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ABSTRACT

It was reported [1-4] that the data on lon fluxes measured
with the RIEP instrument on-~board the Hai*s-S satellite could be
interpreted es detection of heavy-ion fluxes in the region
where the solar wind interae{;s witth Mars., The imstrument opera-
tion in’fhis experiment is further analyzed in this paper.
Accordiag to it, all the typical features of the experimental
data can be explained, if 16ns of only one mass are preaex.:t in
this region , and the hypbtbesia on the existence of heavy-ion
fluxes used in [1-4] is not required for their explanation.



It was reported by the groupy of luvestigatore who had
measured the characterisiice of low-energy plasme with thes RIEP
instrument on-bosrd the Mars-5 satellite that the dats froa
measurements of ion fluxes in the region of sclar wind inter-
action with the planet, can be interpreted as detectlon of heavy-
ion fluxes in this reglon [1-4] . It follows from [1-4] , how-
ever, that this conclusion was unot a result of an experiiant
with the main aim to determine the mass of ions recorded, bus
was & result of the analysie of possible reasons for different
readings the two individual RIEP sensors in the region where
the planet interacts with the solar wind, Since the detection
of heavy-lon fluxes in this region is very essential for under-
standing of physical processes essociated with the interaction
of the solar wind with planets that have weak magnetic fields,
it seems t0 be reasonable to analyze once more the operation of
the sensors during the experiment discussed, It is shown below
that such an analysis leads to interpretation of the effects ob-
served different from that made by the authors of [1-4] .

The experimental proceduyre and the basic data obtained
are briefly discussed below., Two independent narrow~angle elec-
trostetio analyzers A (450 to 4300 eV) and B (280 to 2850 eV)
with channel eleotron multipliers (channeltrons} at their outputs
were nsed as sensors to measure ion spectra in the rangs from
bundreds ev to some kev [2.4] + Ion accelerating voltage Ua'of
about - 3,6 kev was fed to the channeltroms input [5].,_!ho
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vfticiency of ion counting by the channeltrons opsrating in
counting mode decressed during the ﬂight. due to the degradation
effect. Both sensors operated in a nomsaturated regime, when |
the satellite was in the Martian orbit [1,3,4]

Inside the region of solar wind interaction with the pla-
net, ion spectra obtained with A end B sensors often differed
both in‘ahape and signal magnitude. Fig; 1s shows an example
of aneizergy-’-epeetra sequence obtained on | Pebrusry 20, 1974
in this region, at sbout 6000 km from Sun-Eare lime in the anti-
solar part of the near martian space [1,2,4] . Points on the
curvegof Pig.1a show the dependence of tbe counting rate G‘ of
A-gensor on the energy E of ions mordad, crosses that of the
eounting rate Cy of B-gensor (the charge number of ions is takenm
equal to 1 here and on). To explain the differance observed in
the sﬁecﬁm recorded by A end B sensors in the region of solar
wind interaction with Mars (Pig.1a) the authors [1-4] suggested
that during the flight the mode of operation of the channeltrons
of the & and B sensors, could change in the following way: the
B-gensor CEX entered the mode where its efficiency to heavy
ions became small relative to its efficlency to light (hydro-
gen, gelium) ions; the efficiency to Iight and heavy ions of
the A—sonsoz? channeltron -~emaired almost the same. In this case
the difference of spectra can be explained by the varietion of
the ion composition of the surrounding plasms. The upper plot
in I‘ig.‘ib shows the estimate of the ratio of heavy Ny to light
BL ion fluxes from [1,3,4] for the spectra :gf._van in Pigo.l1a. Ths
plot shows tha.tA according to those estimates the BBINI. ratio
reduced at least by about a factor of 200 to 4@0&@1115%&9
period of time from 01026® to 01M4s™, o

According to [1-4] 1aboratory messurements carried out
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efticiency of ion counting by ~1:!:&3 channeltrons opsrating In
counting mode decreased during the ﬂightv due to the degradation
effect. Both sensors operated in a nonsaturated regime, when 3
the sstellite wes in the Martien orbit [1,3,4]

