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Abstract Interstellar atoms penetrate deep into the heliosphere after passing through the
heliospheric interface—the region of the interaction of the solar wind with the interstellar
medium. The heliospheric interface serves as a filter for the interstellar atoms of hydrogen
and oxygen, and, to a lesser extent, nitrogen, due to their coupling with interstellar and
heliospheric plasmas by charge exchange and electron impact ionization. The filtration has
great importance for the determination of local interstellar abundances of these elements,
which becomes now possible due to measurements of interstellar pickup by Ulysses and
ACE, and anomalous cosmic rays by Voyagers, Ulysses, ACE, SAMPEX and Wind. The
filtration of the different elements depends on the level of their coupling with the plasma
in the interaction region. The recent studies of the filtration of the interstellar atoms in the
heliospheric interface region is reviewed in this paper. The dependence of the filtration on
the local interstellar proton and H atom number densities is discussed and the roles of the
charge exchange and electron impact ionization on the filtration are evaluated. The influence
of electron temperature in the inner heliosheath on the filtration process is discussed as well.
Using the filtration coefficients obtained from the modeling and SWICS/Ulysses pickup ion
measurements, the local interstellar abundances of the considered elements are determined.
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1 Introduction
The chemical composition of the Local Interstellar Cloud (LIC) surrounding the Sun has
great importance for understanding the composition of the local interstellar matter. At the
present time the local interstellar parameters and composition can only be explored with
remote and indirect measurements. There are two types of diagnostics of the LIC: 1) spectroscopic observations of stellar absorptions (e.g. Linsky et al. 1995; Lallement 1996) that
provide data averaged over long distances; 2) measurements of pickup ions and anomalous cosmic rays (ACRs) inside the heliosphere at one or several AU (Geiss et al. 1994;
Gloeckler and Geiss 2004; Cummings et al. 2002a) that allows the determination of the local interstellar composition in the vicinity of the Sun. The pickup ions originate from the
interstellar atoms penetrating into the heliosphere through the heliospheric interface, which
is formed by the interaction of the solar wind (SW) with the charged component of the interstellar medium. The parameters of the interstellar atom flow are significantly disturbed in
the interface due to effective coupling with protons by charge exchange. In particular, charge
exchange results in the filtration of the interstellar atoms in the heliospheric interface before
they enter the heliosphere. The filtration means that only a fraction of the interstellar atoms
penetrate into the heliosphere. The filtration can be different for different chemical elements
since it depends on the level of their coupling with the charged particles. Therefore, to study
composition of the interstellar medium surrounding the Sun from pickup ion data obtained
inside the heliosphere one needs to take into account the effects of the heliospheric interface.
This paper gives a brief overview on the structure and modeling of the heliospheric interface and on the problem of the interstellar atom filtration in the interface region.

2 The Heliospheric Interface
The heliospheric interface is formed by the interaction of the solar wind with the partly
ionized interstellar medium. The interface has a complex structure (Fig. 1) with two shock
waves—the interstellar bow shock (BS) and the heliospheric termination shock (TS), and
the heliopause that is the contact discontinuity separating the solar wind from interstellar
plasma. The SW/LIC interaction has a truly multi-component nature. The interplanetary
and interstellar magnetic fields, interstellar atoms of hydrogen, galactic and anomalous cosmic rays (GCRs and ACRs), and pickup ions play important roles in the formation of the
heliospheric interface (e.g. Izmodenov and Kallenbach 2007). To reconstruct the structure
and the physical processes at the interface using remote observations a theoretical model
should be employed.
The development of a theoretical model of the heliospheric interface requires the correct
approach for each of the interstellar and solar wind components. Interstellar and solar wind
protons and electrons can be described as fluids. However, the mean free path of interstellar
H atoms is comparable with the size of the heliospheric interface. This requires a kinetic
description for the interstellar H atom flow in the interaction region. For the pickup ion and
cosmic ray components the kinetic approach is required as well.
The first self-consistent stationary axisymmetric model of the interaction of the twocomponent (plasma and H atoms) LIC with the solar wind (B&M model, hereinafter) had
been developed by Baranov and Malama (1993). The main physical process considered in
the model is the resonance charge exchange processes of the H atoms with protons although
the processes of photoionization and ionization of H-atoms by electron impact can be important in some regions of the heliosphere (for example, in the inner heliosheath or in the
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Fig. 1 Qualitative picture of the
SW interaction with the LIC. The
heliopause (HP) is a contact (or
tangential) discontinuity, which
separates the solar wind plasma
and the interstellar plasma
component. The termination
shock (TS) is formed due to the
deceleration of the supersonic
solar wind. The bow shock (BS)
may also exist if the interstellar
plasma flow is supersonic. Four
regions are distinguished: the
supersonic solar wind (region 1);
the solar wind flow between the
TS and the HP (region 2 or the
inner heliosheath); the disturbed
interstellar plasma component
flow (region 3 or the outer
heliosheath); the undisturbed
interstellar gas flow (region 4)

