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ON THE SOURCES OF THE NIGHT SIDE [ONOSPHERE OF VENUS

HECTOR PEREZ DE TEJADA”
RESUMEN

Se presenta una descripeion general de las caracteristicas de la ionosfera nocturna en Venus y
del medio magnético y plasmatico en su cstela. Se sugiere que cl caracter variable de la ionos-
fera nocturna es debido, en parte, a condiciones de asimetria y variaciones temporales de la pe-
netracion viscosa del viento solar a la region de la umbra Optica atrds del terminador plancta-
rio. Ademds de los cfectos de induccidn, la presencia de flujos magnéticos asociados con ¢l plas-
ma solar debe contribuir a explicar la dependencia que cjerce el campo magnético interplancta-
rio sobre la gcometria magnética dentro de la umbra dptica.

ABSTRACT

A general description of the characteristics of the night side ionosphere of Venus and of the
plasma and magnetic environment in the near wake is presented. It is suggested that the varia-
ble character of the night side ionosphere should result, in part, from asymmetric conditions
and time-dependent variations of the viscous penctration of the ionosheath flow into, the um-
bra, downstream from the planctary terminator. In-addition to induction cffects, the presence
of magnetic fluxes associated with the intruding solar wind plasma should also contribute to
explain the observed dependence of the magnetic geometry of the ncar wake on the ivter-
planctary magnetic ficld.
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I. OBSERVATIONS OF THE NIGHT SIDE IONOSPHERE AND PLASMA WAKE

One of the outstanding results obtained from the Mariner 5 encounter
with Venus was the detection of a significant ionospheric concentration
above the night side hemisphere. The results of the radio occultation
experiment showed, in fact, the existence of a well defined ionospheric
layer situated at about 140 km above the planet with a maximum elec-
tron concentration of ~10* em™ (Mariner Stanford group, 1967). Foar-
ther observation carried out during the Mariner 10 encounter revealed
the existence of two night side layers at ~ 120 km and 140 km above
the planet with maximun electron concentrations of 7x10° em” and
9x10* e¢m”™ respectively (Fjeldbo et al., 1975). The more recent radio
occultation experiments of the Venera 9 and 10 orbiters have confirm-
ed the presence of both layers and the (usually) smaller peak intensity
of the lower one which in some occasions is not present. A summary of
the Vencra observations is reproduced in Figure 1 (from Keldysh,
1977).

The most peculiar characteristic of the geometry of both ionospheric
layers is their variability as the maximun electron density is seen to
fluctuate up to a factor of five. Also significant is their persistent sharp-
ness which indicates that the ions in the region are heavy and cold.
At the same time, the measured topside plasma scale height is only of
the order of ~ 5 km so that the local electron density is seen to decrease
to solar wind values a few tens of kilometers above the peak of the
upper layer.

The basic difficulty encountered when interpreting the high electron
densities observed in the night side ionosphere lies in the fact that the
characteristic recombination time of the ions in the region is of the or-
der of T~ 5x10° sec (for the dissociative recombination of CO, )and
hence much smaller than the 4 day period characteristic of the rotation
of the upper atmosphere of Venus (Boyer, 1973). Consequently, the
supply of ionized material to the night side hemisphere should be main-
ly provided by local sources rather than by the lateral transport of day
side ionization «cross the terminator. In this regard, McElroy and Stro-
bel (1969) have pointed out that horizontal motions in the vicinity of
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The day side ionospheric peak (~ 140 km) cannot transport charged
particles very far past the terminator. Further penetration into the
night side could only proceed at higher altitudes provided diffusion
processes could then bring the ions downward to lower altitudes.

In the early interpretation of the night side ionospheric profiles, it
was recognized that the solar wind represents a potentially adequate
source of energy and particle fluxes to sustain the observed electron
densities. McElroy and Strobel (1969) estimated, in fact, that a (re-
verse) planetward flux of approximately 109% of the undisturbed solar
wind flux could be sufficient to account for the measured night side
peak concentrations. At the same time, the effects of a small leakage of
solar wind particles across the optical umbra to the night side planetary
atmosphere were examined by Hartle and Herman (see Bauer, 1973)
who concluded that about 1-2% of the solar wind energy would be re-
quired to produce the observed electron density profiles. The reality of
the assumed transport of solar wind particles to the vicinity of the night
side atmosphere depends fundametally on the structure and dynamics
of the planetary wake which were, at that time, unknown. Recent
theoretical and experimental studies of the plasma and magnetic
environment in this region have now revealed that such a transport can
in fact proceed and that it is intimately connected with the overall
configuration of the wake.

