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Abstract. The results of an analysis of joint SOHO/CDS antiterature ‘post-—flare loops — PFL' although their appearance
Yohkoh/SXT observations of a decaying post—flare loops syduring the impulsive phase is not unusual.
tem with a rapid time evolution are presented. The loop system Sturrock (1968), Kopp & Pneumann (1976), Forbes & Mal-
was a remnant of a small single loop flare (GOES class C2.Bgrbe [(1986) and others proposed that PFL can result from a
Using the CDS raster taken in several EUV lines with differegiradual reconnection of magnetic fields high in the solar corona
formation temperatures and a temperature sensitive line pafrich produces successively higher magnetic arches in the
Fe XvI 360.8/SiXll 520.7 we confirmed the existence of theorona and at the same time, energy is released at the recon-
vertical stratification in the loop system according to the lingection site (cusp) above the loop system. This energy is then
formation temperature. The analysis of the SXT data showetransported downwards, along the magnetic field lines, either
strong decay of the system with time. While the temperaturelnf thermal conduction or by beams of accelerated particles.
the hot part of the systerii'(~ 2.5 MK) decreased only slightly, As a consequence, the chromosphere and transition region are
the total emission measure dropped by more than a factor of fbi@ated and a flow of evaporated hot plasma fills the correspond-
in approximatelyl0® s. This could be explained by a plasmang magnetic loop system. A hot PFL is thus created. As the
outflow from the loops with velocity approximately 10 km/sreconnection continues, this loop is separated from the energy
On the other hand, signs of rapid, probably radiative coolingput and starts to cool. In the meantime, a new hot PFL is
can be identified in the images obtained from the CDS rast@iginating above it.
taken in cool lines of O/ and Olll. Using the density sensi-  PFL systems have been extensively observed particularly in
tive line pair of FexIv 334.2/353.8 and the integrated intensityda and in soft X—rays, especially after the launch of Yohkoh
of FeXIV 334.2 line we determined the electron densities amdth its Soft X—ray Telescope (SXT) (Tsuneta et al. 1991). H
emission measures across the top of the loop system. Fromithages show plasma at temperatures arawid and provide
results of these measurements, taking all known uncertaintiesy good spatial resolution useful for studies of the structural
into account, we obtained that the geometrical filling factor and dynamic properties of PFL (e.g. Wiik et @l. 1996). From
the top of the system in the regions with maximum electron dethese observations it is also possible to determine the emission
sity in the FexIV line lies in the interval from~ 0.01 to ~ 0.2. measure of cool plasma in the loop system (Schmieder et al.
A simple theoretical approximation of the energy balance in ti®96). On the other hand, soft X-ray images, which lack the
post—flare plasma gives a total cooling timer50 s. spatial resolution of i images, show plasma with temperatures
of the order ofl0® — 107 K and they are useful for approximate
Key words: Sun: corona — Sun: flares — Sun: UV radiation temperature and emission measure analysis. The relation be-
Sun: X-rays, gamma rays tween cool (Hv) and hot plasma in PFL systems was described
in Schmieder et al. (1995).

Observations of PFL systems in EUV lines provide an ex-
cellent opportunity to study the behaviour of post—flare loop
plasma at intermediate temperatures. EUV spectra also allow
to apply efficient electron density, emission measure and tem-
Systems of flare loops appear shortly after the onset of soi@rature diagnostic methods (e.g. Mason & Monsignori Fossi
flares first in the soft X—ray and the EUV band and later am, HI994). Several studies of this kind have been published. Dere &
loop prominences for events on the limb or typical dark loogSook [1979) studied the time evolution of differential emission
on the disk usually appear (Bray et[al. 1991). These loops afieasure and electron density during the decay of a flare using
most conspicuous in the gradual phase of flares and can pewgiga from Solrad 9 and Skylab. The spatial distribution of EUV
for many hours. This is also the reason why they are calleddmission and electron density was studied by Cheng (1980) us-

ing Skylab data. A displacement of loops visible in lines with
Send offprint requests tvarady@asu.cas.cz high and low formation temperatures was found. Similar re-

1. Introduction
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Fig.1. GOES-9 X-ray fluxes and times of CDS and
SXT observations. The hatched regions correspond to
the times when the Yohkoh satellite was in the shadow
of the Earth, the region between the two dashed lines
‘ ‘ ‘ e L ‘ ‘ corresponds to the time when the whole CDS raster was
12:00 12:20 12:40 13:00 13:20 13:40 14-00  built and the region between the two dot-dash lines to
(16—Dec—96) the times when the loop system itself was scanned.

