Chapter 7
Thesis Summary and Discussion

This thesis addresses the problems associated with deriving information about the
structure and dynamical nature of the solar upper atmosphere. We wish to extract as
much information as possible from the spectral observations. In general, we require
either an inversion or prediction approach. In the case of inversion, we must ensure
that minimal errors are introduced by the observational and experimental techniques
if we are to use the spectral intensities with confidence. Even if we can there are
questions regarding the validity of the assumptions we make and in the interpreta-
tion of the results we obtain. The problems with this approach have been outlined
throughout this thesis. For the predictive approach we are limited with the knowledge
that even an exact match with our simulations does not definately tell us that the
model is correct. It is only one possible solution. Despite these difficulties we hope to
make substantial progress with improved instrumentation on SOHO, improvements
to models and to numerical techniques. Of necessity we require a more accurate
description of the radiating characteristics of atoms and ions in plasmas than has
previously been applied in astrophysics.

Throughout the last decade extensive work has been done to define the difficulties
with commonly used approaches and to attempt to address them in order to gain
maximum output from the SOHO satellite. In the late eighties, Summers and co-
workers began developing the ADAS package to provide the improved atomic model

required. Harrison & Thompson (1992) reviewed the quality of differential emission
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measure codes and that of Thompson(1991) was recommended and subsequently in-
tegrated with ADAS. Lang et al.(1994) reviewed the quality of fundamental data
and made recommendations which have been used to expand the ADAS database.
Lang et al.(1990) undertook a critical review of the differential emission measure
technique and provided suggestions of how to test the various assumptions involved.
Judge et al.(1995) revisited their work and attempted to narrow the choice of likely
explanations for problems using data from the SOLar-STellar Irradiance Compari-
son Experiment (SOLSTICE) on the Upper Atmosphere Research Satellite (UARS),
and the EUV Grating Spectrograph (EGS) which was flown on a sounding rocket
on October 4th 1993. We are in the process of revisiting these questions again with
the improved data from SOHO. Thus many workers have addressed each area of the
subject and the results are only now starting to come to fruition.

Clearly the task is on going and it is unrealistic to expect this thesis to conclude
the work. However, we have methodically set about the task and made significant
inprovements at each stage of the work. We review these here.

Data handling utilities were introduced to ADAS to allow flexibility in the use
of fundamental data between astrophysical and fusion applications. The ability to
‘work at different resolution levels’ within excited population structure allows us to
avoid the duplication of effort in atomic collision calculations. In addition, the inclu-
sion of a proper treatment of recombining ion metastables paves the way for a more
realistic approach to ionisation-recombination models in transiently ionising plasmas
(see sec.3.1.1).

The development of a numerical method for calculating a metastable resolved
equilibrium ionisation balance was introduced (see sec.3.2.1). This allowed investiga-
tion of the effects of such states in line emissivities, contribution functions, radiated
power etc. In addition, the explicit treatment of metastables allows use of the most
sophisticated dielectronic recombination and ionisation data which is now becoming
readily available for the first time. An in-depth analysis of this type was undertaken
in chap.4 for oxygen. This included a critical review and upgrade of the existing fun-
damental database and production of results for solar targeted studies. This provides

an example of the analysis methods for solar astrophysical applications which were
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previously tested successfully in the fusion environment. It was shown there that
a generalised collisional radiative model is essential for maintaining accuracy in the
atomic modelling underlying the spectral reduction. This requires the inclusion of
the substantial effects of finite density plasma and the influence of metastable states.
If we are to attempt to improve on the two dimensional differential emission measure
work of Judge et al.(1997), density dependent contribution functions will be required
(see discussion of sec.4.6). Further, if we are to aim at the type of precision he requires
in the ‘kernel’ functions metastable states must be included.

Although the effects of a dynamic ionisation were not included in the analysis of
oxygen, it was shown in sec.3.2.1 and sec.5.3.1 that this effect is clearly important in
the solar atmosphere. As mentioned in sec.4.7 it is clear that metastable states will
play a significant role in this too. This is an area that has not been fully investigated.

Again nonequilibrium ionisation is clearly relevant for analysis of spectral intensi-
ties by differential emission measure. It is likely that at least this assumption in the
formulation of the intensity integral equation is invalid. Its incorporation is an area
we intend to investigate and the influence of metastables will be included.

Before improvement however we have to be sure of the limitations of the current
approach. Hence the reason for our definitive differential emission measure study. To
limit the observational and experimental inaccuracies a critical analysis was presented
(chap.5) of the effects of instrumental problems (e.g. cosmic rays, fixed patterning
etc.) and analysis methods (e.g. line fitting). We developed the maximum likelihood
line profile fitting procedure of Lang et al.(1990) to ensure awareness of the magnitude
of the errors associated with the line fitting. We developed further the methods of
Lang et al.(1990) to quantify the observational accuracies of the measurements to
produce meaningful errors for our differential emission measure analysis. In the course
of this we made a statistical analysis of the variation of spectral line intensities and
revisited the interesting point of variability pattern changes mentioned by Lang et
al.(1990).

We developed an archiving scheme and set of analysis procedures to draw the
CDS and SUMER data from their respective archives and link the data to the ADAS

differential emission measure code via the line profile fitting procedure. The routines
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and system were thoroughly tested and a demonstration DEM for CDS-NIS data
was presented. The spread of observed to predicted intensities was then examined
to constrain the variability of the DEM with temperature and also to investigate
closely the normal incidence spectrometer calibration question. These results are
preliminary but are proving helpful for the CDS team investigating the calibration
issue. Atomic data was found to be lacking for some important lines, especially Iron
in NIS1, and there appeared to be problems associated with the imperfect separation
of badly blended lines and multiplets. These issues are under investigation for the
final study. However, the number of strong identified lines available is encouraging for
an extensive study which we also hope will include the grazing incidence spectrometer
and SUMER in due course.

Finally, in chap.6 we initiated some work on predictive modelling using the hydro-
dynamic code of MacNeice (1983). This consisted mainly of a test run of the code to
help in our understanding but some initial thoughts and investigations were presented
in sec.6.4.

Many of the results presented here will be re-examined more comprehensively for
the differential emission measure study, but the identification of lines, analysis of
variability etc. is part of a larger work to be presented on the CDS spectrum. This
presents the EUV spectrum comprehensively for the first time, as observed by CDS,
and is analogous to the work of Feldman et al.(1997) on SUMER.

Associated with this work is an investigation of the role of opacity to help in
exclusion of optically thick lines for the DEM study. An additional output from
this has been investigation of the extension of ADAS to the optically thick case by
integration of simple ‘escape factor’ models of radiation transfer. Further to this we
intend to integrate opacity and differential emission measure studies with the aim
of moving towards a more complete radiative transfer description of the radiation
emission of ions such as Sill. Studies of photoabsorption and radiative transfer are
essential for preparation for the upcoming deep space satellites AXAF (Advanced
X-ray Astrophysics Facility) and XMM (X-ray Multiple Mirror satellite).
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