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SUMMARY

Results oi measurements of "bounda.ry positions and charac~
teristics of tramsition layer behind the martiasn bow shock are
presented. For the first time measured characteristics of the
plésma formation Mncated behind the inner boundary of the tran-
sition layer at the antiéc ar part of near-martisn space are
congidered. A possibls nature of tk_)i;_w formpation 1s discussed
and scoue consideratiors in favour of its interpretation as the

plaswma cheet in the martian magnitospheric tail are presented.



A% the spacecraft "Mars-5" that become the satellite of
Mars on 15;2.1974 (the pericenter ~ 4800 km, the apocenter
~%2 000 km, the inclination to the ecliptic plane ~60°, the ro~
tation pericd ~25 hours) wide-angle cherged particle %raps were
instvalled for measuring of ion and electron'compcnent characte—
ristics of the low-energy plasma, Characte:ristics of instruments,
the description of their arrsngenent ac the spocecrarlt and re-
gimes of measurements are given in [1} . Below the data are nre-
sented of new measurements of the locaticn of boundaries and
characteristics of the transiticn layer - the Martian marneto-
sheath (see, for exaﬁple, [2—5}) and the dafa of first measurcw
ments of characieristics of a.plasma Zoruwation located behind
the inner boundary of the transition layer at the anti~solar
part of the neer-Martian space. A ﬁrelimin&ry informetionvcn
that plasma formation are given in [9] .

Fig. 1a shows the orbit of "Mars-5" on 14.2.74 in solur—~
~areoecliptic coordinates X, Y, Z. The axls X is directed o
the Sun, Y 1is in the orbital plane of Mars and mskes a‘biunt
sngle with the velocity vector of'the planet, the axis Z sup-
plements the coordinate system to the right orea. Iﬁ f;g. 1
a parf of the same orbit is presented in coordinates,x,‘)r"?:_fT .

The analyslig of ion and electron energy spectra obtained dur-
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ing all avallable communication sessions showod that near the
plenet the satellite cross 4 three zones (I-III) with substan-
tils.lly different characteristics of theplasma. Typical pri;nary
ion svectra and‘ electron retardation curves corresponding to
these three zones are showed in fig. 2. In zone I ion and elect-
ron spectra axe tyi)ical to the undisturbed solar wind (fig. 2a).
The eriterig;n of the crossing of the bow shoock £ ont and the en-
tering the transition 1ayer‘II is the characteristic change of
charged particle spectra (fig. 2b)e ions are thermal*zed and
thelr fluxes inc:,ease, Im at electron retardation curves irn-
creases too (Im-ax - the‘current'corresponding to zero retard;ng
potential and proportional to n;;y'ﬁ;: : , where [fg -

- the electron density, Te - the_ieleotron temperature (see [8]).
In zone II the retarding potential, which characterizes the
energy of. electrons alao“inoieases.' .

Characteristics of thess two zones ars siﬁi;ar to thoge
observed in 1971-72 abparbd the “Mars-»é“ ‘and "Mars-3". Results of
elec.ron [2, 3] - end ion'[ll-, 5) pla;zha neasurements and magne-
tic measurementa :5,‘7] ffom.these_twq'spaceora.fts allowed %o

establish the existeme .£ the bow shock" Qhargoﬁeristica 6f
the plasma in tue zone III at the angle Sun;Mars-aa:tellite nore
then %0° are measured for the £irst time. kn abrupt fall of iom
gurrents is typical to the ‘zZone IXII compared to zones I and II
(fig. 2b). The decrease of measured ion currents is so great
that ainng approximately 50% of parts of the orbit inside the
zone III the ion fluxes are beiot the 1imit of the sensitivity
of the 1ns1mment and only along 40% of the path the ions are
'rosis‘bered quite relisbly (the level of signal exceeds the
minimun telemet: f.g gignpl by factor of three or even more),

Valuee of electron currents in the zone III alsc decrease com~
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pared to those in the zome II (fig. 2c). However, th.y are high~-
er than in the undisturbe solar wind (the zome I, fig. 2a) wnd
are always reglstered. .