sults based on data from SMM andvbservations were also(1995). The analysed raster was taken using the Normal Inci-
published byévestka et all (1987). dence Spectrometer (NIS) with tBex 240 arcsec slit oriented
Using observations from SOHO Coronal Diagnostic Speirt the N—S direction.
trometer (CDS) and Yohkoh SXT, we examine in this paper a The size of the raster analysed in this work2i3.8 x
decaying PFL system inits final phase when the loops are fadil).2 arcsec, the spatial dimensions of one raster element are
and becoming invisible. From SXT observations we derive tl2e032 arcsec in the E-W direction and 1.68 arcsec in the N—
time evolution of the temperature and the emission measuresimdirection. The exposure time of one spectrum was 45 s and
the hot part of the system during its decay. The CDS data vithe scanning started at 11:58:27 UT and finished at 13:47:05 UT
used to determine the vertical thermal structure of the examingeée also Fid.]1). The whole raster consists of 120 exposures and
loop system using the temperature sensitive line pair of\He the total raster duration was 1h 48min 38s. This gives the CDS
at 360.8A and SixIl at 520.7A and its electron density from scanning speed 54 s per one N-S stripe. It is clear that when
the density sensitive line pair of BV 334.2/353.8. From inte- highly dynamic phenomena are observed, as for example PFL,
grated intensities of several allowed lines with different forma long scanning time can influence the shape of the observed
tion temperatures the emission measures were calculated. Fsbmctures and one has to be very careful when interpreting such
these measurements we estimated the geometrical filling faabservations. The observation was carried out in 16 spectral
at the top of the PFL system in &V lines. The values of the windows 20 pixels wide, in the spectral direction. Each window
temperature and the electron density were then used to estincargesponds to spectral width approximately 1888r NIS |
the cooling time of the system from its initial temperature dowaind 2.23A for NIS II. The spectral lines are usually in the mid-

to~ 2 x 10* K. dle of these windows. A list of the 14 spectral lines available
and their approximate formation temperatures is given in Ta-
2. Observations ble[d. In addition to the 14 lines referred to in Tdble 1, there are

The analysed PI_:L system was a remnant of a small flare (GO sity sensitive line pair of eV at 334.2A and 353.8A.
class C2.9) .Wh'Ch occurred on 16th December 1996 on t fiese windows were used for determination of the scattered
south-west limb of the Sun. GOES X-ray fluxes showed t ht level.

the flare started at 12:20 UT, its maximum occurred at 12:29 U

and the GOES event finished at approximately 13:00 UT. There

are no direct observations of the flare itself because during th@. SXT

flare Yohkoh was in the shadow of the Earth and the slit of CDg, ¢ gt X—ray Telescope — SXT on board Yohkoh is described

was high above the flare region. The data concerning the Phldetail in Tsuneta et all (1991). The SXT is able to obtain
system was taken only before and after the GOES event anqipﬁ )

. L T e sequences of images in one of five filters with the time
time dlstnbut!on IS p_resented on the background of GOESygyytion better than one second. The pixel size of the CCD
X-ray fluxes in the Fid.]1.

detector is 2.45 arcsec.
As we mentioned above, the Yohkoh satellite was in the
2.1. CDS shadow of the Earth during the flare (see Elg. 1), so that the only

SXT images available were taken before and after the flare. In

The Coronal Diagnostic Spectrometer - CDS on board SOHQUSS analysis we used only the SXT data obtained after the flare
fully described in Harrison et al. (1995) and Harrison & Fludra ysiswel y ! .

Eve% more spectral windows which are adjacent to the important
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Fig. 2. Atime sequence of Yohkoh SXT images taken in
Al1 filter showing the time evolution of the hot part of
the PFL system. The times when the majority of these
images was taken correspond to the times when the slit
of CDS scanned the loop system (compare with[Fig. 3).

S

13:26:40 13:29:52 13:33:04

Table 1. List of available lines and their formation temperatures. As3. Structure and time evolution of the PFL
terisks indicate the density and crosses the temperature sensitive linderived from SXT and CDS observations

pairs used in this analysis. ) i
The time evolution of the hot parts of the PFL system £

2.5 MK), at approximately the same time when the slit of CDS

lon Wavelength  Temperature O y e : -

A K scanned it, is very well visible in the images obtained by SXT
Hel 58433 2 % 10° (Fig.[2). A rapid evolution of the hot part of the loop system
o 599.59 10° is seen in the first pictures of the sequence, while very little
ov 629 73 2.5 % 10° change is seen in the last images. The length of the loop deter-
Cax 557.77 6 x 10° mined from these pictures is approximately x 10° cm. Itis
Mg Ix 368.06 108 also apparent that the examined loop system is surrounded by
Mg X 624.94 1.1 x 10° a hot rare coronal plasma. An influence of this plasma has to
Six 347.40 1.3 x 10° be taken into account when the temperature, emission measure
Six 356.04 1.3 x 10° and electron density are determined. Apart from the PFL sys-
Fexi 364.47 1.6 x 102 tem and the rare coronal plasma around it, it is also possible
F?X”L 348.18 16> 107 to recognize some loops above PFL and two bright points; one
?'ef(':v* 252?; }'2 i 186 above the northern footpoint of the loop and the second under
Fexiv* 353:83 1:8 % 108 it. These two bright points brighten when the PFL system is

Fexvi® 360.75 2.9 % 10° disappear?ng. In this anglysis we discm_Js.s on.ly the pehqviour of
the conspicuous loop-like structure visible in the first images
of the sequence.

