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Interpretations on the Physical Quantities

of the Solar Coronal Plasma Obtained from

the Restored Images of Yohkoh Soft X-Ray

Telescope
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The Soft X-Ray Telescope (SXT) aboard Yohkoh has allowed us to study the
details of three dimensional structures of coronal magnetic loops since it was
launched in 1991. However, according to the finite width of the point spread
function (PSF) of the SXT mirror, it is expected that a certain amount of
blurring effect, together with noise in the data, is inherent in the observed
images. Thus it is necessary to subtract these components from the observed
images for using those images for both morphological and photometric purposes.

Nevertheless, due to the effect of undersampling by a large pixel size of CCD,
the application of the general algorithms for the image restoration to the SXT
images has always shown unreasonable structures. Therefore, without increasing
the sampling density of the observed images it is impossible to restore the
images in a reasonable way. But a simple adoption of smoothing kernel in
increasing the sampling density must be dangerous because it changes the whole
intensity distribution of the observed images in an uncontrolled fashion.
Especially, for a photometric purpose, the photon flux inside each pixel of the
CCD should be conserved during the enhancement of the sampling density. For
this reason, we have developed a new method for increasing the sampling
density for Yohkoh SXT images. A concept of variance optimization in/between
pixels has been applied to a two dimensional discrete distribution of intensity
data. The results from the simulations have proved that our method of sampling
density enhancement is successful and applicable to the reconstruction of the
undersampled images. Also, for the successful performance of the deconvolution
of the densely-sampled SXT images, it is necessary that the PSF measured from
the ground experiments should also be corrected for the undersampling effect.
We have acquired the best-fit of the PSF to the ground experimental data under
the consideration of undersampling effect. It is revealed from our results that
the core of the Moffat function which models the PSF 1s smoothly connected to
the scattering wing at the distance of about 6 pixels from the peak.

The studies introduced above have made it possible to restore the observed
Yohkoh SXT images satisfactorily. Several well-known algorithms have been

applied to the deconvolution of the observed images for finding out a reasonable
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solution. Compared to the observed images, the contrast of the restored images
become much improved by the subtraction of the blurred component. Thus the
results of the restoration show more clearly features of the coronal loops which
were seldom shown previously from the observed images. However, some
clumpy structures found in the restored images imply that the noises inherent in
the observed images should be suppressed more. Because the actual size of the
noise peaks is often larger than the full width at half maximum of the PSF, only
a normal consideration of regularization of the noises would not be enough for
the case of Yohkoh SXT images. Therefore, it is needed to adopt a certain
method of suppressing the noise peaks whose size is similar to that of the PSF.

Using the restored images of SXT, several physical quantities have been
calculated as case studies. It is revealed in our study that the blurring effect
makes systematic differences in the two dimensional distribution of physical
quantities.  Also noisy components inherent in the dark area have produced
unrealistic structures in the temperature map. Sometimes the degree is so
severe that it misleads us in the interpretation on the situation of the solar
corona. There is no doubt that, without performing the restoration of the
observed images, it is hard to avoid a systematic artefact in the interpretation of
various physical quantities. It is our conclusion that the correct information on
the solar coronal plasma can be obtained from the observation of Yohkoh SXT,
only after the blurred components and the noises are subtracted from the

observed images.
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