The presence of an appreciable component of solar wind particles
within the planetary umbra can be theoretically predicted as a conse-
quence of the viscous-like interaction of the solar wind with the ionos-
pheric plasma at the planetary terminator (Pérez de Tejada and Dryer,
1976). Considerations of conservation of mass flux within the iono-
sheath flow suggest that about 10% of the solar wind flux must be
forced into the wake from all around the planetary terminator (Pérez
de Tejada, 1979). Plasma probe measurements carried out with the
Venera 9 and 10 orbiters indicate that a plasma population with such
characteristics is in fact present across a large section of the planetary
umbra (Vaisberg et al., 1976; Romanov et al., 1978), and that particle
fluxes are seen to converge to the inner regions of the wake at locations
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about 3 planetary radii downstream from the terminator (Gringauz et
al., 1976a; Verigin et al., 1978).

The observation of significant electron fluxes moving planétward in
the optical umbra was used by Gringauz et al. (1976b, 1977) to exam-
ine the formation of the night side ionospheric layers through direct
electron bombardment of the local atmosphere. By modeling the ion
production rate in a planar atmosphere consisting of CO; molecules,
these authors concluded that the measured electron fluxes in the
umbra (~ 10* em™ sec” with energies € < 300 eV) can adequately
account for the accumulation of densities up to 10° em” at the ob-
served position of the upper ionospheric layer (~ 140 km).

The effects of cosmic rays, meteoric bombardment, and scattered Lo
radiation have also been examined to model the generation of the ob-
served night side ionospheric layers. In particular, Butler and Chamber-
lain (1976) noted that meteor ionization could also account for the
peak ionospheric concentations provided the local density of neu-
tral particles is n,~ 10'? - 10"’ em™. Since such values occur at
lower altitudes than those required by the electron bombardment
(o~ 10° em™) it is possible that meteoric ionization could contribute
to the production of the lower night side ionospheric layer (Gringauz
et al., 1977). It should be noted, however that the contribution of (yet
undetected) more energetic electrons (€ > 300 eV) was not included in
the calculations of the collisional ionization processes, and that they
could also affect sensibly the population and dynamics of both ionos-
pheric layers. In this respect, Chen and Nagy (1978) have presented the
results of independent calculations of night side ionospheric densities
produced by more encrgetic electron fluxes. They conclude that the ob-
served plasma densities at an altitude of ~ 140 km can also be obtained
by assuming a total downward flux of ~ 10° ¢cm-* sec” at an energy of
700 ev.

II. WAKE DYNAMICS AND ITS EFFECTS ON THE NIGHT SIDE IONOSPHERE

a) Magnetic Fields in the Wake

Fven though it is fairly clear that the particle fluxes detected in the
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plantetary umbra can account for the observed ionization of the night
side atmosphere, the overall description of how such fluxes are
generated and directed towards the planet awaits intense theoretical
and experimental examination. Thus, studies of the origin, acceleration,
and spatial location of these fluxes will prove essential to the unders-
tanding of the detailed dynamics of the night side ionosphere. The
present view of the geometry and structure of the plasma wake, assem-
bled from current theoretical and experimental research, appears
to be consistent enough to permit a preliminary qualitative description
of correlated events which could result in the formation of the night
side ionosphere. First of all, it is necessary to point out that the pla-
netary umbra is not devoid of magnetic fluxes, but that an appre-
ciable magnetic field intensity exists throughout the wake. Early
estimates of the planetary magnetic moment indicated that the mag-
netic field intensity in the vicinity of the planet would not be much
higher than that of the solar wind in freestream conditions (Dolginov
et al., 1969). The re-examination of such calculations proved, howev-
er, that the magnetic field at the planetary surface could be as high as
30y (Russell, 1976a). .

Recent experimental observations carried out with the Venera 9 and
10 orbiters revealed that the magnetic field in the wake is, in fact, of
the order of 10-20 vy (Dolginov et al., 1977). The origin of this field has
not been established even though its configutarion in the far wake re-
sembles that of the geomagnetic tail field: i.e. the magnetic field vector
is essentially parallel to the Sun-Venus axis and exhibits a well-defined
reversal in its direction (from anti-sunward in the northern hemisphere
to sunward in the southern hemisphere). Dolginov et al. (1977) report,
in addition, that the magnetic field configuration in the near-wake does
not conform with that expected for a planet-rooted field, but appears
to be controlled (in sign and direction) by the interplanetary magnetic
field. Current interpretation of this dependence has been directed to
the evaluation of the magnetic field associated with the electric currents
induced in the ionosphere by the solar wind (Eroshenko, 1978). The
apparent irregular and variable geometry of the magnetic field in the
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near wake appears to be most suitable to the development of electron
bonbardment events in the night side atmosphere. As pointed out by
Gringauz et al. (1977), it is desirable that the magnetic field above the
night side ionosphere not maintain a stable orientation parallel to the
surface, as this would prevent the incidence of low energy electrons to
the upper atmospheric layers.