The first usable, not overexposed SXT image of the sequence of The CDS images of the PFL system, in eight selected lines
interest was taken at 13:07:28 UT and the last one a long timbich cover the temperature range framx 10* K to 2.2 MK,

after the examined PFL system had disappeared. The time gapshown in Fig.]3. Here, in all lines roughly only one half of the
between two consecutive images was 64 s. The observatidoap system is clearly visible. Why this happens in the hot lines
sequence was carried out in two filters. One image taken(ii > 1 MK) is apparent from a comparison of the CDS images
Al1 filter was followed by two images taken in AIMg filter. with the time sequence of images obtained by SXT (Hig. 2). The
From the intensity ratio in these two filters the time evolution dfot loops in the raster are visible until approximately 13:22 UT,
the temperature and emission measure of the observed hot RfAich corresponds to the time when the hot loop observed by
plasma was determined. SXT starts to disappear as well. It will be shown in the next
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Fig. 3. Part of the CDS raster with the PFL system in eight chosen lines spanning the temperature rarge t@hk to 2.2 x 10° K (image
in negative). The times on the-axes correspond to the positions of the CDS slit in the raster. The time goes from right to left because the CDS
slit scans from W to E and is oriented in N—S direction.

section that this is mainly due to plasma depletion from the loagiratification of the loop system by the combined effect of cool-
In the cooler lines this could be due to the combined effect ibig and scanning speed. We believe that at least in the lines with
plasma depletion and cooling. formation temperature above 1 MK we observe a real tempera-
It follows from the way the CDS rasters are built that theure stratification with height, as a 'snapshot’ of the PFL system
eight images with the loop-like structures in [Eig. 3 are exactiyolution.
cospatial. When the positions of the tops of the semi—loops When the shapes of the semi—loop structures visible in hot
taken in different lines are compared, it is apparent that thcesed cool lines are compared (Hig. 3), it is apparent that they are
in the images which are taken in lines having higher formationuch smoother in the hot lines while in the cool lines there are
temperature lagbovethose formed at lower temperatures. Osome irregularities in their shapes (structures inside the dotted
the other hand, the structures visible in different lines are rimbxes). They are clearly not a part of the loop system, so they
spatially separated, but they are overlapping, which is demdrave to result from a combined effect of the PFL system time
strated in Figl#. This temperature stratification with height cavolution and the finite scanning speed of CDS. We interpret
be either real, as it is supposed in theoretical models of PHiese irregularities as a manifestation of a rapid cooling of PFL
(Kopp & Pneumann_ 1976, Forbes & Malherbe 1986, etc.), ptasma visible in cool lines. If we admit that there is a real tem-
it could be mimicked by the combined effect of cooling angerature stratification with height in the observed PFL system,
scanning the loop system with the CDS with a finite speed. Ttieen plasma with temperature a little higher than the formation
scanning across the loop tops in all available lines took appmperature ofthe particular line is located above the brightloop
roximately 5 min (see Fif]3). In contrast, SXT measuremerttsps seen in that line, and this hotter plasma is at that moment in-
(Sect. 4) show that plasma cooling in the hot part of the systeisible in this line. But since the CDS slit scans the loop system
is very slow. Also the theoretical estimate of the PFL plasnith a finite speed approximately one step per minute (ifFig. 3
cooling rate (Sect. 7) does not show any fast cooling in the tefream right to left), the plasma with temperature just greater than
perature region above 1 MK which could explain the thermal the formation temperature of the particular line manages to cool
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down and becomes visible as the irregularities in the loop-like The time evolution of the mean plasma temperature in the
structures. Because the time necessary for the completion of twep (upper graph in Figl5) looks rather complicated. At the
N-S stripe exposure is approximately only one minute we chaginning of the observational sequence, from 13:07:28 UT to
interpret these irregularities as a manifestation of very rapit3:17:04 UT, a manifestation of slow plasma cooling from the
probably radiative plasma cooling visible in\Q O Il and per- initial temperature 2.8 MK down to 2.5 MK in approximately
haps also He lines. Since in the hot lines no similar feature§00 s can be seen. Then the temperature behaves rather chaotic.
are seen, we believe that plasma visible here cools much mdrfe believe that this could be accounted for by the influence
slowly compared to the CDS scanning speed. of hot rare coronal plasma surrounding the PFL system, the

