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Abstract. The 2D Hp spectral data of the post-flare loop system (PFLs) of August 17, 1989 are obtained and
analyzed quantitatively. Four physical parameters (the line-of-sight velocity V), column number density of the
hydrogen atoms at the second level along the line-of-sight direction N2, the excitation temperature Tex and the
micro-turblence velocity V;) and their 2D distributions are derived. The 2D fields of V,,, N2, Tex and V; exhibit
inhomogeneous and asymmetric properties in two loop legs. Red-shift velocities in the south leg are smaller than
those of blue shift in the north leg where the velocity reaches 60 km s~!. The values of N> and Ty in the south leg
are all much higher than those in the north leg, N> ranges between 0.5 to 4.5 x 10'3 cm ™2, while Te, ranges from 0.8
to 2.2 x 10* K, lower at the top part than in the two legs. A high temperature region is located in the middle

of the south leg. V; at the top part is greater than that in the two legs, with the average being 30~40 kms™".

1

Electron density n. and electron pressure P, are estimated at 0.2~0.6 x 10*' cm ™ and at 0.04~0.12 dyncm ™2,
respectively. These results are compared with those obtained from the PFLs of 1984 February 18.
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1. Introduction

The study of solar flares is an important and attractive
topic in solar physics. Modern observations obtained from
space and the ground show that solar flares have loop-like
structures (Pneuman 1981). In general, flares are com-
posed of more than one loop comprising a loop system.
There are two kinds of loops: X-ray loops and post-flare
loops, the former ones are the hot (~10° K) and high
(~10° km) loops observed with X-ray telescopes on space
satellites; the latter ones are the cool (~10* K) and low
(~10* km) loops observed in the H, line. The relation-
ship between the hot X-ray and cool H, post-flare loops
observed on June 26, 1992, was well studied by Schmieder
et al. (1995, 1996a) and their evolution was also given
(Schmieder et al. 1996b).

In order to explain the formation mechanism of the
cool and hot loops, a model of magnetic field lines which
are attached to the photosphere, extending into the corona
and continuously reconnecting to form magnetic loops at
the base of the corona was proposed by Sturrock (1968),
and later by Kopp & Pneuman (1976). Although the
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model successfully explained the upward motion of ma-
terial at the reconnection site, it did not account for the
large downward mass flow observed in the legs of the cool
loops. Forbes & Malherbe (1986) introduced a fast-mode
shock into the model and studied a complete MHD recon-
nection model, which could explain not only the downward
mass flow, but also the material replenishment of the loop
by chromospheric ablation. Based on the improved model,
Forbes et al. (1989) evaluated the relationship between the
physical parameters of the hot and cool plasma loops.

A 2D spectroscopic study is necessary to explore the
physical structure and dynamical evolution properties of
a whole post-flare loop system. By spectral analysis, one
may determine quantitatively many physical quantities of
flares (such as the velocity, density, temperature and pres-
sure, etc.) which may be used to produce a model of solar
atmospheric structure.

There are more difficulties in obtaining 2D spectral
data of flares with a spectrograph than getting their H,, fil-
tergrams with a telescope. So far, complete 2D multi-line
spectroscopic data of solar flares have still been rare and
the study of 2D multi-parameter fields of flares is very
poor. Li et al. (1993) studied the limb flare loop system of
1984 February 18 and the 2D multi-parameter fields were
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given in the H, line. On the 17th of August 1989, another
limb flare loop system was observed in the Hg line at the
Yunnan Observatory with the same instrument. In this
paper, four 2D parameter fields from the Hg spectral data
of the flare observed on 1989 August 17 are given and the
results obtained are compared with those derived from the
flare of 1984 February 18.

