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Interplanetary Lyman o observations from Pioneer Venus
over a solar cycle from 1978 to 1992
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Abstract. The Pioneer Venus Orbiter ultraviolet spectrometer (PVOUVS) routinely obtained inter-
planetary hydrogen Lyman o, data while viewing ecliptic latitudes near 30°S from 1978 to 1992 (dur-
ing solar cycles 21 and 22). We desctibe "hot" models for this interplanetary Lyman o data that include
the solar cycle variation of (1) the solar flux, as a function of latitude and longitude; (2) the radiation
pressure on hydrogen atoms; (3) the solar wind flux; (4) the solar EUV flux; and (5) the multiple scatter-
ing correction to an optically thin radiative transfer model. These models make use of solar radiation
flux parameters (solar wind, solar EUV, and solar Lyman o) from spacecraft and ground-based solar
proxy observations. Comparison of the upwind data and model indicates that the ratio of the solar Ly-
man o line center flux (responsible for the interplanetary signal} to the observed solar Lyman o inte-
grated flux is constant to within ~20%, with an e¢ffective line width near 1.1 A. Averaging the solar ra-
diation pressure and hydrogen atom lifetime over 1 year before the observation reproduces the upwind
intensity time variation but not the downwind. A better fit to the downwind time series is found using
the 1 year average appropriate for the time that the atoms passed closest to the sun. Solar Lyman o
measurements from two satellites are used in our models. Upper Atmosphere Research Satellite (UARS)

solar Lyman o measurements are systematically higher than Solar Mesosphere Explorer (SME) values
and have a larger solar maximum to solar minimum ratio. UARS-based models work better than SME-
based models in fitting the PYOUVS downwind time series Lyman ¢ data.

1. Introduction

The interplanetary Lyman o glow comes from solar Lyman o
that has been scattered by hydrogen atoms in the very local in-
terstellar medium. At a distance of perhaps 30 AU upwind
from the Sun, well inside the solar wind termination shock,
these hydrogen atoms are currently described by a temperature
T=8000 K, a velocity v=20 km s-1 with respect to the Sun
[Bertaux et al., 1985] and, in our models, by a density n=0.17
cm-3 [4jello et al, 1994]. A recent tabulation of the rather
wide range of hydrogen density values in the literature is
given by Puyoo, et al. [1997). Their work finds a neutral den-
sity at large distances of #=0.25+0.08 cm-3. Solar gravity acts
to focus the hydrogen atoms as they pass the Sun, but is
largely canceled by solar Lyman o radiation pressure that re-
pels the atoms. The ratio of the radiation pressure to the solar
gravity is called p. Solar cycle variations in p can make the
Sun either repel the atoms or slightly focus them downstream.
Fast moving solar wind protons charge exchange with the
slower interstellar neutral hydrogen atoms, creating a popula-
tion. of fast moving hydrogen atoms Doppler-shifted outside
the solar Lyman o line and leaving behind a cavity depleted
in the slow neutrals that scatter solar Lyman o photons. Hy-
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drogen atoms are also ionized by solar EUV radiation. Solar
Lyman o resonance scaltering from the surviving sfow hydro-
gen atoms creates the observed glow.

Modeling the interplanetary Lyman o brightness pattern
requires detailed understanding of the processes listed above.
The Pioneer Venus Orbiter ultraviolet spectrometer
(PVOUVS) interplanetary Lyman o observations provide a
particularly good test of our understanding of the sofar proc-
esses and their variations, since the data were obtained over
more than a full solar cycle (December 29, 1978, to April 18,
1992) at a nearly constant distance of 0.72 AU fiom the Sun.
Other spacecraft (Pioneer 10 and Voyagers 1 and 2) have ob-
tained a long time series of interplanetary Lyman o observa-
tions, but these data sample a range of distances from the Sun,
complicating the interpretation because of the possible pres-
ence of outer heliospheric effects [e.g., Hall, 1992; Hall ef al,
1993; Quemerais et al., 1995, 1996]. Successful modeling of
the PVOUVS inner heliosphere data set is a first step toward
understanding the outer heliospheric data. -

The modeling described here builds on our earlier efforts.
Ajello ef al. [1987] examined the PVYOUVS interplanetary Ly-
man o data set (1979-1985) and used the parallax shift over
the Venus year of the brightest emission region to determine
the hydrogen atom lifetime. Ajello 1990 analyzed a unique set
of PVOUVS Lyman o observations from 1986 covering high
ecliptic latitudes during observations of Comet Halley. Im-
provements in the model reflect subsequent efforts at modeling
Galileo and Voyager data described elsewhere [Pryor et al,
1992, 1996; Hall, 1992; Ajello et al., 1993, 1994]. This paper
applies our latest models to the full PVOUVS data set. These
models explicitly compute the solar Lyman ¢ flux at each lati-
tude and longitude as a function of time by using He 1083 nm
images as a proxy for solar Lyman o [Pryor et al., 1996].
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