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Summary. Observations of the interplanetary Lyman o emission
made at five different places in the solar system with high apogee
satellites Prognoz 5 and Prognoz 6 are reported. This Ly « emission
is the result of resonance scattering of solar photons by H atoms of
the Local Interstellar Medium flowing in the solar system at the
velocity — ¥, and the spectral profile is an image of the velocity
distribution of the atoms. A hydrogen absorption cell was used to
analyze the spectral profile, the variation of Doppler shift with
looking direction providing its spectral scanning. A purely
geometrical method, described in detail in Bertaux and Lallement
(this issue), was applied to analyze the data. A first estimate of the
LISM temperature is derived, T~ 8000 K, and also an approxi-
mate location of ¥, in fair agreement with previous measurements.
In addition, itis shown for the first time that when averaged along a
line of sight both the bulk velocity ¥ and the thermal velocity
spread of H atoms (measured by an effective temperature 7,), are
changing with position in the solar system. This is a confirmation
of the previously predicted effects of solar gravitation (when
unbalanced by solar La radiation pressure) and ionization of H
atoms by solar wind and EUV radiation. The apparent heating
effect is larger near the downwind direction (— V,,). The observed
variation of the heating effect is of 3000 K, and is independent of
the existence of a potential galactic background in the vicinity of
the Ly wavelength. An upper limit of this background is found to
be 15 Rayleigh. The observed variation of T, with the angle with the
upwind direction ¥, is larger than predicted by a theoretical model
of Wu and Judge (1980).

Key words: interstellar medium — interstellar hydrogen — in-
terplanetary hydrogen — interplanetary Lyman o

1. Introduction

The Sun is moving with respect to the nearby stars with a velocity
of 20kms™! in the direction of the Apex, « =271° and & = 30°
(celestial coordinates). As the lights of a car illuminate the water
droplets when driving in the fog, the Sun illuminates the Hydrogen
and Helium atoms of the interstellar medium which it travels
through. As a result, the sun and the whole solar system are
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embedded in a glow of the resonance lines of hydrogen (H Lyman a
(121. 6 nm) and helium (58.4 nm).

The detailed study of this glow allows us to probe the Local
Interstellar Medium, LISM. The denser the LISM, the brighter the
glow, and the intensity at Lyman o of this interplanetary glow is
related to the density “at infinity” of the LISM (when not yet
perturbed by the sun).

Since the solar H Ly o line is very wide all interstellar H atoms
approaching the solar system are illuminated by the Sun regardless
of the Doppler shift; with the Doppler effect, the scattered Ly o
emission has a spectral profile which is exactly the image of the
velocity distribution of the hydrogen atoms at the place of the
emission. Therefore, if the scattered Ly o emission profile can be
measured very accurately, the bulk velocity of the H atoms can be
derived from the global Doppler shift of the line, and the
temperature 7 can be derived from the linewidth.

In a companion paper (Bertaux and Lallement, this issue),
referred to as paper 1 from now on, the use of a hydrogen absorp-
tion cell associated to a Lyo photometer has been fully described to
study the line profile of the Ly « interplanetary emission from H
atoms of the LISM flowing into the solar system. The principle is
that, looking at various directions in the sky, the absorption of the
cell (used at a fixed optical thickness 7 ~ 10) is modulated by the
Doppler shift between the observer and the emitting gas. An
angular scan provides a spectral scan of the emission line, and the
method is called the Doppler Angular Spectral Scanning method.

In paper 1, the simple case in which the velocity distribution of
H atoms is not modified by the sun was completely analyzed. In
this case, referred to also as the uniform gaussian case, there is a
uniform flow of H in the solar system, and the same gaussian
spectral shape is observed in all directions; the Doppler shift 44, of
the line is related to the angle o between the line of sight U and the
relative velocity vector V=V, + V,.:
AAD=A?°VRcos(VR,U)=A7°VRcosoc=%°VD. (6]
V., is the velocity vector of the solar system through the LISM, ¥, is
the velocity of the observer in the solar system, Vyis the velocity of
the observer relative to H atoms of the LISM, and c is the velocity
of light.

