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7 years passed since the last seminar on scientific space
imstrumentation manufacturing was held in Odessa. This is a
sufficiently long period of time for space science, -a rapidly
developing branch of human knowledge, accumulating most recent
achievements of fundamental and applied sciences: of electronics,
information science, cryogen and laser technology, and of many
others. _ ‘ A' '

During this time span instruments for space have become much
more clever, their intelligence has. gtdwn_. The "ele_ctroniés has
become more sophisticated, recent designs rely ' upon new
measurement methods and principles of da.ta, array ‘generation. '

Today a tendency to comprehensxve stud1es of phenomena and
processes is obvious, hence a necessity to design and develop
mmltifunctional systems characterized by higher reliability and
longer lifetime, with a broad spéctra.l range of measurements,
with a high resolution, senmsitivity, -and high-speed of data -
recording and processing _schemed-; In some _-_(:a.sés such systems -
should have their own microprocessors to permit self-diagnostics
and - depending on its results .~ reswitching of instruments,
devices, changing their operation modes, restructuring the entire
time-schedule of measurements. Thus, experiments become more
imdependent which is very -essential . in studying fast-varying

processes or when the time of measurements is short, as is -the

case, for instance, when a spacecraft is descending in the
atmosphere of Venus, passing by a comet's nucleus, etc.

Renewal at an extremely high pace and rapid outdating are
very typical of the equipment used in space studies. Close
imternational cooperation makes it possible to maintain the
ssaxfacturing of scientific instrumentation for space at a
sefficiently high level in the context of contemporary sc1ent1f1c
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and technologicé.l progress. Joint effort and exi)ertise of
laboratories and institutes of many countries supply space
technologies with the best achievements of each scientific teanm,
and country-participants in this cooperation could choose areas
of space investigations in view eof their specific
instrumentation-manufacturing capabilities.

Bach instrument, a product of such joint efforts, is an
implementation of advanced scientific concepts and ingenuity of
designers and experimenters. '

It should be mentioned that research teams of scientists who
joined to develop certain scientific systems do not restrict
themselves to .the solution of partial, however important they
might be, research and application prob.leins, to the creation of
individual unique instruments for fundamental investigations. The
entire industry may profit from these methodological, design and
technological achievements. Many instruments for space studies,
degigned and manufactured in the framework of the INTERCOSMOS
program, are now widely used in experimental engineering, in
medicine, agriculture, production organization and management.
Various branches of applied sciences may greatly benefit from the
use of contemporary investigation methods. On the whole space
projects as such become more and more useful for our everyday
life. |

It is not an overstatement to say that scientific instrumen-
tation manufacturing for space, being an integral part of cos-
monautics, becomes today an essential branch of the economic
activity of man and an essential productive force opening up new
horizons in science and industries.

The organizers of the seminar are coavinced that such meet-
ings, if held regularly once every two or three years, with sub-
sequent publication of their proceedings, would contribute to a
rapid exchange of scientific concepts and data and serve the
lofty aims of exploration and better understanding of space, and
of using the achievements of cosmonautics for the benefit of
mankind.

V.BALEBANQY



Co BpemeHH TNpPOBeCHHA MpPENBIAYINErO0 CEMHHApPA MO KOCMHYECKOMY
HayyHoMy npu6opocTpoenHto B r.Omecce npowo 7 JeT. ITO ACCTATOUHO
60/bIIOK CPOK A1 KOCMHYecKOH Hayku — OypHO passusamlouefcs 006JacTH
YEJIOBEYECKHX 3HAHWH, B KOTOPOH aAKKYMYJHDYIOTCS Camble NOCJAEeAHHE
OOCTHXEHHA (YyHAAMEHTANbHLIX H MNPHKJAANHLIX HayK, BKJOYaa 3JEKTpO-
HHKY, HHGOPMATHKY, KPHOTEHHYIO H JIa3eDHYI TEXHHKY H MHOTHE
ApyrHe.