2. Observations and data reduction

A large post-flare loop system (PFLs) which occurred
above the big active region (NOAA 5629, S15°;W109°)
on the solar western limb on August 17, 1989, was ob-
served at the Yunnan Observatory with a two-dimensional
MW-SSHG (multi-waveband spectra-spectroheliograph)
instrument which is equipped with an H,, slit-jaw monitor
(Xuan & Lin 1993). According to the Solar Geophysical
Data, an X2.9 X-ray storm and a radio burst of 5600 flux
units at 10 cm were accompanied by the PFLs, which ap-
peared at 01:04 UT, reached its maximum at 02:40 UT
and ended after 09:11 UT. It was characterized by the
formation of some big flaring loops above the solar limb
and forming a loop system with the loop planes almost
facing on to the observer (i.e. the angle between the nor-
mal line of the loop plane and the line of sight is small).
From 01:40 UT on, the loop system was observed with an
H,, filter telescope and the MW-SSHG, which recorded 2D
spectra of the flare in two lines by using a scanning tech-
nique with a step distance of 6”. The spectra of H, and Hg
at four different times (02:35-02:40 UT; 03:14-03:18 UT;
03:41-03:45 UT; 06:36-06:40 UT) and the corresponding
H, images from the slit-jaw monitor were obtained simul-
taneously. Figures la and b give the H, filtergrams and
the Hg spectral frames, respectively. The PFLs was also
observed with the solar vector-magnetograph equipped
with an Hg filter at the Huairou Solar Station of the
Beijing Astronomical Observatory (Li 1990). The Hg fil-
tergrams at different time are given in Fig. 1c. This shows
that the PFLs is composed of many sub-loops which have
different heights and brightnesses between the two legs.

All spectral data are recorded on the film.
Unfortunately, the H, spectral data are over-exposured
and cannot be used for photometric measurements, but
the Hg-SSHG data taken in the prior three time intervals
are well recorded. The data were measured with the PDS
microdensitometer at the Purple Mountain Observatory,
by using measurement steps along the slit and the disper-
sion directions being 4” and 25 u (~0.02 A), respectively.
A great number of intensity profiles of Hg were obtained
at different points of the PFLs after transforming from
density to intensity and correcting for scattered light.
Relative intensities of Hg profiles are transferred into the
absolute ones by use of the calibrated spectra taken at
the centre of solar disk where there is no sunspot group.
There are 201 profiles in nine spectral frames computed in
the paper, most of them are multi-peak and asymmetric.
Some of the typical Hg intensity profiles are given in
Figs. 2a—e.
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3. Method of data analysis

The spectral analysis method is a key problem. The pro-
files of solar flares are usually asymmetric, sometimes ex-
tremely asymmetric (see Figs. 2b—e). Hence, it is difficult
to explain or process these asymmetric profiles. To solve
this problem, a method of “multi-cloud model” (MCM) is
proposed by Gu et al. (1996). In general, this method en-
ables us to explain and deal with the asymmetric profiles
of flares which occur on the solar disk or at the limb.

3.1. Principle

It is considered that a non-Gaussian profile is the sum of
several (for example, m) Gaussian sub-profiles produced
by m small emitting elements (the so-called “clouds”)
which show different or identical physical properties. On
the other hand, based on the research of profile asymme-
try in prominences made by Ye et al. (1985) and Chen
et al. (1987) by means of numerical and analytical meth-
ods, respectively, it is concluded that a main reason why
an asymmetric profile is produced in a prominence spec-
trum is that the source function and the velocity field
within the prominence exhibit a non-linear variation with
depth simultaneously. Therefore, we can use this analogy
to describe a non-linear change by use of some small emis-
sion elements (i.e. “clouds”), which are aligned along the
line-of-sight direction, with different (or identical) prop-
erties within the solar atmosphere and where there are
different source functions and velocities. The sketch of the
model is given in Fig. 3. For simplicity, the S and V in
each “cloud” are assumed to be constants, with each cloud
being not optically thick, and the profile is only broadened
due to the Doppler effect. For the objects at the solar limb,
the total intensity emitted by the m “clouds” Iy should be

m

Ly=) Si(1—e ™ exp(= ) ™), (1)
=0

j=1

where, m is the number of the “cloud” or the sub-profile.
Given 7y ,9 = 0, the optical depth of the jth emission ele-
ment is written as

C(AN= AN, @
AMp

In Eqs. (1) and (2) Sj, T0,55 A)\O,j Z)\QVY//J*/C and A/\D,j

are the source function, optical depth at the line centre,

Doppler shift and Doppler width of the jth “cloud”, re-
spectively.