The absorbing effect of the hydrogen absorption cell is
measured by the reduction factor R = Iy/Iopg, the ratio of the
measured intensity yy when the cell is activated, to the intensity
Iopr when the cell is not activated.
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The results of the theoretical study of Paper 1 are summarized

1 . .
i below, for the uniform gaussian case:

—the distribution of R on the celestial sphere has a symmetry of
revolution about the vector V=V, + V,,. It looks like a crunched
apple or a peanut respectively for large and low values of V.
Minimum values R ;, of the reduction factor are distributed along
a great circle of the celestial sphere (the Zero Doppler Shift Circle),
perpendicular to Vp.

—Thevalue of R, directly determines the temperature (if there
is no superimposed galactic background, not affected by the
absorption cell).

— A geometrical method was established to retrieve the vector
V,, from three sets of R measurementsin three different planes. This
purely geometrical method does not require any modelling, and is
still valid in the presence of some superimposed galactic
background.

If more than three sets of measurements are used and give
inconsistent results for the vector ¥,, when they are analyzed by
groups of three, it is clearly an indication that the reality departs
from the uniform gaussian case. The velocity distribution of H
atoms may be modified in the theory by the following effects:

— the unbalance between solar gravitation F, and the Ly o solar
radiation pressure F,, described by the parameter u = F,/ F, (Fahr,
1974; Fahr, 1978) provides a mechanical effect which bends
individual trajectories into hyperbolae.

— The solar ionization is more effective on slow atoms than on
fast atoms (Wu and Judge, 1979; Lallement, 1983).

— Heating by solar corpuscular emissions should be only a
minor effect (Holzer, 1977; Wu and Judge, 1978; Kunc et al., 1983).

These effects can be modelled with expensive computer codes.
Wu and Judge (1980) computed the exact velocity distribution in a
particular case relevant to an early estimate of the LISM
temperature with Prognoz 5 (Bertaux et al., 1977). In order to
compare to Prognoz 5 line width measurements, they had to
compute line profiles, which are the velocity distribution of H
atoms, projected along the line of sight, with r~2 weighting
function to account for the solar flux decrease. The computed Lo
profile was looking very much a gaussian, and Wu and Judge could
define and “‘effective temperature” 7, defining the “best fit”
gaussian to the La profile. They computed that, for the
PROGNOZ particular geometry of observation, the velocity
distribution (projected, integrated and weighted along the line of
sight) was widened and the effective temperature 7, was greater
than the temperature 7T at infinity of the LISM by AT ~ 1,800 K.
However, it should be noted that the widening of the La profile
may reflect either a “local” heating effect, or a bulk velocity
variation along the line of sight, or a combination of both effects.
Since the temperature is a locally defined quantity, it may be
slightly abusive to talk of an “‘effective temperature”, which refers
here to a quantity integrated along a line of sight. Still, we will from
now on follow the usage of Wu and Judge (1980) of this “‘effective
temperature” concept, designating in fact the width of a gaussian
fitting a Lo profile. In their study, Wu and Judge had to assume a
certain value of the Lya radiation pressure parameter, u=0.75,
without knowing the actual value.

In fact, a value of u = 1.0 is as much likely as the value 1 = 0.75,
in which case all atoms are travelling uniformly along straight
lines. If, in addition, the ionization is weak, the velocity
distribution is not substantially modified and the uniform gaussian
case is valid.

Up to now, there has been only one observation suggesting that
indeed the H velocity distribution is modified by the Sun
environment, reported by Cazes and Emerich (1977). With the

UPWIND
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Fig. 1. Geometrical configuration of the Prognoz measurements discussed in the
present paper. The positions of the earth corresponding to the five seances of
observations, noted S; to Ss are shown along the earth’s orbit. The ecliptic
longitudes are given in Table 1. The spin axis of the Prognoz satellites were
pointed to the Sun and thus the scan planes are normal to the ecliptic plane and
contain the earth’s velocity, vector V. The spin angle ¢ is measured from the
opposite direction — V,. The North ecliptic direction corresponds to ¢ = 90°

French satellite D2-A, deeply imbedded in the geocorona at
600 km of altitude, they could use the geocoronal hydrogen as a
sort of absorption cell to analyze the interplanetary emission.
However, their measurements suffer by the same token of a heavy
geocoronal contamination.