Kocmuyeckne npu6opnl 3a npoulefiuee BpeMmst CYUIECTBEHHO “fOyMHE-
av”,  BO3poC HX “HHTeaeXT”. YC/a0XHHIACh 3JIEKTPOHHAsh 4acTh, B
paspaboTKax CTaJdH HCHOOJb30BATHCA HOBHIE METOAH nsmepekuﬁ H OpHY~
nHno GopMHpOBAHHA HHGOOPMAUHOHHBX MAaCCHBOB. ' _

CerogHst B KOCMHUECKHX HCCAELOBAHHAX HAGMIONAeTC TeHIeHUus
BCECTOPOHHETO  HCCJICJOBAHHS sIBJIEHHH M  MpOLECCOB, 4TO BemeT K
HeoOXOnUMOCTH _pa3p860TKH H CO3JaHHsi MHOIOGQYHKUHOHANbHHIX KOMILIEK-
COB MOBBILIEHHOH HANEXHOCTH H OOJBIIOTO pecypca ¢ LUIMPOKHM CHEKT—
PaJibHbIM JHANA30HOM Hu3MepeHHH, BHICOKOH pa3spewaiouielt CnoCOGHOCTHIO,
YYBCTBHT@NILHOCTBI0 H OBICTPONEHCTBHEM CXeM PperHCTpaudH H OO0pabOTKE
uHdopmanun. B psge cayyaeB TakHe KOMIJIEKCH AOJIKHBI HMETb H CBOK
MHKpONpOUeccop, XOTOphifi ofecmeyHBad Obl BO3MOXKHOCTH CaMOaHarHoc—
THKH H N0 ee pe3yJbTaraM Hepek/aioYeHHe yCTpoiCTB, NpHOOpPOB, ué-Me—
HEHHE peXHMOB HX paboThl, MNEepeCTPOHKH BCeil NpOrpaMMbl H3MEpeHHH.
Tem camMbiM 3HAYHTEJbHO NOBHIUAETCA AaBTOHOMHOCTH 3IKCIEPHMEHTa, 4TO
O4YeHb BAaXHO NPH H3YYEHHH OLICTPO MEPEMEHHBIX MPOLECCOB HJH MaJioM
BPEMEHH H3MepeHHii, Kak 3TO MMeeT MeCTO, HamnpuMep, MNpH COyCKe
KOCMHYeCKOro amnmnapara B artmocdepe Benepnl, npojere MHMO sApa KO-
MEeTH H T.N. .

Annapatype A48 KOCMHUYECKHX HCCJACHOBAHHH NPHCYIMIH HCKJIIOYH~
TEJbHO BLICOKHE TeMNIhl OGHOBJEHHS H OBICTPOE MOpadbHOe CTapeHHe.
Tecnas MexayHapOAHas KOOIEpPAUHs NO3BOJISET HOANEPXNHBATH DPA3BHTHE
KOCMHYECKOr0 HayyHOro npHGOPOCTPOEHHS Ha  JOCTATOYHO  BHICOKCM
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YpOBHE COBpDEMEHHOTO Hay4dyHO-TexHHueckoro nporpecca. Ofbennnenue
YCHAHA H oOnmTa JaBopaTopHii H HHCTHTYTOB pa3HBIX CTpaH [03BOJseT
HCNIOJIL30BATL Jiydlliee, YTO CO3JAHO B KaXAOM KOJJEKTHBE, pa3BHBaThb
KOCMHYECKYIO CHEUHANH3AUHIO C y4YeTOM CrnenH(pHUeCKOH OPHEHTAHHH MNpH-
G6opocTpoHTeNbHON 6a3b CTPAH-YYACTHHI COBMECTHHX paGoT.

Kaxani#fi H3 CO3JaHHHX COBMECTHBIMH YCHJIMAMH npHGOpPOB CTaHO-
BHTCA CBO€ro pojJa MarepHaJbHHM BOIVIOMICHHEM NepenOBHX HAYYHHIX
HOe# M H300peTaTesNIbHOCTH KOHCTPYKTOPOB M 3KCNEPHMEHTATOPOB.

