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Abstract. Neutral atoms filling interplanetary space 
play an important role in many processes relevant to 
the formation and evolution of the Solar System. A 
novel experimental approach for in situ atom detection 
is proposed. The technique is based on the conversion 
ofneutral atoms to negative ions at a specially prepared 
sensitive surface. Negative ions are subsequently 
analyzed and detected in an essentially noise-free mode. 
As an application of the technique, in situ study of the 
composition of neutral interstellar atoms that penetrate 
the Solar System from the local interstellar medium is 
considered. It is shown that interstellar H, D and 0 
atoms as well as. possibly, Hz molecules can be 
measured by the proposed technique. The experiment 
can be performed from a high-apogee Earth-orbiting 
satellite or from a deep space probe. Other possible 
applications of the technique are discussed briefly. 

Introduction 

A study of the interstellar gas (ISG) from the local inter- 
stellar medium (LISM) is a source of unique information 
on the properties of the LISM. Measurements of the LISM 
characteristics present the only opportunity to directly 
explore interstellar space. Study of the ISG should lead 
also to a better understanding of the processes of the 
interaction of the expanding solar wind flow with the 
LISM, building up of the heliosphere. and related 
phenomena. Neutral gas. although it is sometimes over- 
looked. is the most abundant constituent of the helio- 
sphere. If one excludes the Sun. planets and other celestial 
bodies, then 9899”io of the mass of matter filling the 
heliosphere is represented by ISG and the remaining I- 
i Cl To/ is the solar wind plasma. The study of the heliosphere 
and the morphology of its boundary could provide a basis 
for a self-consistent theory of the interaction between the 
LISM and the solar wind. check and set limits on concepts 
of the origin of anomalous cosmic rays (ACRs) and test 
models of solar wind anisotropy and plasma flow loading. 

Corrc~.spor~ricnce 10 : M. A. Gruntman 

This work is devoted to the discussion of a new 
approach to measure, in situ, part of the composition of 
interstellar gas that has entered the Solar System. The 
proposed technique is sensitive to H, D and 0 atoms, and 
in certain conditions, interstellar H2 molecules could be 
measured. Direct experimental data on D and 0 atoms as 
well as Hz molecules are unavailable for the LISM. Such 
abundant components of the ISG as He, Ne and N atoms 
cannot be measured with the proposed technique. The 
study of the properties of the LISM is considered as 
being important and scheduled for the year 1995-2015 
by the most recent NASA Space Physics Strategy- 
Znzplemrntation Study ( 199 I). Ideas presented here are 
the development of the experimental approach first 
outlined consistently by Gruntman (199 1). 

A study of the composition of the ISG is a field of 
astrophysics that may provide critical evidence for Big 
Bang cosmology and the theory of stellar formation and 
evolution. An accurate measurement of the D-to-H ratio 
could potentially provide the most important constraints 
on Big Bang cosmology (Boesgaard and Steigman, 1985). 
In this respect. such a measurement can be compared with 
the measurement of background microwave radiation. 
The D-to-H ratio is notoriously hard to measure and this 
ratio in the interstellar medium is believed to be in the 
range of (0.82) x IO- ‘. The experimental knowledge at 
the present day is based on the measurements of absorp- 
tion of Lyman lines in the U.V. and on the observation of 
deuterated molecules in interstellar gas in the millimeter 
wavelength range. However, the interpretation of obser- 
vations is severely complicated by stellar contamination 
of the interstellar profiles and multiple clouds in the line 
of sight in the case of Lyman lines, and by chemical and 
physical fractionation in the case of deuterated molecules 
(Wannier. 1980; Boesgaard and Steigman, 1985). The 
detection of D in cosmic rays is irrelevant to the problem 
because this component is born of the breakup of the 
primary cosmic ray He nuclei (Hsieh et al., 1971 ; 
Mewaldt, 1989). 

Interstellar atomic 0 abundances are of interest for the 
theories of formation and evolution of the stars (Wannier, 
1980). On the “local” scale, 0 from the LISM is believed 
to contribute to the 0 component of ACRs (Fisk et al., 
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standing of the properties of the LISM and its interaction 
with the solar system. 

The best possible place to perform measurements of the 
ISG composition is from a fast-moving interplanetary 
spacecraft, far from planetary magnetosphere/exosphere 
influence and as far as possible from the Sun itself. An 
ideal mission is the proposed Interstellar Probe (The Inter- 
stellar Probe, 1990 ; Space Physics Missions Handbook, 
1991). However. essential measurements could be made 
from an Earth-orbiting spacecraft with a high-apogee 
(3 100,000 km) orbit. 

At first, the penetration of the interstellar neutral atoms 
into interplanetary space is considered and the expected 
ff uxes of interstellar atoms are presented for an observer 
at the Earth’s orbit. The proposed experimental approach 
is then outlined. and some details of relevant instru- 
mentation are discussed, in particular, the conversion of 
neutrals to negative ions on surfaces. Finally, other poss- 
ible applications of the technique are considered briefly. 

I974 ; Cummings and Stone, 1990). Comparison of the 0 
number density in the LISM, derived from anomalous 
cosmic ray observations, with the number density from 
independent ir? situ measurements would test proposed 
mechanisms for the formation of anomalous cosmic rays 
and cosmic ray particle acceleration in general. 

Measurements of the local composition of the ISG 
could provide unique information on the homogeneity of 
the ambient interstellar cfoud. There is some evidence of 
the inhomogeneity of the gas on such small scales as b 2.5 
a.u. in the ISG clouds (e.g. Diamond ef al., 1989). It is 
believed that the Sun moves relative to the surrounding 
LISM with a velocity of 4-5 a.u. year-‘. Change of the 
observed ISG density and composition with time would 
be an indication of the inhomogeneity of the ISG on a 
local scale. 

An expanding supersonic flow of the solar wind inter- 
acts with the LISM forming the heliosphere. The structure 
of the heliosphere and its boundary, as well as properties 
of the LISM are of fundamental interest and the available 
experim~nt~~l data are scarce and indirect. Most of our 
knowledge of the LISM properties is as a result of astro- 
nomical observations and study of the ISG flowing into the 
solar system. Astronomical measurements are. by their 
nature. not local and provide characteristics averaged typi- 
cally over many parsecs (Frisch. 1990). Study of the 
in~o~~~ing ISG. unti1 recently. was performed by optical, 
integral measurements and derived TSG characteristics 
were essentially mode1 dependent. The ISG flow was stud- 
ied extensively both theoretically and experimentally (see 
reviews by Axford. 1973 ; Fahr. 1974; Holzer, 1977 ; 
Thomas, 1978 : Bertaux, 1984 : Suess. 1990 : Baranov. 1990). 
There is multiplying evidence that the interaction of the 
neutral ISG atoms with plasma flows in the heliospheric 
interface should affect substantially the characteristics of 
the neutral atoms reaching the inner parts of the solar 
system (Ripken and Fahr. 1983 : Fahr, 1986 ; Baranov. 
1990; Baranov et (I/., 1991 : Fahr, 1991 : Osterbart and 
Fahr. 1992; Baranov and Malama. 1993). The interaction 
of neutral atoms with plasma occurs mostly through 
charge exchange and by directly measuring interstellar H. 
D, He and 0 atoms that have entered the solar system, 
one can hope to get an insight into the physical processes 
in the heliospheric interface. 