™, = T()y]‘eXp

3.2. Mathematical analysis

In general, for a limb PFLs, the intensity value of a spec-
tral profile at a point with wavelength A; can be written
as

I, = F()\, X), (3)



706 X. M. Gu et al.: Two-dimensional multi-parameter fields of a flare loop system

ot e o

(a) (b)
01:47:35UT 02:09:23U0T 02:12:05UT 02:38:18UT 02:49:10UT

. y E &)
_ . |
()

Fig. 1. Post-flare loop system of 1989 August 17 observed with the MW-SSHG at the Yunnan Observatory. a) H, filtergrams
with slit-jaw monitor taken in different time. The black lines in the pictures show the positions of the incident slit of the spectro-
heliograph. The north is up, and west is to the right. The scan is carried out from the top of loops to the solar limb. b) A part
of the synchronous spectral scan pictures in Hg line taken from 02:35 UT to 02:40 UT. From the left to the right a series of
scanning frames are shown and the decrease in wavelengths is given for each spectral frame. ¢) Hg filtergrams taken with the
Solar Vector Magnetograph at the Huairou Solar Station of the Beijing Astronomical Observatory.
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Fig. 2. The Hg profiles of the flare on 1989 August 17. The solid lines refer to the observed profiles, and the dotted lines refer
to the theoretical profiles computed by means of the multi-cloud model method. a) Corresponds to m = 1, and b) ¢) and d)

e) to m = 2 and 3, respectively.

To Observer

I

Chromosphere

Fig. 3. A scheme of the multi-cloud model, where Iy, is the
background radiation of the chromosphere and I the observed
intensity.

where, X = (z1,z9,...,%4m) and 21,2, ..., ey, are 4m
independent physical parameters. According to the least
square method, the best representation of the total

intensity Iﬂ)s observed at the jth wavelength point is ob-
tained when

n

V(X)) =) [FO, X) - I (4)

j=1

is a minimum, where, n is the total number of wave-
length points measured (n > m). The vector that min-
imizes ¢ (X) must satisfy the following equation:

Y (X)
0Xk

g obs) OF;
=23 [FOGX) — L 52 =0, (5)
Jj=1

where F; = F(\;, X), k=1,2,...,4m. In general, Eq. (5)
is non-linear and can be solved by using a complete lin-
earization method (Fang 1985). Assuming that Xg is an
approximate solution and X = Xg + 60X, we have
0Y(Xo + 0X)
Xo+06X)=——F2 =0, 6

or(Xo+6X) = 0T )
where k =1, 2, ..., 4m. Expanding ¢ (Xo+ 6 X) into the
Taylor series in the neighbourhood of X and neglecting
the infinitesimal item of §X? and higher orders, one may
obtain the linearized equation

4m n

>3 { [0 - 1] sea +

i=1 j=1

OF; OF;

+¢r(Xo) =0, (7)
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(where k =1, 2, ..., 4m, (4m < n)) which can be solved
iteratively. Equation (7) can be expressed as

AelX = B, (8)

where A is a 4m X 4m matrix, B is a vector of 4m ele-
ments and 6 X=(X1,0Xq,...,0X4m). From Eq. (8) one
can obtain

X =A"'eB. (9)

Therefore, X = X+ 0X. Taking X as Xo and substi-
tuting it into Eq. (8), you may find a new 6 X in the same
way and so on until the § X — 0. Because the convergence
is proportional to (§X/X)?, the convergence is fast.

The solution is not mathematically unique, but one
may select the one with physically reasonable values for
the parameters that is consistent with the continuity as-
sumption along the loops (Gu et al. 1992).

3.3. Application of the method

In Eq. (1), m is taken as 1, 2 and 3, corresponding to
“one-cloud” (Beckers 1964), “two-cloud” and “tri-cloud”
models, respectively. For the PFLs of 1989 August 17, the
three “cloud” models are all applied alternately. The “two-
cloud” and the “one-cloud” models have been extensively
applied at the Yunnan Observatory (Gu et al. 1992, 1994,
1997; Li et al. 1993, 1994, 1998) and no longer have to be
proved in the paper. But the “tri-cloud” model method,
which is a special example of the MCM method, is first
used here to deal with the “tri-peak” profiles. When m =
3, Eq. (1) becomes

Iy = Si(1— ™) + (1 — e e

+83(1 — e ™3)e” (Matma2), (10)

If I = F(\ X), and z1,29,...,212 are S1,70,1,AAp 1,
AXo,1, S2,70,2, AAp .2, AXg,2, S3,70,3, AAp 3, A)g 3, then
these twelve physical parameters can be derived.

