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ABSTRACT

Daily coronal synoptic observations made with the
Ultraviolet Coronagraph Spectrometer on SOHO
(UVCS/SOHO) are used to create Carrington maps
of line-of-sight intensities and spectral line widths for
H I Lyman alpha and the O VI 1032/1037 doublet.
These 2D maps can then be used as inputs to a to-
mographic inversion routine to produce 3D models of
the corona out to 2.5 Rg in the polar regions (3.0 Rg
in equatorial regions). The initial results for the de-
termination of O5* outflow velocities as a function of
heliographic latitude is presented.
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1. INTRODUCTION

The Ultraviolet Coronal Spectrometer (UVCS) on
SOHO (Kohl et al.,, 1995) measures the intensity
and profile of several EUV emission lines in the solar
corona. The brightest and most important is the H I
Lyman alpha line at 1216 A. The next brightest coro-
nal lines in this part of the spectrum are the O VI
doublet lines at 1032 and 1037 A. Maps of the inten-
sity and profile of these lines are made daily by scan-
ning the UVCS spectrometer slits completely around
the occulted disk of the Sun. As the Sun and corona
rotates these two dimensional images give different
views of the corona that can be used to reconstruct
the three dimensional structure of the corona. The
data set used for the observations in this study was
obtained during the SOHO Whole Sun Month Cam-

‘paign (Biesecker et al., 1997). A description of the

observations is given in Strachan et al. (1997).

One of the goals of the present study is to obtain true
3D structures based on a reconstruction of the true
coronal emissivities. What is normally observed in a
single observation are the line of sight integrated in-

tensities. Panasyuk et al. (1997) discuss how the syn- -

optic measurements of coronal intensities can be used

to reconstruct the local emissivities in the corona.
Once the local emissivities are determined, the true
dimensions of structures along the line of sight can
be determined.

In addition to describing the true dimensions of coro-
nal structures, one can also obtain more reliable es-
timates of coronal outflow velocities based on the
Doppler dimming technique (Withbroe et al., 1982;
Noci, Kohl, & Withbroe, 1987). For the present
study we concentrate on the determination of latitu-
dinal dependence of the O3* outflow velocities based
on the Carrington maps constructed from Whole Sun
Month observations.

2. SYNOPTIC OBSERVATIONS

Daily synoptic observations were used to create maps
of intensities versus latitude and time (longitude) for
the O VI doublet lines (Strachan et al., 1997). Fig-
ures 1 and 2 show Carrington maps for Rotations
1912 to 1914 for O VI 1032 and 1037. The rela-
tive enhancement in emission in the narrow equato-
rial regions is due to the higher O* density in the
regions of closed magnetic field lines and because of
the Doppler dimming of the O VI emission where
there are regions of high outflow velocities. There is
also an intensity variation within the center streamer
belt that is thought to be due to a relative depletion
in the O3 abundance (Raymond et al. 1977).

The scale used in Figures 1 and 2 is a relative scale
where the intensities are highest (lowest) for the
lighter (darker) shadings. The black or white streaks
are places where there are defects in the data. The
color table for the maps at 2.25 R had to be pushed
to show the fainter features. Data for almost 2.5 solar
rotations are shown.

These maps do not show the intensity distributions
of real structures since they show line of sight inten-
sities which are integrated over a long path length
through the optically thin corona. However, because
points near the plane of the sky are also closer to
the disk, the line of sight tends to pick out the fea-
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Figure 1. Carrington maps for r =1.75 Rg of a) O VI 1032 intensities, b)) O VI 1037 intensities, and c¢) Ratio of

intensities 1032/1087. See text for ezplanation.

tures near the plane of the sky. Localized features
tend to be stretched out in longitude, but these can
be reconstructed by proper tomographic techniques
(Panasyuk et al., 1997).

It is interesting to compare these maps with those of
Wang et al. (1997) which show the distribution of
emission from Thomson scattered visible light. The
authors modeled the streamer belt with a simple
dipole magnetic field and a current sheet near the
equatorial equator. The streamer structures as seen
in the Carrington maps form a narrow belt around
the current sheet. The O VI emission show similar
features including the opposite tilts of high latitude
structures seen when comparing East and West limb
Carrington maps for the same Carrington rotation.
Wang et al. (1997) explain this tilt as an effect caused
by the 7 degree tilt in the solar rotation axis.

3. DETERMINATION OF 0%t QUTFLOW
VELOCITIES

When a model of the observed coronal regions is
made using inputs from white light coronagraphs (to
get electron density) and in situ measurements (to
constrain electron temperature) as well as the UVCS
spectroscopic measurements (intensities and profiles)
then a map of the outflow velocities can be made from

the UVCS O VI intensity ratios.

The intensity ratios, 1(1032)/I(1037), are shown in
Panel (c) of Figures 1 & 2. Note that the contrast
between the streamer belt and polar coronal holes
is greater at the higher heliocentric height. This is
because the acceleration of the wind from 1.75 to
2.25 Rg is larger in the coronal hole regions than
in the streamer belt. The larger acceleration is such
that the coronal hole intensities are Doppler dimmed
much faster away at 2.25 Rg. (There is a density
effect as well but this can be factored out using the
densities derived from white light data.)