supersonic solar wind). The significant effect of the resonance charge exchange is connected
with the large cross section of such collisions which is a function of the relative velocity of
colliding particles. Izmodenov et al. (2000) have shown that the elastic H–H and H–proton
collisions are negligible in the considered problem. The main results of the B&M model can
be briefly summarized as follows:
1. Interstellar atoms strongly influence the heliospheric interface structure. The heliospheric interface is much closer to the Sun in the case when H atoms are taken into account
in the model, as compared to a pure gas dynamical case. The distance to the TS in the
upwind direction is on the order of 90–100 AU depending on the outer and inner boundary
conditions.
The termination shock becomes more spherical in the presence of H atoms and the flow in
the region between HP and TS becomes entirely subsonic. The complicated shock structure
in the tail (see, e.g. Izmodenov and Alexashov 2003) disappears in the presence of H atoms.
2. The effect of charge exchange on the solar wind is significant. By the time the solar
wind flow reaches the termination shock, it is decelerated by 15–30%, strongly heated by
a factor of 5–8, and loaded by the pickup proton component (approximately 20–50%).
The interstellar plasma flow is disturbed upstream of the bow shock (region 4 in Fig. 1) by
charge exchange of the interstellar protons with secondary H atoms originating in the solar
wind. This leads to heating (40–70%) and deceleration (15–30%) of the interstellar plasma
before it reaches the bow shock. The Mach number decreases upstream of the BS and for
a certain range of interstellar parameters (nH,LIC  np,LIC ) the bow shock may disappear.
The supersonic solar wind flow (region 1 in Fig. 1) is disturbed due to charge exchange
with the interstellar neutrals penetrating into the heliosphere.
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Fig. 2 Number densities and
velocities of 4 atom populations
as functions of heliocentric
distance in the upwind direction.
1 designates atoms created in the
supersonic solar wind, 2 atoms
created in the heliosheath,
3 atoms created in the disturbed
interstellar plasma, and 4 original
(or primary) interstellar atoms.
Number densities are normalized
to nH,LIC , velocities are
normalized to VLIC . It is assumed
that nH,LIC = 0.2 cm−3 ,
np,LIC = 0.04 cm−3

3. Interstellar neutrals also modify the plasma structure in the heliosheath. In a pure
gasdynamic case (without neutrals) the density and temperature of the postshock plasma
are nearly constant. However, the charge exchange process leads to a large increase in
the plasma number density and decrease in its temperature. The electron impact ionization process may influence the heliosheath plasma flow by increasing the gradient of the
plasma density from the termination shock to the heliopause (Baranov and Malama 1996).
The influence of interstellar atoms on the heliosheath plasma flow is important, in particular, for the interpretation of kHz-radio emissions detected by Voyager and for possible future
imaging of the heliosphere using the energetic neutral atom (ENA) fluxes.
Charge exchange significantly alters the interstellar atom flow. Atoms newly created by
charge exchange have the velocity of their ion counterparts in charge exchange collisions.
Therefore, the velocity distribution of these new atoms depends on the local plasma properties in the place of their origin. It is convenient to distinguish four different populations of
atoms, depending on the region in the heliospheric interface where the atoms were formed.
Population 1 are the atoms created in the supersonic solar wind up to the TS (region 1 in
Fig. 1), population 2 are the atoms created in the inner heliosheath (region 2 in Fig. 1), and
population 3 are the atoms created in the outer heliosheath (region 3 in Fig. 1). The atoms
of population 3 are often called the secondary interstellar atom component. We will call the
original (or primary) interstellar atoms as population 4. The number densities and mean velocities of these populations are shown in Fig. 2 as functions of the heliocentric distance. The
distribution function of H atoms, fH (r, wH ), can be represented as a sum of the distribution
functions of these populations: fH = fH,1 + fH,2 + fH,3 + fH,4 . The Monte Carlo method
allows us to calculate these four distribution functions which were presented by Izmodenov
(2001) and Izmodenov et al. (2001) at 12 selected points in the heliospheric interface.
Original (or primary) interstellar atoms (population 4) are significantly filtered (i.e. their
number density is reduced) before reaching the termination shock (Fig. 2A). The outer heliosheath is the main “filter” for these atoms. Since slow atoms have a small mean free path
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Table 1 Results of parametric calculations in the frame of Baranov and Malama (1993) model with nH,LIC =
0.2 cm−3
np,LIC cm−3