[pr 3ToM MeXAyHapOAHBE HaYYHble KOJNJEKTHBH YUYeHHIX, KOTOphIE
O0BLEAHHAIOTCA VISl paGOTH HAaA TEMH HAH HHLIMH Hay4YHBIMH KOMINIeKCaMH,
He OrpaHHYHBAIOTCA PpemICeHHEeM 4YaCTHBIX, NYCTh AAXEe H OYEeHb BaXKHBIX,
HayYHO-MPHKJAAHKX NpoGjeM, CO3AAHHEM OTHEJbHLIX YHHKaJbHHIX NpubO-
pPoB ans ¢QyHAaMeHTaJbHHX HcchaenoBanufl. [lonyyennwsie npu stom Mero=
NOJNIOTHYECKHE,  KOHCTPYKTOPCKO-TEXHONOI'HYECKHe  HNOCTHXXEHHSA  CTaHO=
BATCSl, KAaK NPaBHJO, AOCTOSHHEM NPOMBILIJIEHHOCTH B HeJOM. Tak, MHO=
rie KOCMHYeCKHe NpHOOpH, CO3faHHBEe B paMKax nporpamMmul “"HMHTepkoc-
MOC”, CeroRHS WHPOKO HCHOAL3YIOTCH B SKCHEDHMEHTANbLHOH TEXHHKeE,
OpraHH3au¥H H YNPAaBJACHHH [IPOH3BOACTBOM, CEJABCKHM XO3fHCTBOM, B
MENMUHMHCKOR mnpakTHKe. PasnuuHbie HanpaBJeHHs MAPHKJAAAHBIX HAYK
NOJIYYHJIH BO3MOXHOCTL [IHHPOKO HCIIOJIL30BaTb COBpPEMEHHHE METOAH
HCenenoBauuit. Bce Goabumiylo NpakTHYECKYI0 HaNpaBieHHOCTb NpuoGpe-
TAI0T H CaMH KOCMHUYECKHE NPOEKTH B HEJIOM.

Bes npeyBenuueRHs MOXHO YTBEpPXKAAaThb, UYTO KOCMHUYECKOE HayyHoe
npubOpOCTPOCHHE, KaK COCTaBHAs 4aCTh KOCMOHABTHKM, CTaHOBHTCS
CeroaHs NOJIHONpaBHOM OTPacAbIo XO3AHCTBEHHOH DesATeNIbHOCTH
4YeJIOBeKa H  3HAYHTENbHOH TNIPDOH3BOAHTEJNBHOH CHJOH, OTKpbIBaloulei
HOBbIE TOPH30HTH B HayKe H NpPOH3BOACTBE.

OpranuzaTOpnl CEMHHApa BHPAXAIOT YBEPEHEOCTb, YTO pEryJsipHOe
OpoBefeHHe NONOOHLIX MEPONpHATHR pas B ABa-TpH roia ¢ NocJenylowiel
ny6nukauuelh ero TpynoB. GyneT CnocoG6CTBOBaTb GHCTPOMY OGMeEHY
Hay4YyHbIMH HOeAMH H HHbOpMAUHEH, NOCAYXKHT OJ4aropoAHHM uUejsM Gojee
ray60KOro NO3HAHHA M OCBOEHHS KOCMHYECKOIO MPOCTPAHCTBA, MCHOMb—
30BaHHA [NOCTHXXEHHH KOCMOHABTHKH B HHTEpPECax BCEr0 9eNOBEHECThRA.

B.M_Base6anos



SOWICOMS: an Instrument for Energy, Mass, and Charge Determination

in Solar Wind and Mars Environment

H. Grinwaldf, K. Gringauz®, I. Axford’, C. Becker', H. Dinsée’, F. Gliem’,
P. Kirdly’, I. Klimenkov®, A. Remizov’, A. Richter’, W. Rieck’, W. Riedler”,
H. Rosenbauer’, R. Schmid¥’, K. Schwingenschuh®, M. Steller’, S. Szalai’,
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1. INTRODUCTION

The experiment introduced here, SOWICOMS, has been designed for the unique
capacity to measure simultaneously the energy/charge, mass/charge, and the mass
of ions. The range of 0.05 to 30 keV/q was chosen from requirements of plasma
environment envisaged for investigation: solar wind and Mars magnetosphere,
versus methodological limitation especially on the low energy side.

In the history of space plasma observation, the classification of ions with respect
to their energy/charge (E/q) has been a classical way to find physically meaningful
relations for various kinds of plasma population. While the first pioneering work
in this area could gain vast amount of new understanding from in situ
measurements in as well the supersonic stream of interplanetary plasma as in
wide energy distributions in planetary environment, they still could accomplish
this without any instrumental distinction of the variety of ions species. But with
more detailed knowledge of the physical processes involved, the importance of
information about ion composition as a key to further expansion of understanding
became more and more obvious.

