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The wave and plasma environments of Mars

Réjean Grard

Space Science Department of ES AL BSTUC, Keplerfaan 1, NL-2200 AG Noordwik, The Netherlands

The principal characteristics of the wave and ther-
mal plasma cnvironments of Mars are reviewed,
based on mcasurements performed with the electric
field antenna and Langmuir probe carried by the
Phobos 2 orbiter and on data collected with the radio
occultation experiments and retarding potential
analysers of the Viking orbiters and landers. The
main regions and boundaries generated by the
interaction between the planet and the solar wind
are identified from the observed features; possible
mechanisms for wasve-particle phenomena are
quoted. whenever possible. The foreshock region and
bow shock of Nars present similarities with those of
other planets, but the downstream subsonic transi-
tion region is markedly different from that seen at
Venus. The nature of thce obstacle remains ambi-
cuous due to the absence of definite information
about the possible existence of an intrinsic magnetic
field.

THE harvest of information collected during the Phobos
2 mission has not only given us the long-needed know-
ledoe about Mars and its interaction with the solar wind,
but it has also trigegered a re-examination of the data
base accumulated during the Viking missions and has
given a new momentum to comparative studies partly
based on Pioneer Venus Orbiter measurements.

In spite of a relatively short lifetime around Mars (two
months), a Nmitation in orbital coverage (only four
periapsis crossings at an altitude of 850 km) and a
deficiency of instrumentation (no magnetic search coil),
the contribution of Phobos 2 to the present under-
standing of the martian environment remains primordial
and, in several aspects, unprecedented. _

The Phobos 2 wave and piasma data and relevant
Viking measurements are reviewed in thits article. The
information is distributed in several chapters devoted to
specific regions or boundaries, ¢ g. upstream region,
bow shock, transition region and obstacle.

More Information about the plasma and wave
environments of Mars can be found in several issues of
journals partly, or entirely, dedicated to this planet, e.g
Nuture (Vol. 341, No. 6243, 1989), Geophysical
Research Letters (Vol. V7, No. 6, 1990), Planetary and

Space Scrence (Vol. 39, No. 1/2, 1991), Journal of

Geophysical Research  (Vol. 96, No. A7, 1991) and
Advances in Space Research (Vol. 12, No. 9, 1992).

60

|ON
FORESHOCK

ELECTRON
FORESHOCK

LhNETUW‘USE
o _

0BSTACLE |
- |ONOSPHERE

—

b 3
b g
(P4 |
= ~ TAIL
x 0 X
— ZeN
- fé:{}\
-~
Z
1 W -
A\
oY)
N PLANETOSPHERE
£
> Za
2 - ) —
9{5—"
PLANETOSHEATH
3 —
i | |
3 2 1

Figure 1. A schemaug illustraton of the martvan plasma wiviron-
ment, approximately to scale

The model environment: morphology and
terminology

Figure | describes the average configuration of the
Martian environment and provides a frame of reference
for the forthcoming discussion of plasma and wave
phenomena.

Agreement on terminology is not unanitmous and, in
order to avoid possible misunderstandings, Figure |
gives the names of regions and boundaries identified in
the measurements or inferred from theory or simulation
The X'Y-plane is that of the martian ecliptic; the X-axis
points towards the sun and the Y-axis lies along the
dawn-dusk direction
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Figure 2. Descent trajectories of the Viking landers and typical
orbits of Phobos 2. This spacecraft is moving in the equatorial plane
of Mars which makes an angle of 20° with the XY-plane and rotates
in the direct sense around the spin axas of the planet,

The ion gyroradius at Mars, about 1000 km for protons
in the upstream region, is commensurate with the
dimensions of the regions which compose the planetary
plasma environment. This peculiarity entails a spatial

asymmetry of the general morphology' and a lack of

spatial definition of certain boundaries?, as well as
uncertainties about the tailward extent of regions which
have only been clearly identifted in the subsolar
hemisphere.

The upstream region

The solar wind flow is antiparallel to the X-direction
and the average spiral angle of the interplanetary
magnetic field 1s 57°.

The electron foreshock is populated by particles which
are accelerated at the shock and are backstreaming with
encrgies of several 100 eV. Owing to the large velocity
(relatively to the solar wind) and yet small gyroradn (a
few km) of these suprathermal electrons, the associated
boundary is practically tangent to the shock and makes
an angle of only a few degrees with the field direction.