Let us cor.sider in detall the results of plasma measure-
rants. At four revolutions of "Mars-5" satellite (see table 13
the instrument was not switched during the crossing of the bow
shock frent and th: entering the transition layer. From va;ues
of areccentric distances 7 , angles Sun~Mars~satellits ¥
at which the spacecraft crosse the bow shock front end gas;-

~dynamic calculations [’!0:{ of a flow past an obatecle having

a form of the REarth's magnetosphere ab M_a =8, § = 5/3 one
can estimate the altitude of the obstacle ;2“;4 {at the subsolar
point) syopping the solax wind:}%i%ailar way a8 it waa made

in {8] . In table 1 values of the demsity /1 , the bulk velo~
city V  and dynemical .pressure of solar wind protons 9\/2
are also given bafore the croassing of the shock wave froat {(in
sessions with two-minutes interves between successive electron
and ion spectra the values averaged over 10-min intervals are
given). Values of the density and veloeity of solar wind ions
were estimsted from three readings cle8s to paximm ones under
the sssumption of the Maxwellian distribution in the coordinate
system moving with the velocity V . The proton snd electron
temperafurea at moment: of time under 6omi,g}ergtion wersyithin
{(80+a00) x 102°K _nd (70230)x 1079K respectively. At Wee eater-
ing the transition layer the ghug'od‘putic;e_idensity (entimat-
ed from the electron trap ”1ta) increased bf t factor of 1.5-
~%, the electron temperature reached (0.301)‘::105"1:.

When comparing values of the altitude of the obstacle av
+he stagpation point (table 1) with the solar wind dynamical

pressure in “two-minutes” sessior of m‘au:emonﬁa on X.02 and
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with the increase of f‘V ., On 13,02 wnd 24,02 a Ligh scetter

in sziimations of ﬁeﬁt is related to the faot that measurements

(slectron snd ion spectra are m asur-

intervals of § min) bubt ag the solar wing
dynemical pressure in these soesions was less than on 20.02
{sge bavie 1) the obstacle altitude seemed to be not less than
in wthe latter session (although this altitude varied within the
range menviored in table), Therefore, a minimum estimstion of
the obstacle altitude from the "Mars-5" data can be haké ~ Z00 km
which was made from .he data of the crossing of the bow shock
Iront on 20.02.74. Note that according to the daba from "Mars-2"
and "Hors-3t the m*nlnum ¢ timation of hoﬁé was ~600 km (from
the crossing of the bow shock frond ‘§ the "Mars~-2" satellite oxn
12.05.72) sud this estimation is close %o mentioned one. Tt
chaould Le noted that the estilmalbion of the obstacle altitude
ha&é'VDCO km is obtained at the value of solar wind density
~11 om “ and velocit-y V~460 xm-sec™! and these values sub-
svanslally exceed an average value of /2 and somewhat exceed
sn average value of ¥  even nea. the Barth's orbit.

Laet us estimate obstacle dimenaions fror all crossings. of
the wow shock front by “Mare-2", "Mars-3" and "Mars-5" satel-
lites siwuilar o~ that as it we made in [8] . Fig. 3 shows
parts of orbits of these satellites at which the shockwave
Tront was crossed. Characteristics of the plasma measured at
n-ar-planet polints and shovn in this picture are btyplecal to the

o

snecosheatkh (fig. 2b) and at distent peinte - Yo the undis-
tart ~d soley wind (£ig. 2a). Sreocerntric distaucss to the sub-
z0lar point of the obstacla and bew shock front (choose in such a

way RJ thnt ¢ @ sum of sguare of distancaz o both onls of
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orbit parts at which tlLe bow sbock front was oronssad %o the bow
ehook fromt would be ml-imum) are (%.Cs0.8)°10° km and (5.7+1)
-105 kn respectively, i.e. frog all crossings of the buix suock
Czont the estimation of an average obatacle altituds b.{.,f is
»12004800 k=.