In the solar wind, the general similarity of bulk speeds as a frequently confirmed
and theoretically supported observation could serve under certain conditions as
a means of mass/charge interpretation from measured E/q spectra. Whiie this
assumption could give essential contribution in various examples of dense and
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kinetically cool plasma, this method proved as not applicable in general: eith
the assumotion of bulk soeed equalitv then is FP " genorah efher
breadening of speed distribution will overlap the distinctive M/q se i

| 2 1 paration by far.
So, the demand for inclusion of M/q dimension into the measurement vgas a
necessary consequence. At the time now, however, still very few examples of
measurements could be performed with this ability.

alectrostat. use of veloeity by : use of energy by :
analyzer - time~of~flight - high voltage acc
- B x B filter and solid state
- magn. deflection detector
B/q M/q M
e.g. ~=> M/g=4 M= 4 He +
12 C 3+
16 O 4+
20 NeS+
24 Mg6+
28 S$i7+
- 32 S B+
40 Call+
56 Feld+

But even beyond the demand for distinction of ions in terms of their mass/charge,
further evidence is needed about the absolute mass of charge of ions in order to
both avoid appreciable ambiguity or uncertainty about the reading of
measurements. As one prominent example (see schematic) for the multiplicity of
gpecies in one M/q number, M/qg=4 is pointed out. The measured rates with this
parameter will be the undissolvable accumulation of a range of 9 masses as
displayed in the scheme - only counting those species which can be expected with
appreciable contribution. This ambiguity concerns key questions of solar wind
source processes and plasma processes in the corona, where some of the ions
mentioned may give crucial evidence for the interpretation (e.g. post shock
plas;na()i. Just taking M/q results, this merging of various ion species cannot be
resolved.

In the plasma environment to be encountered within the orbit chosen around
Mars, one major task of this experiment was to give evidence about the
interaction of the solar wind with the obstacle of Mars magnetospbere and
jonosphere. In the various regions of distance from the shock boundery, from
clearly outside in the solar wind down to deeply inside the magnetosphere, uot
only was the abundance of solar wind ions to present indication of the transport
of particles and momentum, but in addition, the decline of charge status
predictable at least as a 'principle phenomenon to add significantly to the
understanding of processes involved. This decline was probable to occur in quite
different rate for various species, and therefore the deconvolution of M/q peaks
merged from different masses could be expected even more difficult than in the
solar wind. Independant determination of ion masses was here welcomed as an
essential help.
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As a specific advantage in the environment of Mars where high time resolution
is needed to minimize space-time mixing especially at the crossing of boundaries,
the principle of measurement used was able to assess all ion species within one
E/q channel simultaneously. More clearly, different to most instruments resolving
M/q by a crossed fields method, only one scan, over E/q, is necessary here.

AN
In Mars environment charges close to 1 play a major role as compared to free
solar wind plasma. For this reason, the lower limit of energy detection was taken
as low as permitted by noise consideration. As an updating of technical
possibilities, a new type of detector was incorporated in one of the models, an ion
implanted silicon with very thin dead layer, for reason of an remarkably lower
level of intrinsic noise. '

As the instcument flown with independant measurement of M and M/q in the
solar wind, SOWICOMS on board of the PHOBOS spacecraft carried our hope
that a great number of key questions would have a chance fo be answered in
case of successful operation. Apart from the apparent curiosity aiming at the
Mars encounter, it was the intention to at first concentrate on the interrelated
composition and transport processes in the solar corona, the fundamental tool by
making use of the ionization state of different ion species being dominated by the
coronal density and temperature profile, and transport effects on the observed
kinetic temperatures and specific velocities of different ions.

A description of the instni&nent and operation has been given by the authors
before™", Beside a short summary, in this article major emphasis is put on a few
details of specific interest. l ’

2. EXPERIMENTAL METHOD

The goal to determine mass and charge of an ion entering the instrument can be

related to the task to determine mass M and mass/charge M/q as the

corresponding factors in two kinetic energy equations, the idealized form of which
is given by :

2 * (Efg)? * t2 2 % E¥ * g2
M/q = e——cm—esoccoe—- and M= —mecoccseoo——— .
82 82

In both these relations, s is the length (70 mm) of a range through that the time
of flight (TOF) t of the ion is a value measured in the sensor. (E/q) is the
energy/charge of the ion within this range; it is known from the analyzer setting,
and taking into account an acceleration voltage U, (30 kV) between the analyzer:
and the TOF sensor:

(Blqy = Elq+ U, - §Eq,

t is measured as the time between hitting a thin (4.5 pg/em?) carbon foil at begin
(initiating the START pulse) and the surface of the energy detector (initiating the
STOP pulse). The acceleration is to shift the ion energy off the low energy limit
d i ' l ] ’],. ty. N <

<
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E" finally is the energy itself within the range, a value related to that energy
which is the part of E" converted to free clectrons in a silicon semiconductor and
measured as the output signal E : :

E" = E+ 8E .