In the present paper, we report observations made with a Ly «
photometer placed on board two Soviet satellites, Prognoz 5 and
Prognoz 6, in 1976 and 1977, at a distance of ~ 200,000 km, where
geocoronal contamination is absent.

The data provide a Doppler angular spectral scanning in five
planes, and are analyzed with the geometrical method described in
paper 1. Using the assumption of a uniform gaussian case (no
modification of the velocity distribution), a first estimate of 7"and
V,, is obtained. However, there are systematic deviations which
show clearly that indeed the velocity distribution is modified. The
case of a possible galactic background is discussed and shown that
it cannot account for the observed deviations.

A complete analysis of the data, which would simultaneously
give an accurate estimate of 7and V,,, and an estimate of x and the
solar ionization do require a complex modelling, which is presently
in progress and will be published later. This sophisticated analysis
will conclude an effort lasting since twelve years, started in 1972 in
Thilissi when it was decided between French and Soviet scientists
to study the interstellar/interplanetary emission with the technique
of Doppler Angular Spectral Scanning method.

2. Observations of Prognoz 5 and Prognoz 6

Prognoz 5 data were collected from December 1976 to April 1977
and Prognoz 6 data were collected from September 1977 to
January 1978. Both spacecrafts were orbiting the Earth on a very
eccentric orbit, with a period of 4 days and an apogee distance of
200,000 km.
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Table 1

Observation S S, S S, Ss
Earth’s ecliptic longitude (degrees) 11 29 58 85 151
Record duration (hours) 24 30 36 36 30
Optical thickness of the cell © 10 10 10 10 8
Direction of maximum absorption ¢, (degrees) 47,0 62,1 70,0 79,0 84,8
Minimum value of reduction factor 0.659 0.661 0.684 0.692 0.715
Corresponding apparent temperature (Kelvin) 8,450 8,550 10,000 10,500 11,300
Projection V), of the relative velocity vector

on the scanning plane (kms™!) 11.3 14.3 21.9 34.3 46.4
Component normal to ecliptic of the relative

velocity V,,, (kms™ 1) 7.5 6.7 7.3 6.7 4.0
Angel 6 between the direction of maximum

absorption and the upwind direction (degrees)  46.9 64.9 78.8 86.1 89.1

Here we analyze the data collected during five periods of
measurements referred as S, , S, , 53,5, ,55 each lasting from 24 to
36h. The corresponding five positions of the Earth in the solar
system are shown on Fig. 1 and are distributed along half of the
Earth’s orbit. Thus, the measurements are covering 5 different
planes perpendicular to the Sun-Earth line. Each plane cor-
responds to a different velocity of the spacecraft in respect to the
gas. The velocity of the spacecraft relative to the solar system is
very close to ¥, the earth’s velocity, since data were recorded very
near the apogee, where the orbital velocity is quite small.

The distribution in the five planes of the measured intensity
I(¢) are presented on Figs. 2 to 6 as a function of angle ¢ between
the vector — ¥ and the direction of sight, with ¢ =90° for the
direction of the North ecliptic pole and ¢ =270° for the South
ecliptic pole.

Photons were counted during 1.03s every 10.3s, alternately
with the absorption cell not activated, for the measurement of
Io= Iope, and with the cell activated for the measurement of the
reduced intensity Ioy. The curve I(¢) corresponds to Iggp,
whereas the curve R(¢) corresponds to R = Iqy/Iopp-

The size of the field-of-view is 1°3 x 3°, the length being in the
scan plane. Since the spacecraft is spin stabilized with a rotation
rate of ~3°s~ !, the dynamic FOV is enlarged to about ~ 6° in the
direction of the scan motion. An optical filter deposited on the exit
window of the H cell defines a bandwidth of ~ 100 A centered at Ly
a (1216 A).