Another prominent feature is the dependence of the shagxistence of which we mentioned in the previous section. When
ness (or diffusivity) of the PFL images on the formation tempéhe emission measure of plasma inside the examined loop was
rature of the line which was used to take the image. From thrich greater than the emission measure of other plasma along
CDS data available it follows that the images taken in hottre line of sight, the manifestation of plasma properties in the
lines tend to be more diffused than the ones taken in cool linesamined loop prevailed over the manifestation of properties
which are much sharper. On the other hand, for example, in thfesurrounding plasma. But as the emission measure of plasma
image taken in He line (Fig[3), the loop top where the CDSinside the loop was decreasing with time (see lower plot in
slit was parallel to the scanned structure is quite sharp but ffig.[5), the measured quantities were more and more influenced
part of the loop in the lower left corner, where the CDS slit wasy the properties and behaviour of other plasma lying along the
perpendicular to the scanned structure, is rather diffused. Solime of sight. So we believe that plasma inside the PFL could
believe that this is probably caused by the combined effectaintinue cooling even after 13:17:04 UT because the values of
CDS scanning and different speed of plasma cooling in differethe temperature later on are probably very strongly influenced
lines, rather than by a real structural difference of hot and cdmf other hot coronal plasma along the line of sight (seeFig. 2).
loops, although using this data we can not completely exclude The behaviour of the total emission measure along the line
the possibility of real structural difference of hot and cool loopsf sight averaged over the area of the whole Idé&V/;,:),
presented in the lower graph of Hig. 5, looks much simpler. It
decreases very quickly (inapproximately 960 s) fromits original
value(9.2+0.3) x 10%® cm5 at 13:07:28 UT to its final value
The SXT data and filter ratio method (Hara et al. 1992) we(e.2 4 0.2) x 10?® cm~> at 13:23:28 UT. Because such a rapid
used to derive the time evolution of mean temperature and endecrease ofE'M;,;) can be explained only by plasma depletion
sion measure during the decay of the loop system. The intémm the PFL (see also Fig| 2), we can expect a strong down-flow
sity, in each filter (Al1, AIMg), was integrated from an area obf hot plasma from the loop to its footpoints along the magnetic
189 pixels which lay inside an intensity contour 39% above tffield lines. Later on, the behaviour GF M;,;) becomes slightly
background containing the whole loop (see Hig. 5). Howevehaotic again, which we believe can be accounted for by rare
during the analysis we found out that the general behaviourhat coronal plasma along the line of sight, with a mean emission
the mean plasma temperature and emission measure is almussure EM..,,-), which does not belong to the PFL system.
independent of the chosen area of the loop system where Bezause the emission measure is an additive quantity, the mean
intensity was integrated from. A similar result was obtained mission measure of plasma inside the loop system itself is
Schmieder et all_(1996).

4. Analysis of the SXT data
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(EMpp1) = (EMyot) — (EMeor) (1) maximum mean electron density (5.5 + 0.2) x 101° cm=3

o o and the minimum density i€7.0 4= 1.0) x 10° cm~3. On the
If the mean emission measure of plasma inside the loggher hand, if we suppose thaf M,.,.) equals one half of the
system E2M,, ;) isknown andifitis possible to estimate the sizgmost constant value dZ1M,,,;) at times from 13:23:28 UT
of the loop systenD along the line of sight, a simple formula tq 13:39:28 UT, which is approximatelfZM,,;) = (2.1 +
1 D 0.5) x 10%® cm~5 then the maximum mean electron density in
(EMpyp1) = 57/ / nZdidS~ (n2)D (2) theloopis(1.4+0.2) x 10'° cm3 and the minimum density
PIL S Sppi JO is (5.0 + 2.0) x 10° cm~3, for the same value ab as in the
can be used to estimate the mean value of the second poévious case.
of the electron densityn?) in the loop system. If we suppose ~ From the emission measure analysis we found that there has
that all the emitting plasma is deposited inside some filameri® be a plasma outflow from the examined loop system. Using
which are not resolved by SXT and which have the same elége quantities obtained above and with the help of the continuity
tron density, we can calculate the mean electron density in g@uation it is possible to estimate, though very roughly, the
volume occupied by the loop systern,) = \/(n2). S, is  Velocity of plasma outflow along the magnetic field at the base
the area over which the intensity is integrated. of the loop. If we suppose that the cross-sectional area along the
From the SXT images and CDS rasters (FIgEl 2, 3) we deop is constant, we get for a velocity of a symmetrical plasma
termined the apparent diameter of the loop system in the plan#flow to both footpoints- 10 km s~*. If the plasma outflow
perpendicular to the line of sigh,,,,, = (4.0+£0.7) x 108 cm. is directed only to one footpoint of the loop system then the
If we assume that this apparent diameter obtained above eqi@lécity would be approximately twice larger. This rather low
D and (EM,;) = (EM,,), so that all the emitting plasmavelocity contrasts with much stronger flows ¢ 10* km s™')
along the line of sight is concentrated in the loop system, tRBserved in cool H loops (Wiik et al.[1995). This could be
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explained by quite different pressure scale—heights in these tfcerrors is the unknown accuracy in the calibration curves of