Neutral ISG from the LISM penetrates our solar 
system. and some interstellar atoms reach the Earth’s 
orbit. This phenomenon presents naturally an opportunity 
to directly measure the interstellar atoms m interplanetary 
space and thereby determine the composition of the ISG. 
A substantial improvement in undersanding the inflow of 
the ISG could be expected from the ilz sifzg detection 
of the interstellar particles. Direct detection was recently 
spectacularly demonstrated for the first time by the GAS 
experiment on the Ci/~~.r.s~.s spacecraft. where the instru- 
ment was capable of measuring the local velocity dis- 
tribution function of interstellar helium atoms (Rosen- 
bauer et a/., 1984: Witte et u/.. 1993. 1993). In another 
planned experiment. energetic neutral Ii atoms born in 
the heliospheric interface will be observed by instruments 
aboard the Reiikt-2 mission (Gruntman et al.. 1990: 
Gruntman, 1992). Direct detection of other species of 
interstellar origin should dramatically enhance our under- 

Penetration of neutral atoms into interplanetary space 

Direct in situ measurements of the ISG could be performed 
from various types of spacecraft. We will concentrate here 
on the estimate of the expected fluxes of interstellar atoms 
at the Earth’s orbit, since that seems to be the place for 
the most feasible experiment. Besides atoms of H. D. and 
0 and HZ molecules, for consistency. the He atoms are 
also considered. The ISG inflow into the solar system is 
considered in detail in a number of reviews. e.g. Axford, 
I973 ; Fahr, 1974 ; Holzer, 1977 ; Thomas. 1978. The ISG 
temperature “at infinity”. T,,, is assumed to be zero, and 
calculations of neutral particle flux characteristics are per- 
formed following the procedure given by Fahr (1968). 
Neither the heliosphere interface effect nor the fractional 
ionization of the ISG (see Fahr. 1990) are taken into 
account. 

For the purpose of this work. several simplifying 
assumptions arejustifiable. Let us assume that an observer 
moves together with the Earth along its circular orbit 
(radius R,) = 1 a.~.) around the Sun. The ISG velocity 
relative to the Sun is I,‘(, = 20 km se ’ and, its vector is in 
the ecliptic piane (Fig. I). The assumption r,, = 0 results 
in large errors while calculating characteristics of inter- 
stellar H and D atoms in the wake region. Such an assump- 
tion simplifies the calculations dramatically and provides 
a relatively good approximation for the characteristics of 
neutral interstellar atoms at angles 0 < 150 : the angle @is 
counted from the direction antip~~raliel to the ISG velocity 
relative to the Sun (Fig. 1). For heavier elements, like 
He and 0 atoms. this ‘*cold gas” approximation is valid 
outside a narrow downwind cone. Another important 
common assumption is that interstellar atoms move inde- 
pendently along Keplerian orbits under constant forces 
of solar gravitational attraction and radiation pressure. 
IntersteiIar atoms are ionized (i.e. are lost for our purpose) 
by solar radiation and by charge exchange with the solar 
wind ions. The ionization rate is assumed to be inversely 
proportional to the square of the distance from the Sun 
and equal to [i,) at the Earth’s orbit. 
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Fig. 1. Interstellar atom trajectories in interplanetary space. Two 
Kcplcrian trajectories (I) and (3). lead to the same point (R, 0). 
V, is the velocity of the Earth along its orbit around the Sun. 
\I,, is the velocity of the intcrstcllar atom. x is the angle between 
the relative atom velocity V,,, = V,, - V, (relative to an observer 
moving with the Earth) and the radius vector R; II is the angle 
between the upwind direction and R 

The differences in radiation pressures and ionization 
rates lead to the differences in the populations of inter- 
stellar atoms in interplanetary space. Values used for the 
ratio of radiation to gravitational forces, p. and ionization 
rates. p,,. for various species are given in Table 1. Although 
the radiation force is very different for He, H, and 0, it is 
much smaller than the gravitational force, and the ratio, 
~1, of the forces is equal to zero. As a consequence, the 
trajectories of H,, He and 0 particles are identical since 
~1 is the same. However. the number densities of these 
species would differ because of their different ionization 
rates. The direction of the arrival of an interstellar particle 
to the observation point is described by the angle x 
between the relative velocity vector. V,,,. and radius vector 
R (Fig. 1). Two trajectories of neutral atoms lead to any 
given point (R. 0). Only trajectories with angle fi sweeping 
less than 1 X0 are considered further [trajectory (1) in Fig. 
I]. For such a tra_jectory, the survival probability is higher 
than for particles moving to the same point along tra- 
jectory (2). All the following calculations are performed 
further for an observer moving with the Earth. Details of 
the calculations can be found in Gruntman (1991). 

The dependence of the particle relative velocity, V,,,, on 
the angle 0 is shown in Fig. 2 for H. D and 0 atoms. For 

interstellar He atoms and Hz molecules. the velocity is the 
same as for 0 atoms. The dependence of the particle 
relative energy. E,,,. on the angle 0 is shown in Fig. 3 for 

Table 1. The ratio. /I. of radtation to gravitational 
forces and ionization rates. /j,>. at I a.~. from the 
Sun for various interstellar spec~cs 

Species 

H 0.8 5 
D 0.3 5 
H, 0.0 5 
He 0.0 0.8 
0 0.0 5 
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Fig. 2. Dependence of the velocity V,,, relative to an observer 
moving with the Earth on the angle 0 for interstellar H, D and 
0 atoms. For interstellar H 2 molecules and He atoms, the velocity 
is the same as for 0 atoms 

2 
; 
?2 
w 

70- 

60- 

50. 

40. 

30. 

20. H 

lo- 

o* ” “. ” . 
0 30 60 90 120 150 

8 

Fig. 3. Dependence of the energy E,,, relative to an observer 
moving with the Earth on the angle 0 for interstellar H and D 
atoms and H, molcculcs. For interstellar He and 0 atoms, the 
energy is a factor of 2 and a factor of 8 larger than the energy 
for H 2 molecules. respectively 

H, D, and H?. For interstellar He and 0 atoms, the energy 
is a factor of 2 and 8 larger. respectively, than the energy 
of H, molecules. The dependence of the angle of arrival, 
x. on the angular position along the Earth’s orbit, 6, for 
interstellar H. D and 0 atoms is presented in Fig. 4. Again, 
the interstellar He atoms and HY molecules have the same 
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Fig. 4. Dependence of the angle x between relative velocity vector 
V,,, and radius vector. R. on the angular position along the 
Earth’s orbit. 0. for interstellar H, D and 0 atoms. Interstellar 
Hz molecules and He atoms have the same dependence as for 
0 atoms 
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dependence on 8 as 0 atoms. The dependence of the 
fluxes of interstellar H, D and 0 atoms (normalized to the 
corresponding fluxes in the unperturbed ISG far from the 
Sun) on the angular position, 8, is shown in Fig. 5. He 
atoms are ionized with a much smaller ionization rate (see 
Table 1), and, correspondingly, their flux is substantially 
higher. 

