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Abstract. The present work describes a detailed comparison between SOHO-CDS observations of active region
loops with a static, isobaric loop model developed assuming a temperature-independent heating function in the
energy balance equation and a variable loop cross-section. The loop model is described in Landini & Landi (2002).
Observations of an active region recorded by CDS have been analyzed. Additional data from the EIT and MDI
instruments on board the SOHO satellite, and broad band soft X-rays images from the Yohkoh satellite, have
been used to complement the CDS dataset. CDS monochromatic images from lines at different temperatures have
been co-aligned with EIT, MDI and Yohkoh images and a loop structure has been identified. Two other loop
structures are visible but their footpoints are not clearly identified, and have not been analyzed. Electron density,
temperature and pressure along the selected loop structure have been measured by means of line ratio techniques.
These quantities have been used to test the assumption of constant pressure adopted in the theoretical model, and
to compare their values with its predictions. The loop filling factor has also been estimated from the CDS data
after assumptions on the loop geometry have been made. Comparison with CDS data has shown that a classical
model is not able to reproduce the observations; despite the large uncertainties, mainly given by the limited CDS
spatial resolution, indications suggest that agreement occurs only if an “ad hoc” isothermal region is added on
top of the loop and a large conductive flux at the base is assumed. Suggestions for improvements of theoretical

loop models and further studies with the EIS instrument on Solar-B, due for launch in 2005, are given.
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1. Introduction

In the last twenty years a number of space missions, such
as Skylab, the Solar Maximum Mission (Solar Physics
1980) and Yohkoh (Ogawara et al. 1991) have been de-
voted to the study of the solar corona, with the aim of
understanding its structure and discovering the processes
that heat its plasma. However, most of these missions were
equipped with broad band imaging instruments with in-
creasingly higher spatial resolution, but rather poor spec-
tral resolution. Even more recent space projects such as
the SOHO and TRACE missions carried several broad-
band imaging instruments devoted to the investigation of
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the chromosphere, transition region and corona with high
spatial detail, but very limited spectral resolution.

These modern imaging instruments have been used to
study plasma loops. Temperature diagnostics using filter
ratios from the SOHO-EIT (Delaboudiniere et al. 1995)
and Yohkoh-SXT (Tsuneta et al. 1991) have allowed sev-
eral authors (Neupert et al. 1998; Aschwanden et al. 1999,
2000a; Lenz et al. 1999; Priest et al. 1998, 2000) to inves-
tigate the plasma temperature profile along loops. EIT-
derived temperatures for coronal loops have been found
to be nearly constant for most of the loop lengths, in-
dicating small conductive fluxes, so that the energy lost
by conduction is much smaller than the energy lost by
radiation.

The possibility of spatially resolving many loops
has also allowed the well-known length-vs.-temperature
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scaling law to be investigated: the results show that the
relation found by Rosner et al. 1978 (RTV) is not al-
ways supported by the observations (Aschwanden et al.
1999, 2000a; Porter & Klimchuk 1995; Klimchuk & Porter
1995; Kano & Tsuneta 1995, 1996; Kankelborg et al. 1996,
1997). These results have led Aschwanden et al. (1999,
2000a) to argue that coronal loops with temperatures in
the range 1-2.5 x 10% K are not under steady-state con-
ditions and that the RTV-like models should be revised.
However, Reale & Peres (2000) suggested that the very low
temperature gradient could be due to the presence of fila-
mentation, and can be simulated by the presence of several
unresolved RTV-like loops at different temperatures: this
view is consistent with the results from TRACE, show-
ing that loops are composed of many individual filaments,
down to the telescope spatial resolution limit (Handy et al.
1999). Oluseyi et al. (1999) developed quasi-static loop
models using different boundary conditions at the base of
the transition region from RTV and found three classes of
solutions, one of which shows that the loop is radiation-
dominated and the temperature gradient along its length
is small.

Priest et al. (1998, 2000) investigated the shape of
the unknown heating function by relating the tempera-
ture profile along the loop length with the spatial distri-
bution of the unknown heating function. They compare
their predictions with temperature profiles obtained on
large coronal loops seen by Yohkoh at the solar limb us-
ing filter ratio techniques. They find that the observations
are best reproduced by a uniform heating function. On
the other hand, Aschwanden et al. (2000b) found that
multi-thread models of loops in the temperature range of
T. ~ 0.8—1.6x10°% K are consistent with observations only
if the heating function is non-uniform, with a scale height
of (174 6) x 10® km. Subsequent work has confirmed this
result, and revised the heating function scale-height value
to (1245) x 10® km. In general, loops observed by Yohkoh
are hotter than those seen by EIT, and they often show
a significant energy conduction which can be of the same
size of, or greater than radiative losses (Kano & Tsuneta
1995, 1996; Porter & Klimchuk 1995; Klimchuk & Porter
1995).

Detailed measurements of plasma properties along
loop lengths using monochromatic images and line ratio
techniques are surprisingly scarce, despite the great op-
portunities given by the two SOHO spectrographs CDS
(Harrison et al. 1995) and SUMER (Wilhelm et al. 1995).
Most of the attention has been focused on velocity stud-
ies in active region loops, and several authors have found
signatures of highly dynamic behaviour and variability of
transition region and coronal loops (Brekke et al. 1997a;
Fludra et al. 1997; Kjeldseth-Moe & Brekke 1998; Spadaro
et al. 2000; Chae et al. 2000). Little attention has been
paid to density, temperature and abundance measure-
ments using line ratios, despite the fact that this tech-
nique allows more precise measurements than ratios be-
tween broad band filters like those on EIT, Yohkoh and
TRACE. To our knowledge, the only attempt has been
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made by Landini et al. (1999) using CDS observation of
an active region loop system on the disk.

Theoretical loop models have been long investigated
by a variety of authors, leading to a large body of work;
a brief summary can be found in Landini & Landi (2002,
hereafter Paper I). Despite all the efforts, however, loop
models still are not able to explain the observations, the
processes that heat the plasma inside loops have not been
fully understood, and no conclusion has been reached on
the shape of the heating function.

The aim of the present work is to carry out a thorough
comparison of the loop model developed in Paper I with
observations of an active region loop system, obtained
with the CDS instrument on board SOHO. Additional
data from the EIT and MDI instruments on board SOHO
and Yohkoh-SXT are used to provide context images and
to help in the selection of loop structures. First, density
and temperature measurements are obtained from line ra-
tios from the CDS instrument; the study of the emission
measure (EM) along the loop structure allows a rough es-
timate of the loop structure filling factor. Then, a compar-
ison is carried out using the simple diagnostic technique
developed in Paper I, that allows the determination of the
main physical quantities of the observed loops, using spec-
tral line intensities from CDS. In the light of the results,
we also discuss some improvements required by the model
in order to better reproduce the observations. The uncer-
tainties in the loop shape selection and their effects on the
results are also discussed, and future studies are proposed
to be carried out with future instruments having higher
spatial and temporal resolution.