cases. CDS which can introduce a systematic error into the line inten-
sities. Because this error is unknown, it could not be included,

5. Analysis of the CDS data bpt yvhen oneis mtergsted in a ratio of two line intensities with
similar wavelengths lying on the same detector, these errors tend

5.1. Fitting the CDS spectral profiles to cancel each other. This is the case of the density sensitive pair

Allresultsinthis section were derived from integrated line interE—eXIV ._On the _other hand, fora r_at|o oftwo qllsta_nt I_|r_1es or twp

sities, taking their uncertainties into account. Because the V\Llyfs lying on different detectors it can be qq|te S|g-n|f|cant. This
we obtained them was common in all following subsection's?, he case of the temperature sensitive paiKFESi X .

we will discuss it briefly here. We supposed that the spectra in

individual spectral windows (covering the wavelength interval.2. CDS temperature diagnostics

1.33A for NIS | and 2.33A for NIS 1) can be approximated To getinformation on the temperature distribution of hot plasma

by a sum of a constart representing the background (stra¥

light) and L Gaussian components representing the individug, the system across the loop tops we used the intensity ratio
g . P P g &f lines Fexvi at 360.8A and SiXIl at 520.7A which is
spectral lines centered at wavelengiis

temperature sensitive in the interval from 1 MK to 3.2 MK.
L o 2 The theoretical intensity ratio is also dependent on the relative

I; = by + Zak R (3) chemical abundance of iron to silicon which is not very well
k=1 k known (Meyei 1985) and which can also vary from flare to flare

I; is the intensity observed in thieth spectral pixel at the wave- (Fludra & Schmelz 1995). Moreover, as we already mentioned

length \;, ax is the amplitude;, is the FWHM of thek-th above, the observed intensity ratio can be quite significantly in-
Gaussian and = 0.6. fluenced by the systematic error resulting from the uncertainty

To obtain the best fit of parameteis, ax, \x andcy, we 1N the CDS calibration. These reasons prevented us from calib-
used the least square method and minimized the function: rating the temperature using only theoretical data and we had to
use another method based on our knowledge of the temperature
N1 L A=)\ TP obtained from SXT data. Therefore, we supposed that the maxi-
Z { . (bo + Z l €Xp — () ﬂ , mum temperature of plasma in the PFL system, measured using
k=1 the line ratio, corresponds to the plasma temperature measured
whereo; are the statistical errors in intensities collected in indby SXT at the same time.
vidual spectral pixels of the detector obtained from the photon The ratios of Fexvl and Sixll lines were determined in 13
statistics (Thompsdn 1997) aidis the number of spectral pi- pixels along the: axis from pixel numbers 22 — 34 (see Hij. 6).
xels. The searched integrated intensity of a giketh line can To improve the S/N ratio the signal was integrated from 6 pixels
be then easily calculated from fitted parametgrandc;,. along they axis from pixels 52 — 57. The error bars correspond
The statistical errors of the fitted parameters were calculated3s probability of the line fits and they do not contain any
only for the parameters concerning the spectral line of interestcertainties in values of theoretically calculated emissivities.
which directly influence the searched integrated line intensityheir very variable length is given by the theoretical dependence
(i.e. a5, cs andby). These errors were obtained by a standaaf the temperature on the emissivities ratio. The emissivities
method described in detail in Press etlal. (1989). Another soumeere calculated using ADAS (Summers ef al. 1996).