It should be pointed out that different “cloud” mod-
els are utilized for different profiles: if a profile is single-
peaked but asymmetric, or the profile is single-peaked and
symmetric but its adjacent profiles in both sides are asym-
metric, then, the two-cloud model is applied instead of the
one-cloud model; if a profile is double-peaked, but its ad-
jacent profiles are tri-peaked, and furthermore, the fitting
results are not satisfactory with the “two-cloud model”,
then the “tri-cloud model” must be considered (Dun et al.
2000).

4. Derivation and computation of physical
parameters

For each “cloud”, the four parameters (S, Alp, 7o
and A)g) are obtained by fitting both profiles: the ob-
served I;\’bs and the theoretical one which is given by
Eq. (1) at different sites of the PFLs. Some (profile) fitting
results of four parameters and the calculation errors at five
different sites of the PFLs are given in Fig. 2 and Table 1.
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Figure 2 shows that the theoretical profiles (shown with
the dotted lines) are all in good agreement with those
observed (shown with the solid lines) except for the line
wings, showing good accuracy of the method. Hence, the
parameters derived with the three “cloud model” meth-
ods can explain the observed profiles within a definite
accuracy. So, the line-of-sight velocity V;,, column num-
ber density of hydrogen atoms at the second level along
the line of sight Ns, excited temperature Teyx and micro-
turblence velocity V; may be calculated from the following
relations (Tandberg-Hanssen 1995):

Viy= A%Mm (11)
Mmec?
Ny = ngA)\D, (12)
of
Tex = W (13)
and
Vi ~ /A):\%ﬁ B 2:11;,(’ (14)

where both (the excited and kinematic) temperatures
are assumed to be equal, fa4 = 0.1193 is the oscillator
strength of the Hg line, my the mean atomic mass of hy-
drogen, k is Boltzmann’s constant, h is Planck’s constant,
me and e are the mass and charge of an electron, respec-
tively, bo and b4 are departure factors from LTE state and
as an approximation, the state departure from LTE in the
PFLs is assumed to be the same as that in a prominence
which was given by Gouttebroze et al. (1993). Based on
Egs. (11)—(14), four physical quantities are calculated at
different sites of the PFLs, the quantities at the five sites
are listed in Table 2.

The electron density and gas pressure of the PFLs
may be derived from the approximate computation of non-
LTE. An approximate relation between the electron den-
sity ne and the density of hydrogen atoms in a unit volume
of the second level along the line of sight no was proposed
by Poland et al. (1971):

Ne ~ 3.2 X 108\/71_2 and Ny = ng x D, where, D
is the thickness of the loop system along the line-of-
sight direction. Based on the Figs. 4-7, D is considered
as the leg width of the loop system, that approxi-
mately measures 1~1.5 x10% km. Then, if N, is taken
as 0.8~4.0 x10 cm™2, one may find that n. =
2~6 %1010 cm™3 and electron pressure Py = nekT ey, from
which, pe = 0.04~0.12 dyncm™2 can be obtained when
Tex ~ 1.5 x 10* K.

5. 2D physical parameter fields

The data obtained during the first time interval (02:35—
02:40 UT) are plotted in two directions: along the slit
(4" between two adjacent points) direction and the scan