For a typical period length of 24 h, more than 4200 data points
of each types (ON and OFF) were accumulated and averaged into
bins of the spin angle ¢ of size 4¢ =2°, and each point plotted on
Figs. 2 to 6 correspond to an average of about 25 to 30 individual
measurements, the counting rate being of a few hundreds per
second. A preliminary estimate of the calibration factor using
several bright UV stars indicates a sensitivity of about
3.7countss” ! Rayleigh™ for Prognoz 6 and 2.1countss™*
Rayleigh ~! for Prognoz 5. Here we have shown the data restricted
to the hemisphere with positive ecliptic latitudes, because mea-
surements in the south ecliptic directions were slightly contamined
by geocoronal La emission. The optical thicknesses used were t = 8
and 7 = 10 respectively for Prognoz 5 and Prognoz 6.

Itis clear in Figs. 2 to 6 that the angular width of the absorption
region changes along the earth’s orbit, as expected from the
discussion in Sects. 3 and 4 of Paper 1. During observation S, ,
corresponding to an ecliptic longitude of the earth A, =11°, the

absorption trough is very wide (this means that the ecliptic com-
ponents of the velocities of the gas and of the earth have similar
directions, and that the relative velocity Vy is small) whereas for
observation S5(4,=151°) the angular size of the absorption
region is quite narrow (this means the ecliptic components of the
two velocities are not far from being opposite). We can deduce that
the ecliptic longitude of — ¥, is around 80°, an intermediate value
between 11° and 151°. This defines approximately the downwind
position in the ecliptic coordinates system. The direction of
maximum absorption also varies as a result of the composition of
gas velocity with the different positions of V. Since the
composition of ¥,,and Vrhasa strong effect, it shows that the value
of the gas velocity ¥, is not negligible, and of the same order of
magnitude as the V=30 kms™* of the earth orbital motion.

Applying now the first step of the method described in Sect. 4 of
Paper 1 we use the minimum values of R(R;,) to derive the gas
temperature (Fig.5 of Paper 1). Instead of the single value expected
in the case of the uniform gaussian gas, the values of R are not
identical for all the five observations and yield temperatures
ranging from 8400+ 500K to 11,300+ 500K. The differences
observed are quite larger than the uncertainties of the measure-
ments (Table 1). This fact, which indicates a systematic departure
from the uniform gaussian case will be later discussed further.

Assuming for the time being that the measured temperatures
are reflecting only changes in the size of the velocity distribution of
the gas, but that the bulk velocity is still constant and uniform, we
now continue with the determination of ¥,, according to the first
procedure of paper 1. For each absorption profile we use the
corresponding temperature and a sample of values of R(¢) on the
two sides of the minimum found at ¢_;, to derive the projected
relative velocity Vpt (see Sect. 4, Paper 1). The results of the
calculation are presented in Table 1. The construction of the
projection ¥, of ¥,, on the ecliptic plane is shown, in Fig. 7. Only
the “good” choice for 4’ are represented; they lie in the North
Ecliptic hemisphere. All lines O’ 4’ should intersect at a single
point, but they do not, as it is seen in Fig. 7. However, they intersect
in a small region which allows a first approximation of ¥,, in the
following range:

Ay =1253° to 281°
By= 9 to 24°

The magnitude of the velocity is found in the range V,, =17.5 to
25.4kms™!,

in ecliptic coordinates.

© European Southern Observatory ¢ Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1984A%26A...140..243L

R. Lallement et al.: Velocity distribution of H atoms in the solar system

10 kms™!
X
10 kms ™!