ag; ag; QCL,

i=1
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The results of this analysis are presented in[Big. 6, where these two windows was taken as the background. The error bars
intensity profile of the F&VI loop was also plotted. Itis clearly correspond to @ probability of the line fits. No uncertainties
visible that the temperature increases with height and reachesincluded in the theoretical dependence of electron density on
its maximum above the P&VI loop. Plasma with lower den- the intensity ratio. The course of the electron density across the
sity is probably located here. This distribution of temperatuteop top is shown in Fid.]7. These values were used to estimate
in the PFL system is in full agreement with the classical form#éie geometrical filling factor in the top of the loop system.
tion theory of PFL systems. The course of temperature under
the FeXxVI loop reflects the temperature of rare hot coronal 4
plasma surrounding the PFL system rather then the tempera-
ture of plasma located in the loops visible in lines having lowdihe integrated intensities of allowed lines with different forma-
formation temperatures. tion temperatures were used to obtain the plasma emission mea-
sure using the method originally designed by Pottasch (1963).
We assumed an isothermal plasma at temperdtnenich cor-
responds to the maximum of the contribution function (emis-
The CDS data was used to determine the electron density of $haty) of the given line. Then the integrated intensity of the line
hot part of the PFL system, using the density sensitive line paan be approximated by a simple formula:
of FeXIv 334.2/353.8 (Mason et al. 1997, Mason 1998). This

. CDS emission measure diagnostics

5.3. CDS electron density diagnostics

line pair is electron density sensitive in range approximately= — A G(T) EM , (5)
from 10° cm™3 to 10'' cm—3, where also the expected values &
of electron densities of PFL lie. where A is the elemental abundance relative to the hydrogen

The disadvantage of this line pair is that when plasma witind I is the integrated intensity of the particular spectral line.
temperature greater than 4 MK is present in the analysedThe contribution function&/(T") were calculated using ADAS
region, the FeXiv line at 353.8A is strongly blended with a (Summers et al. 1996) and the elemental abundances for a solar
very bright ArXvi line. Fortunately the temperature analysifiare were taken from Fludra & Schmelz_(1995). These abun-
of the SXT data and also the comparison of observed speaemces are subject t38% combined statistical and systematic
with the synthetic spectra calculated with CHIANTI (Dere et alincertainty. The errors of integrated line intensities resulting
1997, Mason 1998) showed that the plasma temperature infiteen the photon statistics correspond3® probability of the
analysed region is lower tharn 3 MK, so that the blending line fits.
is not prohibitive. The theoretical dependence of the electron The values of the emission measure were determined at the
density on the intensity ratio was calculated using CHIANTI.brightest regions at the tops of the loop—like structures visible

The electron densities were determined in 13 different pi+ CDS raster in different spectral lines. These regions were
sitions along ther axis across the loop top, in pixel numbersne pixel broad in the: direction and the intensity was inte-
22 — 34 (see the raster in Hig. 6). Toimprove the S/N ratio the igrated from six pixels in the direction. The results are sum-
tensity was integrated from 6 pixels along thaxis from pixels marized in TablgR2 and the dependence of the emission measure
52 — 57. To determine the level of scattered light we connected line formation temperature is shown in the upper plot in
the spectral windows containing the given diagnostic lines wikig [8. Under the assumptions adopted in the Sect. 4 it is pos-
the adjacent spectral windows, and the minimum signal frosible to determine the mean electron densities from these val-
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Table 2. The results of the emission measure analysis.

lon Wavelength  Abundance  Emissivity10?°  z,y-coordinates  Intensity (EM) x 10727
A ergcn? s7* pixels egem?stsr! com™®
Oom 599.59 2.5%x107* 1.45 26, 54-59 63.84.6 0.24+0.1
Cax 557.77 4.4x107% 5.57 26, 47-52 89.99.7 46+1.9
Mgx  624.94 40x107° 223 27,50-55 323.811.4 46+1.5
Sixi 520.67 42x107° 1.64 28,51-56 170.37.9 31+1.1
Fexiv  334.17 4.8x107°%  1.52 29, 52-57 153.410.7 2.6+1.0
Fexvi  360.75 4.8x107° 219 30, 52-57 557.4+£37.8 6.7+2.5
1029 -
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L [0 4
= 1028 L Cax MgX FeXVI 4
5 : % 5 sixi ¢ g
% 1027 - FeXIV 4
£ F ol ]
5 r % 1
E 1026 3 4
W025 S O S S S A SR SRR -
0 1x108 2x10° 3x10°
Temperature [K]
10 ————
10°F %SXT 9
L FeXVI ]
L CaX MgX i
— SixII i
£ i % % % ]
&
_ . i
£ FeXIV
k] 109 jO||| 4
S r % ]
G L i
2
r b Fig. 8. The mean emission measures and electron densi-
ties obtained from allowed lines and SXT measurements
108 versus the formation temperature of the lines. The emis-
0 1x108 2x10° 5x10°  sion measure is calculated for the brightest parts in the
Temperature [K] tops of corresponding loops (see Talle 2).

ues of emission measure. We assumed that the size of the loolated from the emission measure derived from the intensity
system along the line of sight corresponds to the apparentali-O 1l is substantially smallex 7 x 108 cm~3.