Inéide the region of solar wind interaction with the pla-
net, ion spectra obtained with A end B sensors often differed
both in shape and signal magniinde. Pig. 18 showa en exemple
of ane#ergy-‘-epeetra sequence obtained on  Pebruary 20, 1974
in this reglon, at about 6000 km from Sun-Esrs lime in the anti-
solar part of the amear martian space [1, 92 ,4] o Points on the
curvesof Pig.la show the dependence of the counting rete C, of
A-gensor on the energy E of ioms mordad, crosses that of the
counting rate Cy of B-sensor (the charge number of ions 1s taken
equal to 1 here and on). To explein the difference observed in
the spactra recorded by A end B semsors in the region of sclar
wind interaction with Mars (Fig.la) the anthors [1-4] suggested
that during the flight the mode of operation of the channeltrons
of the & and B sensors, could change in the following way: the
B-gensor CEX entered the mode where its efficiency to heavy
ions became small relative to its efficlency to light (hydro-
gen, gelium) iomns; the efficiency to light and heavy ions of
the k—eensof channeltron .remained almoat the same. In this case
the difference of spectra can be explained’f by the varietion of
the ion eo@osition of the surrounding plasma. The upper plot
in Pig,ibshows the estimate of the ratio of heavy Ny to light
H; ion fluxes from [1,3,4] for the 'spectra.' given in Fig.la. The
plot shows that- according to those estimates the BE”B ratio
reduced at least by about & factor of 200 to 400 during the
period of time from 01726" to 017%™, S

sccording to [1-4] laboratory messurements ecarried out
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after the flight, and therefore with another ghénnel electron
multipliers, showed that in fact the modes of semsor opsration
described ebove can be reslized. However it is possible tp check,
using the publizhed on-board RIEP data, had the channeltron
operate in the mode assumed im [1-4] in the Martian neighbor-
‘hood or it had not, | |

Indeed, if the efficismcy to¢ heavy ions of the B-gsemsor
chenneltron is low in comparison with that to 1ight ions and
if considerable change of the ion composition (héary ions are.
substituted with light ions) occur im the time interval from
01226™ to 01P48™ (see Pig.1), then in this interval the ratio
C,/Cy of sensors counting rates at the seme energius must dec-
rease. The time dependence of C,/Cp ratio is plotted in Mig.1b
bagsed on the data given in Fig.la, if counting rates C, snd CB<f
‘for any energy E, can be obtained using smooth curves on Pig.la,
for four energieé E=0,5; 0s7; 1.0; 145 kev, An average C,/Cy
value for each energy E is shown by dottéd lines in the Pigure.
As seen from Pig.1b the C,/C, ratio counting rates practically
does nmot change during the time interval from 01826® to 01848®
for all chosen values of E. Therefore either plasma ion compo-
gition did not changed during this time contrary to the conclu«
sion made in the papers [3-{] and to the estimations of the
ratio.of heavy and light ion fluxes (thsiuppar plot in Pig.1b),
or sensors did not operate as the authors assumed [1-4] o In
the latter case the experimerital data do not permit any conclu-
sions about the change in plasma ion compoasition. Thus the con-

clusion based on the Mars-5 RIEP data that heavy ion fluxes can
be detected in the region of solar wind 1nteragtiog with Mars
geems to be unreliable.



o

At the same time the differsuce of ion emergy spectra ob-
served during the experiment ﬁu{]in the region of solar wind iaw
teraction with Mars can be easily explained by the dependeuce of
’rolativa efficiency of channeltron A and B on ion energy Eo As |
it is seen from Pige1b the average value of C,/Cp ratic is dec-
reesed with B increased. Using this date the E-dspendence of the
value reéiprpcal to cAfCB avarage value is plotted in Pig.Z.!hiS
dependenbe can be¢ interpreted sz an approximate dependence of B-
sensor channeltron efficiency fz(B)} relative to A-sensor channele
tron efficiency f,(E) on ion energy E during channeliron opera-.
tion in mear martian orbit, The decrease of difference of ion
energy spectra recorded by A and B sensors from 01h2_6a to 01h48ln
(see ?13.13) will acfnally correspond to the dependeﬁce fB(E) /
f‘(q) given in Pig,2 as during this time the average ion energy
in the pléana sround the satellite has increased (see sensor A
readings in Pigeia) end the méximnm of their distribution fun-
ction shifts to the energy range whers & and B sensor efficien-
cies approach each other (Pig.2). Expected energy'value E+eUa
ion has at the channeltion input is plotted on the additionsal
axis in Pige2. It is unlikely that dependence of relative effi-
ciency two channeltrons on E+eU, in energy range 4 ¢ 5 kev is
steep Eﬁfﬂ » However it should be noted that, first, data
given in literature characterize channeltron operation in the
seturation mode since the monsaturated mode is mot usually used
fdr‘pulse recoiding and, second, fB/ fA dependence on B 1s
plotted for given instruments under given operating conditiong
on board the satellite according to the data from the near-mar-
tian orbit and hence it is reliable, .

