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ABSTRACT

The charged particle detector SLED on the Phobos-2 spacecraft has recorded,
during a number of circular orbits about Mars, significant fluxes of ions with
energies up to 200 keV in close spatial association with the Martian bow shock.
The observed characteristics of these enhancements suggest that dffirent shock
acceleration mechanisms were operative in producing individual events

1. Introduction

The charged particle detector SLED aboard the three-axis stabilized Phobos-2
spacecraft, was designed to measure, simultaneously, fluxes of ions and
electrons in the 30 keV to a few MeV range, McKenna-Lawlor et al. 1990. The
instrument used silicon surface barrier detectors, fwo in each of two telescopes
which viewed in the same direction. One telescope (Te 2) was covered by a
thin Al-foil ( 500;ug.cm-2 Al. on mylar) whereas the other relescope ( Te 1)

was open. The front detectors of both telescopes were covered by a 15 yg. cm-2
Al. layer.

[-ow energy protons and electrons could be distinguished since Te 2 stopped
ions (protons) up to 350 keV, due to its Al-foil and the Al-layer mounted on the
front detector. The geometric factor of each telescope was 0.21 cm2 ster and the
field of view (FOV) axis, with a 4d) apex angle, was in the ecliptic plane at 550
to the sunward direction (that is in the nominal direction of the interplanetary
magnetic field at Man).

Anticoincidence signals from the back detectors were used to reject particles
which penetrated the front detectors. In addition, each telescope was shielded by
5.6 gg. cm--2 Al and Ta, to prevent protons with energies > 70 MeV and
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electrons with energies > 10 Mev from reaching the detector systems. Thus, six
different energy channels for each telescope could be realized. In the open
telescope ( Te 1) , ions and electrons were recorded in the following,
approximate, ranges; Ch. 1 ( 30-50 keV); Ch.2 ( 50 -200 keV); Ch 3( 200_600
keV); Ch,4 ( 0.6-3.2 MeV); Ch.5 ( 3.24.5 MeV); Ch. 6 ( > 30 MeV). In the
foil covered "electron" telescope Te2, the energy ranges covered by individual
channels were closely similar to the above. charurel 6 in both telescopes
provided the count rates of the back detectors. rnTe 2, protons with energies
<350 kev ; He ions < 1.6 Mev and oxygen ions < 8 Mev were stopped in the
Al-layers. SLED was the first instrument with the capability to measure
particles of energies > 30 keV to approach Mars as closely as 867 km.

The LET instrument comprised a solid state detector telescope designed to
detect low energy cosmic ray nuclei in the range L to 75 kev/n, with species
resolution extending from hydrogen up to iron, Marsden et al. 1990. Count rate
information was available for protons in 5 energy channels; for alpha particles
in 4 channels; for heavy ions in 7 channels and for electrons in 1 channel.
Pulseheight analysis (PHA) data was also provided. In order to obtain coarse
anisotropic measurements, the LET sensor was mounted on a scarming platform
whose angular range of 1750 was divided into four equal steps . The scan plane
lay approximately in the ecliptic and the extreme viewing directions were
chosen to coincide with the orientation of the average interplanetary magnetic
field at the orbit of Mars.

sLED and LET together measured charged particles over a range that extended
from approximately 30 kev to several tens of Mev/n. The time resolution of
SLED was 4 minutes and that of LET between 4 and, zo minutes. In both
instruments, particle fluxes and energy distribution spectra were measured. In
the case of LET, chemical composition and flux anisotropy measurements were
also made. Both instruments operated successfully throughout the phobos-2
mission. Fig. 1 provides an overview of the fluxes recorded by both instruments
in selected energy channels. It is noted that the phobos-2 Cruise phase was very
rich in the incidence of energetic solar particle events of different types. Not ail
of these events can be recognized in Fig. 1, which is presented using a linear
scale. Rather, Fig. t highlights a number of very intense events which define the
rnost active time intervals to occur during the mission.

In addition to the data obtained during the cruise Phase, data from 5 elliptical
oöits executed by the spacecraft when close to Mars and, afterwards, in 114
circular orbits at a height above the planet's surface of about 6900 km, are
available (the latter period of revolution was 08h 04m). In these circular orbits,
the instruments recorded a number of different effects which require detailed
analysis. This report deals with one of these effects, namely energetic ion flux
increases in the energy range 30-200 kev, recorded by SLED along certain
lengths, close to the bow shock, of the circular orbits.