Primary

Secondary

Total

nH4,TS cm−3

nH3,TS cm−3

nH,TS cm−3
0.07

0.35

17.0

14000

0.0045

0.075

0.08

0.40

18.0

13500

0.3
0.2

FH,TS

VH,TS km/s

TH,TS K

0.1

0.02

0.07

0.09

0.45

20.0

12500

0.07

0.03

0.065

0.095

0.475

21.0

12000

0.04

0.055

0.05

0.105

0.525

22.5

10500

(due to both larger charge exchange cross section and smaller velocities) in comparison to
the fast atoms, they undergo larger losses. This kinetic effect, called selection, results in
∼10% increase in the primary atom mean velocity towards the termination shock (Fig. 2C).
The secondary interstellar atoms (population 3) are created in the disturbed interstellar
medium by charge exchange of primary interstellar neutrals with protons decelerated in the
vicinity of the heliopause. The secondary interstellar atoms collectively make up the hydrogen wall, a density increase at the heliopause. The hydrogen wall has been predicted by
Baranov et al. (1991) and detected in the direction of αCen on the Hubble Space Telescope
by Linsky and Wood (1996). At the termination shock, the number density of secondary neutrals is comparable to the number density of the primary interstellar atoms (Fig. 2A, dashed
curve). The relative abundances of secondary and primary atoms entering the heliosphere
vary with the degree of interstellar ionization (see Table 1). The bulk velocity of population
3 is about −18 to −19 km/s. (The “–” sign means that the population approaches the Sun.)
Another population (population 2) of the heliospheric hydrogen atoms consists of the
atoms created in the inner heliosheath by charge exchange with hot and compressed solar
wind and pickup protons. The number density of this population is an order of magnitude
smaller than the number densities of the primary and secondary interstellar atoms. Therefore, this population has a minor importance for the filtration problem. Inside the termination
shock the atoms propagate freely. These atoms may serve as a rich source of information
on the plasma properties at the place of their birth, i.e. at the inner heliosheath. There are
plans to measure this population of atoms on future missions, including the Small Explorer
called Interstellar Boundary Explorer (IBEX) that was selected by NASA and is scheduled
for launch in June 2008.
During the last several years a large effort in the multi-component modeling of the
heliospheric interface has been done by several groups (e.g. Zank 1999; Baranov and Izmodenov 2006). In particular, our Moscow group has developed models of the heliospheric
interface, which follow the kinetic-continuum approach of the B&M-model and take into
account effects of the solar cycle (Izmodenov et al. 2005a), interstellar helium ions and
solar wind alpha particles (Izmodenov et al. 2003), the interstellar magnetic field (Izmodenov et al. 2005b), and galactic and anomalous cosmic rays (Myasnikov et al. 2000;
Alexashov et al. 2004). Recently, Malama et al. (2006) presented a new model that retains
the main advantage of our previous models, which is a rigorous kinetic description of the
interstellar H atom component. In addition, the model considers pickup protons as a separate kinetic component. The next section briefly discuss factors affecting the filtration of
interstellar H atoms in the interface.