The present paper is structured as follows: Sect. 2 il-
lustrates the observations; Sect. 3 describes the loop selec-
tion and the plasma diagnostic results obtained by means
of line ratio techniques. A comparison between the model
described in Paper I and observations is carried out in
Sect. 4; in this section we also discuss the presence of an
isothermal region on top of the loop model and the ini-
tial conditions for the conductive flux at the loop base.
In Sect. 5 the results are discussed and new studies are
proposed. Section 6 summarizes the conclusions.

2. The observations

The observations were recorded on April 29th 1997 with
the Coronal Diagnostic Spectrometer (CDS, Harrison
et al. 1995), the Extreme-ultraviolet Imaging Telescope
(EIT, Delaboudiniere et al. 1995), the Michelson Doppler
Interferometer (MDI, Scherrer et al. 1995) and the Soft
X-ray Telescope (SXT, Tsuneta et al. 1991) on Yohkoh,
although not exactly co-temporally. The CDS observa-
tions have been carried out using the 2” x 240" slit on
the Normal Incidence Spectrometer (NIS). Between 8:20
and 10:40 UT the CDS slit scanned an active region on
the solar disc centred at around (—100”, —400”) in the
solar disc coordinate system. This active region has the
advantage of showing prominent but at the same time
also simple loop configurations. A total of 120 exposures
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Fig. 1. Top: the magnetic field map of the region measured
by MDI on SOHO; white is positive polarity, black is negative
polarity. Bottom: intensity map obtained with CDS in the
OV 629.73 A line, formed at around 3x10° K. Magnetic field
contours from MDI are superimposed on the O vV map.

were recorded with 2.03" steps along the solar E-W di-
rection, so that the size of the resulting field of view was
243.6" x 240.2" (120 x 143 pixels), with the pixel size be-
ing 2.03” x 1.68". The exposure time for each slit position
was 60 s.

In order to maintain the high cadence of the obser-
vations 16 spectral windows were extracted, containing a
total of 19 spectral lines of interest for our analysis. These
lines are listed in Table 1, together with estimates of their
formation temperatures. The observed lines come from the
Chromosphere (Her), the Transition Region (O111, Ov,
Ne v, Mg vir) and the Corona (Mg vir, Mg1x, Si X1, SiXII,
Fexir, Fexi, Fexiv and Fexvi). The selected sample

663

Mg IX 368 A

Solar Y (aresec)

—200 —150 —100

Solar X (arcsec)

—50

EIT — 171 A

Solar Y (aresec)

—200

—150 —100
Solar X (arcsec)

—50

Fig. 2. Top: intensity map obtained with CDS in the MgIx
368.07 A line, formed at around 10° K. Bottom: intensity
map obtained with the EIT 171 A channel. In active region
the emission is mostly due to plasma at around 1.3x10° K.
Magnetic field contours from MDI are superimposed.

allows the electron density to be measured using pairs of
Fe x11 and Fe X111 lines. The presence of consecutive stages
of ionization for several elements allows temperature di-
agnostics through intensity ratios of lines of different ions.

The EIT observations provide us with full disc filter-
grams in 4 spectral lines, the He 11 line at 304 A (8x10* K),
the Fe1x-X line at 171 A (1.3 x 105 K), the Fexir line at
195 A (1.6 x 105 K) and the Fe xv line at 284 A (2x10° K).
The filtergrams were taken consecutively between 07:00
and 07:20 UT. The pixel size was 2.59” x 2.59”. SXT also
provides full disc filtergrams, but is sensitive to higher
temperatures than EIT. The pixel size of SXT images was
4.91” x 4.91” and observations took place between 08:00
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Fig. 3. Top: intensity map obtained with EIT in the 195 A
channel, mainly composed by Fe X1I intensity formed at around
1.6x10° K. Bottom: intensity map obtained with CDS in the
Six11 520.67 A line. The emitting plasma has a temperature
of around than 1.9x10° K. Magnetic field contours from MDI
are superimposed.

and 08:20 UT. Finally, MDI full disc magnetograms and
intensity images with a pixel size of 1.98” x1.98"” have been
employed. The MDI data were recorded at 09:40 UT.
CDS raw data were cleaned and calibrated using the
standard routines and calibration data available in the
CDS software tree. Cosmic rays were eliminated using
the “NEW_SPIKE” routine available in the CDS software.
A careful analysis revealed that CDS and EIT pointings
in the solar disc coordinate system are only marginally
reliable. A procedure was designed to obtain more ac-
curate pointing values. First, the EIT pointing was re-
determined by comparing the solar limb position of the
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Fig. 4. Top: intensity map obtained with CDS in the FeXvI
360.76 A line, formed at around 3x10° K. Bottom: intensity
map obtained with the Yohkoh SXT instrument. The emitting
plasma has a temperature greater than 2x10° K. Magnetic
field contours from MDI are superimposed.

full disc EIT image with that of the MDI full disc in-
tensity images. Then, the images of all other instruments
were transformed to the mid-time of the CDS observa-
tions (09:30 UT) by correcting for solar differential ro-
tation, and later rebinned to the pixel size of the CDS.
In the next step the CDS pointing was redetermined by
cross-correlating the CDS He T 584.33 A scan (after inte-
grating spectrally over the line profile) with the EIT He II
304 A filtergram. Finally, from all images we cut the por-
tion which spatially corresponds to the area of the CDS
raster. After this, all the sub-images cover the same area
on the Sun, although context images with a larger area
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Table 1. Lines observed with CDS and used in the analysis.
*: density dependent lines.

Ion A(A)  LogT Detector

Si VIII 314.327 5.93 NIS 1 *

Mg VIII  315.039 5.91 NIS1

Fe XIIT  318.128 6.20 NIS 1 *

Fe XIV ~ 334.172 6.27 NIS 1 *

Fe XVI 335.410 6.43 NIS1

Fe XII 338.278 6.14 NIS1 *

Fe XIIT ~ 348.183 6.20 NIS 1 *

Ne V 359.382 5.47 NIS 1

Fe XIII 359.642 6.20 NIS1 *
359.842 6.20 NIS 1 *

Fe XVI  360.760 6.43 NIS1

Fe XII 364.467 6.14 NIS 1 *

Mg VII  367.674 5.81 NIS 1
367.683 5.81 NIS1

Mg IX 368.070 5.98 NIS 1

Si XII 520.665 6.27 NIS 2

Si XI 580.907 6.20 NIS 2

Hel 584.334 4.00 NIS 2

O III 599.597  4.96 NIS 2

Si XI 604.147 6.20 NIS 2

oV 629.730 5.39 NIS 2

coverage were also retained. Images of the emitting region
are displayed in Figs. 1 to 4.

3. Data analysis
3.1. Morphology of the emitting region

Figures 1 to 4 show that the observed active region in-
cludes several distinct structures. Plasma at around 10° K,
emitting the Mg1X line, shows several loop-like structures
starting from a region of enhanced magnetic field and
arching out of the frame. This is visible also in the EIT-171
channel. These structures become fainter and then disap-
pear, thus showing that their height is greater than the
gravitational scale height. It is not possible to trace the
other footpoint of these structures and they are not iden-
tified at other temperatures.