The 1on foreshock and shock foot contain solar wind
ions specularly reflected from the shock which are
respectively convected away with the solar wind or
returned to the shock after describing a partial gyration.
The wransition from foot to foreshock takes place at an
angle between magnetic field and shock normal, @y, , in
the range 40-50°,

T1ie brow shock

There 1s a general consensus on the nature and location
of this boundary; the bow shock n the sunward
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hemisphere is represented by a surface of revolution
having its symmetry axis tilted in the ecliptic plane by
an angle of 4° with respect to the X-direction; this
aberration is caused by the orbital motion of the planet
in the radial flow of the solar wind. The average stand-
off planetocentric distance of the bow shock is about 1.5
Rms at the subseolar point and 2.7 Rms at the terminator,
corresponding to altitudes of 1700 km and 5800 km,
respectively’. A tick marks the separation between
regions where the shock is predominantly quasiparallel
and quasiperpendicular (g, = 90°).

The planefosheath

The region mostly populated by solar wind protons
which fies between the bow shock and the planetopause
is called planetosheath, but the word magnetosheath is
met more frequently. The latter word is however ambi-
guous since it 1s also sometimes applied to the entire
plasma volume convected with the solar wind magnetic
field from the bow shock to the obstacle?.

The planetopause

This boundary is observed at a mean planetary distance
of 1.28 Rms, i.¢. an altitude of 950 km for a solar zenith
angle of the order of 55° (refs. 5, 6). The nature of the
planetopause is still controversial, a situation reflected
by the variety of names used for its identification.

Considered as a limit to the penetration of the solar
wind protons but not to the penetration of the solar wind
magnetic field, it is called planetopause, by analogy
with Halley’s cometopause’-® or magnetopause by
analogy with the inner boundary of the Earth's
magnetosheath®-1}, This surface is also named 1on com-
position boundary®, because picked-up ions of planctar
origin, mostly 0% rather than protons are comvected
further downstream by the draped solar wind magnetic
field.

The mass loading boundary, not shown tn Figure L
lies in the planctosheath, outside the planetopause, awmd
should not be confused with the [atter; it marks the outer
limit of a transition region where the offect of planctary
parlicles becomes noticeable!”. The scparation between
these boundaries is only 100 km in the sunward
hemisphere and is ditficult to resobve but u reaches
several 1000 Kmvin the tul®,

T}h’ phm.;*fm*p!u*rr

The volume limited by the planctopause and the obstacle
. 5 ) . '

is called planctosphere’; the labels wner magncansheath,
0 mantle? and magnctosphere e alvo s

iy
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respectively

The abstacle

Gasdynamic modelling of the interaction between the
solar wind and a planetary environment predicts that the
martian bow shock observations call for an obstacle,
distinct from the planetopause, at a height of the order
of 500 km in the subsolar region!4. This boundary which
has never been unambiguously identified, experimen-
tally, separates the possibly magnetized plasma
practically at rest in the planetary frame from that which
is convected by the solar wind magnetic field.

The surface of the obstacle is called magnetopause!?,
or magnetic barrier, Hike at Venus'®, accordingly as the
magnetization is caused by an inherent or induced field,;
it is also named ionopause!”:'%, irrespective or not of
magnetization. The word magnetopause often applies to
another boundary, namely the planetopause, and the
locution magnetic barrier sometimes designates siruc-
tures observed at larger planetary distances'd. If confu-
sions are to be avoided, the simple term obstacle! or
force balance surface® should be preferred.
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The nature of the obstacle is still debated. The
existence of a dayside ionosphere is not questioned but
its degree of magnetization by an induced or inherent
field remains unknown. Other names have been pro-
posed for the denomination of the obstacle: magneto-
sphere!4 and hybrid magnetosphere!>. The extension of
the obstacle which stretches out in the antisunward
direction and is permeated by an induced magnetic field
is called magnetotail'- 1% 20 or planctotail.

