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Abstract. We examine the spatial and temporal behaviour of the quiet
Sun transition region (TR) using high resolution SUMER observations in
O v1 1032 A. A detailed study of raster images allows us to differentiate
the network and internetwork through Doppler shift and line width mea-
surements. The oscillatory nature of the TR is investigated using wavelet
analysis over a series of spectra obtained with high temporal cadence.

1. Introduction

The network is the dominant component of the solar TR, contributing, on O Vi,
to the 70 % of the total TR emission (Reeves 1976; Gallagher et al. 1998). It
is present from the chromosphere up to the low corona, reaching the maximum
contrast in the mid TR around T = 2.5 10° K (Gallagher et al. 1998). Evidence
for the presence of small arcsecond and sub-arcsecond loops within the network
has been presented (Dowdy 1993). More recently, small scale loop-like struc-
tures extending inside the supergranulation cells, has been found particularly at
the boundaries of the supergranulation network (Warren 2000). Many of these
structures are characterized by width equal to the spatial resolution and length
from few to ~ 30 arcseconds (Warren 2000; Feldman et al. 1999).

2. Observations & Data reduction

The observations were obtained in April '96 and consist of four successive raster
scans of the same 120x 100 arcsec? region followed by a temporal series of spectral
images centered at X 1032 A. Each spectrum was obtained exposing for 6 seconds
the central part of detector A through the 1” x 120" slit. In order to obtain
reliable measurements of line position and width across the raster, we binned
over groups of four pixels obtaining a final resolution of 2.26 x 2 arcsec? for a
total of 2650 spectra analyzed in each raster scan. Line intensity analysis for the
raster images has been carried out using the full resolution rasters. The temporal
series consist of 1048 slit images exposed for 6 seconds using the 1” x 120" slit
on detector A. In order to increase the S/N ratio, temporal data were binned
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Figure 1.  (a) Intensity distribution (histogram) of the four full res-
olution images. I, is the average intensity. Iy and I,.; the average
intensities for points with I < I,; and I > Iy, respectively. Standard
deviations for I ¢y and I, are also reported. The vertical dot-dashed
line indicates the position I e+ 0 ey assumed as separating cell centers
from network regions. V,/, (b) and Doppler shift (c) distributions for
cell centers (solid line) and network regions dashed line.

over 5 pixels along the slit. Data were reduced using various IDL routines from
within the SUMER software tree.

3. Data analysis

Using the full resolution intensity images we obtained a precise intensity distri-
bution. After defining the total average intensity as I;,;, we calculate the mean
and the standard deviation for all points with intensity below (I ey & ocer) and
above (Inet & Onet) Itor. Following Reeves (1976) we define I.ey + ocen as the
intensity value dividing cell centers from network regions (see Fig. 1). Using
the above value we generate the position and width distributions in network
and internetwork for the binned images. For the temporal series, we perform
a wavelet analysis of the high cadence spectra of the ‘quiet Sun’ obtained in
the O vI 1032 A line, stressing differences between network and internetwork
regions, finding that rapid changes in all line parameters are found in both net-
work and internetwork regions. Even if velocity and intensity fluctuations are
generally larger in the network areas (with increases in intensity up to a factor
4), the internetwork shows a clear signature of velocity fluctuations up to 6 mHz
(180 s) that are not seen in the network.

https://doi.org/10.1017/50074180900219712 Published online by Cambridge University Press


https://doi.org/10.1017/S0074180900219712

SUMER Observations of the Solar Transition Region 427

4. Observational results

Differences in the width and position distributions of network and cell centers
are clearly seen (Fig. 1b & 1c), with a higher mean value for the distributions
relative to the network. The width (position) distribution for the network is well
approximated by a single Gaussian centered at V;/, = 37.6 km s~ (V= 7.1km

s7!) and having a FWHM of 6.2 km s~! (10.8 km s™!). The width (position)
distribution for the internetwork is well approximated by a single Gaussian cen-
tered at Vy/. = 36.2 km s™! (V= 5.9km s™!) and a FWHM of 6.2 km s~ (8.2
km s~!). In all the temporal series an oscillatory nature of the line parameters
is observed. A coherent oscillatory pattern is clearly visible in the “shift” time
slice, with a spatial extension along the slit of ~ 15" and lasting more than 500 s.
In general, velocity oscillations in the internetwork are more evident than in the
network at higher frequencies (up to 6 mHz). For chromospheric lines, Doyle
et al. (1999) find little differences between network and internetwork regions in
both the intensity and the velocity power spectrum. A closer examination of the
intensity, position and width time slices shows that the TR is inhomogeneous
and with dynamic features that are episodic in nature. This makes the wavelet
analysis (and its capacity to extract frequency information localized in time) a
very powerful tool in the study of the upper solar atmosphere.

5. Conclusions

The network is characterized by higher mean values of the distributions of shift
and width. The dominant power in the internetwork lies between 1 — 3 mHz.
We do not see the dominant power around 5.5 mHz (3 min), as it is predicted
by numerical simulations (Carlsson et al. 1997). We notice weak and short-lived
power around 5.5 mHz. Intensity and velocity show significant power in 1-3 mHz
range. In the network we find more oscillation in velocity than in intensity. The
dominant power is around 2 mHz. When we have more counts we see a strong
power in the phase plot, suggesting that whatever causes these oscillations, it
switches on and off. The wavelet spectra imply that these oscillations come in
wave packets lasting roughly 500 - 1000 s with spatial scale of ~ 5".
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