It is important to note that D atoms not only have 
higher relative velocities than H atoms, but also they are 
expected to come from a direction which is different (6-- 
10”) from that of H atoms. Furthermore, interstellar Hz 
molecules as well as 0 atoms come from different direc- 
tions also. The spread of the angles at which atoms are 
coming to a given point would be determined by the ISG 
temperature, and this spread is roughly inversely pro- 
portional to the square root of the mass of particles. 
For example for r,, = 104K, a scatter of H atoms at the 
position of an observer at, say, 8 = 120,’ would be about 
+ 10” and a scatter of D,atoms would be + 7” (Gruntman, 
199 1). Because of these differences in kinematic charac- 
teristics, as well as the dependence of the fluxes on angle 
8 (Fig. 5), one can expect the ratio of D to H fluxes into 
an instrument to vary depending on the position and on 
the direction of observation. The same is valid also for the 
ratio of the flux of H, molecules to that of H atoms. 

For realistic number densities of major constituents of 
the ISG in the LISM. i.e. nH = 0.1 crnm3 and nHc = 0.01 
cm-j, one can expect that number densities of D and 0 
atoms would be of the order n, = 1O-6 cm-j and 
no = IO- 4 cm-’ correspondingly. As far as the number 
density of Hz molecules is concerned, the situation is uncer- 
tain and it is not completely excluded that they may con- 
stitute a substantial part of the ISG. The total fluxes of 
H, D and 0 atoms in the unperturbed LISM that are used 
to normalize the expected values of fluxes at the Earth’s 
orbit in Fig. 5, are then the following : 

F,=~zHli~,=2x10’cm~‘s~‘, 

F,,=n,,V,=2cm-‘s ‘. 

Fo=noC’,,=2x10’cm ‘s ‘. 

The expected number densities of interstellar atoms at 
the Earth’s orbit at 8 = 0 are 5 x IO I. 0.8 x IO-’ and 
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1.3 x lo-’ cm-’ for H, D and 0 atoms, respectively. The 
important result of the presented calculations is that 
expected fluxes (cm-* s- ’ sr- ‘) of different interstellar 
atoms depend in different ways on position and direction 
of the observation. This fact provides a basis for the unam- 
biguous determination of the composition of the ISG from 
measurements performed at the Earth’s orbit. It is highly 
desirable to detect and to determine the kinematic charac- 
teristics of interstellar neutral atoms during at least a 1 
year period of time while an observer is “traveling” with 
the Earth along its orbit around the Sun. 

Fig. 5. Dependence of the fluxes. F,. of interstellar neutrals 
(normalized to the flux in the unperturbed ISG far from the 
Sun) on the angular position 0 along the Earth’s orbit 

Experimental conditions and new detection approach 

For very low neutral particle number densities, any con- 
ventional experimental technique based on electron 
impact ionization of the neutral atoms and subsequent 
analysis and detection of the positive ions is not appli- 
cable. The lower limit of neutral density that can be 
detected by a state-of-the-art mass spectrometer, such as 
accepted for Cassini and CRAF missions, is about 4 x 1 O4 
cm-3. In some exceptional cases. when an instrument 
is deeply cooled (as it was on ApoNo 17 during lunar 
nighttime), the sensitivity could be improved up to 10’ 
cme3 (Hoffman e/ al.. 1973). 

The expected ISG number density is much less than 
10-l cm- ‘, and therefore an application of the con- 
ventional experimental technique is completely ruled out. 
The idea behind the approach proposed here is to use an 
instrument sensitive to the flux of neutral particles instead 
of an instrument sensitive to the neutral particle number 
density. A small (few km s- ‘) neutral gas velocity relative 
to the spacecraft would result in a large flux of atoms and 
molecules into the instrument. Then. even a small overall 
detection efficiency of individual particles by the instru- 
ment should result in a very high instrument sensitivity to 
the neutral particle number density. 

One possibility to build an instrument sensitive to the 
neutral particle flux is to use secondary electron emission 
from a sensitive surface bombarded by the incoming flux. 
However. interplanetary space is inhospitable to such 
measurement techniques because of the intense e.u.v./u.v. 
background radiation which would efficiently produce 
photoelectrons. Another possibility has been utilized by 
Rosenbauer ~‘1 ul. (1984) for the detection of the flux of 
interstellar helium atoms and it is based on secondary 
ion emission due to atom bombardment of the sensitive 
surface. [An application of a slotted disk velocity selector, 
such as described by Moore and Opal (1975), is of his- 
torical interest only.] This technique, however. is not cap- 
able of mass analysis. 

The new approach proposed here is based on the par- 
ticle conversion on the surface into negative ions and 
subsequent analysis and detection of these ions. It is 
important that negative ions are not present in the ambient 
solar wind plasma in interplanetary space. For example, 
the lifetime of a negative H ion is about l/25 s at 1 a.u. 
from the Sun. In addition. all charged particles of energies 
~200 keV can be prevented from entering an instrument 
by a charged particle deflection system at the entrance. 
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Hence, negative ions are unique in the sense that they are 
born only as a result of the interaction of the incoming 
neutral particle Aux with a specially prepared conversion 
surface in the instrument. Such a conversion technique 
has been well developed in laboratory applications, mostly 
for the production of high-intensity negative H/D ion 
beams that, after stripping, are used for fusion plasma 
energy pumping (e.g. Kleyn. 1990). 

NCUtIal 
particle 
entrance 

Charged particle deflection system 

The atom conversion on surfaces to negative ions for 
detection purposes was first suggested and demonstrated 
by Hiskes and Karo (1978) and Massmann et al. (1979). 
Later the same plasma diagnostics application was 
eniphasized by Van Wunnik and Los (1983) and Schneider 
er al. ( 1983). The most recent implementation of the tech- 
nique for the fusion plasma diagnostics is given by Van 
Toledo ef ul. (1992). The use of the neutral atom con- 
version to negative ions was first suggested for space appli- 
cation by Gruntman and Leonas (1983) and the concept 
was worked out later in detail by Gruntman (199 1,1993a) 
and Gruntman ef al. (1991). Neutral atoms and molecules 
after collision~refle~tion with certain types of surfaces 
acquire (with a relatively high efficiency) negative charge, 
i.e. become negative ions. The efficiency of such a con- 
version depends on the type of atom, the atom’s initial 
velocity. angle of incidence and the type of surface with 
which it interacts. All atoms which can form negative ions 
can be studied by the proposed technique. The negative 
ions, and hence the incoming neutral atoms, could be 
identified, i.e. their mass could be reliably determined by 
a magnetic particle analyzer. The addition of a time-of- 
flight (TOF) analyzer would provide not only an inde- 
pendent particle identification but also the negative ion 
detection in a coincidence mode which eliminates the 
probiem of the background count rates of detectors due 
to stray photons and particles within the instrument. The 
latter feature is of great importance for the ISG study 
because fluxes of such minor interstellar gas constituents 
as 0 and especially D are extremely low. and essentially 
noise-free “assured” detection is crucial for long accumu- 
fation times. 

