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Abstract. Observational studies before and during the flare start were made in Ha (3-4 heliograph at Mendon
Observatory) on a large sample of ‘elementary’ flares, both on the disk and along the limb of the Sun. The
concept of elementary eruptive phenomenon (EEP) is proposed to describe these observational data. The
EEP may be considered as the basic element of complex flares which, then, are built up by the juxtaposition
of several EEP. In the inferred scenario, the chromospheric eruptive phenomenon consists of two systems
of loops: one cold — the surging arch — T~ 10* K, the other hot — the flaring arch —, covering a temperature
range up to 107 K. The footpoints of the two systems remain differentiated until extinction of the
phenomenon; their behaviour over time differs also. The surging arch (the magnetic flux emergence) rises
first progressively in the solar atmosphere and the upper part of the loop is heated to coronal temperatures.
The classical surge which is observed in the center of the Ha line, after the flash phase of the flare, is only
the late development of the surging arch. The flaring arch originates from a pre-existing low loop, which
is also able to rise in the solar atmosphere. These two systems coexist and may combine to form such
physical characteristics as mass motion, expansion and post-flash phase.

1. Introduction

The overall goal of this study is to contribute to a better understanding of the relations
existing between the different phases of flare build-up, starting from the concept of a
simple flare. A new conceptual scenario, based on observations, is presented below. It
differs from models proposed by certain other authors and reviewed by Canfield ez al.
(1980). Existing models generally leave some important problems unresolved, such as
those formulated by Svestka (1981, p. 53): “We do not yet understand the relationship
of flares to the various kind of mass ejecta (surges, sprays, eruptive prominences,
coronal transients). In particular, active events on the limb often show characteristics
that one can hardly reconcile with what we believe to know about flares from obser-
vations on the disk”.

A variable wavelength heliograph, built by R. Michard, has been operating at the
Observatoire de Meudon since 1966 (Banos, 1967). This instrument, functioning in
continuous surveillance mode furnishes a set of three images per minute (Ha,
Ho + 3/4 A; Ha - 3/4 A). It is thus adapted to the study of dynamic phenomena that
precede and accompany flares. Such phenomena generally escape detection by non-
automatic heliographs and by those instruments working only at Hao line center. The
three adjacent bandwidths (0.75 A) are obtained nearly simultaneously (within 15 s).
Thus, we can observe without temporal and spectral discontinuities (over 2 A), the start
and the evolution of the movement of absorbant or emissive material in a given chromos-
pheric structure. With this technique we have analysed more than a thousand flares.
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From the analysed flares, we selected a sample of simple flares and we studied only
their primary state of evolution, i.e. we neglected the expansion, the decreasing phase
and the eventual post flare loops.

It is well known that flares are associated with Ha mass motions. These can be
disturbances of preexisting filament* or transitory prominence like activity called ‘active
prominences’ by Tandberg-Hanssen (1977, p. 97, 2b).

The dynamic, continuous process shown in this analysis, and the observational model
derived from it, permit a better comparison between limb and disk observations of
simple flares.

In Section 2 of the present paper we show the emergence of magnetic flux preceeding
the flare start. In Section 3, the constitutive elements of the flare at its beginning are
considered. In the last section and empirical model is suggested and discussed.

Preliminary results of this study have been submitted by Martres ez al. (1981a, b).

2. The Surging Arch

2.1. DEFINITION

The concept of flare (brightness, duration, surface) is essentially based on Ha brighten-
ing. Dynamic phenomena such as DB (Disparition Brusque), surge, etc. ..., are only
associated with it and are considered as secondary. Observations of these phenomena,
their frequency, and their importance over the entire Ha line profile suggest that they
can play an important role in the mechanism of flare build-up. For example, Figures 1
and 2a show the evolution of two flares accompanied by movement of absorbant
material. This Hx absorbing structure, which we call the ‘surging arch’, appears first with
a linear shape, lying near the flare site in the B = 0 line (Figure 2b). Then, it evolves,
rising archshaped without discontinuity when observed with our 3-4 technique. The
archshaped development may be quite apparent as in Figure 1. Perspective effects play
a very important role. However, we have noticed that in every case two components
red and blue shifted simultaneous and not cospatial are present from the very beginning
of the structure. The blue component is predominant at the beginning while the red one
predominates during the final phase. They indicate the presence of material flowing
along a magnetic loop while it emerges. Generally at the appearance of the flare (bright
points), the shape of the surging arch changes drastically in Ha.