Before presenting these results, it is useful to recall that previous measurements
of high energy charged particles in the near Martian environment were made in
1972by the Soviet spacecraft Mars-2, vemov et al. 1974. However, the lowest
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energythresholdsoftheonboardparticleexperimentwere'inthiscase'100keV
for electrons and 1 MeV for protons'

2. Observations

Incertainofthecircularorbits,significantcountrateincreasesinthelow
energy channels *"r" ,o*"times räcorded by the SLED instrument' These

in"rJases occuned only in 'open' telescope Te 1' No enhancement was

correspondinglyobservedintrreroitprotectedtelescopeso.thattheincreases
recorded in Te L""^ ro have been produced by energetic ions. Fig. 2 shows

several examples of .u.t events; datä from the iour lowest energy channels of

SLED are presenteo. te first event illustrated ( top panel) was obsewed at

about 08h U.T. and rhe second a little after 15h U.T. on 17 March 1989' On

this day, the spacecrari*",,prr*rng around its, sun directed, X-axis ( period of

spin, about 11.gm). The amplitudes of the particle increases recorded were 1-1.5

orders of magnitude and they each comprised sequences of smooth and

;;;;"t, *iJä f 1.5h ) peaks, retuming periodically to the background level'

As rhe field of view of the SLED aperrure was relarively small (400 full cone),

the laner modulation la,.' t" i*".päted to be due to the spin of the spacecraft'

Figure 2 also shows that count rate increases were recorded only in the energy

range,'30-2o0keV.Similarphenomenawereidentifiedonotherdays,for
L^Äpf", on 23 February, 1989 (see the lower panel)'

ThecountrateincreasesdisplayedinFig.2wererecordedapproximatelyatthe
terminator region on uottr siäes of the planet. It should be noted that, according

todataobtaineduyt'ePhobos-2onboardmagneticfieldandplasma
instruments, tr,e prari"tu.y bow shock was also located in this region. The

observedcountratein.r.ur.rmaybeinterpretedtobeduetochargedparticle
fluxenhancementsassociatedwiththebowshock.Alternatively,theymightbe
a consequen"" of ,oniigtt, 

"anet"d- 9lo tle instrument from the planet (the

front detäctor of Te 1 wÄ ody shielded by 15pe cm-2 Al'' so that this detector

was potentially sensitive to sunlight)'

Initially,thepossibilitytlratsunlightreflectedfromthebodyoftheplanet
i.u,t ", 

,ir* främ its tr,i'n uurrorptt"r") hud ent"t"d the apert're of the instrument

was invesrigared. To iln;b-# this, rhe field of view screening of sLED by the

planetbodywascatcut^teo,takingintoaccounttherealspacecraftorbitandthe
attitude of the i"rtru,o"nt'apeffu;. These calculations show that' during the

whole period when lircular orbitt *"-ry. made' the fietd of view of the SLED

aperture *u. .rorr"i;;*" t4:t while the spacecraft- was moving along its

trajectory - maximum neto ör view coverage:about 507o. Reflected sunlight

could enter tfr" up"ä." *fy u, one side. ol ttr" planet under spin stabilized

conditions. During Äo* orbis when the spaclcraft was spinning, light

contamination could occur on both sides'

Iflightpenetrationintotheaperturewasresponsible.forthe'enhancements
recorded, rhen we *;ü ;pJ to see such 

"u"nt" 
regularly, with a periodicity

of about g hours, in the same segment of each orbit. The data presented in

Fig.2b however .no* no suct, perioaicities in the count rates and, from these
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and other daa not presented here'"it'fol'lo*' that the flux enhancements

recorded did not "..Jr1;';pääoäi. 
uuris". öurtg the grea.ter-Part of the

observations, no 'o"tä' 
ä**"r'*""ments ;; reörded at all' Furtheffnore'

calculation shows # ö';;;" fluxes ;fil; i,om Mars can hardlv

contribute to tr'" ouseä;';";"; rates of "pp;;;j;;;;lv 
103 counts per second'

McKenna-l-awlor et 
"i' 

itto ' Hence' *" "t;;;;;l"al 
trrat the recorded count

ä;;;t"; are due to'real' ion fluxes'