Hotter plasma reveals the presence of different struc-
tures, visible in Figs. 3 and 4; These are hotter, shorter,
and connect directly the two regions of opposite magnetic
polarity. The Fe XVI intensity map shows three distinct
loop structures connecting the regions of opposite mag-
netic polarity (see Fig. 4 top); these structures are only
partially visible in the EIT-195, CDS Si X1t and Yohkoh-
SXT intensity maps. The intensity along them is much
more uniform than in the MgIX emitting loops, thus sug-
gesting that their height is smaller than the gravitational
scale height and the density and pressure are approx-
imately constant. Emission from transition region lines
(e.g. Ov, Fig. 1 bottom) does not show any loop-like
structure, but is stronger in positions corresponding to
enhanced magnetic field.
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Figures 2 to 4 show that plasma at different tempera-
tures is mostly confined in completely different structures.
It is interesting to note that hotter loops such as those
seen with SXT or FeXv1 do not show adjacent regions of
emission from cooler coronal ions such as Mgix follow-
ing the shape of the loop. This is consistent with other
results from SOHO instruments, which have unexpect-
edely proved that the relationship between loop structures
formed at different temperatures is very weak. Matthews
& Harra-Murnion (1997) have shown that loops observed
with lines formed at different temperatures seem to be un-
related, and the physical characteristics and temporal evo-
lution of Transition Region and coronal structures seem
to be independent. Also, Brekke et al. (1997b) report that
even small differences in line formation temperatures re-
sult in different loop structures. These simple considera-
tions seem to suggest that loops are nearly isothermal for
most of their length.

3.2. Loop selection

The selection of the loop shapes is of crucial importance
for the quantitative comparison of the loop model de-
scribed in Paper I and the present observations. This has
been carried out using the intensity maps from CDS, as
well as the context images provided by EIT (171, 195 and
284 channels) and Yohkoh. MDI magnetograms have been
used to better identify the loop footpoints.

Unfortunately, the spatial resolution of all these instru-
ments is rather poor, so that the emission from individual
loops is contaminated by the emission from nearby struc-
tures, and the resulting image is rather confused.

However, from Fig. 4 it is possible to identify three
main loop-like structures emitting in the strong FeXvI
line. These structures seem to connect the two regions
of opposite polarity shown by the MDI magnetogram
(Fig. 1). However, an unambiguous determination of the
footpoints of each of these structures is not an easy task.

If we try to identify the footpoint on the right of these
loop-like structures, we can see that the two innermost of
them dive into the rather confused bright area at around
(—90”, —420"), where also other structures, formed at dif-
ferent temperatures and visible in the Mgix and EIT-171
channel intensity maps, are present and are clearly un-
related to the hotter Fe XvI emitting structures. Defining
the right footpoint of these two structures is nearly impos-
sible with the present dataset. The outermost structure is
fainter, but it seems to lie south of this confused blob and
to terminate in the southernmost knot of magnetic field.
A residual uncertainty is however left on this footpoint
identification.

The left footpoint is difficult to determine for the two
innermost structures, as no obvious continuation of the
Fe XVI emission is seen in intensity maps from colder lines.
A better identification is possible for the outermost of the
three Fe XvI loop-like structures, as it matches a loop-like
rising structure visible in the EIT-171 and, less clearly, in
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the EIT-195 images. This rising structure terminates di-
rectly in magnetic field enhancements. This can be more
easily seen in Fig. 5, where an intensity map composed by
Fexvi and EIT-171 emission is displayed. EIT-171 inten-
sity is displayed around the left footpoints of the FexvI
loop-like structures.

From the above considerations, it is clear that the only
loop for which a reasonable shape definition can be given
is the outermost Fe X1 structure, although the right foot-
point position is not well defined. So, in the rest of the
present work, we will restrict our analysis to this struc-
ture only. Using the CDS intensity maps, we have selected
a spatial mask defining what appears to be a reasonable
approximation of the outermost loop-like structure, to be
used for the quantitative comparison with the theoretical
loop model of Paper I. This spatial mask, together with a
combination of the Fe Xvi and EIT-171 intensity maps, is
displayed in Fig. 5.

It is important to realize that given the moderate spa-
tial resolution of CDS, there is still a residual uncertainty
on the shape of the selected loop structure around the
right footpoint. The effect of this uncertainty in the di-
agnostic results discussed in the rest of the present paper
will be described in Sects. 3.4 and 5.3.

3.3. Temporal variability of the selected loop

Observations from TRACE and SOHO-EIT have shown
that a significant part of the active region loop structures
may evolve on timescales of hours, and many of them ex-
perience even shorter-term evolution, explosive events and
sudden changes in their intensity distribution. Since the
theoretical model developed in Paper I is quasi-static, it
is important to assess the temporal stability of the se-
lected loop. Unfortunately, no high-cadence EIT obser-
vations have been carried out as part of JOP-54, so the
temporal evolution of the selected loop structure can be
checked only using periodic full-Sun images.

We have found in the EIT catalogue full-Sun EIT im-
ages obtained with the 195 channel with a ~15-20 min
cadence. These images have been used to check the stabil-
ity of the selected loop. For each of these images we have
calculated the running difference with the previous one, in
order to have a quantitative estimate of the changes of the
intensity distribution of the loop shape in the time inter-
val between the two images. It is important to note that
this running difference will be influenced by the effects of
the solar rotation as well. During 20 min, a feature at the
solar surface will move ~3 arcsec westward, so that the
effect should be visible, but quite limited.

The results show that for the selected loop the differ-
encies in the intensity rise up to a maximum of 20% of the
emission along the whole of its length in only a few cases,
and that for most of the considered time the differencies
are of the order of, or smaller than 10%. It is therefore
reasonable to assume that the selected loop is quiescent.
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3.4. Density, temperature and pressure diagnostics

The theoretical line intensity ratios for density and
temperature diagnostics have been calculated using the
CHIANTI database (Dere et al. 1997, 2001; Landi et al.
1999).

The selected loop has been divided into 27 subsections,
each approximately 5900 km long. The emission observed
by CDS has been averaged over each of these loop sections,
so that it has been possible to measure the line intensities
along the loop, and through them it has been possible to
determine the temperature and density along the length
of the structure.

In order to analyze radiation emitted from the loop
structure only, it has been necessary to subtract the back-
ground radiation. The choice of the background to be sub-
tracted is crucial in this kind of study, especially for in-
struments with moderate spatial resolution like CDS, since
the presence of any structures close to the selected loop
is likely to contaminate its emission. In the present work,
the background to be subtracted to each of the subsec-
tions composing the selected loop has been determined by
averaging the emission of the surrounding pixels closest
to each of the subsections. In other words, its own back-
ground has been associated to each loop subsection. This
choice has allowed us to take into account the variation of
the background emission along the loop shape, given by
the presence of brighter features in the field of view.

Since for many lines the emission of the background
constituted a significant portion of the total observed in-
tensity, the resulting uncertainties are rather high in some
cases (up to 40%).