Thin foil 

EIectron mirror 

Fig. 6. General scheme for detection and analysis of low-energy 
and iow-intensity neutral particle fluxes. CS-conversion 
surface, SPAD-surface preparation and activation device. The 
magnetic analyzer consists of two sections: the e-Mag (weak 
field) and the I-Mag (strong field). D, is a channel electron 
multiplier, D,. D, and D; are microchannel plate detectors 

Such an instrumental arrangement should provide 
extremely high sensitivity, 10 _ I-10’ (count s ‘)/(particle 
cm j). depending on species and experimental conditions, 
which is orders of magnitude better than in existing instru- 
ments. The dramatic increase in sensitivity would allow 
direct. ir? situ study of dilute neutral gas in space. Basically 
the proposed technique would allow one to determine the 
mass of the particles and to measure the neutral particle 
flux distribution over the sky. i.e. over directions of the 
particle arrival at the point of observation. The latter 
feature is not unlike the experiment of Rosenbauer et a/. 
(1984) and Witte ef al. (1992). The first in sifr~ measure- 
ment of the interstellar l-l atoms and such important ISG 
minor components as atomic D and 0 will be possible. 
Other applications are discussed in a later section. 

ions and electrons are prevented from entering the instru- 
ment by either an electrostatic or magnetic deflection sys- 
tem (not shown). The set of baflles determines the field of 
view of the instrument. Incoming neutral particles (N) hit 
the sensitive/conversion surface (CS) and are converted 
with a certain probability to negative ions. The negative 
ions are accelerated and momentum-selected in the mag- 
netic analyzer before entering the TOF analyzer for 
final detection. Background e.u.v.ju.v. photons produce 
secondary electrons from the CS which are detected by 
an electron detector D, (channel electron multiplier) pro- 
viding a simple monitor of the conditions on the con- 
version surface. TOF measurements are the most effective 
means to eliminate background counts. The TOF section 
should provide an assured, essentially noise-free detection 
and additional identification of the mass-selected negative 
ions. and hence incoming neutral atoms. A special surface 
preparation and activation device (SPAD) is used to 
refresh and/or to activate the CS. 

The instrument design can be optimized for the species 
to be measured and experimental conditions. In fact, the 
use of either a magnetic or TOF analyzer is sufficient for 
negative ion mass identification. However, the use of these 
two analyzers in tandem would enhance instrument capa- 
bility to detect exceptionally weak fluxes of neutral atoms, 
such as that of interstellar D. 

Genetic scheme of the instrument 

The genera1 scheme for the detection and analysis of neu- 
tral particle fluxes is presented in Fig. 6. Charged particles, 

Two major requirements would determine instrument 
configuration, viz. the necessity to scan mass range and 
the absolute value of the expected neutral particle flux. If 
only one type of atom is to be detected then ions are 
accelerated up to a certain fixed voltage and no scanning 
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the level of the work function of the metal. Then metal 
electrons can tunnel through and be captured by the atom. 
The initially sharp affinity level of the atom is broadened 
into a band of a finite width. The distance from the surface 
at which electrons could be captured, constitute, for 
example, 6-8~~ (a,) is a Bohr radius) for a partially Cs 
covered W (Van Wunnik et al., 1983a). After reflection 
from the surface. on the outbound leg of the particle 
trajectory, when the affinity level again becomes higher 
than the work function level, the eiectron may tunnel from 
the negative ion back to the empty metal states. Such 
a model corresponds to a zero temperature conversion 
surface, and the conversion of the atom to a negative ion 
has an energy threshold equal to the difference between 
the work function and the unperturbed affinity energy 
(Seidl t-‘t CII’.. 1989). If the converter temperature is not 
zero, then the electron distribution is smeared around the 
Fermi level (e.g. Cui, 1991). This level smearing as well as 
broadening of the affinity level of the ion would allow 
electrons to tunnel both ways when the particle is within 
a certain range of distances from the surface, which would 
rest& in the lowering of the effective energy threshold for 
a conversion. 

Knowing the electron transition frequency, it is possible 
to calculate the equilibrium probability for the atom to be 
negatively charged at a certain distance from the surface. 
Introducing further the motion of the atom (described 
classically) and integrating the rate equation, one can 
determine the probability that the atom leaves the surface 
as a negative ion. The charge transfer probability depends 
on both components of the atom velocity, parallel and 
perpendicular to the surface. The typical velocity of inter- 
stellar atoms is much smaller than the electron velocities 
in conversion surfaces, and therefore the charge transfer 
probability is determined mostly by the atom velocity 
component normal to the surface (Van Wunnik et al., 
1983a). The highest conversion efficiencies are chardc- 
teristic of surfaces with a low work function and a high 
density of electron states at the Fermi level. The most 
developed and well studied conversion surfaces are metals 
covered by alkali layers. e.g. by Cs. which provide the 
highest values of conversion efficiency. As an example, 
the calculated dependence (supported by the experimental 
data) of negative H ion formation for three different sur- 
faces on normal energy is shown in Fig. 8 (Van OS ef al., 
1988). 

Let us assume that the interstellar H (or D) atom’s 
normal velocity is 35 km s ‘. which corresponds to a 45” 
angle of incidence on the conversion surface for an atom 
with the total velocity of 50 km s ‘. Such velocity is typical 
for interstellar H atoms at the Earth’s orbit (Fig. 2). Then 
the fraction of negative ions in the particles reflected from 
the W surface W( 100) covered by a thick layer of Cs, is 
5-7% (Fig, 8). A very thin Cs layer (half a monolayer) 
may give a much higher negative ion fraction (Van 
Wunnik PI ul., lY83a). However, there are difficulties in 
maintaining such a surface in a space instrument, so 
the use of a thick Cs layer may be preferable. An overall 
conversion coefficient of several percent (Schneider cf al., 
1981 ; Van Wunnik et ul.. 1983b; Van OS el al., 1988) 
could be expected for interstellar H and D atoms. 

The work function of the surface is very sensitive to the 

is required. If several species are to be measured, e.g. 
components of the ISG or neutral atoms and molecules 
in a celestial body environment. then it is necessary to 
scan the energy (and consequently mass) of negative ions, 
allowing the passage of selected masses through the mag- 
netic analyzer. In this case the instrument is a scanning 
device. consecutively measuring one selected ion species 
at a time. If the flux of incoming neutral atoms is relatively 
high. then there is no need for a TOF section, and simple 
ion detectors, such as channel electron multipliers, could 
be used. For low neutral atom flux intensity, or measure- 
ment of trace species, a TOF section is indispensable for 
both independent mass identification and noise count 
rejection. 