Let us comsider in dotall phyeical character..tica of the
zone II1 the data of which are obtained for the firat time. One
can mee from £ig. 1b that the part of the orbit crossing the
zone III on 14.02.74 corresponded to yt.2* from ~5800 km
to~ 200 km, 1.e. to the interval of dlstances IIom the Sun~
=jiars line axcesding 2000 ka. The extent of this part of crbit
along the axis X 15 not less than seversl radii of ths Nare.

As 1t wan menticned above ion currents ragistered ib thils
zone are substantially less and slactron currents are higher
than those in the undisturbed solar wind, Ion snergies are more
changeable (as a rule they are ower but sometimes higber than
4D the zone I - sew f£ig. 4}. From retardation curves obtaine”
by means of the slactron trap in the sons “IT ons cab sstimate
the slectron temperature and charged particle denaity in this
zone. Typical values of electron temperatures are Je~100x10-°K,
Fowere , thers were chaerved ve.ues of T. ~ (?0023)):105“!.
Bots that & possible bulk veloc'ty o. sleotrons (it is lesa than
that in the solar wind) slightly influsnces uposn the ac-uracy
of the dstermination of 7T¢ [8] . Aeco.divg to [8] estimations
of Pg are ~2e8 cn". i.e. approxizately the same as in the
solar wind,

Under thess conditions a sherp decreass of lon currents
in the modulating tra qompared to that in the solar wind (com—
pare fig. 1a to fig. 16 and 4} can occur in two casent sither

a bulk lon flux considerably ohanges its direction (the lon
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trap has wide-apgle respense : ~[1]) of this flux becomes quazi-iso-

tropic one. ﬁote that the cbhange of the iirection of the plasma
motion or its isotropisation should Je:revealed only in lon cur-
rent but not electron ones as the electron flux is quazi-isotro-
pic .sven in the undi.turbed solar wind. The isotropisation of the
ion flux should decrease the ion current approximateiy by &
factor of 20 compared to the cold ion flux normal to the trap
apperture ?éee charécteristics of the instrument in [ﬁ] ). An
increase ' an average energy E? of protons near the satel-
lite up to values exceeding the —ppex energy limit of the in-
strument ( £?£.4000 av) is unlikely aé 8ll changes of ion spuctra
in the zone III when these spectra are regirfvered are mainly
observed with the maximum puxreﬁts within energy range ~ 200+

+ 500 ev. .

The comparison of results of plasma measuréments under conw-
sideratlon with the simultaneous magnetic dsta from "Mars—s“
{31] showed that: '

1) the magnétic data also give an evidence bf’the existence
of three different zones aloﬁs thebneai—planet part of the sa-

tellite orbit.

2) According to both sorts of‘measuxements boundaries bet-
wean the zones coincide at.all .revolutions of the sateliite
around the planet. ;

3) The zone ITI is characterized by a substantial decresse
of magnetic £ield fluctuafions (they are highly considerable
in thxrzons II) and a co: iderable increase of a regular magne-
tic field strength. This point gave a ground to attribute the
zone IIT to the tail of the Martian magnetosphere [1 .

Gensrally spesking, two suppositions are possidl about
the nature of the plasma zo.: III. It may be related elther
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to"the plasma sheet™ similex tvo that in the centvael par

ko

the Barth's magnetospheric tall {see,for example, [12] and. (437,
or to the boundary layer between the transition layer (vhe ilax-
tian magnetosheath) and Martian nagnetosphere simllar to that
observed in %ue Barth's megnetospheric tail Eﬂi, 14} .