ameter of the loop system obtained from SXT and CDS images

Dopp = (4.0 £0.7) x 10® cm. The dependence of the electron

density, obtained in this way, on the formation temperature@s Plasma filling factor at the top of the PFL system

hown in the lower plot in Fi§]l8. The mean electron densiti . . -
>ho the lower plot gl8. The mean electron de St%e results obtained from CDS electron density and emission

for lines with formation temperatures from 2.2 MK (5&1) measure analysis were used to estimate the geometrical fillin
to 0.6 MK (CaXx) remain almost constant with the temperatur, y g 9

(~ 3 x 10° cm™3). In contrast, the mean electron density Caﬁactor of the examined PFL system in the k& line. If we
assume that the plasma is isothermal and concentrated in fil-
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aments with a typical electron density, we can rewrite the Table 3. Geometrical filling factor across the top of the loop system

formula for emission measure in this way: determined using the Fe XIV 334.2 and 353.8 lines.
— 2 _ /2
EM =n.Dyeqr = <ne> Dapyp 6 z-pixel n?x1071° <n§> x 10718 f
where cm™° cm™®
26 5257550 4.3+24 0.087009
Dreal = / dal . (7) —2.76 —0.08
rad 27 9.817557  53+28 0.0510:0%
In this integral we calculate the total thickness of the radiatirzg 8.5015%  6.1+32 0.0770:08
elements along the line of sight. Using these quantities we caj 7.21+321 6.6+ 35 0.09+0:09
define the geometrical filling factor as 30 5457238 50439 0114011
f _ Dreal _ <”g> (8)
Doapp ng

; ; ; ; 2stimate of the time scale which a hot PFL with temperature of
The densityn,. in Eq.[8 has been derived from the density sens%e orderl0° K needs to reach temperature of the or%é‘r K
| y

tive line ratio Fexlv 334.2/353.8. This ratio measures the re:!\ q imole f la @vestka (1987 q lied
electron density. The value ¢f2) has been derived by divig- We used a simple formula @vestkal(1987) and we applie
ing the emission measufe), calculated from the allowed line a correction to the temperature gradient introduced by Varady

intensity, by the apparent size of the system along the Iine%fHe'.nzel (I997). The formyla was dgrlved from the energy
sight, Dy equation under the assumption of stati¢(¢) = const), fully

The quantities:? and <n2> are identical only in the Caseionized plasma. The first and the second term on the right hand
of homogeneous distribution of plasma along the line of sig de of the equation are approximations of conduciive and ra-

In this case the filling factor would be equal to one. If plasm ative losses:
is not distributed uniformly, the electron density obtained from dar T7/2 o
line ratio is greater than the density obtained from the emission37eks g = @ro—5~ +nexT™ . ©)

measure and the filling factor is less than one. Inthi iom — 0.4is th . liedto th
Using this method we determined the filling factor in pi-nt Is equatiom = 0.41s the correction applied to the tempera-

xels 26 — 30 £ axis) which correspond to the brightest partE’lre gradients 5 isEfge_BoItzmann cqnstarit,isthe semi-length
of the FeXIV loop—like structure. The uncertaintiessn and ofthe loopys = 107° (in CGS units) is the thermal conductivity

<n2> obtained in previous subsections were used to calculg(%amdem andy anda fit the radiative losses. The latter were
the uncertainty of the geometrical filling factor. The results af@ken from Cargill{1994) and are based on the model of Cook

summarized in Tablgl 3. From our measurements it follows thecﬁal' [1989):
the geometrical filling factor at the top of the examined PFL 1o _ 9, 19—23 T > 1065
system in the regions with maximum electron density irKfke

o —T7m—2.5 6 6.5
line (formation temperature 1.8 MK) lies in the interval from X T =3.5x 10722T ’ 10 5< <10 6 ’
~ (.01 to ~ 0.2. The great range of its possible values refleci 7" = 3.5 x 107, 10°<T <10°, (10)
the realistic uncertainties in our knowledge of elemental abup7* = 1.1 x 10~277%! | T <10° .

dance, integrated intensities afy,,,. _ - _ _

The value of the geometrical filling factor in flare loops has  Using the formula above and quantities obtained in pre-
an important consequence. The majority of flare loops obs¥{QUS sections we calcu_lated the theoretical time dependence
vations have been made by Yohkoh/SXT. However, SXT c&h Plasma temperature in the PFL. The model was calculated
measure only the emission measure and not the electron deriSiyne initial temperature 2.8 MK, which was obtained from
in observed regions. An approximation which assumes a honf3€ SXT temperature analysis and a constant electron density
geneous and isothermal plasma= /EM/D is often used 10'° cm™?, which corresponds to the value obtained at the top
to derive the electron density. This approximation does not taRhe loop system using the density sensitive line pair ofive
into account the possibility that the spatial plasma distributidr'® theoretical time dependence of temperature in the loop is
can be filamentary. If we assume that the typical electron déflown in FigE®. It follows from this model that the total cooling
sity in such filaments is approximately the same for all of theHine required to achieve the temperature of the otdrK is
and the electron density outside the filaments is much smaf@Proximately 750 s. In fact the cooling time will probably be
than inside, knowing the filling factor we can estimate the re!@nger, because from the SXT emission measure analysis we

electron density.. = /EM/fD of emitting elements with a Nave an evidence of a rapid decrease of emission measure in the
much better accuracy. loop system which reduces the radiative losses.