X. M. Gu et al.: Two-dimensional multi-parameter fields of a flare loop system 709
Table 1. Physical parameters derived from the methods of “one-cloud”, “two-cloud” and “tri-cloud” models.
Profile rms
No. S 1 Sg 53 T01 To2 T03 A)‘Dl A)‘DQ A)\Dg A/\Ol A)\OQ A/\og (S ><10*2) m
A A A A A A
1(110/013) | 0.77 1.13 0.39 -0.05 0.14 1
2(110/003) | 0.31 0.44 147 1.22 0.70 0.33 -0.43  -0.15 0.22 2
3(114/007) | 0.40 0.20 0.55 1.29 0.34 0.48 -0.91  -0.17 0.32 2
4(113/006) | 0.49 045 0.42 049 046 044 0.37 0.34 0.30 -0.87 -0.31 025 0.28 3
5(113/007) | 0.32 0.60 0.81 0.16 0.43 0.19 0.24 0.85 036 -0.92 -0.29 0.21 0.42 3
Table 2. Four physical quantities computed based on Egs. (11)—(14) and Table 1.
cloud 1 cloud 2 cloud 3
Profile Vi Vi Tew Ns Vyy Vi Tew Ns Vyy Vi Ter No
Number km/s  km/s 10* 10" | km/s km/s 10* 10'® | km/s km/s 10* 10'3
K em™? K em™? K cm ™2
1(110/013) | - 0.39 21.81 0.63 3.12
2(110/003) | -26.53 12.77 1.22  7.30 - 9.26 22.39 1.42  2.85
3(114/007) | -56.15 19.60 1.36  1.33 | -10.49 26.56 1.04 4.39
4(113/006) | -53.68 16.53 1.49  1.28 | -19.13 14.21 1.43 1.11 15.43 10.58 1.39  0.94
5(113/007) | -56.76 3.73 1.24  0.27 | -17.89 49.77 1.65 259 | 12.96 12.94 1.96 0.48

(6” in a step distance) direction based on different posi-
tions of the PFLs, thereby obtaining their two-dimensional
distributions in V), N2, Tex and V4, respectively (Figs. 4,
5, 6 and 7). These 2D distributions are useful for the study
of the global properties of the PFLs.

Comparing 2D Hg spectrograms (Figs. 4-7) with the
Hg filtergrams (Fig. 1c), one can see that there is little
difference in morphology, because the latter shows higher
spatial resolution (1-2") than the former. Figures 4-7 and
Fig. 1c all show that the PFLs may be considered as a
whole loop system or an arcade-like structure, which pos-
sesses a number of sub-loops with different height and
unequal legs.

5.1. The line-of-sight velocity field V,,

The iso-velocity contour of V,, is given in Fig. 4, a zero
velocity line indicated with the dashed-dotted line runs
down from the top of the loop system to its bottom and
divides the loop system into two parts: the blue-shift veloc-
ity (moving towards the observer) in the north leg and the
red-shift one (leaving the observer) in the south leg. The
former is more predominant than the latter, with the blue-
shift velocity increasing gradually along its leg from the
top of the loop system downwards to the loop feet, where
the maximum velocity reaches 60 kms™!, and there are
some maximum and minimum velocity “mounds” within

Fig. 4. The line-of-sight velocity fields observed from 02:35 UT
to 02:40 UT on August 17, 1989 at the Yunnan Observatory.
The solid lines refer to the red-shift velocity, the deashed lines
refer to the blue-shift velocity, and the dashed-dotted lines
show the zero velocity, with the unit of velocity being km s™*.

West is up, and south is to the right.

the area of the north leg. For the red-shift velocity, there
is a maximum velocity “mounds” of 20 kms~! in the mid-
dle of the leg near the zero velocity line, the velocity then
decreases gradually all aroud. In addtion, there is a small
region with a red-shift velocity within the north leg.

The ascending motion of the two brightest tops of sub-
loops (designated with “A” and “B” in Fig. lc, respec-
tively.) is also given in Table 3, with the ascending veloc-
ities decreasing gradually to less than 10 kms™!, which is
in agreement with the statistics given by Svestka (1996).
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Table 3. Height variation and ascending motion for the tops of the two sub-loops which are indicated with “A” and “B” in

Fig. 1c, respectively.

No. 1 2 3 4 b 6
Time (UT) 01:47:35 02:09:23 02:12:05 02:19:28 02:38:18  02:49:10

At (s) 1308 162 443 1130 652
Height 5.60 8.70 9.95 11.19 15.54 18.28
(10° km) 11.19 20.52 21.76 23.13 26.11 26.86
AH 3.11 1.24 1.24 4.35 2.74
(10 km) 9.33 1.24 1.37 2.98 0.75
Ascending velocity 2.38 7.68 2.81 3.85 4.19
in average (km/s) 7.13 7.68 3.09 2.64 1.14

Note: The height and ascending velocity of “A” and “B” points are given in the first and the second lines, respectively.

