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Abstract. Frequency distributions of the intensities of EUV emission
lines in the quiet Sun have in the past usually been modelled using two
Gaussians. Here we test this and other distribution functions against ob-
served distributions with exceptional statistics. The data were obtained
in a number of spectral lines observed with CDS and SUMER. We show
that the frequency distribution of the radiance is best modelled by a log-
normal distribution. The fact that the radiance distribution of the quiet
Sun including the network and the intranetwork is better reproduced by
a single lognormal distribution function than by two Gaussians suggests
that the same heating processes are acting in both types of features.

1. Introduction

Several studies have shown that the radiance of the quiet Sun in EUV emission
lines follows a distribution with a pronounced peak and a long tail extending to
high intensities (Huber et al. 1974; Reeves et al. 1976; Lemaire et al. 1997; Boc-
chialini et al. 1997; Griffiths et al. 1999; Dammasch et al. 1999). The skewed
form of the distribution precludes a fit with a single Gaussian. Fits consisting
of two distributions introduce a natural distinction between brighter and darker
parts of the solar atmosphere, usually equated with the network and cell inte-
riors, while a single distribution suggests that there is no principle distinction
between various parts of the quiet Sun, at least not a simple one. We tested five
statistical models of probability functions against the data: a Rayleigh distribu-
tion, a Maxwellian distribution, a superposition of two Gaussian distributions, a
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lognormal distribution (p(z) = ﬂzﬂe" 20?7 ), and a superposition of a lognor-
mal and a Gaussian distribution. Which of these approaches provides a better

416

© International Astronomical Union ¢ Provided by the NASA Astrophysics Data System


http://cdsads.u-strasbg.fr/cgi-bin/nph-bib_query?2001IAUS..203..416P&amp;db_key=AST

1T AUS: D 2037 D 416P0

rz

Statistical Features of the Quiet Sun in EUV 417

description can only be decided on the basis of a large amount of data, i.e.
distributions of extremely high statistical significance. Besides, we compare dis-
tributions obtained with the two different instruments, SUMER and CDS. How
these distributions change with formation temperature of the lines is described
in Pauluhn et al. 2000.

2. Observations and data

The observations have been made during the SOHO intercalibration programme
through March 1996 and June 1998. The large set of data consists of simultane-
ous radiance measurements of CDS and SUMER of common targets near solar
disk centre devoid of any notable activity (Pauluhn et al. 1999). The spectral
lines recorded during these measurements were Hel at 584 A and the two Mgx
lines at 609 A and 624 A. SUMER additionally observed in Nevin 770 A and
in Nv 1238 A. Our sample of lines with good statistics thus covers formation
temperatures ranging from 2 x 10 K to 1 x 10°® K, i.e. the chromosphere, tran-
sition region and corona. Each measurement consisted of a raster scan over an
extended area. After the instrumental corrections and the radiometric calibra-
tion, the solar radiances were determined by integration over Gaussian fits to
the line profiles and suitably binned before forming histograms.

3. Intensity statistics of the quiet Sun

The lognormal and double Gaussian fits to the observed distributions are plotted
in Fig. 1. The upper row shows the results for the He1 584 A line (T =2 x 104
K, left two plots: SUMER, right two plots: CDS). The lower row shows the
same but for the coronal line Mgx 609 A (T = 1 x 10° K). Based on the analysis
of the fits to all the lines observed we can summarize the following points:

1) The fits based on the Maxwell and Rayleigh distribution functions are of rel-
atively poor quality.

2) The double Gaussian fit (6 free parameters) captures more than 80% of the
intensity but is unable to account for the prominent tail of the distributions.
3) The lognormal distribution (3 free parameters) alone covers around 90% of
the intensity in all temperature ranges. It is able to represent the tails of the
distributions quite accurately.

4) The combined model of a lognormal and a Gaussian (6 free parameters) pro-
vides the best fit for most lines, in particular those formed at coronal temper-
atures. However, the distinction between the two components is arbitrary and
not particularly stable, so that the improvement of some of the fits is mainly a
consequence of the increased number of free parameters.

For the coronal lines, the lognormal fits are significantly better for the
SUMER than for the CDS data. We found that this is due to the difference in
spatial resolution between the two instruments by degrading suitable SUMER
data (raster scans) to CDS resolution. However, only for the lines formed at
higher temperature do the distributions change with resolution. For the chro-
mospheric Hel 584 A line there was no improvement at higher resolution. It
therefore seems that the spatial elements contributing to the EUV emissions of
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Figure 1.  Upper row: Frequencies of occurrence at He1 584 A, fitted
with the 2 different models, left 2 plots: SUMER, right 2 plots: CDS.
Lower row: The same for the Mg x 609 A line.

lower temperature regions can be resolved, whereas for coronal lines the available
SUMER resolution is not sufficient, and the size of these heating elements lies
at or below SUMER’s resolution of 1”. This confirms that the relevant scales of
coronal heating lie at or below the spatial resolution of SUMER. The fact that
in most cases the lognormal distribution is to be preferred to a double Gaus-
sian provides support for the idea that basically the same heating processes are
acting in the network and in cell interiors.
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