The two values § E/q and 8 E are the various sbsorptive energy losses in the
carbon foil and in the semiconductor resp., which depend on the energy and on
the mass M of the regarded ion. Instead of the unknown parametier M, the two
loss terms are developped in terms of the related and known values of time of
flight {, and the energy/charge E/q+U,, or the energy E vesp.

To get sufficient confidence about these relations is one mxtter of the experiment
calibration. However, from computer simuletion g close approach can be given
which is part of the following summary on the predicted behaviour of the
instrument with regard to the E/g, M end g determination.

E/g : analyzer and geadrupole lens

The impact of the ESA design on mass and charge determirnation is shortly
described: from the chosen analyzer geometry of a radivs R=90 mm, anc a gap
of d=9 mm a energy/charge passband follows with &E/qV(E/g)=x 0.054. The
contribution of this uncertainty to M/g determination depends on the relative
share of E/q+U,: from almost no contribution for low E/q, it reaches 8 maximum
+ 2.7%, when the two terms are equal 30 kV. The plate voltages are stepped in
128 E/q channels through a range of 600, thiz is eguivalent to just a slight
overlap in neighbouring channel {ransmission.

The angular response of & hemispherical electrostatic analyzer (ESA) is fanlike:
wide in the plane of elevation (along the plates), but narrow in the plane of
azimuth (across the plates). In order to (1) open up the narrow passband in
azimuth {only about + 2° for the chosen analyzer measures, and (2) to confine the
diverging beam at the exit in elevation towards a parallel bundle a sef of two
quadrupole lenses different in length and refractivity was developped. Both lenses
have the effect of an equivalent optical lens being convex in elevation, concave
in azimuth. Refractivity and length of the first lens are chosen to transform a
wide sclid angle at the entrance into the required narrow azimuthal passband
while leaving the elevational spread almost unchanged. The parameters of the
second lens are chosen such that a beam close to parsliel with respect to the
elevation emerges while the azimuth stays almost unaffected. For the front lens
this actually means a bi-convex device with the focus at half length. The focus
of the exit lens coincides with the exit focus of the analyzer. A schematic view
and an example of computed ion paths through the whole ESA assemble are
shown in figs.1,2. In fig.1 the voltage polarity applied to the pairs of plates is
indicated, the plates are shaped as zylindrical {(front lens: conical) surfaces instead
of rods, in order to optimize the refractivity. Indicated as "accelerator lens" is the
kigh voltage drop before the TOF system enirance. The field lines of this range
are shaped in a way fo support the confining task of the second quadrupole. The
example in fig.2 depicts limiting paths of particles penetrating from a wide range
across angles and aperture in both planes. The central area of the figure displays
a cut through the whole electrostatic system in the azimuth plane. On the left,
the view is tilted into the elevation plane of the front part; on the right, into the
elevation plane of the exit part. From this display the characteristic angular
transmission profiles can be easily understood: in azimuth, any pitch is closely
related to 8 certain focus in the ESA entrance plane, chenging o stays without
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much effect on the transmissivity between the limiting edges (x 19°): the
instrumental profile resembles a symmetric step function. In elevation, changing
the pitch to either side of 0° will make more and more of the outer particles hit
the positive plates: the instrumental profile is smoothly lowered to the edges,
actually close to the shape of a parabola. Details are more complicated, especially
in that the second lens plays a limiting role, too, but without a change of the
principal characteristic. In fig.3 as a result of computer simulation these
transmission profiles for positive o and B are shown: in careful. laboratory
calibration of the flight systems these profiles have been very closely confirmed.

M/q and M: time-of-flight sensor and energy detector

The TOF system concept is shown as a part of fig.6: penetrating ions release
electrons at the foil, these are accelerated by a grid (+1000 V) in front of the foil,
they travel along the sensor axis into the decelerating field of the central triple
grid mirror where they are deflected towards the START-MCP (multichannel plate)
stack. Electrons which are finally released at the energy detector (SSD) take the
equivalent path towards the sTOP-MCP. The ions are sufficiently rigid not to be
‘fauch affeéted by the grid potentials,

The design was largely guided by experience from related instruments®®® and
in details by éomputer simulation. Thé inajor effects to investigate were related
to various kifids of collisions of low enéfgy particles in solid mattér: C in the foil,
Au in the SSD front layer, and Si in the SSD lattice.”** They &ll cause energy
losses a8 mentioned above; and, as a major additional efféét regarding the
absolute efficiency, at foil crossing they cause a sé¢attering ¢ofd 8f appreciable
width which results in large particle losses fof particles beyond abeut CNO.