5.2. Contour of the column number density N>

An iso-density contour of Ny along the line-of-sight di-
rection is given in Fig. 5, which shows that the distribu-
tion of Ns is inhomogeneous — there are some density
“mounds” at the top and in the legs. In particular, two
legs of the loop system are asymmetric in No, with N
being greater in the south leg (with an average value of
35x10'2 cm~2) than in the north leg (15x10'2 cm~2 on
average), which shows that the material in the south leg
is much denser than that in the north one. Comparing
Fig. 5 with Fig. 1c, one may find that the maximum value
of Ny in the south leg just corresponds to the brightest
tops of two sub-loops A and B, and the Ny “mound” may
be related to the tops of other sub-loops. There is a sec-
ondary maximum region in the middle of the loop system,
which runs along the axis of the loop system (i.e. the cen-
tral line of the arcade). The variation in Ny seems to have
little relation to the height above the photosphere, simi-
lar to that seen in a prominence by Zhang et al. (1987).
But it perhaps has some connection to the position within
the arcade. In general, Ny decreases from the central axis
of the arcade to its periphery where the thickness D is
small. The iso-value lines of N, show that there is a large
gradient between the arcade axis and the boundary.

5.3. Distribution of the excited temperature Ty

The temperature field of the loop system (Fig. 6) shows
that T,y in the south leg is much higher than that in the
north leg indicating the temperature asymmetry. Iso-value
lines of T, make an irregular arrangement, differing from
that of the N5 contour. On the whole, the temperature
varies between 0.8 and 2.2 x 10* K and is lower at the

Fig. 5. Diagram of the column number density of hydrogen
atoms at the second level along the line-of-sight direction,
scaled by 10'2 cm™2. West is up, and south is to the right.

top part than in the two legs. The highest value of Tey
is in the middle part of the south leg where it exceeds
2 x 10* K while the temperatures in the north leg and at
the top are 1.2~1.6 and 0.8~1.2 x10* K, respectively. No
apparent relation between T, and the height above the
photosphere has been found and no relation between Ty
and the position within the loop system (the arcade) has
also been found. Comparing Fig. 5 with Fig. 6 carefully,
it is found that T.x and N, are opposite to each other in
distribution, i.e. for some sites, Tex is high, but N3 is low
and vice versa. It is easy to understand that the higher the
temperature, the greater the number of hydrogen atoms
which are excited to the fourth level (N4). Thus, the num-
ber of atoms left in the second level Ny decreases because
of the conservation of the total atomic number.

5.4. Field of the turbulent velocity V4

The distribution of V; (Fig. 7) also denotes the asymmetry
in both legs and an inhomogeneity for the whole loop sys-
tem, but the difference between the south and north legs
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Fig. 6. Diagram of the excitation temperature scaled by 10° K.
West is up, and south is to the right.

Fig. 7. Diagram of the micro-turbulence velocity, with the unit
of velocity being kms™'. West is up, and south is to the right.

in V; is smaller than that in Ny and T,. V; varies between
20~50 kms—!, its maximum is located in the middle of the
loop top, similar to N,. The variation in V; with position
within the loop system is more apparent than that with
height above the solar limb, V; increases from the periph-
ery of the loop system (the arcade) to the center axis of
the arcade with a smaller gradient.

6. Discussion

It is found from computation that most of the profiles are
suitable for the “two-cloud” model, a part of them (13%)
for the “one-cloud” model and a few profiles (9.5%) for
the “tri-cloud” model. Thus, the “two-cloud” model is the
most useful method and its validity was tested by Heinzel
et al. (1992) by comparing the results obtained by using
the method and a full non-LTE method from the same
flare of 1981 May 16. Fitting accuracy of the “tri-cloud”
model is lower than that of the “two-cloud” and “one-
cloud” models (ref. Table 1).