1 | 1 1

Fig. 7. A determination of the velocity vector ¥, is obtained with the first
geometrical method of paper 1, which assumes non contribution of the galactic
background. The plane of the figure is parallel to the ecliptic plane, and 0 is the
origin of the velocity space. The line Oy indicates the axis of reference. Each scan
plane crosses the plane of the figure along a line P;. The projections 4; on P, lines
of the ecliptic component V,,, of V,, are determined, by using the minimum value
R, of the reduction factor and a set of R values around the minimum. (Fig. 10,
11, 12 of paper 1.) The calculation gives at the same time the component V,,
normal to ecliptic plane. The extremity of V,, should be at the common
intersection of the perpendicular to P; at point 4; (dashed lines). For location of
the extremety the obtained hatched area has been used associated with the
components V,,, (normal to ecliptic) presented in Table 1 to give the limiting
values for V,,, 4, f

There are three sources of uncertainties on the measurements.
Averaging the results on a full day period may introduce a change
of about 1° in the directions of sight. The departures from the ideal
geometry (a scan plane perpendicular to the Sun) are less than 2° in
all five seances of observations. There is also a smoothing effect of
the curves R(¢) since the field-of-view is of the order of 4°.
However, all these minor uncertainties cannot explain the large
spread of ~25° in the longitudes found for ¥,,. The Doppler
angular scanning method, applied to the present set of measure-
ments, indicates without ambiguity a departure from the uniform
gaussian case, which however, could be due to some additional
galactic emission, as discussed in the next section.

3. Influence of a galactic emission

Since we know approximately the velocity vector ¥, we can
observe that from S; to S5 periods the maximum absorption
direction evolves from a direction at about 50 degrees from the
upwind direction (¥,,) to a direction approaching more closely the
downwind region (— ¥,.). Thus, as it is seen in Table 1, there is a
clear systematic effect of increase of the apparent temperature 7,
from upwind to downwind directions. The most likely explanation
is that it reflects an intrinsic change of the velocity distribution of
the gas when it is flowing through the solar system, under the
influence of radiation pressure, gravitation and solar ionization.
However, a completely different explanation has to be examined:
the presence of some galactic background could be an explanation
for the incomplete adjustment of data to the uniform gaussian case.
In fact a significant galactic intensity is not really expected; a
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theoretical study of Thomas and Blamont (1976) concludes that
the background level should be less than 10 Rayleigh while the
interplanetary signal is more than 120 Rayleigh. But there are some
reasons to deal with the background problem. First even a low
value of 10 Rayleigh modifies the reduction factor, yielding a
temperature error of the order of 1000 K. The second reason is that
the presence of a background will increase the apparent tempera-
ture 7, more in the directions of low interplanetary emissions,
which correspond also to the downwind directions, and that is
exactly what is observed. Thus it is necessary to use a method of
analysis able to discriminate the effects of the galactic background
from the changes in interplanetary Ly« profiles induced by the
solar environment.

Such a method was also described in Sect. 5 of Paper 1. Instead
of using the measured apparent temperature, it makes use only of
the position ¢,, where the reduction factor is minimum (where the
absorption effect of the cell is maximum). It was shown in Paper 1
that these positions are very little affected by the possible presence
of a galactic background. Therefore, as it is shown in Fig. 13 of
Paper 1 the extremity of ¥, must be in a plane =, perpendicular to
the scan plane P and to the direction ¢,,, displaced from the origin
of coordinates by the vector — V(all scan planes are transferred by
translation to the origin of axis of the velocity space, in the ecliptic
coordinates system). Three different planes n intersect each other
at one point, which must be the extremity of vector ¥,, . Two planes
intersect along a line A. For the five observations, we have
determined geometrically the 10 lines 4, each line corresponding to
a couple of planes. The projections of the 10 lines 4 on the ecliptic
plane are represented in Fig. 8. The hatched area represents the
domain which contains the extremity of the ecliptic component of
V, . The results on the normal component are given in Table 1.
They are obtained from a construction identical to the con-
struction presented in Fig. 8 but for a plane normal to the ecliptic
plane. Finally we obtain the following determination of ¥,

A, =247° — 299°
B, =6°—19°
V,=21.5-29kms" L

The uncertainties are not reduced with respect to the preceding
determination and they are even slightly greater. The fact that all 4
lines do not intersect at the same point indicates again a departure
from the uniform gaussian case. But this time, a possible galactic
background no longer can be invoked to explain this departure,
since the position of planes are independent of the presence of such
a background. Therefore it can be concluded that indeed the
observations prove that the velocity distribution of H atoms is
modified by the solar environment. Since the position of ¢, do not
depend on the effective temperature 7,, modified from T by the
solar environment, the inability to find a unique vector ¥, indicates
that the bulk velocity ¥ of H atoms observed at various places in
the solar system is different, an effect predicted when u= 1 and the
ionization are taken into account.