382

V.V. Izmodenov

3 Filtration of Interstellar Hydrogen
Newly created in the outer heliosheath (between the HP and BS), secondary interstellar
atoms have the velocities of the protons that are their companions in charge exchange.
The proton component is decelerated and heated at the BS and continues to be decelerated
and heated toward the heliopause. Therefore, the bulk velocity of the secondary interstellar atoms is smaller and the effective kinetic temperature is higher as compared with those
of the primary interstellar atoms. Because of this, more H atoms have individual velocities not directed toward the Sun, and less atoms penetrate through the heliopause into the
heliosphere.
Let us introduce filtration (or, more correctly, penetration) factor as the ratio of the H
atom number density at the TS in the upwind direction to the interstellar number density:
FH,TS = nH (TS)/nH (LIC) = [npop.4,H (TS) + npop.3,H (TS)]/nH (LIC).
In this section we explore how different physical effects influence the penetration factor for
H. Izmodenov et al. (1999) in the frame of the B&M model studied the effects of interstellar proton number density on the structure of the heliospheric interface. Table 1 presents
relevant results of the study. The filtration factor varies from 0.35 for np,LIC = 0.3 cm−3
to 0.525 cm−3 for np,LIC = 0.04 cm−3 . At present low values of np,LIC are more favorable
because of at least three observational facts: a) Voyager 1 crossed the TS at 94 AU in December 2004 implying a rather small interstellar pressure that is not consistent with a high
proton number density, b) the number density of H atoms at TS of 0.1 ± 0.05 cm−3 derived
from analysis of Ulysses and ACE pickup ion data (Gloeckler and Geiss 2004) that corresponds to np,LIC of 0.04–0.07 cm−3 ; similar values of nH,TS ≈ 0.09 cm−3 were derived from
the analysis of the distant solar wind deceleration measured by Voyager 2 (e.g., Richardson
et al. 2007); c) analysis of backscattered solar Lyman-alpha spectra showing line-of-sight
velocities that correspond to VH,TS = 22–23 km/s (Quémerais et al. 2006). More recent and
detailed parametric analysis of the filtration of interstellar hydrogen was done in Izmodenov et al. (2004) for the range of np,LIC = 0.032–0.07 cm−3 and nH,LIC = 0.16–0.20 cm−3 .
The study was done in the frame of the Izmodenov et al. (2003) model that differs from
Baranov–Malama model by taking into account effects of interstellar helium ions and solar
wind alpha particles. Results of the study are summarized in Table 2. The filtration factor does not change significantly for the considered range of parameters and it is equal to
FH,LIC = 0.54 ± 0.04.
From the analysis of the results of more recent advanced models of the interface mentioned at the end of previous section one can conclude that the considered effects do not
change the filtration factor significantly despite their high importance for other aspects of
heliospheric physics. Indeed, Myasnikov et al. (2000) and Alexashov et al. (2004) have
shown that GCRs and ACRs do not change the filtration factor noticeably. The Malama et
al. (2006) model that advances the B&M model by employing a multi-component treatment
for heliospheric plasma gives slightly larger filtration factor as compared with the B&M
model. In fact in the multi-component model the electron temperature in the heliosheath is
smaller as compared to B&M model. The effect of filtration in the inner heliosheath (the
region between the TS and HP) due to electron impact ionization is shown in Fig. 5c of
Malama et al. (2006) paper. The value of FH,LIC is smaller by less than 10% for the multicomponent model as compared to B&M model.
Effects of the 11-year solar cycle variations of the solar wind parameters on the structure
of the heliospheric interface were studied in Izmodenov et al. (2005b). In particular, it was
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Table 2 Results of parametric calculations
#
1

nH,LIC cm−3

np,LIC cm−3

R(TS) AU

FH,TS a

FO,T S

FN,T S

0.16

0.032

109

0.58

0.72 (0.84)

0.80 (0.90)b

2

0.16

0.05

102

0.55

0.70 (0.83)

0.80 (0.90)

3

0.16

0.06

99

0.54

0.70 (0.82)

0.80 (0.90)

4

0.16

0.07

96

0.53

0.69 (0.81)

0.80 (0.90)

5

0.18

0.032

101

0.57

0.69 (0.82)

0.77 (0.90)

6

0.18

0.05

96

0.54

0.68 (0.81)

0.79 (0.89)

7

0.18

0.06

93

0.53

0.68 (0.81)

0.79 (0.89)

8

0.18

0.07

88

0.52

0.66 (0.80)

0.79 (0.89)

9

0.20

0.032

94

0.55

0.68 (0.82)

0.76 (0.89)
0.77 (0.89)

10

0.20

0.04

93

0.54

0.67 (0.81)

11

0.20

0.05

90

0.53

0.67 (0.79)

0.78 (0.89)

12

0.20

0.06

88

0.52

0.67 (0.80)

0.78 (0.89)

13

0.20

0.07

86

0.51

0.67 (0.79)