Because of the lower spatial resolution of the MW-
SSHG data, one could not follow a fixed sub-loop. Hence,
a definite sub-loop which is described by the same cloud
number may be changed in other spectral frames, and it
is difficult to draw 2D contours according to a fixed sub-
loop. Therefore, Figs. 4-7 show, in fact, the average ef-
fect of many sub-loops. Different numbers of sub-loops
superposed along the line-of-sight direction may be one
of the direct causes of the existence of “mound” struc-
tures. For an MHD model, a thermal instability during
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the condensation process or an instability caused as a re-
sult of turbulence during the reconnection process could
also result in the inhomogeneity in loops.

Based on the reconnection model of magnetic field
lines, Forbes et al. (1989) predicted theoretically that the
plasma densities of cool flare loops should be ~10'3 cm 3.
Schmieder et al. (1995) studied the cool and hot PFLs
of 1992 June 26, and estimated the electron density at
2.2 x 1019 em™3. Gu et al. (1997) studied the PFLs of
1981 May 16 and estimated m. to be between 2.5 and
5.6 x 109 cm™3, P, from 0.12 to 0.3 dyncm™2 and V;
about 37.5 kms™! when 7T, = 15000 K. Some parameters
of PFLs are also derived from the NLTE radiative trans-
fer diagnostics. The gas pressure of loops ranges between
about 0.1 and 5 dyncm™2 and the electron density be-
tween 1010 and 10'2 cm™3 (Svestka 1987; Heinzel et al.
1992; Schmieder et al. 1995). The results given in this pa-
per are all in accordance with those obtained by other
authors mentioned above.

A comparison is made between the two PFLs obtained
respectively on 1989 August 17 and 1984 February 18 (Li
et al. 1993), with their 2D multi-parameter fields (V/,,
Ny, Tex and Vi) with Hg and H, lines, being compared.
The identical and different features are given as follows
(comparing Figs. 4-7 with Fig. 7 and Figs. 10-12 of Li
et al. 1993):

(1) For the Ny distrubution, there is an asymmetry
between the two legs and inhomogeneity (“mound” struc-
ture) in both PFLs, which may be formed by inequal-
ity between the two legs of sub-loops (ref. Fig. 1 of Li
et al. 1993) due to overlapping between different numbers
of sub-loops along the line-of-sight direction. Na of either
PFLs is independent of the height above the photosphere,
but is related to the site within a loop system.

(2) For both the PFLs, Ty« of either leg is asymmetric
and inhomogenous. Ty is higher in one leg than the other
and the maximum of T, is not located at the top. Also,
the variation of Ty is between 8000 K and 20000 K.

(3) It is a common feature for both systems that the
maximum of V; is located at the top part of the loop
system. The average variation of Vi is between 15 and
45 kms™?.

(4) Although the maximum of V;, is 60 kms™! for
the two systems, the patterns of V,, are different from
each other, because they are observed in different direc-
tions and perhaps have different models of material motion
within the two systems. The former is almost in the front
view and in the flash phase, at the opportune moment,
the material within the loop system should mainly move
upwards as a result of the “evaporation” of the chromo-
spheric plasma, with the north leg showing the predomi-
nant, blue-shift velocity. The latter is in the side view and
in the gradual phase. At that time, most of the plasma
matter falls down from its loop top, with the east leg show-
ing red-shift velocity. Even in the same model of material
motion, different morphologies of velocity fields will be
obtained when the observation is made in different direc-
tions. For the flare of 1989 August 17, the velocity fields
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observed at three different times were given by Dun et al.
(2000) and Gu et al. (2000), showing a slow evolution (See
Fig. 3 in Dun et al. (2000) or Fig. 1 in Gu et al. (2000)).
It means that the velocity (or perhaps other parameters
measured) will not cause essential differences in the devel-
opment of the flare. Discussion of the temporal variations
of the 2D distribution in Ny, Tux and Vi will be given
elsewhere.