3.4.1. Density diagnostics

Several density sensitive lines are available in the CDS
data and are listed in Table 1. Lines of Fe X11 (364.47 A and
338.28 A) and Fexuir (359.64 A +359.84 A and 348.18 A)
have been considered. The Ne Vv blending line at 359.3 A
has been subtracted from the 359.64 A and 359.84 A lines
to compute Fe X111 line ratios. The Fe x111 318.13 A line has
not been used because ratios involving this line provide
unusually high values of the electron density (Young et al.
1998).

Several authors have found problems with Fe X1I lines,
since they were found to provide higher density val-
ues than the other ions formed at similar temperatures
(Brosius et al. 1996, 1998, 1999; Landi & Landini 1997,
1998). Binello et al. (2001) have shown that these prob-
lems are due to incompleteness in the atomic model for
Fexil, and so we have exclusively used FeXiiI lines for
density diagnostics.

The electron density shows, within the uncertainties, a
constant behaviour along the whole loop length, with an
average value of log N, = 9.3 (cm™3). The constant den-
sity implies that the loop total height is still smaller than
the gravitational scale height. Since the distance between
the footpoints of the loop observed in the intensity maps
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Fig. 5. Composite intensity map obtained with CDS in the Fexvi 360.76 A line, and the EIT-171 channel. The shape of the
selected loop is overplotted. Magnetic field contours from MDI have also been displayed to show the loop footpoints. The
EIT emission has been used to show the position of the left footpoint of the selected loop, and is visible due to the different

background intensity.

is of the order of, or greater than, the gravitational scale
height (around 9x10* km), the loop either is inclined rel-
ative to the vertical, or departs from a quasi-semicircular
shape (see also Sect. 3.5).

3.4.2. Temperature diagnostics

Temperature measurements are performed through the
Fexvi/FeX1v line ratio, taking into account the density
sensitivity of the Fe X1v spectral line. This ratio is the most
sensitive to high temperatures among the ratios available
in the present dataset; moreover Fe X1v and Fe XVI pro-
vide the only CDS lines that clearly show the whole of the
three selected loop structures. The results are displayed
in Fig. 6.

The electron temperature of all loops exhibits a very
flat shape for most of the length of the loop. This
nearly constant behaviour has already been noted by
Aschwanden et al. (1999, 2000a) and Lenz et al. (1999).
The temperature results have been obtained adopting the
ion fractions of Arnaud & Raymond (1992). However,
changing the ion fractions dataset might cause changes
in the measured values of the electron temperature, due

to the importance of ion fractions for temperature diag-
nostics and to the fact that different authors may provide
significantly different ion fractions in the literature. This
possibility has been explored by Gianetti et al. (2000) and
Allen et al. (2000). For this reason, a check has been per-
formed by determining the electron temperature adopting
also the ion fractions from Shull & Van Steenberg (1982),
Arnaud & Rothenflug (1985) and Mazzotta et al. (1998).
The results obtained with all these different theoretical
datasets show a variability of 8% around the values ob-
tained using the Arnaud & Raymond (1992) ion fractions.
As this variability is greater than the experimental errors,
it has been taken as the uncertainty of the measured tem-
perature values.

The use of the Fe xvi/Fex1v line ratio might generate
a bias of the measured electron temperatures, by forcing
the resulting electron temperature to be in the tempera-
ture range 6.2 < logT < 6.4, where these two ions are
principally formed. In order to assess the effects of this
bias, we have carried out, for each of the loop subsections,
an emission measure analysis, described in the following.
Further details of this emission measure analysis can be
found in Allen et al. (2000) and Landi et al. (2001a).
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The flux of an optically thin emission line observed at
distance d can be written as
1
i = W /V Gﬂ(T, Ne)NEQdV (1)
where N, is the electron density and Gj;(T, Ne) is the
Contribution Function of the emitting line. If the electron
density (N,) and temperature (T¢) are constant along the
line of sight, we have

Gj'i (TC7 Ne)
4rd?
where < EM > is the Emission Measure of the plasma.

In this case the Emission Measure can be directly evalu-
ated as:

I = <EM > <EM>:/ N2V (2)
\%

I
TNy 3)

This quantity is the same for all the observed lines. The
diagnostic method consists of calculating the function
<EM(T)> defined as

1

<EM(T)>= TNy (4)

<EM > = 4nd?

as a function of electron temperature, using the observed
intensities I of each observed line and a value of the elec-
tron density derived from line ratio techniques. Since

<EM(T.)> <EM > (5)

1
 And?
when all the < EM(T) > curves are displayed in the same
plot as a function of temperature, all these curves will
intersect in a common point at (TC, ﬁ <EM >). The
common crossing point directly determines the plasma
temperature T, and < EM >. When applied to each sub-
section, this analysis allows to check whether each of the
loop subsections is characterized by a single temperature,
to measure its value and the value of the emission measure.

In each subsection, only the lines whose intensity was
greater than zero were used; in all subsections, a common
crossing point was identifiable within the uncertainties,
and the electron temperature T, and < EM > were evalu-
ated. Results confirm the temperatures measured with the
Fexvi/FeX1v line ratio within the uncertainties. Only in
the two subsections overlying the footpoints of the loop the
plasma showed a clearly non-isothermal behaviour and no
common crossing point existed, consistently with the fact
that in those subsections the line of sight crosses the foot-
point regions, where the temperature gradient is largest
and the plasma is not isothermal.

The measurements of the < EM > values are discussed
in Sect. 3.7.

3.4.3. Pressure diagnostics

From the measured values of electron temperature and
density it was possible to determine the electron pres-
sure p, along the loop structure. The total plasma pres-
sure is then calculated as 1.9 X p, assuming a fully ionized
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Fig. 6. Plasma diagnostics for the selected loop in Fig. 5.

plasma of standard composition. The total pressure is also
displayed in Fig. 6. One can see that a constant pressure
value satisfies, within the experimental uncertainties, all
the subsections, with the exception of the last two, corre-
sponding to the region closest to the right footpoint.

The uncertainty in the position of the right footpoint
of the selected loop results in some additional uncertainty
in the measurements of temperature, density and pressure
of the last two loop subsections on the right in Fig. 6.
Diagnostics in these two locations should therefore be
treated with some caution.

These results allow us to use the contant-pressure
loop model described in Paper I, to be compared with
the present observations. The average pressure value is
~0.9 dyne cm~2, and is compatible with the values re-
ported in the literature (see Aschwanden et al. 2000a and
references therein). The variation of each individual value
around the mean is due to the uncertainties in the electron
density.

3.5. Loop geometry and pressure scale height

The temperature measured in the loop structure is around
1.9%x10% K, and this allows us to determine the pressure
scale height for the coronal part of the loop to be around
9%10* km.

In order to compare this scale height with the geo-
metrical height of the loop it is necessary to make some
assumption on the geometry of the loop structure itself.
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Figure 5 suggests that the selected loop can be approxi-
mated with a semicircular structure inclined relative to the
vertical. If we make this assumption then simple geomet-
rical considerations show that the selected loop is nearly
parallel to the solar surface (angle smaller than 18°).
Measuring the distances between the footpoints of each
loop from Fig. 5 and considering them as the diame-
ter of the semicircular structure, it is possible to deter-
mine the maximum height reached by the loop structure:
<17000 km. This means that for the selected loop the
expected maximum pressure difference is smaller than
0.2 dex. Since the uncertainty in the pressure measure-
ments is greater than 0.2 dex, the constant pressure as-
sumption is verified within the experimental uncertainties.