An additional indication in favour -of'^f" 
ubout interpretadon is that the

increases recorded *t*'ui*uy' ou"*"d'iuJii"iot"' oi 3utt after' tlte bow

shock (as defined t;ä;öti' ntra aiäl' r" many cases' 1u"tv 
narrow

oeakwasobservedü;ililuo*''t'o"f'Ino'tui"'rarercases'similar
.nh*""*"nß were r#:ä ä""p i".io" the' night' magnetosphe re'

3. Results from a Preliminary Analysis

Two aspects of the observed particle :*T""^"n* 
have been considered here'

namery ( a) rhei r 
" "llä" 

" 

""ä, 
;; :*l'^*J::y,;;'$:::; "ffi 

#ä J: ::: 
*'

äiää"tä*tosphere and o) propertres or

Firstly,thepositionsofthefluxenhancemensalongtheorbitwereconelated
with magneti" fi"ld':;;;;*i""a' ''^";::;"t' 

; nt'ouos-z uv ffi::"äl
masnetomet"'''""Jnäiv]ä; 

;;t91 distribution spectra were

soectral catculationi *J," .uo" without ;;;üg;so that the dme resolution

c'oncemed is 4m)'

Representariv:::ll::ffi ;ffi #Ji:*i*ll1",lsä,äT}'"'ff r;**
similarlY and cons

:il;;;,p".,'""",j,"ä#;ld:';f ."ffiTi?I,*:i";ffi 'ufr 
:'J'11'li#l

and the magnetic

*:li'fträ:trj['#ä"'Tr1

16

auoaroPhobos-20"ry.tfi'J".:tTn:ir:;*tä;*uen",i"n"l1ui.1lt*"
o*"rt ; S un-spacecraft lln: 

to:ry:'=; ;;;;;ü. measured fl uxes oft#r'är" 
it"to'magnituae B' Three central n";;;r, 

channel of S''ED.

?äiä;i:üi:*irm:r;:l"uäi'i:äl*l#""ruxm*r
älative uniß (non sprning spacecraft): tf:ffiffiilä;i;"; 

steps of

ffi *".'Hr ;:tr##?i i'itrd::1;;;;k"*' "o"n!:'

i#,;ä ;, r" "' -ry Jffi"il1;# n".':;lS;n:':ru:ää i"
$tf trT-ff lä::i:üffi i*:i{$11ili,JliääT:t";rn,fr 

"perpendiculat to Lllru, orbir. These paran
'repiesenting 

" lil]:: oarticle fluxes i" r" r 
' 
ön'-t; the magnetic field

io"i4"1, the measured.putt"l":t:i:"J;;; nLiOu".tot in the ecliptic

läö;;;';lr*,.:i:t:",1j$Lil??1fi"i'ä;:;;t,atthe,ertiide
plane; the magnttuoe
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scale, the measured fluxes of energetic t":t"r:Tff [::ffi:::c;;|rffit;{'*ii*ä;"l:x*slä1äT{ei:'iiiilrh1i}'""'""Hilt;,:ls'Tri

lilä"ä"i?e sr-Ep aperture field ot vt

äo" tni""l"t sPacecraft)'

rhe rast panel shows the spectral in*i:llTr'i""1fl$::ffitfJ"#"f#?
get the spectral index' the first four,'Yt^;;-n*ittg 

technique)' where A

r*i*4"6ff"":;iä#r'#rä*üüi'i:ir!p;:t*i1
';ää;';;" 

iefers to F" -I1*i:""T3 Jääi*o uo'r' outside and inside

;i{ffii i."1"'"'. Background 'p:'11 ::l;ir^u"iät ,r'e flux peaked due to

$:j:*'?;'""i1 fil?111, i;:"ffi'':ffi"pä'o" *"'" obsewed to be very

siable, rhus imptyin$ä il;,v *i;i1r"i".fi;-;*"1" a3'"111d' rhe shaded

area is the differenc" ilt;;;; fi"'p"ut'p"JÄm and ttre background spectrum'

The lower right inset shows a number o-f significant pTu*:t"tt -11?:?;l:it1
or nested 

"on,ou,,] 

".;ä" än*:"Yg *""ff""r:1lff ,,lJ';;t"" or the

lilxi::.:'*#:äsr::::!dH:HJäffi "mruni:'*1lxJJ;:

ffi #'l"ttT rTff ::': üi', l'"J^'lilli' I T' ää "" 
uioÄ n'"' e p a ramete rs

;öil 'tt'tingito- 
the inside

- Measured charged n"ntttl llXlit of the magnetic field B

- li;T'."'3,1n.#[:ffi'[|'i.i;"*;r inihe ecliptic plane

- rhe t;;;il;; of the magnetic field B

The sun is at the left side of the drawrng'