0.78 (0.88)

aF

A,TS = nA,TS /nA,LIC (A = H, O, N) are the filtration factors of interstellar H, O, N atoms, respectively
b In parentheses we present filtration factors calculated under an assumption of reduced (by factor of 3) the

electron temperature in the inner heliosheath between the TS and BS (Izmodenov et al. 2004)

shown that the number densities of the primary and secondary interstellar H atoms vary
within 10% in the outer heliosphere, while closer to the Sun the variations increase.
Izmodenov et al. (2005a), Izmodenov and Alexashov (2006), Opher et al. (2006),
Pogorelov et al. (2006) have studied the influence of the interstellar magnetic field on the
structure of the interface assuming that the interstellar magnetic field (ISMF) is inclined with
respect to the direction of the interstellar flow. In this case the SW/LIC interaction region
becomes asymmetric and the flow pattern becomes essentially three-dimensional. Since interstellar H atoms are coupled to the charged component by charge exchange the flow of the
interstellar atoms becomes asymmetric too, as observed in the backscattered solar Lymanalpha radiation spectra measured by SOHO/SWAN (Lallement 2005).
Izmodenov and Alexashov (2006) performed a parametric study by varying the angle α
between the direction of the interstellar flow and interstellar magnetic field from 0 to 90
degrees. Despite the fact that interstellar magnetic field significant disturbs the heliospheric
interface and interstellar H flow, the filtration factor was in the range of 0.555−0.574 for all
considered angle values of angle α that is very close to the results of the B&M model.
Finally, we conclude that despite that the effects of the ionization level of the LIC, the
interstellar magnetic field, the solar cycle and others significantly influence the structure of
the heliospheric interface and plasma and H atom distributions within the heliosphere, the
filtration factor of interstellar hydrogen varies insignificantly for all considered models. It
remains in the range from 0.5 to 0.6.

4 Heavier Elements
The theoretical study of the penetration of interstellar heavier elements into the heliosphere
was done in a large number of papers (Fahr 1991; Rucinski et al. 1993; Fahr et al. 1995;
Kausch and Fahr 1997; Mueller and Zank 2003; Cummings et al. 2002a, 2002b; Izmodenov
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et al. 1997, 1999, 2003). The papers studied different aspects of the penetration of He, C, N,
O through the interface. We will focus on the most recent results.
Firstly, the charge exchange cross section of the helium with protons is so small that
the mean free path of the helium atoms is larger than the size of the heliospheric interface.
Therefore, the helium atoms penetrate the heliospheric interface unperturbed. This fact was
used in order to measure the local interstellar temperature and velocity (Witte et al. 1996;
Witte 2004; Möbius et al. 2004). The filtration coefficient for helium FHe,TS ∼ 1. Cummings
et al. (2002b) found that electron impact ionization from the HP to the TS resulted in a factor
of about 0.9.
Izmodenov et al. (2004) used the advanced heliospheric interface model by Izmodenov
et al. (2003) to perform a comparative study of the penetration through this interface of three
interstellar elements—hydrogen, oxygen and nitrogen. Similar to hydrogen, the interstellar
atoms of oxygen have large charge exchange cross sections and, therefore, the filtered in the
heliospheric interface.
For O atoms both the direct O + p → O+ + H and the reverse O+ + H → O + H+ charge
exchange processes should be taken into account. It was estimated by Cummings et al.
(2002a, 2002b) that the charge exchange of nitrogen with protons may result only in ∼1%
of filtration, and, therefore, it can be neglected. Electron impact ionization is important for
interstellar oxygen (Izmodenov et al. 1999) and hydrogen, while it is almost negligible for
filtration of H atoms.
Voronov’s formula was employed for electron impact rate coefficients for O and N
(Voronov 1997). For charge exchange cross sections for oxygen, the formula given by Stancil et al. (1999) was used. The number density of oxygen ions in the undisturbed LIC is
determined by the ionization balance condition n(OII)/n(HII) = 8/9 · n(OI)/n(HI). This
condition is very close to the condition that can be derived from model 17 of Slavin and
Frisch (2002). To calculate the number density of oxygen ions the continuity equation for
this component (Izmodenov et al. 1999) was solved.
Izmodenov et al. (2004) performed parametric studies by varying the interstellar proton,
np,LIC , and atomic hydrogen, nH,LIC , number densities in the ranges of 0.032–0.07 cm−3 and
0.16–0.2 cm−3 , respectively. The calculations were performed for 13 models with np,LIC and
nH,LIC listed in Table 2.
Figure 3 shows typical distributions of interstellar atomic number densities in the heliospheric interface region in the upwind direction (i.e. opposite to the Sun–LIC relative velocity vector). Qualitatively, such distributions take place for all models. Analogous to the hydrogen wall, the oxygen wall is formed due to the charge exchange process
O+ + H → O + H+ .
Atoms that penetrated through the heliopause, can be ionized by hot solar wind electrons
in the region between the TS and HP. The filtration in the inner heliosheath due to electron impact is more effective for interstellar N and O atoms as compared with hydrogen.
Note that the electron impact ionization rate strongly depends on the electron temperature
(Voronov 1997). As it was discussed in the previous section, we use one-fluid description for
all plasma components. This approach is appropriate to determine the locations of the shock
and the HP and for the plasma velocity, but certainly fails for prediction of the temperatures
of the different ionized components. Since the TS is a quasi perpendicular collisionless
shock, the electron component of the solar wind is expected to have a lower temperature
in the inner heliosheath than one-fluid models predict. To estimate the effect of a change
in electron temperature on the filtration factor, Izmodenov et al. (2003) performed calculations with the models where the electron temperature in the inner heliosheath obtained in
the frame of the B&M model was arbitrarily divided by a factor of 3.
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Fig. 3 Distribution of hydrogen,
oxygen, and nitrogen into the
upwind direction along the axis
of symmetry

