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The scope of the neutral atom imaging instrument on the proposed HI-LITE mission 'ﬁ to study the instantaneous
global distribution of the low energy ion outflow from the high latitude auroral region, and its large scale temporal

evolution with solar and geomagnetic activity by detecting neutral atoms that are produced through charge exchange
between the outflow ions and the neutral atmosphere,

The proposed instrument will record spatially resolved maps of energy and mass of this region. Because of
limited particle fluxes, high jonization efficiency for the two species of principal interest, H and O, in the energy
range of 10eV to 300 eV is necessary. To achieve this, a low work function converter surface will be employed,
where a considerable fraction of the reflected primary atoms will be negatively ionized. Under optimal conditions,
the instrument has a detection efficiency of 11% (o 25% for hydrogen in the energy range from 10 to 100 eV,

1. Introduction
One of the major objectives of space physics is to understand the Earth's magnetosphere and its
interaction with the ionosphere and the solar wind. This interaction is readily apparent in the high-
latitude regions of the Earth's magnetosphere. Input from the solar wind produces significant’
effects on the Earth's ionosphere including auroral displays and upwelling of ionospheric ions that
ultimately become part of the magnetospheric population, and
interact back on the ionospheric plasma. If the amount of solar
wind mass, energy, and momentum added to the magnetosphere
is high, the system becomes highly disturbed and the imparted
energy is dissipated explosively through the substorm process,
Geomagnetic activity also plays an important role for the ion
outflow in these regions!2, The demands on new missions to
enhance the understanding of these highly variable processes are
both global observation of the entire source region, and a time
resolution commensurate with the time scale of these processes.
The proposed High-Latitude Ion Transport and
Energetics (HI-LITE) Explorer3 will collect data from the
global ion outflow from the high-latitude ionosphere to
investigate the relationship to auroral processes and the
consequences of this outflow on magnetospheric processes.
The HI-LITE Explorer will be placed in an elliptical 250 km by
4500 km orbit at an inclination of 65° (see Fig. 1 for mission
schematics). There will be three imaging instruments on this
mission: i) an 834 A O* imaging instrument to map the ion
outflow?, i) a UV spectrometer to determine ion and electron
precipitationd, and iii) a low energy neutral atom imager to
remotely sense the charge exchanged H+ and O™ distributions
in the 10 eV to 300 eV energy range. This instrument, coined
ILENA, is described in the present paper. In addition to the
Figure 1: Schematic of HL-LITE imaging instruments, a plasma ion mass spectrometer will
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hydrogen. Making the impact shallower would increase the detection efficiency somewhat, but also
increase the surface area that has to be maintained in proper condition. Moreover, the ion optical
system would be more difficult, which ultimately will increase weight. Of course, the feasibility of
this choice of surface for a space application has to be studied in detail first. The calculations for
oxygen are currently under way. Since the electron affinity of oxygen is higher than for hydrogen a
higher detection efficiency is anticipated. Other promising candidates for the conversion surface are
Ba!! or diamond!2, which are more resistant against contamination of the surface.

Design of the Instrumen

To utilize surface ionization on a space mission, one has to meet the stringent requirements posed
on instruments for space crafts. These requirements are: limited weight, limited electrical power
(about 8kg and 10W for the entire instrument), and maintenance free operation for a couple years,
Furthermore, the instrument has to survive the launch (more than 8g vibrations). During operation
there is a high background of visible and UV photons as well as charged particles in a wide energy
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range. Moreover, from the point of view of surface science one encounters high levels of
background gas, mainly from sources inside the instrument due to the limiting pumping through the
entrance aperture.

Most of the parts of the ILENA instrument are state-of-the-art in space science
instrumentation. The only new technology is the surface ionization, The instrument consists of a
collimator, a conversion unit, a pre-acceleration lens, an electrostatic analyzer, and a time-of-flight
(TOF) mass analyzer with position sensitive detection. A cross section of the instrument schematics
is shown in Fig. 3. The rotational symmetry of the instrument about the centerline of the figure
gives a 90° field-of-view in the plane normal to the figure with imaging over the entire range of
accepted angles. A more detailed description of the instrument can be found in!3,

The required high sensitivity is achieved with a large geometric factor and with simultancous

imaging in angle, energy, and mass parameter space, which by eliminating the scan in angle, mass,
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Figure 3: Schematic drawing of the ILENA instrument. B is the entrance collimator, I-DEF and E-DEF are the
ion and clectron deflectors, S1 is a shutter, C is the converter surface, M1 and M2 arc the secondary clectron

suppression magnets, D is the cesium dispenser, S2 is the energy limiting slit, EA is the cnergy analyzer, and MA is
the time-of-flight mass analyzer.
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Pre-acceleration L_ produced by this lens focuses the
ions on the S2-slit plane. The pre-
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anode placed behind the grid of the start detector provides the radial position of the' sturt signal
from which crude energy resolution is derived. Azimuthal angle information is obtained: from: an
azimuthally segmented MCP2-anode. The signal from each of the 5 radial and 9 azi
is processed by discrete pre-amplifiers. The entire position and TOF encoding electronics is
contained in the HV bubble. The position and TOF encoded information is transmitted through.a
fiber optics cable to an interface for further transmission to the data processing unit.

Background suppression: Besides the UV-photons, the two major potenti
background in the instrument are photoelectrons from the converter surface and negative ions
produced by attachment of photoelectrons to residual gas molecules. Due to the low work function
of the converter surface, photoelectrons will be produced in large quantities, which would produce
unacceptably high count rates in the TOF system, even though individually they could be
discriminated against due to their short flight times. The weak magnetic field from the magnets
M1/M2 will prevent the photoelectrons from reaching slit S2 and entering the TOF section. The
ion production is minimized by accelerating the photoelectrons away from the surface. Those iong
produced are discriminated against by their lower energy relative to the ions generated at the
converter surface.