Still, there might be the additional problem of a potential
galactic background, which could affect the effective temperature
measurements. In order to study this effect, the total intensities
measured in directions of maximum absorption are now examined.
It is assumed that the intensity I, of a potential galactic
background is uniform in the field of about 60° x 20° around the
north ecliptic pole, which contains the relevant directions of sight.
Thus the measured variations of the intensity I,, are attributed to
the interplanetary signal alone, I,. When the cell is not activated,
the measurement intensity is I, = I, + I,, whereas when it is
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Fig. 8. The result of the second geometrical method of paper 1 to determine V,, is
illustrated. This method is working even if a galactic background contribution to
the signal is present. Every line noted =;, m; is the projection on the plane of
the figure (parallel to the ecliptic) of the intersection of the two plane «; and =;.
Each plane n contains the extremity of V, (Fig.13 of Paper 1). Thus this
extremity should be at a common intersection of the 10 lines obtained. The
hatched area has been taken as the location of the extremity. A similar
construction, but projected on a plane normal to the ecliptic has been made
which gave an interval for the V,, component (normal to ecliptic). The
assembled results have been used for the limiting values of 4, $ and ¥,,. The fact
that all planes do not cross each other at the same point means that the bulk
velocities ¥; of H atoms observed during the five seances are not equal to ¥,,, and
are changing from place to place, due to the action of the solar environment

activated, it becomes I,, = R, I, + I, R, being the reduction factor
applied to the sole interplanetary Ly o emission with no Doppler
shift. The very wide possible galactic background is not affected by
the narrow absorption feature of the H cell (~0.03A, Paper 1).
The measured reduction factor R is related to R, by:

_ Rolo+1,

R_. =
L+,

(©))

From this relation we can derive for an assumed value of the
background I, what would be the corresponding temperature of
the emitting gas using the ratio /,/, and the measured reduction
factor R, . If we assume that the velocity distribution of the gas is
uniform and that changes in apparent temperature are only due to
the background contributions to the signal, it should be possible to
find a single value of I, yielding the same temperature Ty, for all
observations.

With the help of Fig.5 of Paper 1 giving the relationship
between the temperature 7 and the reduction factor R,
temperatures were calculated as a function of an assumed value of
I, using (2) and the measured values R ; for the five observations.
The five temperature curves are plotted on Fig. 9 as a function of
I, . There is no value of I, for which the span of temperature for the
five seances is significantly reduced from the span of about 3000 K
found for I, = 0. If there were, in addition to a background I, a
perturbation by the solar environment of the velocity distribution,
there would be a natural span of the temperatures, added to the
artificial span of the apparent temperatures due to the galactic
background. The fact that, in Fig. 9, the total temperature span is
more or less constant, whatever is I , is an indication that I, is

12000 T T
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Fig. 9. A measured value R, of the reduction factor when it reaches its minimum
value R along a scan corresponds to a gaussian line with an effective
temperature 7, which depends on a hypothetical galactic contribution /,. For
the five values of R, measured at points S; to Ss, the curves 7, have been
calculated for various values of the background in counts, up to 300. According
to a calibration with several bright UV stars, a value of 300 counts corresponds
to 80 Rayleigh (correspondence between the Prognoz 5 and 6 values has been
made using the two measured sensitivities in order to present the results of
calculations for S5 on the same graph). There is no particular value of 7, which
would yield a better agreement between the five measurements of 7,. The
scattering of T, measurements is real, and can be attributed to the modification
of velocity distribution of H atoms by the solar environment

probably very weak. (The regular and very slight diminution of the
span is only due to the decrease of the sensitivity of the absorption
rate with decreasing temperature.)