The simulations done follow the tables which have bésfi eompiled by
J.F.Ziegler™® on nuclear stopping and low energy (1keV : 18 MgV) electronic
stopping powers. The undoubtedly present uncertainties in thé Véry low energy
nuclear stopping which is of dominant influence at masses héavier than about
CNO here has been thoroughly discussed by Wilson™®, As all stopping effects are
strongly energy resp. velocity dependent, the simulation follows the particle
history in small path length increments. In fig.4 M/q is giveh as a result of the
time of flight measured in the sensor for constant E/g yaldes of 60 keV/e
(maximum value at SOWICOMS), down to 30 keV/e (minimiiift ¥alue at nominal
U,), and 10 keV/e (minimum value at much reduced U,). The non-linearity in the
log-log display especially for heavy masses and the lower E/q end as a result of
the respectively growing loss &E/q) is visible. In ch.2 these curves can be
compared to calibrated results. In which way the calculation of M/q from t was
processed on board is described in ch.4.

There is a much more pronounced ifipaet of energy losses o the lattice of the -
Si crystal (SSD) and of all losses t thé Ay dead-layer on the available signal
from electroni¢c energy stopping™”. The esiilts given in fig.5 show the relation
of electronic etiergy yield over tifié of flight measures for various masses as
parameter. The (lifies#) séales are given in channel numbers, where t channel 170

i t6 100 s, the maximuni E ehannel 255 to 600 keV. The growing
_slope towards Bigher masses and lower velocities reflects the growing energy
losses. Thése curves are limited to measured energy values being larger than the
SSD amplifier threshold of 30 keV. As discussed in ch.4, particles with an
energy signal below the threshold will contribute with a meaningful M/q value
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3. ATLS ON UMENT AND ON

Basic features of the instrument are given in table 1. Fig.6 shows a cross section,

from the ESA, through sensor and Time-of-flight/energy signal conditioning unit,

via power-/signal to the DPU interface, as well as the plate voltage and

acceleration high wvoltage converters. Basics of instrument and operation are

published in ref.1. Some properties are selected for further description here, which

are of specific im ce for the operation: trigger modes, background, and as
- a technical item details on the high voltage performance.

The solar wind has to deal with the problem of a vast majority of protons and
alphas suppressing rare ion measurement. Some hardware and software measures
are providing sufficient background reduction from this source: (1) the solar wind
E/q spectrum is stepped from top to bottom. When the START countrate eventually
exceeds a certain value (set by telecommand) the stepping is halted. (2) while the
digital AD conversion takes 40 ps to process one event, a fast hardware circuit

Energy/charge : 0.05 - 30 keV/e, 7 bit log

Energy : 0, 30-600 kev , 8 bit 1lin
Time of flight : 0-600 ns , 10bit 1lin
sensitivity : eps * 0.01 em? integral
bitrate : cruise/Mars --> 10.4/192 bps
total weight : 7.1 kg

power : 6.5 W

Table 1 : Instrument parameters

is incorporated (PID=proton-alpha-identifier) which classifies all events with
regard to being a certain boundary curve in the EA plane: protons and alphas
thus can be identified within nanoseconds, and further processing of them be
suppressed. This circuit can be deactivated by command. As well there are other
trigger options for operation, among them the option o have t or E or (t+E) or
(t*E) trigger the AD-conversion. For nominal operation t trigger is preferred in
order to get M/q information without respect to an E signal being beyond the
threshold. However, this trigger mode includes nonidentified protons <30 keV as
the major portion of background. In all cases in which any ion has released a
START pulse protons have different chances to generate an erroneous double
coincidence : (1) they arrive faster at the SSD than the ion, (2) the ion fails to
release a STUP signal, and a proton succeeeds instead within the OPEN period
(tv) of 1 ps, (3) a proton starts the OPEN period and any other particle releases
STOP outside the PID limits, Smaller portions are contributed by MCP noise (r,
=1-10 cps). All this variety of erroneous events is dependent on the resp.
efficiency for START and STOP generation, eps,1 and eps,2. In fig.7 selected cases
of regular as well as irregular trigger events of double and triple coincidence
(DCR resp. TCR, both cts/s) are displayed, as they appear in a typical solar wind
E/q spectrum mixed of all dominant species. The regular counts are defines by
coherent events of ions exclusive of protons and alphas. The irregular - noise-
counts contain coherent and incoherent protons and alphas, incoherent ions of all
kinds, and UV or MCP background. The curve parameter is given by different
commandable trigger conditions: (t), (t*E) for three distinguished thresholds, and
PID ON/OFF. Noise/signal ratio varies through many orders of magnitude. The
powerful fool of combined TCR/PID trigger mode is demonstrated. From this
result the conclusion has been drawn to program the trigger mode as (t*E*PID)
in the range of high proton rate and sufficient ion energy provided by fairly high