(5) The electron density and pressure of the latter

PFLs are higher than those of the former, which may be
caused by different D in both PFLs.
PFLs are explained by some models of the reconnection
of magnetic field lines in the high corona with an X-point
where plasma is strongly heated. Forbes et al. (1989) con-
sidered that the slow shocks produced by the reconnec-
tion can generate a heat conduction front which propa-
gates along the field lines to the chromosphere and ablates
the chromospheric plasma, making it evaporate upwards,
thereby forming the hot loops and flare ribbons. The mat-
ter coming from the chromosphere falls down along the
post-flare-loops after the radiative cooling, and therefore,
it can be expected that the hot material moves upwards
(i.e. evaporation) and the cold moves downwards. In the
impulsive phase, the evaporation would be the strongest
and then it gradually weakens in the gradual phase when
the matter within the loops mainly falls down. In the flash
phase of flares, the energy deposited in the upper chromo-
sphere heats the plasma to coronal temperatures and cre-
ates a region of high pressure which drives the hot plasma
upwards. Thus, the blue-shifted velocity is observed for
the flare on the solar disk in soft X-rays. In the underly-
ing chromosphere, the plasma is driven downwards and is
seen as the red-shifted H, emission. Therefore, for a disk
flare the blue-shift velocity usually disappears in the grad-
ual phase. However, for a limb flare, if the angle between
the normal line of the loop plane and the line of sight is not
zero, then the matter in the loop moves up or down, as a
result of the projection effect, the red-shift and blue-shift
velocities may be observed at the same time, depending
on the relative position between the loop plane and the
observer.

Considering that the Hg spectral data of the PFLs
on Aug. 17, 1989, were obtained during its maximum
(02:40 UT), one suggestion is (Gu et al. 2000) that the
matter in the PFLs should rise up from the loop foot to
the loop top along the loop leg in a helical magnetic field
line under the combined action of solar gravity, magnetic
stress and the gradient of the atmospheric pressure in the
loop system, and the material distribution in the PFLs
would be inhomogeneous. In this case, a theoretical ve-
locity field of the PFLs is approximately calculated with
the aid of MHD theory. Results show the computed ve-
locity field is basically similar to the observed one (02:35—
02:40 UT). For the PFLs of 1984 February 18, which was
observed during the gradual phase, a theoretical velocity
field was given by Gu et al. (1989, 1991) under the assump-
tion that plasma matter within the loop system should fall
down from its top along a magnetic line of force within the
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loop leg, and calculations show that both of the velocity
fields are well in accord.

7. Conclusions

The 2D Hpg spectral data of the limb PFLs of 1989
August 17 are quantitatively studied in detail by means
of the method of “multi-cloud model” (one-cloud, two-
cloud and tri-cloud models) and the 2D distributions of
four physical quantities (i.e. the line-of-sight velocity V;,,
column number density of hydrogen atoms at the second
level along the line-of-sight direction N, excitation tem-
perature T,y and micro-turblent velocity V;) are given in
this paper. It is found that the velocities of blue shift on
the north leg, where the maximum velocity of 60 kms™!
is reached are more predominant than those of the red-
shift on the south leg. The values of Ny and Ty in the
south leg are all much higher than those in the north
leg. No and V; seem to change a little with the height
above the photosphere, but they are related to the po-
sition within the whole loop system, decreasing from the
center to the periphery. The maximum of N5 is in the mid-
dle of the south leg, where the brightest two tops of sub-
loops are located, and on average, Ny = 3.5 x 10'3 cm™2,
Vi = 30 ~ 40 kms~'. The maximum of V; is located on
the top part of the flare loop system, while T, on the top
part is lower than that in the two legs. A higher tempera-
ture region is located in the middle of the south leg, being
about 1.8~2.0 x 10* K on average. Electronic density ne
and pressure P, are estimated to be 2~6 x 100 cm~3 and
0.04~0.12 dyn cm ™2, respectively.

The derived parameters are compared with those ob-
tained from a limb flare loop system of 1984 February 18.
Results show that most of the parameters and 2D distri-
butions are similar for both flares except for the veloc-
ity fields which are observed in different directions and
formed in different models of material motion within both
PFLs. The asymmetry in the two loop legs and the inho-
mogeneity in the whole loop system are common features
for both flares. This may be produced by the inequality
between the two legs of sub-loops and the overlap of some
sub-loops along the line of sight. In addition, the local
thermal and turbulence instabilities during the condensa-
tion and the reconnection processes of magnetic field lines
could cause the inhomogeneity within PFLs.
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