Orbits and data base¢

Our knowledge about the bulk plasma density in the
close martian environment is based on a series of radio
occultation measurements performed with the American
probes, Mariner 4, 6, 7 and 9, and orbiters, Viking 1 and
2, which have provided good spatial and temporal
coverages of the ionospheric density distribution?!. 2%
two additional density and temperature profiles were
acquired in situ with the retarding potential analysers of
the Viking landers?®, Plasma wave phenomena and

CURRENT SCIENCF VOL. 66, NOS 7 & 8.10 & 25 APRIL 1994



INNER PLANETS

~40.0
(&] ] | ] | (D] ] T [ I 1
. qy - QUIET SOLAR WIND { ——— QUIET SOLAR WIND +
At -EEEEE PHOBOS EVENT 1 FEB. 1L 2 - == - SHOCK FOOT (1) 4 FEB.
\ 3 —-—— fpe 4 FEB. 3 —— — SHOCK FOOT (2) 4 FEB.

-120.0 i | l ] ]
-40.0 (Cj [ | Il ] (ﬂj‘ | I ! I
{ — QUIET SOLAR WIND | { —— FEW 5 BEFQORE PP B FEB.
__\ - R SHOCK REGION 5 FEB. _ e - == FEW S AFTER PP B FEB.
\\ 3 —-—— SHOCK REGION B FEB,

I
o1
O

-120.
-40.0
o
{ — QUIET PLANETOSPH.8 FEB. ] - QUIET PLANETOSPH.B FEB.
| e == -- fce 8 FEB, e === YLF EMISSIONS § FEB.
[ 3 ——— VLF EMISSIONS 8 FEB.

ELECTRIC FIELD SPECTRAL DENSITY (V/mvHz)

: !
1 2 3 4 <
LOG (FREQUENCY (Hz) )

-120.

Figure 4. Typical electnic field spectra Day of month (February), start tume {UT) and averaging nterval {s) of cach
spectrum are respectively: {al, b1, ¢V) 4, 22:30:07, 120, (6¢2) 1, 17:47:09, 10, (ad) 4, 23:27 4G, 40, (2} 4,
2347 013,120, (3)4,23:52:37,120:(c2)5,00:02:07, 120, (c3) &, 05:31: 01, 120, (d1) 8, 054803, 2, (d2) 8,
05:48:33,2,(el, f1)8,06:02:49, 120,(22) 8, 05. 5537, 2;(f2)5, 0031 01,90, (/318,06 1043, 120 A dot marks
Lthe average clectron gyrofrequency assoctated with each spectrum,

CURRINT SCHNCE, VOILL 66.NQS 7 & 8, 10 & 25 APRIL 1994 Mg s



SPECIAL ISSUE ON

electron density and temperature were observed in the
more distant environment of Mars with the electric
antenna and Langmuir probe carried?* by the Soviet
orbiter, Phobos 2: no wave magnetic field measurements
are available at frequencies larger than 10 Hz.

The Viking 1 and 2 landers reached the surface of
Mars at solar zenith angles of about 44°, on 20 July and
3 September 1976. Phobos 2 described 4 elliptical orbits
in the equatorial plane of the planet during the period 29
January-12 February 1989, with periapsis at typical
altitude and solar zenith angle of 854 km and 51°; the
orbiter was subsequently transferred to a circular orbit
very close to that of the Phobos moon at an average
altitude of 6200 km, where it was operated?® until March
1989.

The descent trajectories of the Viking landers and the
orbits of Phobos 2 are plotted in cylindrical projection,
in Figure 2; the X-axis is pointing towards the sun and
the average location of the non-aberrated bow shock is
shown as a fine of reference. This figure illustrates only
too well the present paucity in spatial coverage of in situ
plasma and wave measurements.

Upstream region

Phobos torus

The interaction between the torus of the martian mooun,
Phobos, and its environment does not strictly belong to
the class of planetary phenomena covered in this review;
it s nevertheless briefly described for completeness.
The crossing of the gas/dust torus which encapsulates
totally., or partially, the orbit of the Phobos moon is
most easily identified upstream of the martian bow
shock and of the ion and electron foreshocks, where no
other interaction is usually visible.