Both the magnetic analyzer and TOE section are not 
novel and will not be discussed here. It is sufficient to 
mention that a TOF section has become more or less a 
standard feature of many space instruments (e.g. Wilken, 
1984) and a magnetic analyzer can be built using rare- 
earth (e.g. CoSa) permanent magnets which wouId pro- 
vide a magnetic field up to half a tesla (e.g. Voss ef al., 
1992). We will concentrate here on the properties of the 
novel element, i.e. on the conversion surfaces. 

Conversion surfaces 

Various surfaces can be used as converters of impinging 
neutral atoms and molecules into negative ions. Atom 
conversion to negative ions is generally described by elec- 
tron tunneling to the classically-moving atom. The nega- 
tive H ion yield is a convolution of the reflection coefficient 
and the charge transfer probability (Hiskes and Schneider, 
1981 ; Seidl et ui.. 1989: Kleyn, 1990). The affinity level 
of the atom approaching the metal surface gradually shifts 
due to the attractive interaction with its image charge in 
the metal (Fig. 7; Van Amersfoort et al., 1985). At a 
certain distance from the surface. the shifted level crosses 

Fig. 7. Energy diagram of a static H atom at a distance z from 
a metal surface. The work function is denoted as @. The metal 
electrons have energies up to the Fermi level. which is ctt eV 
below the vacuum level. For large z the atomic affinity level is 
E,, eV below the vacuum level. In the vicinity of the metal the 
affinity level is shifted and broadened. From Van Amersfoort et 
UI. (1985) 
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Kleyn. 1990), which may also provide high conversion 
efficiencies. Ba is a much more stable and convenient 
material to use although initial activation-by heating up 
to 1200K (Melnychuk and Seidl, 1991) or by sputtering 
of several surface atomic layers-is needed to eliminate 
the oxide layer and provide a metal-type surface. An inter- 
esting possibility is to use the ambient space plasma (e.g. 
solar wind plasma) to sputter the conversion surface: 
plasma ions could be sucked in. focused and accelerated 
for such a purpose. The low density of the solar wind 
plasma may require a couple of days of sputtering to 
accumulate the necessary dose. Another possible surface 
under study is LaB, (e.g. Kleyn. 1990) which also 
requires heating to a temperature of 1400K to activate 
such a conversion surface. Different metals, such as W 
and MO (e.g. Van Bommel et al.. 1984) as well as Mg. Cu, 
Au and Pt also may serve as a conversion surface, 
although the typical conversion efficiencies are usually 
verylow: lo-“-10 b. which prohibits their use for the ISG 
detection. Certainly the selection of the type of conversion 
surface and a way to activate and control it, as well as the 
stability of the surface and the necessity to refresh (and/or 
to activate) it during a long duration space flight require 
further detailed study. However, one may safely assume 
as a conservative estimate the value of&n = 0.01 for the 
conversion coefficient for interstellar H and D atoms. A 
similar value of the conversion efficiency can be expected 
for 0 atoms. 

The process of the conversion of neutrals to negative 
ions on surfaces has an energy (normal component) 
threshold equal to the difference between the surface 
work function and electron affinity of the particle. 
Electron affinities of some atoms and molecules that 
may be of interest for space applications, as well as 
work functions of surfaces on which conversion into 
negative ions has been studied experimentally, are pre- 
sented in Tables 2 and 3, respectively. One can see that 
conversions of only a few species (marked by an as- 
terisk) have been studied experimentally. It is important 
to emphasize that only the conversion of H and D 
atoms [and to some extent, 0 atoms (Van Pixteren et 
rtl., 1989)] has been studied extensively. Although 
surface production of negative ions is qualitatively 
understood, quantitative agreement between theory and 
experiment has been achieved by adjusting some par- 
ameter (usually screening distance). Consequently, 
one has to be cautious in making specific numerical 
predictions of energy thresholds and conversion prob- 
abilities without experimental backing. 

A potential problem with surface conversion that 
should be kept in mind is the possibility of producing 
negative ions by sputtering previously adsorbed atoms 
and molecules from the surface. Energetic ions with energy 
higher than. say. lo&200 keV (flux > 1 cm ‘s-- ’ sr- ’ at 
1 a.u. from the Sun). would pass the deflection system at 
the entrance of the instrument and would hit the con- 
version surface, sputtering negative ions. In our case, the 
adsorption of interstellar atoms on the conversion surface 
does not pose a problem at all. Even for the most intense 
expected flux of interstellar H, it would take 15 years to 
cover 1% of the sensitive surface by H providing each 
impinging atom is adsorbed. Most of the contamination 

” 
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Fig. 8. Calculated negative-ion formation probability for H 
atoms leaving the surface along the normal vs energy. The solid 
line is for half a monolayer Cs coverage, the dashed line is for 
a full monolayer Cs coverage. and the chain-dashed line is for 
a thick Ba coverage of the W(110) surface. From Van OS et al. 
(1988) 

degree of coverage by Cs. For example. a detailed study 
of an n-type (100) Si substrate shows that a clean surface 
has a work function 4.75 eV, while the work function of 
a surface covered by a monolayer of Cs is 2.00 eV, and 
for a surface covered by a half of a monolayer of Cs is 
1.47 eV (Souzis et al.. 1989). Controlled oxidation of Cs 
may lead to further lowering of the work function down 
to 0.9 eV. For thick layers of Cs oxides. which means that 
a substrate may not be crucial. work functions of the order 
of 1 eV have been reported (Souzis et al., 1989 ; Melnychuk 
and Seidl. 1991). Sputtering and implantation processes 
are unimportant for a bombardment by low energy 
neutral atoms, as in our case (Fig. 3). and complex 
multi-component converters such as cesium oxides-a 
mixture of Cs/Cs,O/Cs,Oz-can be used. Such promising 
surfaces can be several hundred angstroms thick: their 
work functions are independent of the substrate com- 
positions. and the cesium oxides have a vapor pressure 
much lower than pure cesium (Melnychuk and Seidl, 
1991). An exposure of oxygenated Cs surfaces to large 
fluxes of H may result in some change, about + 0.1 eV, 
of work function (Souzis rt ul.. 1989). 

The photoemission properties of the conversion surface 
would depend strongly on its work function. Hence, the 
measurement of photoelectron flux from such a surface is 
a direct way to determine the value of the work function 
when the photon flux and its spectral distribution are 
known. Such measurements could be used in the flight 
instrument to monitor conditions on the converter 
surface. as is shown in Fig. 6. Cesiated surfaces. though 
providing high conversion efficiencies, are not easy to 
maintain. For example, Cs has a high vapor pressure 
which could lead to contamination of the instrument. 
Metal surfaces covered by layers of alkalis other than Cs, 
such as Na (Schneider et al.. 1983) or Rb and K (Schneider 
et al., 198 1) can also be used for conversion of H atoms. 