Table 2 summarizes the filtration factors for all 13 models. It shows the location of the
TS and the filtration factors, FA,TS (A = H, O, N). The main conclusion, which can be made
based on results shown in the table, is that as for hydrogen the filtration factors do not vary
significantly with variation of interstellar densities nH,LIC and np,LIC . We find that 68 ± 3%
of interstellar oxygen and 78 ± 2% of interstellar nitrogen penetrate through the interaction
region into the supersonic solar wind. The results of calculations with smaller electron temperature are shown in the table in parenthesis. Small electron temperature leads to stronger
penetration of N- and O-atoms into the heliosphere. However, for the two types of models—
with and without lowered electron temperature in the heliosheath—the ratio of the nitrogen
and oxygen filtration factors changes insignificantly from 1.10 ± 0.02 to 1.15 ± 0.02. Thus,
NI/OI in the LIC, if derived from pickup ion data, is not very sensitive to variations in the
modeling of the LIC/SW interaction.
Gloeckler and Geiss (2004) derived from Ulysses pickup ion observations that nOI,TS =
(5.3 ± 0.8) × 10−5 cm−3 and nNI,TS = (7.8 ± 1.5) × 10−6 cm−3 . Dividing these values by
the average of the filtration factors in Table 1, we obtain nOI,LIC = (7.8 ± 1.3) × 10−5 cm−3
and nNI,LIC = (1.0 ± 0.2) × 10−5 cm−3 . Finally, the local interstellar OI/HI and NI/OI ratios
are equal (OI/HI)LIC = (4.3 ± 0.5) × 10−4 and (NI/OI)LIC = 0.13 ± 0.01.

5 Summary and Conclusions
The filtration of the interstellar atoms of H, O, N in the heliospheric interface has been
discussed. For hydrogen the filtration was analyzed on the basis of recent advanced multicomponent models of the heliospheric interface. It was shown that the filtration coefficient
is in the range of 0.5−0.6 for all models. A parametric study by varying local interstellar
proton and atom number densities was performed for hydrogen, oxygen, and nitrogen by
Izmodenov et al. (2004). It was found that
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A. 54 ± 4% of interstellar hydrogen atoms, 68 ± 3% of interstellar oxygen and 78 ± 2% of
interstellar nitrogen penetrate through the interaction region into the interface. In the case
of a lower electron temperature in the heliosheath 81 ± 2% and 89 ± 1% of interstellar
oxygen and nitrogen penetrate, respectively.
B. Using the filtration coefficients and SWICS/Ulysses pickup ion measurements we conclude that nOI,LIC = (7.8 ± 1.3) × 10−5 cm−3 and nNI,LIC = (1.0 ± 0.2) × 10−5 cm−3 .
C. The local interstellar OI/HI and NI/OI ratios are (OI/HI)LIC = (4.3 ± 0.5) × 10−4 and
(NI/OI)LIC = 0.13 ± 0.01. The obtained interstellar OI/HI ratio is slightly lower than
the ratio (4.8 ± 0.48) × 10−4 determined by Linsky et al. (1995) from spectroscopic
observations of stellar absorptions.
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