Approximately 50 minutes before periapsis, spacecraft
potential measurements* veveal, clearly on the first orbit
and, to a lesser extent, on the third one, an electron flux
increase associated with photoemission, secondary
emission or ionization of molecules sputtered from a
dust torus generated by the moon (Figure 3). At the time
of the 1 February event, the spacecraft was at a distance
of 4000 km from the moon and 400 km from its orbit2®.
The frequency spectrum of the electric field is shown in
Figure 4 a (curve 2); it reveals, with reference to the
quiet solar wind {curve al), an enhancement of the wave
activity in a range which extends beyond the local
electron gyrofrequency. This activity reflects the inter-
action of the solar wind with a mixture of ions, electrons

-— -
g s

*The floating potential of a spacecrafl 1s measured with respect to a
reference electrode This potential is anticorrelated with the ambient
clectron ux, posiive 1h a rarcfied medmm {eg SV i the solar
wind), 1t may rcach negative saines in dense and/or energet ¢
environments The plasma densiy in be deduced fram the floating
potential if the electron temperatie 15 hhown!?
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and positivity charged grains with dimensions?’ larger
than 1 pm.

These observations are corroborated by independent
charged particle and magnetic field measurements
performed, not only in the solar wind, but also within
the bow shock, in the vicinity of the two martian moons,
Phobos and Deimos2% 2%, Any confusion between the
torus effect seen in Figure 3 and a foreshock event?? is
therefore most unlikely.

Disturbances are also observed in the tails of these two
moons and are reminiscent of an interaction between the
solar wind and a comet??. 31,

Electron foreshock

Electron plasma oscillations are gencrated by electron
beams which are accelerated at the bow shock and travel
upstream in the solar wind along a direction practically
parallel to the magnetic field; this instability develops
therefore on field lines which are connected to the
shock, near the boundary of the electron foreshock
(Figure 1). These emissions are visible in the top panel
of Figure 5 in a frequency range nearly centred on the
local electron plasma frequency, f,. = 13 kHz, which

corresponds to a plasma density of about 2 cm=3. The
average Spectral distribution in a time interval of 40 s
starting at 23:2749 UT (s also shown in figure 4a
(curve 3).

Due to the predominant orientation of the upstream
magnetic field and on account of the particular
configuration of the Phobos 2 circular orbit (Figures 1
and 2), it can be verified in Figure 6 that the instabihity
1s, on average, seen more often In the morning sector.
These electrostatic waves have amplitudes of a few
mV/m and are polarized along the direction of the local
magunetic field*?. They are similar to those previously
observed in the foreshocks of other planets, for example
Earth’? and Venus3?.

Shock foot and ion foreshock

The outer edge of the shock foot or ion foreshock 1s
crossed three times on 4 February (Figure 5, panel 2).
Differentiation betwegen the shock foot and the ion
foreshock is not always possible on this type of orbit
because Og, does not differ markedly from 45° at the
subsolar shock (Figures 1 and 2).

The foot has a thickness of the order of one ion
gyroradius {(=1000 km) and is populated by solar wind
protons which are specularty reflected from a quasi-
perpendicular shock?. The ion foreshock, on the
contrary, develops In the vicinity of a quasiparallel
shock; 1t contains particles which diffuse from this
boundary and are convected away by the solar wind.
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Figure 6. Dynamic spectrograms recorded during 7 successive circular orbits centred around local midnight. The bow shock is ¢rossed in the

vicnity of the g ( ) appr

ly 2 hours before (after) local midnight. The steady signal visible around I kHz in the

maorning sector of orbits 2. 4, S and 7 is an on-board interference. See Figure 5 for additional information.

The spectrum of the noise is illustrated by curves
2 and 3 of Figure 4b. This wave is associated with
a Doppler shifted ion acoustic instability in the fore-
shock* and a lower hybrid oscillation in the foot®,

The level and turbulence of the electron flux
(anticorrelated with the spacecraft potential) increase

<6}

progressively during the traversal of this region,
corresponding to a time interval of about 20 minutes
before the bow shock crossing (Figure 3). This trend is
also visible in the electron density, independently
measured with a Langmuir probe, which is displayed in
the second panel of Figure 7.
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Figure 7. Plots of the spacecraft potential ¥, electron density N, electron gyrofrequency /_ Jamd clecine field levels in
three frequency ranges, aganst universal time, areocentric distance and solar zenith angle around the perapsis of the third
elliptical orbit of Phobos 2. The bow shock and planetopause crossings are observed at 05-36 and 63 .48, respectively.

Magnetohydrodynamic turbulences are also observed
with the magnetometer at the proton gyrofrequency, with
a left-hand polarization??; they are associated with
diffuse ions 1In the foreshock and pick-up protons
elsewhere (Figure 8).