During the last several years, a lot of attention was 
devoted to Ba surfaces (e.g. Van OS et al., 1987, 1988; 
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danger may come from the adsorption of atoms and mol- 
ecules outgassed from the instrument elements and the 
spacecraft itself. Therefore a special effort should be 
devoted to maintaining a clean conversion surface in the 
instrument. 

Selection of the conversion surface should be deter- 
mined by the specific requirements of the space exper- 
iment. For detection of a minor ISG constituent such as 
D, one has to maximize the conversion efficiency and 
a metal covered by a submonolayer of Cs seems to be 
preferable. Periodic refreshing of a cesiated surface can 
be easily realized by using a small emitter of Cs atoms. 
Although Ba surfaces also show high conversion 
efficiencies, their activation may require power-consuming 
solutions which would be prohibitive for small instru- 
ments typical of the future deep space missions. If the 
emphasis is on the study of a much more abundant species 
such as H atoms, then less demanding (in maintenance) 
surfaces such as a multicomponent mixture of Cs oxides 
or lanthanum hexaboride (LaB,) look promising. For the 
measurement of 0 atoms and molecules in a low-Earth 
orbit, which is discussed further in the section on other 
applications, the use of a pure Au surface may be justified 
when no high conversion efficiency is required. A focused 
laboratory study of the conversion processes as well as a 
study of the technical problems of activating, maintaining 
and refreshing the surfaces in space should provide a guide 
in the future for the selection of optimal surfaces for 
various experiments. 

Table 2. Electron affinities of some atoms and 
molecules (e.g. Handbook I$ Chemistry and 
Physics, 1988) that may be of interest for space 
applications. Atoms and molecules for which 
surface conversion to negative ions has been 
studied experimentally are marked by an asterisk 

Atom, molecule Electron affinity (eV) 

H* (D*) 0.75 
0’ I .46 
c* 1.26 
F 3.40 

Na 0.55 
Si I .39 
P 0.75 
s 2.08 

Cl 3.62 
K 0.50 

cz 3.3-3.5 
CH 1.24 
CN 3.82 
OH 1.83 
0,* 0.44 
NO* 0.02-0.03 
Cl, 2.3-2.5 
CIO 2.1-2.3 
I,* 3.5-2.6 

0, 2.1 

Table 3. Work functions of surfaces on which 
conversion into negative ions has been studied 
experimentally (most of the given work func- 
tions can be found in publications referred to in 
this section) 

Surface 

cs!cs,o~cs,o, 
Cs [0.5 ML on WCIOO)] 
Cs [0.5 ML on Si( IOO)] 
Cs [I ML on Si( IOO)] 
Si( 100) /z-type 
Ba’BaO 
Ba 
W( 100) 
Na 
K 
Rb 
LaB, 
Ni( I IO) 
CU( I I I) 
Pl(ll1) 
Ag( I I I ) 
Diamond ( 1 I 1) 
Li 
Mo( I 11) 
ThO, 

Work 
function (eV) 

0.90-I .45 
1.45 
1.45 
2.00 
4.75 

I .8-2.2 
2.5 
4.6 
7.7 
2.2 
2. I 

2.3-2.6 
5.04 
4.9 
5.7 
4.7 
5.4 
2.9 
4.6 

3.0-4.0 

ML-monolayer 

Instrument characteristics and expected count rates 

For the detection of the cold neutral gas. the negative ion 
count rate, 1v,, by the proposed technique is equal to : 

where n,, is the local neutral particle number density; V,,, 

is the spacecraft velocity relative to the neutral gas; &, is 
the instrument effective sensitive area ; F, is the conversion 
efficiency; qT is the efficiency of negative ion collection 
and transmission through the magnetic analyzer; and cd 
is the detection efficiency by the detection section (TOF 
unit) of the instrument. Instrument parameters may vary 
widely and for example, for such realistic values as 
V REL = 50 km s ‘, S,, = 1 cm’, c, = IO-‘. qT = 0.5 and 
&(J = lo- ‘, one obtains a sensitivity N,/n, = 2.5 x lo3 
(count s ‘)/(particle cm -“). The measured signal is pro- 
portional to the flux of particles into the instrument, and, 
depending on species and experimental conditions, typ- 
ically such high values of sensitivity as IO- ‘-lo4 (count 
s-~ ‘)/(particle cm ‘) can be achieved. 

The efficiency of negative ion collection and trans- 
mission through the magnetic analyzer. qT, would depend 
on the characteristics of the fluxes to be studied and on 
the instrument design. One can expect that by optimizing 
the shape of the conversion surface a large fraction of the 
negative ions would be directed toward the entrance of 
the magnetic analyzer. The initial energy of negative ions 
is small (e.g. about 50 eV for interstellar D; Fig. 3) and 
their subsequent acceleration up to IO-15 keV should 
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allow efficient ion focusing. In addition, a magnetic 
analyzer is required to distinguish only a few interstellar 
atoms (H, D. and 0) and its mass resolution can be 
correspondingly low. Hence, the wide range of angles of 
entrance into the magnetic analyzer would be acceptable 
for transport of ions to the TOF section, especially if the 
magnetic field is optimized to provide ion focusing on the 
exit slit. A combination of all mentioned factors could 
result in a rather high “collection” efficiency of negative 
ions. 

Let us assume that the field of view of the instrument 
to measure the ISG is IS- x I.5 . This allows ttie instrument 
to intercept all the flux of D or 0 atoms and a substantial 
part of the H atom flux. For the parameters of the instru- 
ment given above, the overall efficiency of the instrument, 
t:,q-,~. to detect individu~~l atoms would be 5 x IO- ‘. 

This value of the detection efficiency would then result 
in typical count rates of I, = 2.5 s- ‘. IL) = 1.5 x 10e4 sm.‘, 
and Z(, = 3 x 10 ’ sm ’ for interstellar H, D and 0 atoms, 
respectively. Let us assume that the noise count rate of 
the detectors is as high as 10’ s-- ‘. Then, for triple coinci- 
dences in the TOF section. the random count rate wouid 
be iess than IO ’ s- ’ and fluxes of ail these interstellar 
atoms could be reliably measured. Even for the worst case 
of D atom detection. one could expect a count rate as 
much as 15 count day-. ’ without noise. Even a tiny frac- 
tion of negative H ions somehow reaching the TOF 
section. say. by scattering from surfaces of construction 
elements within the instrument. may pose a danger to and 
“contaminate” the measurements of D atoms. However, 
one could expect that D ions would be concentrated within 
a range of a few nanoseconds on the TOF spectrum 
whereas scattered H ions/atoms would have a very broad 
energy distribution and correspondingly, a broad range 
of times of flight. This sharp time signature as well as a 
proper design of baffles and stray particle traps within the 
instrument should allow a reliable detection of D ions. 
Detection of Hz molecules is also possible by the proposed 
technique. Bombardment of the conversion surface by H, 
molecules would result in a production of atomic H nega- 
tive ions that are indistinguishable from those due to 
atomic H flux. The H2 molecules flux could be dis- 
tinguished from atomic H flux because of the difference 
(about 15 ) in the angles of their arrival at the observation 
point (Fig. 4). Obviously the detection of the H 1 molecule 
flux can be achieved only if the flux of molecules is com- 
parable to that of atoms and the instrument field of view 
is somewhat smaller than the difference in angles of 
arrivals of atomic and molecular particles. 

