraryunits. The circles show theindividual measurementsandthe linesshowthe
medianvalues. As can be seenfrom the plots,the influenceof the solar wind dynamicpressure
on the locationof the bow shockis only minor, in contrary to what is expectedfrom a dipole
intrinsic internal field. This indicateseither avery smallintrinsic field or asituationsimiliar to
that on Venus whenthe EUV flux is high /17/.

CONCLUSIONS

The analysisof the PHOBOS magnetic field data revealeda strong correlation between the
upstreamIMF andthe magneticfield in the Martiantail indicating a mainly inducedcharacter
of the magneticfield observednear Mars. From the fact that our study showed no distinct
correlationbetweenMartianlongitudeandthebow shocklocations,we concludethat theMartian
intrinsic magneticdipole field is either well centralizedandparallelto the Martian spin axis or
so weak that it does not significantly contributeto the obstaclesize underaveragesolar wind
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Figure5: TheMartianterminatorbow shockradius(circles)andtheupstreamsolarwinddynamic
pressure(triangles,TAUS data,in arbitrary units) plottedversusthe day of the year1989.

conditions.The bow shock compressibilitystudiesrevealedonly aweak dependenceof the bow
shocklocationon the upstreamsolarwind dynamicpressure.This doesnotexclude the existence
of an intrinsic field, but it mustbevery smalland might be only effectiveat a very low altitude
andundervery low solarwind dynamicpressureconditions.
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Figure 6: Scatterplotof the terminatorradius versusthe solar wind dynamicpressure(TAUS
data). Thefull lines indicatemedians.
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