In each of the Figures 3-5' the Position oi the bow shock is clearly defined by

an abrupt increase 
'" 

*'"ä^ä""ilä" 'r"'I [Tl"ti*'#t]ä?i'Jiä::l;ä:
;; ä;,h" preshock region' togethcr 11H;;"i";; magnetospheric lobes

[il"#:"ntt"; ;":*-#"*ä'#t"ffiä n"*""o*pä'"nti ano' in the

ilasmasheet 
region' titäö Julourt of the Bx direction'

parricle flux enhancemenb were' io g:l:Ll' found to o":)l:^1'broad region

#*rütq:E#"ffi g'ffi 
$":trtrsiirdg,ytr:;;;J orten observ"d Ii: "T#1'Jiä;;;;ited the magnetosphere' rhe

ä*:T[{ **-U 
"l*ä 

ä:i##*"d*.t **ru:r;
'Jtä,[T12 ll:''iff*'Ti"$Hffi-HJ 

i"'''ev'"*oius)' As a rure' the

Fig.4; The same as * U*" but for 02 March' 1989 (Circular Rev' 42)
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amplifudeofsuchnzuTowpeakswasmuchhigherthanthatrecordedinthecase
of a broad ( d = pt) **iäo*' Fig' 4 illustrates a 'broad maximum' flux event

recorded by SLED at the spacecraft entered fhe magnetosphere as well as a very

narrow, and much *or" i"t"t"", peak recorded at it exited' The figure

additionally shows tttai, deep inside the magnetospler9' several. minor flux

increases occuned. So"t 
"u".rtt 

were observed ielatively rarely and their

u*ptl*a"wasalwaysmuchlessthantheamplitudeofthoseenhancements
recörded near the bow shock region'

On 27 February, 1989 ( Circular Revolution 34)' the spacecraft was 3-axis

stabilized and Fig. 5 shows a a flux increase observed just after the spacecraft

crossedthebowstrowattheentrancetothemagnetosphere(i.e.whenthe
spacecraft was in the magnetosheath). The width of the peak was, again d = pl

but the form of the event suggests the presence of two (or more) superimposed

maxima, the first on" *iO"äd smooth' with d = pl = ''10000 km and the

other(s) narrow and more intense' In this figure' data from the second SLED

".,"rgy'"t*nel(50-200keV)arealsopresented'Itisseenthat'inthislatterenergy range, the flux increases were much smaller than in the 30-50 keV

range.

ThetimebehaviourofthespectralindexGindicatesthattheslopesofthe
tp;r.; recorded inside the oiserved maxima were much higher than was the

caseforspectrarecordedoutsidethemaxima.Thebackgroundspectrawere
foundtodisplayremarkablestabilitybothoutsideandinsidetheregionofthe
flux increase, (rr" tft" tpectra as *ötl ut the slope G time profiles provided in

Figs. 3-5 for rhree i"pr"r"ntutiue events). Inside the enhanced region, the

backgroundSpectra"outau"observedduetospacecraftspinmodulation.The
data set suggests that the spacecraft crossed, during these events, strongly

directed fluxes of energetic particles'

Taking into account the absence of spin modulated effects outside the region of

fluxerrhancement,aSwellasttrecharacteristicsofthebackgroundspectraboth
insideandoutsidetheregimeoffluxincrease'onemayconcludethatPhobos-2
crossed jes of 

"n"rg",i-""puaicles 
embedded into the, practically, uniform and

isotropic energetic p;;lä; medium' These jets were well pronounced and

strongly anisotropic. rt"y .onrirted of energätic ions with energies up to 200

keV.