Bow shock

The bow shock is easily identified as a marked increase
of the ambient electron flux due to a rapid deceleration
and energization of the solar wind plasma (Figure 3). An
average model configuration of the bow shock has been
derived from these observations®’, in good agreement
with models inferred from magnetic field measure-
ments?.

The evolution of the wave spectrum is not as
spectacular (Figure 5, panel 3) and varies from orbit to
orbit (Figure 9). The four recordings shown in Figure 9
represent all the wave data presently available in the
close vicinity of the subsolar shock. The angle Op, 1s
41° for the first crossing, 45-60° for the second one and
45° for the third one’® values not too different from that
of the mode!l configuration, 57° (Figure 1). No d.c.
magnetic field data are available for the fourth orbit.

In spite of seemingly similar conditions, the onset of
the broadband noise does not always occur at the same
distance from the shock, The activity enhancement, most

CURRINT SCILNCL VOL 66 NOS 7 & 8,10 & 25 APRIL 1994

visible on the third orbit, ts probably due to the sporadic
role of ionospheric ions or atmospheric neutrals which
are ionized in the solar wind by the critical 1onization
velocity phenomenon or other processes. Such an
interpretation is supported by the fact that the martian
shock spectrum most resembles the spectrum recorded
during the AMPTE lithium release, which may indicate
the presence of pick-up ions’.

Figure 6 displays for comparison a contiuous
dynamic spectrogram recorded during 7 successive
circular orbits with a period of exactly 8 hours; note that
the colour scales of Figures 6 and 9 are identical. The

bow shock is crossed at around 23:30 and 03:30 UT (£ 3
hours); the wave activity appears to be much less intense
at the terminator (altitude 1.7 Rms) than in the subsolar
area (altitude 0.5 Rms) due, in part, to the reduction of
escaping planetary plasma density with increasing
distance.

Two examples of bow shock specira are gihven
Figure 4¢; spectrum 2 is taken in the overshoot and
spectrum 3 in the ramp, ie, immediately after and
before the shock?®- 4. Figure 10 compares the spectra
recorded in the shock regions of Earth and Murs with
Phobos 1 and Phobos 2, in the same format as those
reported by Scarf et ul*? and Gurnett™ for Venus,
Jupiter and Saturn. The signals measured with Phobos 1,
Phobos 2 and Pioneer appear to be artitivially enhaneed
above 10 kllz, due to the relatively fow signal-to-noise

Yk
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Figure 8. Power spectra (A) before and (B) during the detection of
a tone at the proton gyrofrequency upstream of the bow shock on 8
February 1989 (ref 29)

ratios which can be achieved with short electric
antennas.

The shapes of the spectra are similar and scaled by the
characteristic frequencies of the solar wind plasma:
electron gyrofrequency ( f.), lon and electron plasma
frequencies (/. fpe), Buneman mode characteristic
frequency (fg=1[m./m1" f., where m,/m, is the
electron—ion mass ratio) and Doppler shift frequency for
ion acoustic waves (Vsy /2ndp , where Vg, is the solar
wind velocity and Ap the Debye length). The spectra
result from the superposition of electromagnetic waves
with frequencies less than /.. (whistler mode) and ion
acoustic instabtlities with wavelengths of the order of Ap
and frequencies shifted by Vey /Ap in the frame of
reference of the satellites?3.

Transition region

The transition region extends from the bow shock to the
obstacle and contains the downstream subsonic flow of a
plasma consisting mostly of solar wind protons in the
plan¢tosheath and planetary ions (O'} in the planeto-
sphere,

The deceleration of the solar wind is caused by ion
pickup and charge exchange in the planetosheath and,

570

mostly, by momentum transfer through the planetopause
to planetary ions which escape from the 1onosphere and
enter the planetosphere®’.

Planetosheath

One of the main features of the planetosheath, which,
according to our definition, 18 the region which lies
between the shock and the planeropause (Figure 1), is
the continuation of the turbulences which characterize
not only the plasma electron flux and density (Figures 3
and 7) but also the ambient magnetic field*. One
observes also a progressive decrease of the Doppter
shifted acoustic waves with frequencies above f,
(Figure 5, panels 3--5).