A method to determine the galactic background was indicated
in Sect. 5 of Paper 1, which uses a comparison between the total
measured emission /,, and the absorbed emission 1,(4) integrated
over wavelength. It was shown that

T 1,(42) d(42)

fy=—=—b——. ©
where W=0.03A is the equivalent with of absorption of the
hydrogen cell with T=10, and 44 =41,(¥)/c) is the Doppler shift,
variable with the angular scanning. In practice the integral on
I,(42) is limited to a range (—44,,, +44,) provided by the
Doppler scan instead of the theoretical infinite limits, with 44,
= Ao Vpr/c (Vpris the projection of the relative velocity vector Vi
on the scan plane P). Thus ¥V has to be large enough in order to
reach Doppler shifts corresponding to vanishing absorption ,(4).
This is the reason why calculations were made only for the two scan
planes P, and P providing both a complete scanning of the line
profile.
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Fig. 10. The 5 lines of sight of maximum absorption are shown, together with the
corresponding angles 6; with the UPWIND direction. The geometry for the
theoretical calculations of Wu and Judge (1980) which we use in Fig. 11 is also
shown. Axis 4, B, C and A’, B, C’, correspond to radial and non-radial
directions respectively with values of 6 equal to 0.90 and 180°. For simplicity,
and only for the figure, ¥, has been assumed to be in the ecliptic plane

In order to properly integrate the integral in (3), one has to
know the velocity vector ¥, or rather its projection ¥,y on the
plane of observation, which would require in turn an exact
knowledge of ¥,,. Though there is still some uncertainty on ¥,,, we
were able to use expression (3) to derive an estimate of I, and an
estimate I, = I,, — I, . Only an upper limit of I, < 15 Rayleigh was
derived. When reported in the diagram of Fig. 9, it yields a lower
limit of the effective temperatures of the interstellar hydrogen of
(7500+ 500 K) in the solar system, and a lower limit of the span of
effective temperature ob about 2400 K according to Fig.9.

4. Discussion

In their 1977 paper previously quoted, Cazes and Emerich deduced
from their data that the interplanetary profile was strongly
assymmetric. Our data does not show such an effect, as can be seen
in Figs. 2 to 6 where the curves R(¢) are quite symmetrical, and
which are very near (except for a reversal of sign) the original
spectral profile, as it is shown in Paper 1 when the optical thickness
is only 10. It can also be remarked that the theoretical calculations
of Wu and Judge (1980) do not show either this assymmetry effect.
It should be reminded that for D2-A observations, the signal to
noise ratio was not very large, and the contamination by the
geocorona was rather large.

In Fig. 10 are represented schematically the positions and the
directions in which were measured the effective temperatures 7T, ,
with respect to the mean velocity vector ¥,,. We have indicated the
angles 6, to 5 between the lines of sight S; to S5 where T, was
measured, and the velocity vector ¥,,. Here, instead of using the
present determination of ¥, we have used a more accurate deter-
mination of ¥,, done with the observations of the helium focusing
cone (Dalaudier et al., 1984), with A,,=74.5+3 and §,,= —6+3°
in ecliptic coordinates. (In fact the following results do not
change if another value of ¥, inside the interval founded in Sect. 2
isused.) Asitis known, the solar environment, in general, increases
the apparent temperature 7, with respect to the LISM temperature
T, and the increase is larger in the downwind region of the solar
system. In Fig.10 are also represented the lines of sight
corresponding to the line profile calculations of Wu and Judge
(1980). Lines 4, B, C are radial lines of sight, whereas lines 4’, B,
C’ are starting from a point of the earth’s orbitat A=1,—90°. A
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Fig. 11. The measured temperatures are plotted as a function of the angle 6 with
the UPWIND direction. Although our measurements cover a quite small
interval of 6(~45°) it is large enough to observe an increase of the effective
temperature with angle §. However, the variation with 0 is different from the
theoretical calculation of Wu and Judge (1980) for radial (dashed lines) or non-
radial (dotted lines) directions. The measured effective temperature increases
towards the downwind direction more rapidly than predicted by Wu and Judge.
Possible explanations are discussed in the text

comparison between these theoretical results and our measure-
ments is shown on Fig. 11, which is a plot of T, as a function of 6.
Calculations by Wu and Judge where made for 7=10,000K.
Except for a small range of low values of 6 < 30°, T, is larger than T’
in their calculations.