The observations performed with the 3-4 technique show that the classical surge which
is observed in the center of the Hu line after the flash phase of the flare is only the late
development of the surging arch.

Smith and Smith (1963, p. 107—109) relate earlier visual observations (1942—1951)
of surge behaviour which are in good agreement with our analysis of the last phase of
the surging arch.

* Note that we call ‘filament’ only the quiescent prominences and the relatively stable plage filaments (1 and
2a class of Tandberg-Hanssen, 1977, p. 97).
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Fig. 2b. Same event as in Figure 2a. Left: Schematic drawing of the surging arch and the flare at 13:00 UT
related to be B = 0 lines (Meudon magnetogram at 13:29 UT). The main sunspot is at u = 0.74 and the

direction of the disk center is also indicated. Right: The event in X-rays (GOES) is reported by the SGD.
Note that the beginning of the burst is associated to the surging arch.

The following table describes the evolution of the complete phenomenon formed by
the absorbant component (surging arch) and by the emissive component (flare):

Main phases Figure 1 Figure 2a
No surging arch, no flare 10:40UT 10:32U0T
Surging arch

(mainly upward) 11:15UT 12:30; 12:50 UT
Flare and surging arch 11:18 UT 13:00UT
Decay of surging arch 11:23UT 13:12UT

Last phase of surging
arch (mainly downward) 11:33U0T 13:16 UT

The expansion velocity
of the surging arch in
the sky plane >280kms~! =50kms™!

The velocities given above are in good agreement with those of the surges observed
on the solar limb (Rust ezal, 1980, Table 7.1: 100 km s~ ' and Banos and Dara-
Papamargariti, 1983, 60—400 km s~ !). Note on the sketch in Figure 2b that the surging
arch is rooted on the B, = 0 line, while the flare is anchored in both polarities.

2.2. STATISTICS

When a filament already exists at the flare site, its destabilization precedes the flare. The
chromospheric dynamic preflare phenomena reviewed by Martin (1980), Van Hoven
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et al. (1980), and Hiei (1981) are of two types: activation of a preexisting filament or
appearance of a preflare absorbing feature. To make statistical evaluation of the different
classes of flares associated with these two types of instabilities we have taken material
used by Martres ez al. (1977). In that work, covering the period June 1970—September
1973, 81 flares listed in the QBSA (Quarterly Bulletin on Solar Activity) occured during
patrol observations with the 3-1 heliograph. Of these 81 flares, eight were out of the field
of the instrument: 73 flares remained for the statistical sample. In order to assure that
the sample is representative we compare in Table I the distribution of the flares according
to their importance to that given by Smith and Smith (1963, p. 64). We find good
agreement between the obtained percentages and we conclude that our sample is
unbiased and, thus that the results obtained are significant.

TABLE I

Comparative statistics of flare importance

Smith and Smith (1963) Present work

Total number 4699 73

% %
Subflare 75 71
Imp1 20 25
Imp2 5 4
Imp 3 0,5 0

(i) The observations used by Martres et al. (1977) are classed by us in the following
categories:

— flare preceeded by

activation of the filament 15(26%,)

— flares preceeded by a
surging arch 34 (58%)

— flares without filament 1( 2%) outside the spot
or surging arch 8 (149%,) on the umbra.

(These categories are not linked to the importance of the flare). From our sample we
excluded eight doubtful cases (difficult to precise if filament or surging arch) and seven
cases situated too close to the limb.

In conclusion, more than half of the studied flares have not associated filament, but
rather a surging arch visible in the wings of Ha which preceded the appearance of the
flare; only a quarter of all cases can be associated with a destabilization of a filament.