Planefopause

The wave and plasma properties are so_drastically dif-
ferent on both sides of the planetopause that this
boundary is sometimes deliberately confused with
the obstacle, rather than recognized as the inner
boundary of a transition region where solar wind
protons have been progressively replaced by planetary
{ONS.

The planctopause is nat believed to play the role of an
obstacle because its location is too high in altitude and
does not appear to be much influenced by the variations
of the solar wind pressure®.

The standing feature which discloses the inbound
crossing of the planetopause is the disappearance of the
rapid magnetic field and electron flux turbulences
(Figure 3). This boundary cannot otherwise be always
recognized, unambiguously, from wave measurements
alone (Figure 5, panel §). The third inbound crossing of
Phobos 2 1s a particularly clear example which €xhibits
most simultaneous features (Figure 7); the electron
density profile shows a marked discontinuity because
the plasma diffusing from the planctosphere s
constantly removed from the planetosheath where the
solar wind convection is more efficient®, the very sharp
decrease of the wave activity 1s illustrated by the lower
panel of Figure 7 and the two spectra of Figure 44
which compares the wave energy distrtbution upstream
(spectrum 1} and downstream {spectrum 2} of the
planetopause. The surge of wave activity which 1s seen
in the 5-50 Hz frequency range at exactly the time of
the planctopause crossing (Figure 7, bottom panel)
is probably an electrostatic wave close to the lower
hybrid frequency resulting from an interaction between
the two ion populations which prevail on both sides
of the boundary, as observed outside the ionopause of
Venusts,
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Figure 10. Comparison between the clectric field spectral densstics observed at the bow shocks of lnve planets [he
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Venus, Jupiter and Saturn data are taken trom Scarf er a/*" and Gurnett’® The Earth measurements wete perloomed with

Phobos | and Phobos 2 on 2 and 13 July 1988, a few hours atter the launches The Mars measurements were collected

with Phobos 2 on 4 and 8 Febhruary 1989

Planetosphere

The planetosphere is an extremely complex and
fluctuating environment; its structure is partly controlled
by the planetary ion population and presents very
different profiles from one orbit to the next (Figure 3).
Plasma clouds with densities of up to 700 cn™ and
electron mean kinetic energies of the order of 1 eV
develop a dynamic préessure equivalent to thatof a 20 nT
magnetic field and play a significant role in convection
nrocesses. Anticorrelated fluctuations of magnetic field
and electron density recorded at distances of 8—[0 Rms,
in the tail planetosphere, are shown in Figure 1.
Figures 4e and [ illustrate the wvariety of wave
phenomena also observed in this region.

Obstacle

The only available w7 suu ionospheric densily and
temperature data are those collected during the descents
of the Viking Janders, which are reproduced?®’ in Figures
12 and 13.

The radio occultation measurements shown in Figures
14 and 15 confirm that peak densities of the order of
10° cim ¥ are observed at altitudes around 125 km on the
dayside® 47 and reveal that the ionosphere vanishes on
the nightside?®.

Although the peak ionospheric thermal pressure is
venerally sufficient to stand off the solar wind??, the
existence of an overlying magnetic barrier extending up
fo an altitude of 300 km at the subsolar point, like at
Venusi® or a small intrinsic magnetic field, is required

i
AT
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Ne 260 —
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Figure 11. Electron density  enhancements  antivorretated  waith

magnette field fluctuations m the taf planciosphere (8-10 Ry 1he
clectron density 18 denived from spacecralt potential medsurcments
the upper and lower traccs correspord to assumed mean hinetic
encrgies af 1 and § eV, rcapcctwely”

in order that the size of the obstacle be compatible with

that of the observed shock'?,
The magnetization of the ronosphere of Venus by the

solar wind has been observed expetimentally but that ot
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Ligure 13, lon temperatute observed durtng the descent of the Viking landues

NMars, afthoueh possible, remains so far unproven'®, wind by planctary ions and the associated drapmg ot
- ) . . - . = . » . . - .

bhere 15 no  consensus  either about the possible  interplanctary maonetic ficld lines The transiion tiom
boo, the tail w the planctosphere is extremely smooth and the

definition of the obstacte tatl boundary s corseguently
somewhat acadenie {Ligure 1.

cxistence of g intrinsic martian magnetic field!