The loop cross-section at coronal temperatures has
been determined from the mask displayed in Fig. 5, and
its value has been corrected for the CDS spatial res-
olution, taken as 6 arcsec along in the E-W direction
and 8 arcsec in the N-S direction (Pauluhn et al. 1999).
Assuming that the cross-section is circular, its resulting
value is 5.8 x 10'7 cm?. However, the CDS spatial res-
olution does not allow us to distinguish between mono-
lithic loops and loops composed of many thin strands,
as suggested by TRACE (Transition Region And Coronal
Explorer, Handy et al. 1999).

3.6. Velocity fields

In order to check whether the selected loop structure har-
bours velocity fields strong enough to have consequences
for the theoretical loop model, measurements have been
made of spectral line positions both inside the spatial
mask of the selected loop, and in the rest of the map.
Spectral line positions have been measured in each pixel
inside the mask after the subtraction of the background
spectrum. Spectral lines have been assumed to have a
Gaussian shape and have been fitted using the ADAS602
fitting routine (Brooks et al. 1999); both coronal and tran-
sition region lines have been considered.

Results show that speeds along the loop shapes are al-
ways smaller than 15 km s~!, while the sound speed for the
loop plasma (with 7'~ 1.9 x 10 K) is around 200 km s~ 1.
These measurements verify that the quasi-static assump-
tion adopted in Paper I is valid for the present structures.

It is important to note that spectral line positions al-
low only line-of-sight component of velocities to be deter-
mined, so that in the central part of the loops, where the
direction of the flow is nearly perpendicular to the line of
sight, the real speed can be higher than this value. The
low value of the plasma speed at the footpoints indicates,
however, that it is unlikely that flows in the top portion
of each loop can affect the theoretical model.

3.7. Filling factor of the selected loop

Once the electron density and temperature and emission
measure EM are determined along the loop shape, it is
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possible to calculate the filling factor of each of the sub-
sections composing the structure. The plasma volume can
be evaluated using the assumption of circular cross-section
and the linear dimension of each subsection measured on
the intensity map. This, together with the measured elec-
tron density, allows us to determine the subsection emis-
sion measure as

EMP™ = N2 x V;. (6)

This value can be compared with the Emission Measure

value measured from the observations in Sect. 3.4.2 and

the loop filling factor can be derived as
EMP™

ff=——ha (7)

EM?

The resulting filling factor, averaged over all the subsec-
tions, is

ff=0.33£0.05. (8)

The uncertainties on this value is given as the standard
deviation of the average, but it is important to note that
the real uncertainties on each subsection filling factor are
much larger, due to the uncertainties in the electron den-
sity, so that each of the f f values, as well as their average,
should be considered only as a rough estimates. However,
this result indicates that the filling factor of this coronal
active region loop is smaller than, but not far from, unity.

4. Comparison with the theoretical model

In this section, the comparison between the observations
and the loop model developed in Paper I is described. The
comparison is carried out examining four cases:

— I - the diagnostic procedure coming from the standard
model is applied to the observations (Sect. 4.2);

— II — an isothermal region is added on top of the loop
model and the diagnostic technique is applied again
(Sect. 4.3);

— IIT — The assumption of a thermally-insulated loop un-
derlying the model is relaxed, and the diagnostic tech-
nique is applied to the loop model, without an isother-
mal region at the top (Sect. 4.4);

— IV — The isothermal region is added at the top of the
non-thermally-insulated loop model (Sect. 4.5).

In the case of a non-thermally-insulated loop, we have
run the model adopting a scaled conductive flux at the
base of our model (T = 2 x 10* K) of fo = 1.5 (see
Paper I). This corresponds to values in the range 1.5-
2.0 x 105 erg cm™2 s7!, compatible with Oluseyi et al.
(1999).

The comparison involves line intensities observed with
CDS. Since the diagnostic technique must be applied to
the intensities emitted by the whole loop, the spectra ob-
served by CDS have been summed over the loop mask
displayed in Fig. 5. The background radiation, evaluated
as described in Sect. 3.4 and then summed over all the
loop subsections, has been subtracted from the resulting
total spectrum.
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4.1. Overview of the method

The diagnostic method is described in detail in Paper I.
Here only a very brief outline will be given.

According to the loop model in Paper I, we can write
the flux received at Earth at distance d in an optically
thin spectral line j emitted by a loop as

Sgup * A 1 t1/2
B =2 G [ G Nt a0

where G;(T,N.) is the Contribution Function of the
line j; t,w,o are the scaled temperature, conductive
energy and cross-section of the loop, A = 0.92 x
107 K35 ergem s, C =2x10"2K2% cm? erg= ' 571,
Sy 1s the maximum cross-section of the loop, pg is the to-
tal loop pressure, Ty is the temperature at which radiative
losses equal the energy input in the observed loop (all the
quantities are in cgs units). It is possible to define the ratio
R(Ty) as

obs
F

R(Th) = Jj(Tw)

(10)

where F ;’bs is the observed line flux integrated over the
whole loop shape, and J;(Tw) is a quantity given by

(11)

J;(Tw) = Tu /TGj(T) DEM(%)dT

T\ is the temperature at which radiative losses equal en-
ergy input in the theoretical model. The R(Ty) function
can be evaluated for each observed line, and displayed on
the same plot as a function of Ty;. If the loop model is
correct, it is possible to show that when Ty = 1§ all the
curves have the same value and meet in the point

, Supo A 1
I —5 1\~ :
4k2 V C 4rd>?
From this crossing point it is possible to simultaneously
measure both the value of Ty (and hence the loop top
temperature) and of poSu.
In the present work, the value of 7% determined from

the crossing point is used to determine the loop-top tem-
perature and the loop half-length using the relations

(12)

Ttop = C(TM) TM

[A T3
Lloop = T(TM) 6 p_lg/[

where r(Ty) and ¢(Tv) are discussed in detail in Paper I.

The loop top temperature determined from the model
can be compared with the results obtained with the emis-
sion measure analysis and line ratios.

The measured py Syt value is used to determine the loop
maximum section Sy by using the pressure pg determined
through line ratios; the resulting value can be compared
with observations.

(13)

(14)
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Also, since the loop shape affects mostly the coldest
lines in the dataset, the loop shape parameters (Sy/Sm
and n, see Paper I) are determined as those giving the
best agreement between all the lines in the dataset. It is
important to note that the greatest effects of the cross-
section variability are found for the colder lines (i.e. OV,
Mg vii-1x, Siviil), and they decrease as the temperature
of formation of the line increases. Therefore, the best di-
agnostic in the present active region dataset is given by
the OV line, while the sensitivity to loop shape variations
of the other Mg, Si and Fe lines is more and more limited
as the emitting ions are formed at higher temperatures.