(ii) For the studied sample we determined the delay between the beginning of the
surging arch and the flare: the average is 11 min and the extreme values are 35 min and
1 min.
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2.3, DISCUSSION

In Axisa et al. (1973) some relationships between transitory Ho absorbing features prior
to the flare (surging arches) and type I11 bursts were established. Kane eral. (1974)
studied absorbing structures without flares and found that they are also associated with
type II bursts and that some of them (7/15) have simultaneous soft X-ray emission.
This means that type III radio bursts and soft X-ray emissions often accompany surging
arches observed in the center and wings of Ha line, even in the absence of flare emission.
Rust et al. (1977) found 6/54 cases in which X-ray emission might be associated with
surge activity observed in the center of Ha line,

In Figure 2b we give an example of the X-ray burst (SGD~GOES) associated to the
event given in Figure 2a. In both channels the beginning of the burst is associated with
the surging arch at 12: 50 UT. We note that this X-ray observation shows, as do many
others a maximum which precedes the flare maximum (see arrows in Figure 2b).

2.4, MORPHOLOGY OF THE SURGING ARCH

Among our Ha data we found two cases where a simultaneous EUV observation is
available. In both, EUV emission is associated with a surging arch.

The June 16, 1973 event described below, includes surging arch and its flare (Solar-
Geophysical Data: 18:11-18:33 UT).

The evolution of the complete phenomenon — surging arch and flare — is shown in
Figures 3a and 3b and is described below:

A 1732 Appearance of a small and very weak brightness visible in Hu line
center.
B 1745 Appearance of mainly upward flowing absorption material (surging

arch) on By = 0 (Figure 3a, arrow) and enhancement of 0—3 A
channel in SOLRAD-9 data (SGD).

1750 Flow of absorption material in the form of a loop, upward in one
leg and downward in the other.
1753 Enhancement of the flare brightness and formation of an arch of
absorbing material (surging arch).
C 1755 Surging arch in Ha continues.
C" 1755 No visible structure 7 = 2 x 10° K in the Fexvl line (from Eddy,
1979, p. 94) at the location of the surging arch.
1803 Flash phase of the Ha emissive component. The anchor point of
the surging arch situated out of the parasitic polarity is displaced.
D 1813 Surging arch and flare, the absorption is arch — shaped in Ha.

1813-1827  (Figure 3b) Small bursts in hard and soft X-ray (lack of obser-
vations 1750-1812).
E 1818 Upper part of the surging arch disappears in Ha.
F 1822 Bright arch shape feature in the EUV (ATM Skylab, Reeves et al.,
1977) at the place of the upper part of the surging arch (Figure 3b).
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Fig. 3a. Development of the surging arch and the flare on June 16, 1973. For the five observations shown

here (labelled A through E), the images in the wings of the Ha line (He ~ 3/4 A, left; Ha + 3/4 A, right)

are given with the composite drawings which have been enlarged three times. The arrows represent

movement of cold material, the dotted line Hx emission. At C'—1755 the Hy center line image is compared

with the Fexv1 schema; note that at 2 x 10° K no structure is visible at the location of the surging arch
(arrow).
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Fig. 3b. The same as in Figure 3a at 18:22 UT: above the wings of Hy; below the EUV images; center,

composite drawing of these four images. The arrows represent movement of cold material, and the dotted

hatching the EUV hot arch; these two systems form the surging arch. The ‘flag’ seen in EUV is shown with
a broken line and the He flare with a dotted line.
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No significant difference in shape appears in the observed tempera-
ture range (5 x 10° K < T< 3 x 10° K). Concerning the flare, the
Ho and EUV maxima coincide. In Nevii, Fexv + SX1v, a ‘flag-
shaped’ brightening is observed which shrouded this maximum.
Table II gives the temperature range of the EUV data.

1832 Diminution of the phenomenon observed in Ho and end of the
film.

TABLE II

HCO spectrometer detectors

Channel Ton Tax

3 Nevil (465 A) 48 x 10°K

4 Fexv (417A) 2.5 x 105K
Sxiv (417 A)

5 Fexvi (335A) 2.0 x 106K
Mgvin (335 A) 23 x 10°K

Rust and Webb (1977) studied a major flare which occurred four hours before in the
same active region but in another site. Figure 1 of their paper shows that during this
major flare no activity existed in the flare site studied by us.