7. Cooling of the PFL system 8. Discussions and conclusions

It is generally believed that the post—flare loop plasma codtsthis paper we used simultaneously taken CDS and SXT data
mainly due to thermal conduction and radiation. To get a simgleexamine a decaying PFL system resulting from a small single
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Temperature [K]

Fig. 9. Theoretical time dependence of the temperature
of hot PFL, cooled conductively and radiatively from an
104 i i L initial temperature 2.8 MK. The electron density =
1 10 100 1000 10 cm™® in the loop is assumed to be constant with
Time [s] time.

loop flare GOES class C2.9. From the structural features cove admit that the decrease of temperature observed at the be-
tained in the CDS images taken in lines with different formatioginning of the observational sequence represents a real plasma
temperature we were able to confirm that plasma with highevoling and compare its speed to the speed of the emission mea-
temperature tends to lie over plasma with lower temperatuseire loss, we can conclude that this part of the system decayed
as it is expected by the PFL formation theory and which wasainly due to plasmadepletion from the system and the decrease
earlier observed by Cheng (1980) dwkstka et all (1987). Us- of the temperature played a minor or perhaps a triggering role in
ing the time evolution of temperature of hot plasma in the lodpe decay of the system. From the CDS data also follows that the
system derived from the SXT data and the theoretical estimatasma outflow from the PFL system, responsible for its decay,
of the cooling time of the hot plasma in the PFL system waarted in all lines at approximately the same moment.
ruled out the possibility that the observed thermal distribution To obtain the geometrical filling factor at the top of the PFL
of plasma, emitting at different formation temperatures, cousystem in Fexlv line (~ 1.8 MK), we first determined the
be mimicked by a combined effect of PFL plasma cooling aredectron density and its uncertainty using the density sensitive
the CDS scanning speed. Another argument which supportslihe pair of FeXIVv. This method reflects the collisional rate
reality of the thermal stratification in the loop system is thi@ plasma and is not dependent on geometrical fine structural
existence of the irregularities observed in lines with formatideatures in the system. Then we calculated emission measure
temperatures under 0.5 MK which are protruding from the CD8 plasma in the system from the integrated intensities of an
loop—like structures. Providing the distribution of plasma tenallowed line of FexIV at 334.2A (at the same locations where
perature discussed above is real, these structures can be natutadlglectron densities using the density sensitive pair were mea-
explained as a result of a very fast plasma cooling, which candged). The emission measure was used to calculat(arﬁ‘n)e
expected at these temperatures. A similar result was obtaiedl its error. Because during the whole procedure of fitting and
using the temperature sensitive line pain&é at 360.8A and calculating of all the quantities necessary to determine the fill-
Si Xl at 520.7A. Using this line pair we found that the hottestng factor we took a great care to proper treatment of all errors
plasma in the loop system is placed above the maximum intevhich can influence the results, we obtained a great, but realis-
sity of the highest loop visible in FgVI line. tic uncertainty of the resulting filling factor. The results of our
From the SXT emission measure and temperature analysisasurements are that the upper limit of the geometrical filling
we obtained that the main role during the decay of the hot péattor at the top of the loop system in K&/ line is~ 0.2 while
of the loop system was played by a plasma outflow from the syBe lower limit at least in regions of maximum electron density
tem. During approximately0? s the mean emission measure iiis ~ 0.01. Of course, the filling factor can be different for loops
the loop decreased to roughly one fourth of its original valueith different temperatures. Unfortunately the CDS data avai-
The velocity of the plasma outflow from the loop system at thHable did not allow us to carry out a similar study in lines with
footpoints was estimated to be approximately 10 krh, $or a  different formation temperatures. The results show that if the
uniform cross-sectional area along the loop. The time evolutietectron density is estimated from for example a SXT emission
of temperature obtained from SXT data shows some signsnoéasure without knowledge of the filling factor, the results can
slow cooling at the beginning of the observational sequenchiffer of factor from~ 2 to 10 from the real electron density in
Later on, when the emission measure in the loop system sthe observed region. This can strongly influence any theoretical
stantively decreased, the temperatures are strongly influenogdrpretation of such observations.
by the behaviour of the surrounding hot coronal plasma. When
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