In the present work, line emissivities have been taken
from the CHIANTI database, with the exception of very
few lines not yet included in CHIANTI. Element abun-
dances have been taken from Feldman (1992), and ion frac-
tions are taken from Arnaud & Rothenflug (1985) for all
elements but iron, which comes from Arnaud & Raymond
(1992).

A few lines have been discarded from the diagrams,
since they badly missed the crossing point:

— The Sixi 520.67 A line showed a too high theoreti-
cal flux. This behaviour has already been noted in the
past: Feldman et al. (1998) report that all Li-like ions
show a systematic excess in theoretical emissivities rel-
ative to all the other ions of the other isoelectronic se-
quences; similar results have also been found by Judge
et al. (1995);

— Young et al. (1998) and Binello et al. (2001) suggested
that the Fexir line at 338.278 A is blended with an
unidentified line, and this is confirmed here as this line
shows an excess of observed flux;

— The Fexin 318.13 A line is rejected as it is suspected
to have some problems (Young et al. 1998);

— both the SiXI intercombination lines at 580.91 A and
604.15 A show a too high observed flux. This behaviour
is possibly due to atomic physics problems, as indi-
cated by Landi et al. (2001b);

— He1 is not used in the present work since its lines are
believed not to be optically thin (see Andretta & Jones
1997 and references therein), so that the diagnostic
technique cannot be applied to them.

In all the following applications of the diagnostic tech-
nique, these lines will not be used. The results of the com-
parison in all the four cases considered are reported in
Table 2. In the following each of them will be discussed in
more detail.

4.2. Case I: Loop diagnostics using the standard model

The application of the diagnostic technique to the selected
loop is illustrated in Fig. 7. It is possible to see that a cross-
ing point for all the R(Ty) curves is rather well defined.

From Table 2 it follows that the agreement between the-
oretical and observed loop-top temperature values is rea-
sonable, with theoretical temperatures only slightly too
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Fig. 7. Application of the loop diagnostic technique for the
selected loop structure to Case I: no isothermal region has
been added at the top of the loop. The theoretical model is
assumed to be thermally insulated at the base.
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Fig. 8. Theoretical temperature profile of the selected loop,
from the footpoint to the top. The overplotted measurements
are the temperature values determined with the line ratio tech-
nique. Case I: no isothermal region has been added at the top
of the loop. The theoretical model is assumed to be thermally
insulated at the base.

low. Agreement between the measured and the predicted
loop cross-section radius is within the uncertainties.

There are, however, two main problems in the results
reported in Table 2: the total loop lengths and the loop
temperature profiles predicted by the model.

The disagreement found between observed and pre-
dicted loop lengths indicate that some problem is present
in the model. The loop length predicted by the loop scal-
ing law in Eq. (14) is too small.

The comparison of the measured and the observed
temperature profiles of the loop reveals an even greater
difficulty of the model. The measured and predicted tem-
perature profiles are displayed in Fig. 8. The projection
effects due to the inclination of the loop relative to the
solar surface are small, as the inclination angle is smaller
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than 18°(see Sect. 3.5) and for this reason have not been
accounted for in Fig. 8. Obviously the experimental tem-
perature profile of the loop is much more constant than the
theoretical one. The diagnostic results displayed in Fig. 8
confirm the findings of Neupert et al. (1998), Aschwanden
et al. (1999, 2000a), Lenz et al. (1999), and indicate that
the coronal loops studied here are much more isothermal
than the present model predicts.

The main constraint on the loop shape is given by the
colder lines (O v, Sivr, Mg vil-1X). Hot coronal lines are
less affected by such geometrical effects because they are
formed where the loop cross-section is closer to the maxi-
mum value Sy;. On the contrary, even small changes in the
Sm/Sm ratio and in the parameter n have huge effects on
these colder lines, because the loop shape strongly depends
on these parameters for temperatures similar to the for-
mation temperature of these ions. The measured Sy/Sm
ratio allows us to determine the size of the footpoint re-
gion of the loops: these appear to be of the same size as,
or smaller than the pixel size and hence definitely smaller
than the instrumental point spread function.

However, since the colder ions emission comes from
the footpoint regions, whose identification is rather diffi-
cult, the determination of the loop shape parameters has
a rather large uncertainty. This is further discussed in
Sect. 5.3. However, the effect on the determination of the
crossing point is much more limited, since this is mainly
given by the hot coronal lines, whose main contribution is
given by the hottest part of the loop, which is reasonably
well defined.

These results lead to consider the possibility of adding
an artificial isothermal region at the top of the model loop,
and to include it when applying the diagnostic technique
and comparing the model with the observations.

4.3. Case Il: Loop diagnostics when adding
an isothermal section to the standard model

In order to apply the diagnostic procedure in the presence
of an isothermal region at the loop top, it is necessary
to subtract the contribution of the latter from the total
line flux coming from the loop. Once this contribution is
eliminated, the procedure is applied to the resulting line
intensities in the same way as in the previous Section.

In order to calculate the emission of the isothermal re-
gion, it is necessary to calculate its Emission Measure and
the Contribution Function. Therefore the electron density,
temperature and geometry of this region must be known.
The isothermal section has been assumed to be cylindri-
cal, with cross section equal to the Sy measured from the
maps. T, and N, have been taken as the average of the line
ratio results in the selected isothermal region. The choice
of the length of the isothermal region is somewhat arbi-
trary; to overcome this ambiguity we have repeated the
study adopting several different lengths, so that a more
thorough investigation of the effect of the presence of the
isothermal region could be done. An example, obtained
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Table 2. Comparison between theoretical and observed physical properties of the selected loops. The cross-section radius R
and the loop total length L values are in 10* km, po is in dyne cm™2, T is in K. See Paper I for a definition of c¢(Th).

Case g_p[: n C(Tl\/l) paneas LOg Trrr?:js LOg Tr‘l;rllzlx [ meas Ltheor Rmeas Rth
1 15 160 1.14 090+£0.20 6.31£0.03 6.2840.02 159+15 98441 4300+ 1100 5200 + 1500
11 15 160 1.15 090+£0.20 6.31£0.03 6.26+0.03 159415 14.0+3.5 4300+ 1100 5000 + 1700
11T 3 140 151 0904+0.20 6.31+0.03 6.28£0.03 159+15 53+£26 430041100 6600 =+ 2700
v 3 140 166 090+0.20 6.31+0.03 6.29+0.03 159+1.5 15.0%+25 4300=+1100 5700 =+ 1600

by adopting a selected length is 6.3x10° cm, is displayed
in Figs. 9 and 10. The physical parameters obtained from
the model in this particular case are reported in Table 2
(Case II), along with the model predictions.

Table 2 reveals that the loop length shows reasonable
agreement between the model predictions and the observa-
tions. Also, the predicted radius of the loop cross section
is in good agreement with observations, while the pre-
dicted loop top temperature is lower than in Case I, al-
though it still agrees with the intensity ratio value within
the uncertainties. However, the temperature profile of the
loop still remains problematic. Figure 10 displays the ob-
served and theoretical temperature profiles of the selected
loop. It shows that the loop model plus the isothermal
region at its top is able to satisfactorily reproduce the
observed temperature values only in the hottest part of
the loop. The theoretical model predicts a too smooth de-
crease of the electron temperature near the footpoints. We
have repeated this study by adopting a several different
choices of the isothermal loop length, but the results do
not change: the predicted temperature decrease along the
loop is still too smooth in all cases. In addition, choosing
too large values of the isothermal loop length causes the
predicted loop cross-section to disagree with the observa-
tions. Hence, adding an isothermal region at the loop top
solves only one of the two problems of the “standard” loop
models.