A proper design of the instrument could allow one to 
incrcasc substantially the instrument geometrical through- 
put. The latter should facilitate measurenients of inter- 
stellar D. One of the possible ways to do it can be based 
on a “grazing-incidence telescope”-like configuration with 
an enhanced sensitive surface area (e.g. Fig. 8 in Hsieh 
and Gruntman, 1993). The atoms would be converted to 
negative ions at the first grazing incidence collision with 
the telescope’s “mirror” and directed toward the analyzer 
entrance for subsequent acceleration. analysis and detec- 
tion by the ion analyzer. Such a configuration should 
provide high geometrlcal throughput of the instrument 
due to the “focusing” effect of the conversion surfaces. 
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The expected dynamic characteristics of fluxes of inter- 
stellar atoms at the Earth’s orbit and the possibility of 
noise-free registration and identi~cation of atoms should 
allow us to determine unambiguously for the first time 
the composition (including minor, but very important, 
constituents) of the ISG in the LISM. 

Other possible applcations 

The suggested technique should allow a direct detection 
of dilute neutral gases in space. In many cases, neutral 
particle populations remain poorly explored exper- 
imentally, though they contain a wealth of scientific infor- 
mation (Gruntman. I99 I. 1992, 1993a ; Gruntman et al., 
1991 ; Williams ri al., I992 and references therein : Hsieh 
er ai.. 1992). The technique can be used to measure at1 
those atoms and molecules that have a positive electron 
affinity. The number of atoms and molecules that could. 
in principle, be detected by the technique makes its appli- 
cation unusually broad. Conversion to negative ions on 
surfaces has been observed experimentally for such species 
as H. D, C, 0.0,. The conversion of other species, such 
as Na, K, Si, S, Cl, OH. 03, etc.. which may be of interest 
for the study of tenuous atmospheres of celestial bodies, 
has yet to be demonstrated. There is a velocity (energy) 
threshold for detection of some atoms and molecules. For 
example. for atomic H it is = 10 km s- ‘. Development of 
the technology should allow one to reduce, if not elimin- 
ate, such a threshold. 

A number of potential applications of the technique can 
be identified presently. 

Two popuiations of hydrogen atoms in the Sun’s vicinity 
are of prime interest: the neutral component of the 
expanding solar corona and dust-deionized atoms (Banks, 
1971 ; Holzer, 1977 ; Fahr et al., 1981). Their study can 
give additional insight into a number of fundamental prob- 
Iems like the heating of the solar corona and the accel- 
eration of the solar wind. as well as the fate of the inter- 
planetary dust grains. This region will be visited in the 
future by the Solur Probe (Space Physics Missions Hand- 
hook, 1991). The principal difficulty in neutral atom 
nleasurements identified so far is a cloud of C atoms 
evaporating from the Solur Probe spacecraft protective 
shield. Solar wind protons may charge exchange with these 
carbon atoms, creating a Aux of neutral H atoms which 
would enter the instrument. Estimates show that this back- 
ground would be dominant at the trajectory perihelion 
for currently assumed shield characteristics (unpublished, 
Gruntm~~n, 1991). Evaporation of the C is a function of 
the shield temperature and the measurements are possible 
at somewhat larger distances (>0.05-0.1 a.~.) from the 
Sun. 

A neutral particle mass spectrometer based on the con- 
version of atoms and molecules to negative ions can be 
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used to study upper atmospheres and exospheres of 
planets at the altitudes where the conventional technique 
does not have enough sensitivity. Besides H. its isotopes 
and 0 atoms, there are other atoms, such as C. F, Na, Si, 
P. S and Cl, that present interest for the study of the 
environments of planets, the Moon. comets and asteroids 
which can be detected by the proposed technique (see 
Table 2). An interesting possibility is to try to convert 
molecules important for atmospheric chemistry, such as 
OH, CH. Clz. Cl0 and O,, to negative ions. The con- 
version of low-energy atoms with energies of a fraction of 
an electronvolt has not been studied as extensively as 
for higher energies (see e.g. Seidl et al., 1989). The 
situation is more complicated for molecules, which may 
dissociate at the surface impact (e.g. Kleyn, 1992). Ex- 
perimental data on conversion of molecules to negative 
ions are scarce and adequate theoretical models have 
yet to be built. Direct. in situ measurements of tenuous 
atmospheres may help to solve a number of outstanding 
problems. One of the examples is the lunar atmosphere 
where currently available experimental data cannot 
be explained by the existing models (Morgan and 
Shemansky, 1991). Another example is the study of 
atmospheres of the outer planets (Shemansky and Hall, 
1992) and neutral particle environment of primordial 
bodies in the Solar System such as asteroids and comets. 

Emh. For the Earth. the velocity of a spacecraft at low 
Earth orbit is about 7 km s- ’ and it corresponds to an 
energy of 0.25 eV nucleon ‘. The conversion process has 
an energy threshold for cold conversion surfaces which is 
equal to the difference between the work function of the 
surface and the affinity energy of the atom. Conversion 
surfaces with work functions as low as 0.9 eV have been 
reported and work function of the order of 1 eV has 
been obtained for stable surfaces (Souzis c’t ul.. 1989; 
Melnychuk and Seidl. I99 I 1. The heating of the converter 
would result in the lovvering of the effective energy 
threshold although the conversion efficiency would also 
be low. It should be noted that even relatively low conver- 
sion efficiencies in the range of IO ‘-10 ’ would provide 
sensitivity, vvhich is much highrr than in conventional 
mass spectrometers. It is still unclear whether it is pos- 
sible to apply the technique for the detection of atomic 
H in the terrestrial atmosphere and exosphere and this 
question requires further detailed study. As far as 
heavier atoms are concerned. for example atomic 0. 
there is no doubt that they can be efficiently detected. 