£ it is a boundary layer the direction of the plasma
motion should be primarily antisolar there (13, 44} , alihouzh
in the boundary layer of the Barth's magnebtosphere there sere
obrarved deviations of the ion bulk velocity from the sutisclar
direction by A»12O° {55] . Though iz\m changeable ilon specira
in the zone III one can see some decrease of the aversge lon
velocity in this case it 1 necessary to assume (for an expla~
nation of the cobserved decresse of ion fluxes) either a donsi-
derable decrease of the plaswma density in the zone III com-
pared t0 that in the undisturb-d solar wind (gowever, if it
would be the case, it would be impossible to‘explain why eleci-
ron currents registered in the zone IIT =are higher than those-
in the zone I), or an essential (by 7°-40%y turn of the plasms
bulk velocity vector at the bBoundary between zones II and IXI.
It is alsc extremely difficul. to explaein the cause of such a
turn of plasma flow.

ff the zone IIX is the plasﬁa-sheet of “the Martir TMENE -
tospheric tail the values of low ion ¢ :rents can be explained
by the high isotropy of ion fluxes in this zone similar to that
in the plasma sheet of the Earfh‘w magnebospheric tail. In
this case a cont.adlction between a simultaneous registration
of low ion currents snd high electron ones is removed. In the
Earth's magnetosphere energies of isotroplc ioms of t'e plasma

shest £ >E, , where E. - energles of ions in the undis-

turbed solar wind ( £ ~6 kev - see Ew-] ). In the zone III
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. This difference from the Earth's magnetosphere

may be related to the fact that the Martian mignetic field is

ralatively weak end therefo 'e is not able to csuse the ion ac—-

caleration.

v

The tot lity of the plasma data pertaining bto the zone IIIL

and, data of magnetic measurements in this zone (the incresse of

the regular comporent of the magnetic field and the decrease

of magnetic *field fluctuations with the simultanenus decrease

of the plasma density compared to that in the transition layer-

- the zone II) gives an evidence in favour of & magnetic nature

of the obstacle. Solar wind flow past this obstacle creates

near-martian bow shock. However, ian the absence of magnetic

Tield data at bow altitudes and on-surface of the Mars the de-

cisive prool of the existance of planetary intrinsic magnets -

Zield nay give,in our opimion, only a joint study of slmultaneous

data on magnetic field variations in the interpl 1netéry’ spaca

and in the vicinity of the planet [16] .

Table 4
Dave:Time,: T, o ® na_gv,km.sec"f:& ; ,kmé_?v .10'8dyn.cm‘2
iafa 10%km P 9T roemn
13.02. 40~ :
7% 19,17~ 5.6~ 55 9 455 750100 Ze1
19.27 . 5.2 '
3)%02. 55 A
4 00,19~ Jeo- 650wt 4,2
0021 5. sg 7 40 650-430
22.02. N :
74 01.,3= 5.8- 39~ 1° 640 a00-800 162
01.55 - 5.65 42
24,02, :
7% 03,37~ 5.85~ 35- 2.5 620 1050-400 1.6
03.47 5.3 47
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FIGURE CAF:IONS

Fig. 1 Traje-~tory ol the spacecraft "Mars-5" on 14.02.74

. = the undisturbed solar wind (I)
w = ~ = the transition region (II)
e~ the zone IIT

—_—— -~ no measurements

Fig. 2 Ion zpectra and electron retardation curves typical
to zones I-III. ‘
Fig. 2 Crossings of bow shocs by satellites of the Mars
"Mars-2" . 1 - 17.02.71
2 - CR.0%.72
3 - 42.05.72
Moars-3" . 4~ 15.12.71 5 - 09.01.72
6 - 21.01.72 7 - 21.01.72
Marg-5" 8 = 13.02.74 9 - 20.02.74

10 -~ 22.02.74 1M - 24,02.74

Average pdsitionz

- obstaéle

- bow‘ ghock -front

o

Piz. 4 Samples of ion spectra registered in the zoue III.
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