- 13 -

éharge states, and as (t) in the range of lower background but low charge states
and ion 3energy. 4 :

This short view at the background is much related to the aspect ¢f how much the
acceleration voltage is improving the experiment. As on the other hand, the
design of a high voltage of 30 kV applied in a device limited in volume, and close
to sensible electronics, is still a major challenge, some notes shall be spent on the
performance (table 2). Size and position of the cascade stainless steel housing can
be seen in fig.6. With one exception (power coupling transformer) all insulation

of the sensor system on high potential is made of metal and ceramic, with a
general insulation gap of 12 mm. ~

Voltage range : 0-30 kV & 2%

Number of steps : 8

Load : 12 6, 100 pF

Power min/max s 210/800 mW

Total weight : 1.3 kg

Cascade : 12 steps, hermetically sealed

filled with N/SF
ON profile : linear ramp of 2 minutes
Housekeeping : 1 sample/200 ms , 8 bit
S/C tests : reduction to 25 % :

Table 2 : HV characteristics

Calibration was thoroughly made on the sub-systems: ESA/lenses, the TOF sensor
and the integrated TOF sensor, and finally on the integrated system. The goals
were, to determine and compare with simulation: transmission function of the
ESAflens system and the response of the TOF system as to t and E
measurements in terms of E/q+U,, M and M/q. The calibration was performed at
IKI and at the accelerator in Lindau. With mass M=1-39 all common gases were
used, energies freely adjustable between 10 and 300 keV. Beam intensities were
feedback controlled through channeltrons, and could -for 230 keV- be absolute-
calibrated ir snapshot comparison to an SSD. Pulse-height-spectra were stored,
and the instrument parameters derived in an off-line data processing. As a
support for data assessment the START, double-/triple-coincidence (DC/TC) and PID
reject pulses are available from the TOF system every 200 ms. Fig.8 displays the
t vs. incident energy relationship for masses up to Ar, confirming the simulation
in fig.4. Much dependent on careful calibration is-the assessment of efficiencies,
however, theoretical understanding is needed where the results are to be
transferred on different masses not easily available as an ion beam.
According to :

ePSuu= P* * eps; * Q * eps, ¢ epsice

the total efficiency was synthesized in terms of eps, and eps;, the electron
production at the foil and detector surface, the usable share Q. of scatter cone
reaching the detector, and as simulated figures the accumulated effect of the
sequence of grids (transmission p=0.86). Foil scattering was approached using
tables of Meyer et.al™*® in comparison with recently published Lindau lab
measurements®®, In fig.9 a familiy of results reaching from H to Fe is displayed;
they have been created fitting a large set of values from the SOWICOMS
calibration (derived from START and DC results) to an appropriate numerical
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model each for eps, and eps, and inter-/extrapolating these values in accordance.

Three sets of values are given in fig.9 : eps, (Q*epsd), and eps,.,. Note that both
eps do exceed 1 - due to the number of created electrons larger than 1. Further
note the large dependency of eps,,, on the energy, especially for higher masses,
largely an inevitable result of scattering in the foil. For the high energy limits
of calibration the total sensitivity of heavy masses is more than the double of
hydrogen, i.e. as long the electron production still dominates without the particle
direction being too much affected by foil scattering. Even with the drop at Fe for
lower energy, however, the experiment is designed to still collect several total
iron counts in the course of one spectrum

4. INFLIGHT DATA PROCESSING

The information about an event contained in E/q (7 bit), t (10 bit), and E (8 bit),
is shifted after the digitalization in the TOF signal conditioning unit (on high 30
kV potential) down via two lines of infrared optocouplers, and after merging into
one serial string it is sent over to the DPU box. Using each a bi-quadratic
" representation for the function M/q (E/q+U,,t) and M (E,t), all scales logarithmic,
fast tables of coefficients then perform the computations to get M/q and M as the
set of results in classes of 7 bit of E/q"“'®. Reflecting the different accuracy,
log(M/q) is kept with 7 bit, log(M) with 5 bit. Even considering the quasilog rate
conversion to 8 bit, this still is much too large an amount of data (128*128*32
bytes/spectrum) than could be transmitted in reasonable time. Therefore, an

effective further data reduction was applied. One share of the data was used to
transmit one M vs. M/q Matrix per TLM packet (20 min in cruise phase, 1 min
in Fast Mode near Mars) integrated over E/q with matrix elements of good
resolution. One share was used to transmit -in a limited number of relatively

course ranges of prime interest- spectral information, twice per TLM packet.