The UVCS OVI intensity synoptic maps can be used
to estimate outflow velocities of 0%t by taking ratios
for the O VI 1032 and 1037 intensities (Noci, Kohl, &
Withbroe, 1987). These are estimates since the syn-
optic maps at the present show line of sight integrated
intensities. Panasyuk et al. (1997) have developed a
method of reconstructing the actual emissivities for
the coronal lines and these can be used to obtain
more accurate outflow velocities. For this work we
use the fact that the configuration of the corona near
solar minimum has a high degree of symmetry about
the solar rotation axis during a large fraction of each
solar rotation.

We exploit the symmetry in order to take averages
over appropriate longitude ranges where the coronal
configuration consists of a single equatorial streamer
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Figure 2. Carrington maps for r =2.25 Rg of a) O VI 1032 intensities, b) O VI 1037 intensities, and c) Ratio of
intensities 1032/1037. Note that the color table was adjusted to show the fainter features at this height in the corona. See

tezt for ezplanation.

belt and two large polar coronal holes. This config-
uration occurred during 15 - 21 Aug. 1996 on the
West limb (Carrington Longitudes 93° to 176°).

Outflow velocities were computed by averaging the
observed intensities at 80 position angles from the
north to south heliographic pole for the O VI lines at
1.75 Rg and 2.25 Rg. The averages were made taking
the mean intensity from 7 daily synoptic observations
(approximately 1/4 of a solar rotation). This data set
was chosen since it includes a stable streamer arcade
which is a main target of study for the SOHO Whole
Sun Month data analysis.

The goal is to compute the O3+ outflow velocities as
a function of latitude. To do this one must use a
model of the corona which can predict the observed
line ratios using the outflow velocity as a free param-
eter. The model uses constraints for for the coronal
plasma parameters (densities and kinetic tempera-
tures for the electrons, protons and ions). Similar to
the treatment by Kohl et al. (1997); Cranmer et al.
(1997), we use freezing in temperatures from Ko et
al. (1997) for the assumed electron temperature as a
function of height. We use the same electron temper-
ature (as a function of height) for the streamer and
coronal hole regions even though, strictly speaking,
the temperature profile was determined for a coronal
hole. The observed O VI line profiles provide infor-

mation on the microscopic motions of the O3 ions
in the direction along the line of sight but not in the
direction transverse to the line of sight. Because we
lack this information, we assume that the motions of
the Ot ions in the radial direction are such that they
have the same kinetic temperature (as a function of
height) as the electrons.

Kohl et al. (1997) show through an analysis of the
O VI line ratios that the microscopic velocity dis-
tribution in the radial direction cannot have widths
which are much larger than the values assumed for
ion-electron equilibrium (especially for the higher
heights). In any case, by using the lower limit on the
velocity distribution widths in the radial direction, a
lower limit on the outflow velocity is determined from
Doppler dimming. If it is assumed that the O%* ve-
locity distribution in the radial direction were wider
then even larger outflow speeds would be expected.

The electron densities for the coronal holes and
streamer belt are based on an analysis of white light
polarized brightness data from Mauna Loa observa-
tions made during the same period of time as the
UVCS/SOHO observations (Gibson, 1997). The den-
sities are assumed to be constant throughout the
coronal holes and the streamer belt, although dif-
ferent density models were used for the two regions.
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4. RESULTS

Figure 3 shows the outflow velocity for O3+ as a func-
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Figure 8. Outflow velocity vs. latitude at 2.25 Ry for a
coronal streamer surrounded by two polar coronal holes.
The coronal region was centered on the West limb on 18
Aug 1996.

tion of latitude at 2.25 Rg. The data points at zero
correspond to places where the values for the out-
flow velocity were indeterminate (but not necessarily
zero). The data are averaged over eight days centered
on 18 Aug. 1996 on the West limb. The scatter in
the data gives idea of the relative uncertainty in the
outflow velocity determinations. The uncertainty in
the velocity at in each point can be as large a factor
of two if one assumes that the width of the micro-
scopic velocity distribution in the radial direction is
comparable to the width of the observed O VI line
profiles. As mentioned above, this case is probably
unlikely and the uncertainties are should be some-
what smaller. These velocity results can be improved
when treated in a self-consistent manner as was done
by Kohl et al. (1997) for the axis of coronal hole.

5. CONCLUSIONS

This paper presents the first results on the longitu-
dinal dependence of O5* outflow velocities based on
UVCS synoptic observations of the O VI doublet line
ratios. Improvements can be made by using a self-
consistent model that incorporates the true emissivi-
ties rather than the line of sight intensities that have
been used here. A self-consistent coronal model can
be used to provide constraints on possible differences
in the solar wind acceleration in coronal streamers
versus polar coronal holes.
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