It is also important to note that the uncertainty in the
definition of the right footpoint of the selected loop has
now a larger impact on the diagnostic result. This is due
to the fact that a large portion of the coronal part is no
longer contributing to the observed intensities analyzed
with this method, so that these are now more sensitive to
changes in the loop footpoint choice. Also, the effects on
the loop shape definition are unchanged from the previous
case.

4.4. Case Ill: Loop diagnostics with non-thermally
insulated loops

Results of the procedure applied to this theoretical model
are shown in Figs. 11 and 12 and the main loop properties
are summarized in Table 2 (Case III). The presence of a
non-negligible conductive flux at the base of the model
(Fo ~ 1.5-2.0 x 10° erg cm~2 s7!) has two important
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Fig.9. Application of the loop diagnostic technique for the
selected loop structure. Case II: an isothermal region has been
added at the top of the loop. The theoretical model is assumed
to be thermally insulated at the base.
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Fig. 10. Same as Fig. 8, for Case II: an isothermal region has
been added at the loop top to reproduce the coronal region
of the loop. The theoretical model is assumed to be thermally
insulated at the base.

consequences: it changes the values of the fitted param-
eters of the loop shape, and lowers the value of Ty, the
temperature at which the input energy equals the energy
lost by radiation.
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The first effect is most important on the cooler lines of
our dataset; they require the :Z—M value to decrease relative
to the thermally-insulated case.

The lower value of Ty makes the problem of the theo-
retical loop length even worse. It is possible to see that
the theoretical loop length reported in Table 2 and in
Fig. 12 is much shorter than in the thermally-insulated
case. Also, the predicted cross-section radius of the loop
is substantially increased, although the uncertainties are
large enough to reach the observed value. The loop top
temperature is similar to the observed value.

These results show that a standard loop model, with
the assumption of a non-negligible conductive flux at the
loop base, still is not able to reproduce the observations.
Choosing lower Fy values brings the model toward the
standard model, which still provides too small theoretical
loop lengths; higher Fy values than adopted cause the loop
length to be even shorter, and the loop cross-section to be
too large.

It is important to note however that the presence of a
non-negligible Fy causes the temperature gradient to be
much sharper at low heights, so that coronal tempera-
tures are reached earlier than in the standard model and
the temperature profile is closer to the observed one at
low temperatures. This is an important step in the right
direction.

Finally, the effects of the uncertainties in the right foot-
point of the loop are similar to those discussed in Case 1
(Sect. 4.2).

4.5. Case IV: Loop diagnostics of non-thermally
insulated loops with an added isothermal section

As with the thermally-insulated model, we have inserted
an isothermal region on top of the loop model, while re-
taining the assumption of non-negligible Fy. As for the
thermally-insulated case, we have adopted several differ-
ent values for the length of the isothermal section. The
other parameters of the isothermal section are the same
as in Sect. 4.3. The diagnostic plot and the temperature
profiles are shown in Figs. 13 and 14, and the loop prop-
erties are summarized in Table 2 (Case IV) for the case
where the isothermal section length is 1.1 x 10'° cm, corre-
sponding to the loop segments whose temperature is equal
to the loop-top temperature within the uncertainties.

In this case, it is possible to see that the temperature
profile of the loop is in agreement with the observations.
The portion of the loop covered by the non-isothermal re-
gion, given by the model, is very short (around 20 000 km
on each side) and nearly the whole length is filled by the
isothermal section. The temperature gradient is very steep
at the base of the loop. This is caused by the large conduc-
tive flux assumed at the loop base. Agreement with the
other physical quantities that characterize the loop is also
found. However, since the temperature gradient near the
loop footpoints is larger than in the thermally insulated
case, agreement is found only for isothermal lengths larger
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Fig. 11. Application of the loop diagnostic technique for the
selected loop structure. Case III: no isothermal region has
been added at the top of the loop. The theoretical model is
assumed not to be thermally insulated at the base.
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Fig. 12. Same as Fig. 8, for Case III: no isothermal region has
been added at the loop top. The theoretical model is assumed
not to be thermally insulated at the base.

than in the thermally insulated case, because for too short
isothermal lengths the total predicted loop length is too
short.

It is important however to note that in the present
case the effect of the uncertainty in the selection of the
right loop footpoint is at its highest, as a larger isothermal
section is removed from the calculation of the line intensity
to be used with the loop diagnostic technique.

5. Discussion

The comparisons carried out in Sect. 4 have shown that,
on its own, a quasi-static standard model is not able to
reproduce the observations, irrespective of whether we as-
sume the loop to be thermally insulated or not. This result
seems to hold even if we allow for the uncertainty in the



674

CDS — NIS loop diagnostics
N I A

14.0 LR

364.444
13.5

314.357
629.700

13.0

12.5

335.404
360.751

12.0

Log (Po x S) (arbitrary units)

1.5

e N

11.0 S S SRR P
5.5 6.0 6.5 7.0
Log T_M (K)

Fig. 13. Application of the loop diagnostic technique to the
selected loop structure. Case IV: an isothermal region has
been added at the top of the loop. The theoretical model is
assumed not to be thermally insulated at the base.
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Fig. 14. Same as Fig. 8, for Case IV. An isothermal region has
been added at the loop top to reproduce the coronal region of
the loop. The theoretical model is assumed not to be thermally
insulated at the base.

definition of the loop’s right footpoint. However, the pres-
ence of a non-negligible conductive flux at the base of the
model loop has three effects:

1. it steepens the temperature gradient at the loop base;
2. it shortens the length of the loop model;
3. it changes its shape parameters.

The first of these effects points in the right direction for
reproducing the nearly isothermal loops that are being
observed by a number of authors, including the present
work, since it confines the lower temperature portions of
the loop to very short regions.

The second effect, on the contrary, makes the problem
of total loop length worse, indicating that an even longer
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isothermal region is required in order to satisfy the obser-
vational constrains.

The third effect is important as the changes to the loop
shape are very large. Unfortunately, the paucity of colder
lines with non-negligible fluxes in our dataset, as well as
the uncertainty in the definition of the loop right foot-
point, from which a large fraction of their emission comes,
prevent us from drawing any quantitative conclusion.

5.1. Energy requirements of the loop model

From the loop model it is possible to measure the total
input energy required by the loop structures, given by the
value of the radiative losses at the point Tyr.

From the data in Table 2 the power supply to the se-
lected loop is 8.2 x 10™* erg cm™3 s~!. The uncertainties
quoted in Table 2 for py and Ty imply at least a factor 2
uncertainty for the evaluated input.