While in the Mars environment the spectrum was reduced to 4 (instead of 7) bit, *
in the solar wind it was made use of all ion mean speeds considered to be more
or less close to equal, and also related to the proton speed. Thus, the spectral
range could be limited to E/q values grouped around a peak value individually
for each ion M/q specie, and which could be predicted fcr each spectrum from
knowledge of the proton speed. The START rate was assigned 64 bytes, thus
keeping the E/q spectrum itself as an information of classical value. In cruise
mode, time resolution could be improved by sending the spectral elements twice -
per TLM packet. The following figures summanze these data shares for the two
modes.

Fine matrix Course, spectral  integral counters,
elements matrix elements an./dig.housek.etc
.Cruise mode 264 / 17% 2x32 & 14 ranges 26%
: near max. / 57%
Fast mode 248 / 17% 1x60 & 16 ranges 16%
A 4¢8/q / 67%

The proton speed needed for the spectral range assignment in cruise mode could
be nominally taken from a measurement regularly sent by TAUS, or from own
evaluation of the O6+ spectrum, the spectrum most reliably avallable for this

purpose.
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Beside the two modes mentioned there were a few more options, e.g. one for
ground tests, and one for a special in-flight test program. In that, various
features of the sensor and DPU processing were tested in a programmed cycle,
in parts by electronic stimulation. As one special item, direct results of t and E
were included in the data packet, a valuable tool to check the performance of the
sensor in-flight. As a very comfortable aid the TLM commands were designed to
react on sensor drifts in various respects. Especially single or the whole set of
coefficients for E,t --> M,M/q conversion could be reinstalled by commands.

The selection of fine and course (spectral) matrix elements represeniative of
certain ranges in the solar wind or Mars environment M vs. M/q field, was
largely guided by computer simulation using the calibrated instrument parameters
where possible. Some aspects upon the solar wind matrix are discussed with
reference to fig.10. In this figure the positions of ions typically present in the
solar wind are marked :

H+ 3He++ 4Hel+/2+ 12C5+/6+ 1606+/7+ 20Ne8+ 28Si3+/./6+ 56Fe6+/./11+

Error bars are added as they result from statistical considerations as result from
theory and calibration. In addition, ions are included which stem from the highly
interesting stock of lower charged masses (q=2 selected), and finally of q=1 (both
for: C,0,Ne,Si,Fe): while being of exotic rarity in the solar wind, this latter group
plays a major role in planetary environment. In order to study the margins of
detectability a certain velocity (400 km/s) is used here, in comparison to the two
dotted lines representative of the commandable lower and upper detector
thresholds (30 keV, and 45 keV). The acceleration voltage U, is assumed with
the nominal value of 30 kV.

From the figure it can be read how all typical solar wind ions but protons and
He will well fall beyond the upper threshold. Of the lower charges still there is
a good chance of q=2 to fall beyond the lower throshold, while the major share
of q=1 ions are found in E=0 channels. This means thatapromsmgseparatmn
and resolution of solar wind and magnewsphenc effects has been achieved by the
mstrument design.

The selection of fine and course (spectral) matrix elements (fig.11) reflects the
weight which can be assigned to specific regions in M-M/q in terms of scientific
objectives in a trade off with the instrumental capacity. Here the structure
defined for the Mars phase is shown. For the integrated elements thin frames are
drawn, thick ones for the spectral elements. The fine structure is chosen to both
reflect the instrumental resolution, and to cover the whole matrix area as well,
up to ranges included mainly for the purpose of background assessment. Beside
the range of most topical interest in Martian environment, spectral information
in this mode concentrates on a few selected solar wind species which should
provide information about effects in the interaction zone with respect to the most .
abundant ones of rare solar wind ions.

The promising design of the instrument was not crowned by a corresponding
harvest of scientific recognition, due to the unfortunate failure of a digital
memory companent. Part of the collaboration is happy to proceed with a modified
SOWICOMS on board of the SOHO spacecraft.
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