Though the two geometries (theoretical and actual), do not
coincide exactly they are not very different and a comparison can
be made. Data points 7,(0;) show that indeed there is an increase
of the effective temperature 7, with 6, as expected from the
theoretical calculations of Wu and Judge. It can be remarked that
the temperature measured at S5, 7,=11,300K at the point
where 6 is maximum (65 = 89°), is larger than the temperature
T, =10,500 K measured at S5(0, = 86°), though the position S, is
more downwind than the position S . It means that the direction of
observation is more important than the position of the observer to
yield the heating effect 7, — T.

This is simply due to the fact that the differences of 0.5 UA for
positions are smaller than the region from which the observed
interplanetary emission is generated, which ranges over several
UA. Comparing now with our measurements, it appears that the
effective temperatures evolve in a very different way from the
model prediction. The rate of increase becomes greater as 6
increases instead of being nearly constant according to the model.

One possible explanation is that the set of parameters (7, u and
ionization parameters) used by Wu and Judge could be sufficiently
different from the exact values to explain the observed differences.
On the other hand they could also show the presence of another
effect inside the ionization cavity, as for example a strong heating
by solar protons and electrons. The possibility of an increase of
linewidth by multiple scattering is also not completely precluded
(Holzer, 1977; Keller et al., 1981). However, it appears now that an
extensive discussion of this difference would require to compute
line profile models for many sets of parameters and many lines of
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sight. At any rate, according to the model and data evolution in
Fig. 11, we can evaluate the temperature T at infinity in the range
T ~ 8000 = 1000 K, by extrapolating back to 6 ~ 60°, where in the
model T(60°) ~ T at infinity.

5. Conclusion

Measurements of the interplanetary Ly o line profile were
performed at various places in the solar system with the Doppler
angular scanning method. The geometrical method established in
paper 1 to analyze the results yielded the following findings:

— a first estimate of the position of ¥,, was determined to be:

A, =253 to 281°
B, =9° to 24°
¥, =17.51t0 25.4kms™*

which compares fairly well with other determinations derived by
other methods and authors:

- A, =265° B, = +825, (Bertaux and Blamont, 1971)

-V, =(22+3)kms™! (Adams and Frisch, 1977)

- A, = (253 £3)°, B, = (4 +3)° Weller and Meier, 1981 (from
Helium measurements)

- A, =(254 +3)°, B, =(7 £ 3)° Dalaudier et al., 1984 (from
Helium measurements).

Our present determination is independent of the possible
existence of a galactic background.

— It was demonstrated that the bulk velocity ¥ of H atoms in
the solar system is not same at all locations.

— An upper limit to a possible galactic background I, of 15
Rayleigh was obtained (less than 59 of the maximum in-
terplanetary emission). Whatever the value of I, is, the effective
temperature T, observed in the solar system depends on thelooking
direction, and covers a range of 2500-3000 K. The temperature T
before interaction with the solar environment is evaluated
T=28000+ 1000 K.

Both the bulk velocity and the thermal spread (averaged along
a line of sight) of the interstellar H atoms flowing in the solar
system are for the first time observed to be influenced by the
interaction with the Sun, the unbalance between solar gravitation
and solar Ly « radiation pressure, ionization effects and perhaps
additional heating effects.

All these effects can be modelled, and the result of this
modelling will be presented in a future work. Curves of the
intensity /(¢) and reduction factor R(¢) are modified from the
simple uniform gaussian case. Only a comparison of computed and
observed curves will allow a more accurate determination of T'and
V., . As a bonus, the exact value of x4 and the ionization rate of H
atoms by the sun can be derived from this comparison, two
parameters which can be of interest to the solar physicists.
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