A wide variety of spacecraft orbiting the Earth at rela- 
tively low altitudes are subject to the effects of surrounding 
atomic 0. For exnmple. at an aititudc of SO0 km. a typical 
0 number density is IO‘ cm ’ (Chamberlain, 1978). 
Atomic0 is highly reactive and causes unb,anted effects on 
exposed optical surfaces. solar cells and space hardware. 
Shuttle glow is one of the most dramatic manifestations 
of the interaction with 0 flux. Knowledge of the space 
0 environment becomes even more important with the 
deployment of long duration space structures such as the 
space station Frc~rdm~. Measurement of 0 atom number 
density by conventional techniques is inherently ambigu- 
ous if O? molecules are also present. Let us note that 0 
energies relative to the spacecraft are 5 and 10 eV for 
atoms and molecules correspondingly. If one uses for con- 
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version a surface with a rather large work function, such 
as Au (work function 5.1 eV) or Pt (5.65 eV). then one 
can differentiate atomic and molecular particles. 0 atom 
energy is higher than the conversion threshold. and such 
atoms can be converted on a Au surface into 0 negative 
ions. In order to produce O- ions when an O2 molecule hits 
the surface. the molecule has to dissociate and a fragment 
particle should leave the surface as 0.. The energy necess- 
ary to dissociate molecular oxygen is 5.1 eV. If one 
assumes that dissociation energy is coming from the kin- 
etic energy of the molecule and the remaining kinetic 
energy is equally divided between two fragments, then, as 
one can see. the energy of 0 atoms is not sufficient to leave 
the conversion surface as 0 ~. Therefore. one can expect 
that O- ions are produced due to atomic 0 flux only and 
the signal is not contaminated by the presence of the 
molecular 0. The interaction of molecules with surfaces 
is complicated and is not adequately understood, so a 
special feasibility study of such oxygen selective detection 
is required. 

Moon. The orbital velocity around the Moon is 1.7 km 
S _‘, which corresponds to an energy of 0.014 eV 
nucleon ‘. As far as the detection of H atoms is 
concerned, the difficulties are even greater than for the 
low Earth orbit. The heavier atoms. such as 0, Si, Na 
and K can be detected. Incidentally another novel in situ 
detection technique can be used for measuring Na and K 
atoms in the lunar environment (Gruntman, 1993b). This 
technique. which is specific to the in situ detection of alkali 
atoms. is based on atom ionization on hot surfaces. 

Gimt plmcts. The proposed technique can definitely be 
used for the study ofgiant planets. For example, an orbital 
velocity around Jupiter corresponds to an energy of 
almost 10 eV nucleon ’ and many atoms and molecules 
with such energy can be efficiently converted to negative 
ions. 

Primordkrl hodic~s. A spacecraft flyby velocity relative 
to an asteroid or a comet would vary widely from a few 
km s- ’ up to 70 km s- ‘. Under such conditions, tenous 
neutral particle environments could be efficiently studied. 

The interaction (charge exchange process) of interstellar 
gas with the solar wind in the heliospheric interface region 
produces the flux of heliospheric energetic neutral H 
atoms (HELENAs). Experimental study of HELENAs 
would provide an opportunity to remotely study a mor- 
phology of the heliospheric boundary and physical pro- 
cesses in the heliospheric interface. The energy of such H 
atoms is in the range of 100-800 eV and the expected flux 
is highly anisotropic with an intensity of 3 x IO’cm-* s- ’ 
sr ’ coming from the upwind direction (Gruntman, 1992). 
HELENAs can be detected rather efficiently by their con- 
version into negative ions. An instrument similar to a 
grazing-incidence telescope could provide the rather large 
sensitive surface arca required to detect a low intensity 
flux. The HELENAs would be converted to negative H 
ions at the first grazing-incidence collision with the tele- 
scope’s “mirror” and subsequently collected, analyzed 
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and detected by the ion analyzer (see Fig. 8 in Hsieh and 
Gruntman, 1993). 
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Magnetized plasmas in planetary magnetospheres emit 
magnetospheric energetic neutral atoms (ENAs) when 
energetic plasma ions undergo a charge exchange inter- 
action with background gas atoms. The measurement 
of ENAs is recognized as a powerful tool in the study 
of global processes in planetary magnetospheres (e.g. 
Williams rt rd., 1992). Development of the instrumenta- 
tion for magnetosphere imaging in ENA fluxes has 
concentrated so far on the detection and identification 
of neutral particles with energies higher than a few 
keV (McEntire and Mitchell, 1989; McComas et al., 
1991 : Hsieh it ~1.. 1992). Development of the technique 
proposed here would allow the energy threshold to be 
lowered down to 10 eV. It would consequently make it 
possible to experimentally study much cooler plasmas, 
as well as plasma flows in the ionosphere. 

The existence of a large popuIation of small, IO x 10 x 10 m, 
fluffy snow comets in the solar system was suggested 
by Frank et (11. (1986). This controversial issue was recently 
reviewed by Dessler (1992) and it continues to attract 
substantial attention in the space community. Even if these 
comets are several orders of magnitude less numerous 
than was suggested originally by Frank et ~1. (1986), they 
stili would play a fundamental role in the solar system. 
The technique proposed here would provide a unique 
opportunity to directly investigate this hypothesis. Vapor- 
ization of the water snow comets becomes substantial at 
heliocentric distances less than 2.5 a.u. (Frank et crl., 1986) 
and the lifetime of H and 0 atoms is about 1 month at I 
a.~. from the Sun. If irr sirtl nle~~surements of the neutral 
H and 0 atoms reveal number densities higher than 
expected for the ISG. then such excessive neutral particle 
population could be attributed to the presence of small 
comets. Moreover, measurement of the kinematic charac- 
teristics of neutral atoms should provide an insight into 
comet trajectories. The presence of comets should also 
manifest itself by the locally increased neutral atom num- 
ber densities due to comets flying by at a certain distance 
from the spacecraft which would be naturally detected by 
the proposed technique. 

Conclusion 

A novel. unconventional experimental technique, 
described in this paper. can provide new capabilities in 
space instrumentation which are not currently available. 
Direct. irz sitar detection of neutral atoms in space pfasma 
could be achieved with exceptionally high sensitivity. The 
application of such a technique to the study of the inter- 
stellar gas would lead to direct. itz situ measurement of 

interstellar Ii, D and 0 atoms. A study of the differences 
in kinematic parameters of different interstellar species is 
important for understanding the penetration of inter- 
stellar neutral atoms. Such measurements, being com- 
plementary to the U~JXK’.F GAS experiment (Witte er ul., 
1992) where interstellar He atoms were directly measured, 
should provide the basis for a comprehensive study of the 
LISM, its interaction with the Solar System and formation 
of the hehosphere. 

The proposed instrumenta arrangement would provide 
direct unambiguous determination of particle masses. 
Instrument design for the study of interstellar gas would 
depend on the emphasis of the experiment. If the measure- 
ment of D is the focus of such a mission, then a wide 
field of view instrument with large geometrical throughput 
would be used. Accurate measurement of the velocity 
distribution function of interstellar H atoms would require 
a narrow field of view instrument capable of scanning the 
sky, as was done by the Ul~a.~s GAS instrument. 

Although the focus of this paper is a direct study of the 
composition of the 1%. obviously the suggested tech- 
nique has much wider application, making it a truly multi- 
disciplinary tool. A number of other possible appli- 
cations has been identified. among them the direct study 
of tenuous exospheres of planets, comets and asteroids; 
monitoring of atomic and molecular oxygen at the low 
Earth orbit; and direct detection of the ultra-low energy 
(1 O-500 eV) energetic neutral atoms (ENAs) which are of 
interest for heliospheric. magnetospheric and ionospheric 
imaging. The technique, when fully developed, should 
provide an etlicient and versatile tool for unusually wide 
application in the study of neutral atoms and molecules 
in space. 
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