In summary the following phenomena were observed;

1. I-arge ion flux increases, up to 1'5 orders of magnitude (E = 30-200 keV)'

in a broad region of width ä = p1, upstream' and sometimes downstneam'

of the bow shock in the magnetosheath region of the. Martian

magnetosphere.Inbothup't'"u*anddownstreamsituations,theflux
increases recorded occurred adjacent to the bow shock'

Fig.5;ThesameasinFig.5butfor2l-28.February'1989(CircularRev'34)'
The soacecraft' at this time, was in its 3-axis stabilized mode'
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2. Intense narrow spikes of width d << P1 exactly at the bow shock'

3. Similar' but less intense' flux increases' deep inside the Martian

J' 
äug*totptt"re(relativelyrare)'

The various flux increases recorded were strongly anisotropic'

4. Discussion

To interpet the observations it is necessary to discover T: :11* 
for the

observed nu* in"'"uJJJ:"ä: ;i"' -;"t' li ;;*:""ä?,,'ä #"""üft[:
äH-ä""ä::'l"A,tl3:$'l"Til':':rT;'ö;;raccereration;(c)the
S LED apernr'" 

^ 
t ti* o J'L i;; ;;G T:f1:Str":';,fiti'J:'o51ä*ü:

W-Xj::jfi::h::f t:än: iläi^ili;;pi*io" n""""ury insights into

the shock structure'

Without these data' we may suggest that'the observed flux increases were due to

bow shock u"t"t"tu'lon'"Th;ä;*"0 tääin"rent pa$ems of large flux

increases seem to *'""ä'o 
'i't 

t*" t':"r shock acceleration mechantsms'

It is weu know that 
bow shock-*:'Yii";lJä.*","fl,.H'ä"?$"I!ttj
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450;, where üvs is * L"" between the shock normal and the mean upsream

magnetic field'
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on acceleration at the Martian bow shock

band noise extended from below the lower hybrid frequency to the electron

plasma frequencY.

The narrow flux spikes recorded by SLED just at the bow shock' see for

example Figure.4, appear to have been due to drift acceleration at the shock' As

tfre peat< itlustrated 
-includes 

only two points (i.e. 8 minute coverage), the

conäsponding shock thickness wai approximately 1000 km, which is much less

ttran the enerletic ion gyroradius. SLED could directly observe ions accelerated

;b"t[" strä'ct surraJö as its aperure field of view, in each spacecraft spin,

viewed along the bow shock surface.

Another possible explanation may be invoked in association with heavy pick-up

ions. Duirng the second Phobos-2 oöit around Mars, and prior to crossing the

bow shock, the experiment ASPERA measured intense ( > 1'5 orders of

magnitude)increasesintheo+iondensity,aswellasinthedensitiesofthe
t eavier ion group ( coz*, co+ and coz+). There was, simultaneously, a drop

in the density of H+ ions, Llndin et al' 1989'

The lowest energy channel of SLED responds, in the case of protons, to -30-50
kev of energy aepositea in the solid-state detector by an incoming particle' In

the case of häavier ions, due to the pulse-height defect in silicon detectors, the

deposited energies are less than rhä primary energies of incoming particles,

Keppler, 1978. Preflight calibration of a similar detector by M = 18 ( H2O+)

ions showed that this channel of SLED responds to water group ions with

energies of approximately 100 keV, McKenna-lawlor et al' 1985' In the

spaäcraft fraÄä of reference, a freshly picked up oxygen ion could attain such

Ä 
"r"rgy 

if the velocity of the solar wind were 500 165-l (assuming that the

ambient'magnetic field and the solar wind velocity are mutually perpendicular)'

of course the observed flux increases can be explained in this way if, at the

height of the spacecraft above Mars (approximately 6000 km)' there are enough

.""ä .r"ut*l öxygen atoms. Due to the small scale height of the Martian

atrnosphere, armäspheric glygen and heavier atoms c34llo-t-reach this altitude.in

-"m"[", o,r-]6;s; Itot ätrnösptreric oiygen atoms could however reach the

height of the spacecraft orbit- According to Nagy et al" l9S9 the main source

of hot oxygerrions is from the dissociative recombination of 02+ ions. The

excessenergyofoxygenatomsinthisreactionliesintherange0.3-0.96eV.
Modeling Uy-Nagy et;I. 1939 of the hot oxygen density n(O) height profile for

sotar miiim-um *nditionr has shown this profile to be essentially flat, with n(o)

= 162 grn-3 at 3000 km altitude. If we accept this value, then the conesponding

estimate for a height of 6000 km (assumin g Nt 12 radial dependence), yields a

value of n(O) approximately equal to 101 cm-3 ' With an appropriate direction

of the interptanätary n'ugn"ii" field, such a density could produce the observed

energetic pärticle fiux iicreases. As the gyroradius of such ions is > 3-4 Rm (

wheie Rm = Martian radius) the increases recorded could only be produced in

conditions when a favorable magnetic field direction was present. It is unlikely

that the observed features of the ion flux increases can be explained by the pick

up process.
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5. Conclusion

The energetic particle detectors aboard the Phobos-2 spacecraft have shown
that, at the Martian bow shock; acceleration of ambient ions up to an energy of
200 keV occurs. The observed characteristics of the particle signatures have
their origin in different shock acceleration mechanisms.