) t B
fhe wayve meitswements coltected by Phobos 20 al

[lee tut] of Mars is permeated by an induced migncfic an acrocentric distance ol 2.8 Ry e tilestrated
(ield which results from the mass loading of the solar Ficure 6. Lhe spacectatt crosses the il durise ot
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mterval of appronimately 2 hours which covers the
cchipse recion corresponding to the middie section of
cach pancel In eclipse. the broad-band and continuous
clectric nomse level is reduced in the frequency range
0 3-3 kllz. presumably due to the absence of
photocmission from the spacecraft and antenna surfaces
and <dhiscrete bursts of waves and electron density
cnhancements are observed™.

Vigure 16 illustrates the diversity of phenomena which
are recorded in the central part of the tail, during the
traversal of the optical shadow of the planet. Cold
clectron clouds with densities of 10-100 cm~ and mean
hinctic energies of about | eV are encountered on nearly
every orbit: these c¢louds are embedded 1n a much more
tenuous (=1 cm~%) and hotter (several 10 eV) electron
enmvironment. Comparing the electron and ion saturation
currents collected by the Langmuir probe yields a much
fareer mean kinetic energy for the jons, of the order of
several 100 eV. These plasma clouds differ from the
density enhancement regions observed on the dayside
(Fioure 7, panel 2); the former are, in fact, observed in
coincidence with the 1on beams reported by Lundin
ef af ? and Dubinin er «f.-8

These clouds are sometimes observed when the
spacecraft crosses or approaches the neutral sheet,
where the sign of B, reverses (01.55 UT) The spectral

cxtent of the wave emissions are often closely linked to
the instantaneous level of the electron density (01:40-
02:00 UT). but wave bursts are aiso observed when no
significant increases of electron density are visible
(02.00-02:30 UT).

It has been found at Venus that cloud formation was
taking place near the terminator and was occurring in
conjunction with orientation changes of the inter-
planetary ficld®?; the existence of a similar process has
not set been established in the martian environment. It
has also been proposed that planetary tons be removed
by momentum transfer from the pickup ions to the upper
ionospheric layers?’. Parallel electric fields or magnetic
field convection have been suggested as possible
acceleration mechanism at Venus®®; reconnection bet-
ween intrinsic and captured magnetic field lines may
also play a role at Mars'®, The tailward ion outflow
from Mars ts estimated from Langmuir probe measure-
ments to be in the ranges>’ [.9-7.5 x 10%% ions/s, in
good agrecement with independent OF flow measure-
ments’.

Conclusion

The wave activity in the upstream region of Mars is
reminiscent of the emissions observed 1n the environ-
ment of other planets: electron plasma oscillations have
been detected in the electron foreshock and instabilities
developed by reflected or accelerated ions have been
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Figure 14. Day-time onospheric electron densily profile obtamed
with the Viking radio occultation experiment near solar minimum*®
Altitude = Radwes — 3393 km

Vi 374, SZA=124

ALTITUDE km

Figure 15. Night-time tonospheric electron density profile obtaimed
with the Viking radio occultation experiment near solar menmum®

identified in the ion foreshock and shock foot The
spectral signature of the shock region is in all aspects In
agreement with that of all other planets.

The planetopause divides the downstream region
which extends from the shock to the obstacle in two
parts: the planetosheath and the planetosphere, respec-
tively populated by a majority of solar wind protons and
planetary ions. This boundary, which is easily identified
and located with accuracy from plasma and wave
observations at Mars, merges with the lonopause at
Venus, except when the solar wind pressure is high,
It 1s analogous with the cometopause obscrved near
Halley®,
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DYNAMIC RAMNOE -8BDf-3048
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Figure 16. Piots of 1the magnetic field components and modulus.
electric ficld signals and electron density versus umversal time, local
time and latitude at a distance of 2 8 Rms.The reference system is
that of Figures 1 and 2 and latitude is measured with respect to the
XY-plane.

The martian obstacle has not been clearly identified
and 1ts degree of magnetization is still problematic.
Wave bursts and plasma clouds are permanent features
of the martian tail and their relationship with magnetic
structures is still under investigation.

The differences between the topologies of the Mars
and Venus environments have been tentatively explained
by the possibility that the former planet may possess an
intrinsic magnetic field that would prevent the upward
diffusion of ionospheric plasma's,

It 1s expected that the forthcoming missions, Mars
Observer and Mars 94, will answer these open ques-
11ons.
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