Converter surface regeneration: The conversion unit contains a subsystem for the
conditioning of the converter surface. In case of contamination, the surface will be heated to 300°C
to remove any adsorbates. Subsequently, the cesium on the surface will be replenished by a cesium
dispenser. The conditioning of the surface can be checked directly by measuring the work function
of the system. With the shutter closed, the surface is illuminated with light from three laser diodes
at different wavelengths. The resulting photoelectron emission is a measure of the conversion
efficiency of the surface. This is done for each segment of the surface independently. To maintain
good conversion efficiency, the total gas load on the converter must be significantly less than a
monolayer, which is 1015 atoms cm™2. To minimize the contamination of the converter surface the
shutter will be closed outside the actual data taking interval. This will prevent contamination of the
converter unit with exospheric hydrogen and oxygen while the spacecraft passes through perigee.
Their densities at apogee are of the order of 103 cm-3 and 1 cm-3, respectively. The frequency of
application of the regeneration depends on the rate of deterioration of the converter. At present we
estimate an application of less than once per day.

muthal segments

al sources: of

4. Interstellar peutral gas

There are many areas in space science where the ability to detect low energy neutral atoms would
be desired. One area, which is accessible during the proposed mission is the interstellar neutral gas.
A sizeable fraction of the mass of galaxies is not condensed in stars but rather is distributed in
interstellar space as atoms and molecules. This interstellar gas is of interest, because it is the
remnant of extinguished stars and the building material of new ones. It is a mixture of neutral and
ionized components, mainly hydrogen and helium, although the detailed composition is largely
unknown. The solar wind and its intrinsic magnetic field form a bubble (the heliosphere), that
cannot be penetrated by the interstellar ions, however this region is transparent to the interstellar
neutral component. Although the flux of interstellar neutrals is significant at the Earth's orbit
(>10 cm-l sec!), the detection of neutral particles was not accomplished satisfactorily until now
for two reasons. First, a considerable fraction of the particles are lost due to photo-ionization by
the sun. Second, ionization of the remaining neutrals with conventional techniques lacked the
efficiency necessary for this kind of measurement.

The current knowledge of the interstellar neutral gas penetrating the heliosphere stems
primarily from remote sensing optical resonance scattering observations16.17, The observation of
interstellar “He and 'H, ionized inside the Earth's orbit and picked up by the interplanetary magnetic
field has been reported recently!8:19. The first attempts to directly measure the interstellar gas
composition were carried out on the LDEF mission using the foil exposure technique20, Recently,
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Witte et al.2! have observed interstellar species on ULYSSES. However, direct measurements have
yet to be reported for the isotopic composition on interstellar H or He. The primeval D/H ratio in
the early solar system can only be inferred from the solar wind He isotopic composition. The first
direct determination of the deuterium abundance in the local interstellar gas will thus be an
important cornerstone for the understanding of the early history and geochemical evolution of the
solar system, and will also provide valuable astro-physical information for the isotopic evolution of
the interstellar medium during the past 4.5 billion years.

The proposed instrument is also well suited for the measurement of interstellar H and O
composition. Since the solar system moves through the interstellar medium, the interstellar neutral
gas has a relative velocity of 20 to about 70 km/s (which translates to 2.1 to 26 eV for H and 33 to
406 eV for O), depending on the season of the year. These neutral atoms will be distinguished from
any ambient exospheric neutrals by their direction of arrival and their substantially larger energies.
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Charge exchange and dissociation processes of hydrogen
molecules at Pd and Pd/K surfaces.

T. Schiathéiter, K. Schmidt, A. Narmann and W, Heiland.
Universitdt Osnabriick, D-4500 Osnabriick.

The hydrogen-Palladium system has raised considerable interest as
the news of "cold fusion" spread through the news media [1}. Even
though the "cold fusion" is very likely a terrible knot of arte-
facts, the Pd + H and Pd/K + H system is of real interest in ba-
sic research for heterogeneous catalysis. Especially K is known
as a "promoter" in heterogeneous catalysis (2]. In a typical UHV-
chemisorption experiment it is found that K adsorption on Pd(100)
lowers the dissociative sticking probability of H, considerably
[3]. We found in fast beam scattering a sizeable decrease of the
dissociation probability of H, on Pd(110) + K compared to the case
of the clean Pd(110) surface [4]. In this paper we give account
of some other details of the experimental results. The original
experimental arrangement consisting of a pulsed ion beam source
and means for time-of-flight (TOF) detection of scattered parti-
cles was enriched by a K-dispenser and a Kelvin probe [5] and
more recently by gas cell affording neutral, pulsed beams {4).
Other details of the experiment are given in these proceedings

(6].

Fig. 1 shows TOF spectra of H,* and H,° scattering from Pd + K. The
K coverage is about 1 m.l. causing a work function change of
A ¢ = 3.0 eV. The spectra from clean Pd are comparable to those
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Fig 1: TOF-spectra of H,* (left) and H,° (right) scattered from
Pd + K at grazing incidence. The primary energy is E, = 568 eV,
the glancing angle of incidence is y = 5°, the scattering angle
is J = 10f. The primary energy corresponds to to = 5.32 us. The
nggatlve lons are separated from the neutrals by a postaccelera-
tion voltage NB = 1430 V.

from Ni (110) [6] and not shown here. In the Hp° case a very dis-
t%nct narrow "hat" is found riding at about 5.5 us on a broad
distribution. The hat is identified as surviving H,°, the broad
distribution is dissociated H. The H" peak at 3.6 us is separated
from the neutral peak by postacceleration. Obviously the survival
probability for H, is very high on K when H,° is the incident
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