The technique of snalysis of measurement resulis that

consistes in siudying characier of i end B sensor counting rate
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ratio g‘t the seme ion emergy is evident. end slightly differs
from the proéed.ure previocusly used [4] « However the conclusions
[4] that the sverage ratioc of A, B sensors counting rates ﬁependg
on the satellite position in the region of Xare interaction with
the solar wind and ‘that the difference of spectra recorded by
A, B sensors :19 not duze 10 the changea in the charscteristics
at ehmalmm used 'hen particle energ changes (see Pig.2),
contradict the conclusions made sbove, The reasons for diffe-
reat mmim are dicussed below in more details.

In contrast to the analysis given above, in [4] C, amd
Cy wers compared only for ion energy ~1 ‘kev which does not'yield
any conclusion sbout energy dependences ;f channeltrons charac~
teristics; the comparison was made not for A, B sensor connting
rates redmwd to one energy value but for cpunting rate, cA .
of A sensor tuned to E,~ 1,07 kev and counting rate Cy of B
amor.tuneé to EB‘” 1009 kev [4} e The dependence of cé on
Ci according to RIEP data taken near HMars on February, 20,
k‘1974 is given in Pig.3 [4] e As it is geen from the Pigure,
the average value of sensor counting rate ratio in the solar
iind (ci'/ cé )1':5 1.9; in the region of solar wind interaction
with Mars (the transition region behind the schock front end the
regions closer to the planet) this ratio increases to (ci / 0,:)2
=3 ¢ 10 (the points are in the range 1.5s(C,;/Cp ),< 20) i.e.
1,5 t0 5 times for hoét'experimental pointe, However the men=-
tioned increase of C, / Cf camnot be directly interpreted as
the increase in the oconsidered region of sensors counting rate
ratio with the same enexrgye It is such a variation of c / CB
ratio of sensors tuned to different energies S'E-EB-E >0)
which should be expected near the planet, since the energy of
the directional motien of ions is descreased, Pig.4 qualitsti-
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Dependence of counting rate of £ B-genseox

" tuned to energy on counting rate o ¢, of A-gemsor
tunsd to energy close to Bga 4] o Points
and circles are tHe count tes of ensors in the
solar wind, other marks are the sensors counting rates
in the region of solar wind interaction with Mars.
A dotted line is the average value of GAICB ratio in
the solar wind [4] ,
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ratio st the seme ion energy ie evident and slightly differs
from the proéedure préevicusly used [4] o However the conclusions
[4] that the everage ratio of A, B sensors counting rates depends
on the satellite position in the region of Mars intsraction with
the solar wind and that the differemce of spectra recorded by
A, B smors 1s not du:e to the changea in the charsascteristics
et ehmsltrm used when particle energ changeas (see Pig.2),
mmdict_ the conclusions made abova. The reasons for diffe-
rent mlmim are dicussed below in more details.

In comtrast to the enalysis given above, in [4] ¢, anda
Cy were compared only for iom energy ~1 }kev which does not‘yield
any conclusion about energy dependences ;‘f chammeltrons charac-
teristics; the comparison was made not for A, B sensor counting
rates :n&ueed to one energ value but for counting rate, cA ,
of A sensor tuned to E,~ 1,07 kev and counting rate Cy of B
sensor tuned to Eg ~ 1,09 kev [4] « The dependence of cé on
0" aceoxrding to RIEP data taken near Mars on February, 20,
“1974 is given in Fig.3 [4] e As it is seen from the FPigure,
the average value of sensor counting rate ratio in the solar
wind (C{ / cﬁ );# 1+9; in the region of soler wind interaction
with Mars (the transition region behind the schock front and the
regions closer to the planet) this ratio increases to (C 2/ cé)z
=3 ¢ 10 (the pointe are in the range 155 (C,/Cy ),< 20) i.e.
15 t0 5 timéa Lfor im.;at'experimental pointe, However the men-
tioned inorease of c; / CB' cannot be directly interpreted as
the increase in the considered region of sensors counting rate
ratio with thé same energye It is such a variation of cA' / c];
ratio of sensors tuned to different energies { & E=Ep-E, > 0)
which should be expected near the planet, since the energy of
the directional motion of ions 15 descreased. Fig.4 qualitati-
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Dependence of counting rate of £ B-gensox
" tuned to energy on counting rate of C, of A-sensor
tuned to energy close to E;3 Ep< 4] o Points
and circles are tHe counting Fates of 8ensors in the
solar wind, other marks are the sensors counting rates
in the region of solar wind interaction with Mars.
A dotted line is the average value of C}/Cy ratio in
the solar wind [4] - :
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veiy jillustrates enexgy dependence of counting rate C(E) of the
sensor with %fﬁcienoy equal to 1 for two values of the enexrgy
of the directional motion of ioms E,< B, (solid lines), Th:
increase of ratic ¢, /C£ =( £(8,) / fB(EB) ye(C (E,) /C (B3) )
with the decrease of the energy of the directional motion of
ions is evident from this Pigure., The value of thia effect '111
be estimated below. .