Another important aspect of the dynamics of the plasma wake which
must be considered in connection with its magnetic configuration con-
cerns the very presence of interplanetary magnetic fluxes associated
with the ionosheath flow forced into the planetary umbra. Within the -
framework of the predicted viscous deflection of the solar wind flow
behind the terminator, it is also contemplated that the magnetic field in
the umbra must accomodate the magnetic flux of the intruding plasma
(Pérez de Tejada et al., 1977). This concept provides a natural explana-
tion for the observed dependence of the magnetic field in the planetary
umbra on the interplanetary magnetic field, and exposes its predicted
complexity. Thus,, in addition to a stable planetary component, the
presence of the interplanetary magnetic field together with the ionos-
phere-induced magnetic field will render a highly variable magnetic
configuration which will exhibit marked temporal and spatial changes
in intensity and vector orientation. An order-of-magnitude estimate of
the total magnetic flux forced into the umbra by the viscous interac-
tion at the flank regions of the ionosphere can be derived by following
the calculations of Pérez de Tejada (1979) on the total mass flux de-
fect exhibited by the Mariner 5 plasma probe measurements. The com-
parison of this data with the inviscid flow calculations of Spreiter et al.
(1970) indicates, in fact, that the measured velocity values in the
ionosheath are deficient on the average by about 10%with respect to
the predicted values. This amount, which implies a total mass flux of

e 1026 sec’” , can satisfactorily account for the observed velocity and
density values of the plasma in the umbra and thus provides a simple
interpretation of the origin of this plasma.

Since the total amount of mass flux forced into the umbra is equiva-
lent to that present in an annulus of undisturbed ionosheath flow
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(n=4 em”, Ui=500 km/sec) with external and internal radii Re=10 000
km and Rj=9 000 km, respectively, we can estimate the total mag-
netic flux expected in the umbra by calculating that associated with
such an annulus of material. The total amount of magnetic flux in
the annulus is

Fi=r (R — R) Bi=7.1 x 10"” Gauss em’

where Bi=12y in the magnetic field in the ionosheath. Since this magne-
tic flux should be equivalent to that associated with the ionosheath
plasma forced into the umbra, the magnetic field in the umbra pro-
duced by this effect should be given by:

E
B
u= P 3 ‘)/ .

L

B

Even though a slightly larger value (~5-6y) would also be predicted by
assuming that the intruding ionosheath flow occupies only the outer
region of the wake, it is evident that such a component cannot account
for the totality of the magnetic field intensity detected in the umbra.
Its presence, however, may be essential to understand the spatial and
time-dependent behavior of the magnetic geometry of the wake.

Before discussing the possible consequences of this geometry on the
local particle population, it is first necessary to note that across a large
section of the planetary umbra (particularly in its outer region) the lo-
cal flow conditions of the solar wind mixed with planetary ions remain
super alfvenic. Throughout this region, the plasma should behave no
differently than in the ionosheath even though its velocity and density
may be significantly reduced. In the inner region of the wake, on the
other hand, the kinetic energy density should become smaller than the
magnetic energy density so that the plasma and magnetic environment
may resemble that of the earth’s magnetosphere. 1t is in this region of
the wake where the complexity of the magnetic geometry may prove
essential to the acceleration of the local plasma.
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b) Effects on the Local Plasma