5.2. Reliability of the results

The present results depend on a number of theoreti-
cal quantities required to calculate the line emissivities.
Uncertainties in these quantities may affect the results
of any diagnostic technique making use of theoretical
emissivities, as shown by Gianetti et al. (2000). Landi &
Landini (1999) discussed the effects of uncertainties in the
radiative loss curves (adopted also in the present work)
and concluded that the largest effects were due to element
abundances and ion fractions. The effects of uncertainties
in these two quantities are now discussed.

The crossing points of the curves displayed in Figs. 7,
9, 11 and 13 depend on element abundances, and any de-
parture of the solar values from the adopted ones would be
reflected in the crossing point. Since in the present work
the crossing point is determined by low-FIP lines, with
the only exception being OV, the abscissa of the cross-
ing point would not be changed by the choice of photo-
spheric abundances, so that Ty would remain unchanged.
However, since the photospheric abundances of low-FIP el-
ements are around a factor 4 lower than the coronal ones,
the poSm value would be changed accordingly, so that
the results of the comparison would be heavily changed.
However, in the present dataset iron lines from FeX to
Fe XVI are observed, and they provide a well-defined cross-
ing point; the agreement of curves corresponding to lines
emitted by other elements (especially Ov) with the Fe
crossing point confirms that the adopted element abun-
dances from Feldman (1992) are the same as the plasma
values. Although the presence of a non-negligible conduc-
tive flux changes the shape of the loop, and therefore
the curves of the cooler lines, these changes are not suffi-
cient to alter the conclusions regarding the relative high-
FIP /low-FIP abundance.

Ion fractions also are a very important parameter
to be considered, and changes in their values may have
serious consequences for the results. The same study
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has therefore been repeated using the ion fractions from
Arnaud & Rotenflug (1985) for Fe also, and with Shull &
Van Steenberg (1982) and Mazzotta et al. (1998) ion frac-
tions. In all cases the assumption of ionization equilibrium
has been maintained. The results show some variability,
but the overall behaviour is unchanged, the changes in
the loop physical quantities are within the experimental
uncertainties and the conclusions of the present work are
not altered.

5.3. Effects of the uncertainties in the loop selection

As described in Sect. 3.2, the choice of the loop to be an-
alyzed in the present work is made difficult mainly by the
low spatial resolution of the CDS and EIT instruments.
The selection and identification of the loop analyzed in
the present work is reasonable, but some uncertainties are
still left, especially in the definition of the right footpoint
of the loop. This is probably the main weakness of the
present work, and of all similar investigations based on

observations from instruments with moderate spatial res-
olution like CDS.

This uncertainty has a large effect on the measure-
ment of the colder line intensities, especially O v, whose
emission is concentrated in the loop footpoints. For this
reason, the measurement of the parameters governing the
loop shape (Swm/Sm and n) is very uncertain. Therefore,
the measured values reported in Table 2 should be treated
with caution. The only result that can be drawn from the
present study is that there is some evidence that the loop
cross-section is not constant, since in this case the Ov
predicted line intensity would be far higher than observed,
and also the intensity of the other colder lines would be
largely overestimated.

The effects of the uncertainty in the loop selection on
the other physical parameters of the loop are less impor-
tant in the case where no isothermal region is added at the
loop top, since the diagnostic technique relies mostly on
the crossing point of the coronal lines. These are emitted
mostly by the portions of the loop best defined in Fig. 5.

On the contrary, the inclusion of the isothermal re-
gion forces us to exclude from the line intensity measure-
ment a substantial part of the coronal section of the loop,
so that the resulting line emission will be more sensitive
to changes in the loop shape near the footpoints. This
is particularly true in the non-thermally-insulated case
(Case IV), where the length of the isothermal section is
greatest.

Probably, the only unambiguous conclusion that can
be drawn from the present analysis is that the standard
model, as described in Paper I, fails in predicting the tem-
perature profile of the loop, so that some substantial im-
provement must be introduced.
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5.4. Future work

In the light of the results of the present work, the most
important aspects of the loop model that can be investi-
gated are:

— the use of a non-uniform heating function;
— the assumption of non-negligible energy flux at the
loop footpoints.

Also, future work will include a generalization of the loop
model, by releasing the constant pressure assumption and
introducing the effect of flows in the model derived in
Paper 1.

Future detailed comparisons between the model and
spectroscopic observations of active region loops must
await the advent of spectrographs with much higher spa-
tial and temporal resolution, so that the main ambigui-
ties underlying the present analysis can be at least par-
tially removed. In light of this, the future EUV Imaging
Spectrograph (EIS) on board of the joint Japan/US/UK
SOLAR-B satellite due to launch in 2005, will provide a
unique opportunity for detailed comparisons such as those
described in the present work. This instrument will be de-
signed to carry out high-resolution observations of large
fields of view on the Sun at a much higher cadence than
any previous spectrograph; its spatial resolution of 2" will
be of great help in the determination of active region loop
shapes.

6. Conclusions

In the present work CDS observations (part of JOP 54)
of an active region loop are analyzed. CDS intensity maps
and images from SOHO-EIT, SOHO-MDI and Yohkoh-
SXT, also available as part of JOP 54, have been used
to determine the shape of the selected loop. The physical
properties of the emitting plasma along the loop length
have been determined via line ratio techniques; the filling
factor of the selected loop has been measured and is found
to be in the range 0.1-1.

The diagnostic technique developed by Landini &
Landi (2002, Paper I) for the comparison of the loop model
developed in Paper I and spectral observations has been
applied to the selected active region loop. This diagnostic
technique allows us to determine the parameters for the
loop shape, the loop temperature profile, the loop length
and the cross-section at its top. The results have been
compared with the line ratio measurements of density and
temperature and with the length and cross-section of the
loop measured from intensity maps.

The comparison has shown that the standard model
without an “ad-hoc” isothermal region at the loop top is
not able to reproduce the observations, both when the loop
model is assumed to be thermally insulated, and when this
assumption is released. The presence of an isothermal re-
gion seems to indicate a better agreement between theory
and observations in the case of a non-thermally-insulated
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loop. In case the loop is assumed to be thermally insu-
lated, as in most of the loop models in the literature, no
agreement is found.

However, the moderate spatial resolution of the instru-
ments has left a margin of uncertainty in the selection of
the active region loop shape; this uncertainty has impor-
tant consequences for the analysis in the case where an
isothermal portion of the loop is inserted in the analy-
sis. Therefore, further comparisons using data from in-
struments with higher spatial (and temporal) resolution
are required to provide more definitive results.

This work demonstrates the great potential of the loop
diagnostic technique described in Paper I, points out some
discrepancies between the theoretical model and obser-
vations that are larger than the uncertainties provided
by the spatial resolution of the instruments, and indi-
cates several starting points for future studies. It is highly
recommended that the present analysis is repeated us-
ing imaging spectrographs with higher temporal and spa-
tial resolution, such as the Extreme-Ultraviolet Imaging
Spectrometer (EIS) on board Solar-B, due for launch in
2005.

Paper I argues that the presence of an isothermal re-
gion could be due to a number of different possible sce-
narios, like a non-uniform heating function, random heat-
ing and loop filamentation. Further work is in progress
to extend the loop model and address this problem, in
preparation for the Solar-B mission.
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