Counting rate ratio (C,/ Cg), in the solar wind with
tenperature of ions ! and energy of their directional motien
E, can be written as: |

(/) h BV EN EEF EXPIE,- Ef-(E,-ES)/T). ()

Expression (1) is mttm provided that a vector of iom
directional velocity is perpendicular to the sensor aperture.
Beglec’tfng the change of efficiency of sensors in the energy
range’gk and assuming that SE<E = (B,+E5)/2= 1,08 kev we
obtain from (1)

(€a/Ca), = f(EVEIE) (1~ 25E/E)-EXP(SE(1-VEZEN/T,). ()
With (2) end similar expression for ratio (c /03)2 in the
region of solar wind interac_tion with Mars where the eppropriate
.param.etars of ions are T, and E, we obtain that C,/ Cy incresses
by
G/ 2MEC), = EXP (SE-((VETE - 1)/1;41 \(';/_E)/T)) )
&8s the satellite enters the region discussed.

R Pig.S hoz-izontal hatching in the plane E, T shows the
region of E,, T, values, oblique hatching shows the region of
B, T, values observed on February 19, 20, 1974 in the solar
wind and in the region of its interaction with Mars, respecti;
vely. The regions are 'hé.ched- according to the estimates of B, *
‘parameters from the RIEP data (see Pig,1 in {2] )1,.‘ Parther T,
‘27 ev and E,= 1300 ev will be used; these values are shown by
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Pig. 5

The regions of values of ion directiml motion
energy E and ion temperature T observed on Pe
19 ¢ 20, 1974 in the solar wind (herizontal hatching) .

"and in the range of its interaction with Mars (oblique .

hatohing) according o the estimates [2] . Solid ocuxrves
are the lines of constant va.lus of conn ing rates ratin

cy/ S -
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an asterisk in Pige5. Low value &5E in-Bq.(3) is difference of
two large velues of energies Eg and E, and hence §B value
realizing in experiment can differ from SE =~ 20 ev obtained
by subtraction of values Eg end B, given in [4] . Value S E
during the experiment can be estimaied from relation (2) sub-
atitntiag ‘there the average value of (C/ /cB ); in the solar
vind and the sppoximate value of channelirons relative efficien-‘
ey fp(B) / §,(E)= 0.14 with E =~ 1,08 kev (Pig.2). In this case
1t follows from (2) thst SE = 80 ev. S |
Solid emrves in Pig.5 correspond to the ccnsta;ntiva'lues»
of ratie (3) with the change of perameters E, and T, Figures o
without parestheses show the value of ratio (3) for the given v

curve wikh 58 ~80 ev, as well as figures in para.ntheses - with
S§B=20 m A5 seen from the figure increase of cA/ CB by va"" i |
15 to 5 times observed on February, 20, 1974 in the region o
solar wind interaction with Mars corresponds %o that of thie

ratio estimated from (3) with S E=B80 ev, |
Let us show that §E = 80 ev value estimated above can

not be regarded es impossible for the Mars-5 RIEP experiment.
Indeed, ion energy to which the electrostatic analyzer A is
tuned when voltage U is supplied to its deflector plates is
determinmed from the following equation E, s MU where

M a(_Z.h(R2/R1) )"1, R,=39 mm andvﬂzam :mn are the »cui'vature .
redii of the intermal and extermal analyzer plates. v‘rhe adjustf-l*
ment accuracy of R, end R, was §R*4+ 0,03 mm [5] hence, the
accuracy of Sm did not exceed Sp/u =. ﬁSR(Rz-R )= 2%,
Assuming as an estimation the accuracy of voltage measurement |
on the deflector plates, when calibrated, equal to ST/ = 1%,
we have S EA/EA%‘J 3%, i.e. the accuracy to which the energy_
recorded by anelyzer A is known is § E, = 130 ev. Since
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& BB = § E,, then the possibility that A and B analyzers were
tined to energies differing to §E=80 ev is not contrary to
B, and E; values given in [4] + - | -

Thus, self~-consistent explanation can be given to all the
typical features of the experimental data obtained by means of -
Mars-5 RIEP in the region of solar wind interaction with Mars |
if in this region thers are ions of only one mass with the
directional velocity lower than in the solar wind and the hypo=-
thesis on the existence of heavy ion fluxes is not required‘tbr’_
- their explanation, Diiget experimental data cohtirming the preéf

“gence of ifons with heavier mass than that of solar wind ions
in the region dicussed are not available at present. ‘
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