In analogy with the magnetic and plasma dynamics of the earth’s mag-
netic tail. we should expect that processes similar to plasma sheet ex-
pansions and substorm events be present as well in the inner regions of
the Venusian wake. Russell (1976b) has, in fact, interpreted certain
fluctuations of the magnetic field measured by the Venera 9 as indi-
cative of field-aligned currents associated with a plasma sheet expansion
within the wake. It is most important to realize, however, that the loca-
tion of the regions where these events take place will be far more vari-
able on Venus than in the earth’s magnetotail. In fact, the continuous
distortion of the planetary field by ionospheric currents and by the in-
truding interplanetary magnetic field should result in a time-dependent
asymmetric orientation of the local magnetic field vector. Breus (1978)
reports, in this regard, that the Venera 9 and 10 observations indicate
that no single polarity holds steadily in the southern hemisphere of the
wake, but that the component directed along the Sun-Venus axis is
seen to exhibit different directions as a function of time. These observa-
tions seem to indicate that the region of magnetic reversal in the near
wake may execute continuous spatial displacements across the umbra
and that the magnetic ficld orientation in the inner regions of the wake
simply reflects this displacement. A direct consequence of this behav-
ior is the conclusion that the position of the region where reconnec-
tion of magnetic field lines may occur will also be affected by conti-
nuous spatial displacements across the umbra. This could affect, in an
asymmetric manner, the entire cross sectional area of the near-wake as
represented schematically in Figure 2: Note that the suggested geo-
metry differs from that usually associated with the earth’s magnetos-
phere in that magnetic reconnection processes may not he operative in
the dayside hemisphere. In Venus, the planetary magnetic field present
in the ionosphere should be partially shielded from the interplanetary
magnetic ficld by the ionopause and by electric currents induced in the
ionosphere by the solar wind. Thus, we can picture the interplanetary
magnetic field lines as being effectively draped around the ionospheric
obstacle and at the same time distorted as the ionosheath flow is laterally
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forced into the umbra. The variable character of the magnetic geometry
in the near-wake should result from the combined action of the follow
ing factors. i) asymmetries associated with the orientation of the pla-
netary dipole field; ii) asymmetries due to the time-dependent elec-
tric currents induced in the ionosphere by the solar wind: iii) a dawn-
dusk asymmetry of the efficiency of the viscous interaction between
the solar wind and the ionospheric plasma, caused by differences in the
thermal and dynamic state of the ionosheath flow around the planeta-
ry terminator. This latter condition will also be complicated by the pre-
sence of an induced magnetic field as noted in ii above. Pérez de Tejada
(1979) argued. in this regard, that the viscous mixing between the solar
wind and the ionospheric plasma can be significantly reduced if a strong
local magnetic field exists in the ionosphere at the terminator. The
possible generation of a magnetic barrier in front of the dayside iono-
pause, as suggested by Dessler (1968), could have important conse-
quences on the latitudinal geometry of the viscous boundary layer at and
behind the terminator. This could explain the occasional absence of the
mixing region in the wake as reported by Romanov et al. (1977).

The overall implication of these concepts, insofar as the formation of
the night side ionosphere is concerned, is that the access of energetic
particle fluxes to the upper atmospheric layers will be, to a large extent,
controlled by the geometry and dynamics of the plasma wake and the
ionosheath flow. Thus, the precipitation of particle fluxes to the night
side hemisphere along magnetic field lines should proceed under condi-
tions similar to those encountered in the auroral zones of  the earth,
except that in the present case it may affect even the equatorial regions
of the planet.

Experimental evidence in support of the sporadic occurrence of pe-
culiar conditions in the wake is available from the magnetic and plasma
data analysis of the Mariner 10 measurements. Yeates el al. (1978) re-
port, in fact, the detection of two different plasma regimes in the op-
tical umbra. One is characterized by high bulk speeds and high den-
sities, and has been associated with the behavior of the predicted vis-
cous plasma wake. Alternating with this regime, periods of lower bulk
speeds, lower densities and high values of magnetic variance are also de-
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tected. The intermittent character of these latter conditions has made
difficult their interpretation even though a tentative identification in
terms of an inner plasma bounded by a tangential discontinuity has
been suggested. Yeates et al. (1978) conclude that these periods of dis-
turbed conditions appear to be correlated with specific orientations of
the local magnetic field and that they may result from the accelera-
iion of electrons close to where they are detected. The local aceclera-
tion of particles in the wake has also been inferred from the observa-
tion of sporadic energetic ion fluxes (€> 2 kev) deep within the umbra
(Gringauz et al., 1976a). These particles are not ohserved in the iono-
sheath or in the penumbral regions of the wake and thus reflect condi-
tions peculiar to processes operating only in the deecp umbra. Also sig-
nificant are the results of the magnetic data analysis of the Mariner 10
measurements carried out by Lepping and Behannon (1978). According
to these authors, he periods of disturbed plasma conditions resported
by Yeates et al. (1978) are coincident with the detection of quasiturbu-
lent magnetic conditions in the wake. They suggest that these obser-
vations correspond to a region in the deep umbra where the magnetic
gcometry changes configuration in response to changes in the inter-
planetary magnetic field and solar wind.

These various observations provide strong evidence that peculiar
time-dependent processes take place deep within the optical umbra.
The variable character of the viscous-flow behavior of the ionosheath
plasma as it penetrates into the umbra represents, as noted above, a me-
chanism which should regulate the control that the solar wind exerts
on the local plasma and magnetic field. The in-situ measurements to
be made with the Pioneer Venus spacecrafts will provide a more com-
prehensive knowledge of the correlation existing between the magnetic
geometry in the umbra and the plasma and magnetic conditions in the
ionosheath flow.
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Fig. 1. Night side ionospheric electron concentration variations from the radio occultation
measurements for different solar zenith angles Z (from Keldysh, 1977).
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Fig. 2. Schematic representation of a possible magnetic geometry in the Venusian wake. The
diagram shows the projection of the magnetic field lines on the plane formed by the magnetic
dipole axis and the sun-Venus line.
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