References

1. McKenna-Lawlor, S.M.P., Afonin, V.V., Gringauz, K., Keppler,8.,
Kirsch,E'., Richter, A.K., Witte, M., O'Sullivan, D., Thompson, A.,
Somogyi, A., Szabo, L. and Varga, A. "The low energy particle detector
SLtsD (-30 keV-3.2 MeV) and its performance on the Phobos Mission to
Mars and its moons " (1990) Nuclear Inst. and Methds. in Phys. Res.
4290,217

Z. Marsden, R.G., Afonin, V.V., Balazs, A., Erdos, G., Henrion, J.P.G.,
Richter, A.K., Ruszny*, P., Somogyi, A., Szalai, S., Varga, A.,
Varhalmi, L., Wenzel, K-P, and Witte, M. (1990) Nuclear Inst. and
Methds. in Phys. Res. A290, 211

Vemov, S.N., Tverskoi, B.A, Yakovlev V.A., Gorchakov, E.V., Ignatiev,
P.P., Liubimov, G.P., Marchenko, O.A., Shvidkovskaia, T.E., Kontor,
N.N., Morozova, T.I., Nikolaev, A.G., Rosental, I.A., Chiuchkov, E.A.,
Getzelev, I.V., Onishenko, L.V. and Tkachenko, V. I. (1974) Potokizar
jashenix chastits v okres[nosti Marsa ( Charged Particle fluxes in the
Mars environment), Kosmich Issled XII, No.Z,252

Riedler, W., Mohlmann, D., Oraevsky, V.N., Schwingenschuh, K.,
Yeroshenko, Ye, Rustenback, J., Aydogar, Oe, Berghofer, G.,
Lichtenegger, H., Delva, M., Schelch, G., Pirsch, K., Fremuth, G.,
Steller, M., Arnold, H., Radtach, T., Auster, U., Fomacon, K.H., Schenk,
H.J., Michaells, H., Motschmann, U., Roatasch, T., Sauer, K., Schroter,
R., Kurths, J., Irnners, D., Linthe, J., Kobzev, V., Styashkin, V.,
Achache, J., Slavin, J., Luhmann, J.G. and Russell, C.T. (1990),
Magnetic fields near Mars; first results, Nature, 34I,604

Grard, R., Pedenen, A., Klimov, S. Savin, S., Skalsky, A., Trotignon,
J.G. and Kennel, C. (1990) First measurements of plasma waves near
Mars, Nature,34l,607

Lundin, R., Zakharov, A., Pellinen, R., Borg, H., Hultqvist, B.,
Pissarenko, N., Dubinin, 8.M., Barabash, S.W., Liede, I. and Koskinen
H. (1990) First measurements of the ionospheric plasma escape from
Mars, Nature 341,609

Keppler, E. (1978) A note on the complications of the Compton-Getting
effect for low energy charged particle measurements in interplanetary
space Geophys. Res. Irtt., 5, No. 1, 69.

McKenna-Lrwlor, S., Kirsch, E. Thompson, A., O'Sullivan D. and
Wenzel K.-P.(1985) Energetic particles in the comet Halley environment.
Adv. Space Res., 1, No. i2, 211

Nagy, A.F. and Cravens, T.E. (1989) Hot oxl,gen atoms in the upper

::
.:

Plunct. Spott,St:i..
Prirtcd in Great B

A COn/

ABSTRAC
interaction w
discussed bri,
of magnetic {
with a dipole

.involving cap
üeld lines fro:
discovered in

1. INTROI
$urprisingly e

data yet obtz
understandinl
{tom earlier r,

presently undr
irnprovement
' ecure in our 1<

la\, for exampl

?ire mosi stri.
totail of the 1

iiraracteristics
g:ith correctio:
äre potentialll
ilre ionosphere
!*ns rvhich are

{wo and perh
here is

.*9:ler boundar
n:ade evider

ppearance

possibly ar

3.

AT.

5.

6.

7.

8.

9.