An event on September 1, 1980 is shown in Figure 4 of Martres et al. (1983): the Ho
surging arch is outlined by S 1V emission with an enhancement at the top (SMM-UVSP
experiment).

2.5. PHYSICAL PARAMETERS OF A SURGING ARCH

(i) Temperature. A surging arch is, at the beginning of its evolution, thermally
homogeneous and at a low temperature (T ~ 10* K); it is entirely visible in Ha and is
invisible in the EUV (Figure 3a, at C’ 1755). As a surging arch reaches altitudes
h =~ 5 x 10* km its upper portion is heating, it disappears in Ha and becomes visible in
the EUV, ie, T=5x 10°K and T = 2.5 x 10° K (Figure 3b, at F 1822); the lower
portions remain cool (visible in Ha).

Some authors have detected the presence of a hot structure (emitting in EUV) near
flares, which shows that at the time of observations a hot feature existed (Kane et al.,
1974; Lites and Bruner, 1979; Doschek et al., 1979; Hiei and Widing, 1979; Marsh
et al., 1981). Allthese observations are related to a structure which has the characteristics
of our surging arch but the lack of Hu off-band observations prior to flare onsets
prevented these authors from identifing these structures as surging arches. Webb and
Jackson (1981) observed the heating of the top of a cool spray at the limb to 7> 10° K.

(ii) Density. Ho photometry provides an estimate density of the surging arch. Since
the legs have a geometry comparable to that of two spicules — two vertical cylinders —
using the results of Beckers (1972), we obtain N, =1-3 x 10" cm > and
T =5 x 10* K at an approximate height £ = 3000—4000 km.
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The Nevii spectroheliogram (Figure 3b) gives a rough value of the density at the top
of the surging arch at June 16, 1980: N, = 10 cm " at T = 5 x 10° K. Hiei and Widing
(1979) found for Fexv, N, = 4 x 10'% cm ~3. Note that these two figures do not refer
to the same event.

(iii) Potential and kinetic energy. The raising up to A,,,, of the material contained in
a stretched loop (as we envision the surging arches) needs a potential energy of approxi-
mately

Brgax

W, () = 2 j ¢(h) p(h) S (yh i,
0

where g means the surface gravity, p the density, and S the section.
If we suppose that g(h), p(h), and S(h) are constant with altitude (%), we obtain

W, =gmyN,ShZ . .

For N, = 10'%m ™3, section § = (10* km)? and &,,,,, = 5 x 10* km, the potential energy
is W, =8 x 10?7 ergs. It is of the same order of magnitude as that of a very small
chromospheric flare. Webb ef al. (1980) mentioned energies of mass motions in flares
of the order of 6—600 x 107 erg. Hiei and Widing (1979) give for the potential energy
of a structure which may be identified with a surging arch W, =3 x 10¥ for
hmax = 2 x 107 km. The kinetic energy of the material of the June 16, 1973 surging arch
with vy, = 20km s~ is

W, =1imyv?N,V=4x 10" erg;

Hiei and Widing give W, = 6 x 10?7 erg.

Rust et al. (1980) give the physical characteristics for the cool part of the surging arch
(surge) at T = 8000 K, W, = 5 x 10?7-5 x 10*° erg.

(iv) Magnetic field. Using photospheric magnetic field data, we compared the anchor
points of the surging arch of Figure 2b with the line of inversion of polarity of the
longitudinal field (Figure 2b). We interpret the surging arch as newly emerging magnetic
flux in the chromosphere. It appeared first where the longitudinal field was nul, i.e.,
between two regions of opposite polarity independently of the u position. Then, the
anchor points span the B = 0 line with a small angle. In the upper layers the loops of
material can be used as tracers of lines of force.

We mention that Leroy (1982) measured the magnetic field of a surging arch at the
limb and found ~40 G.

(v) Velocity field. Observations of surging arches show a flow on the order of
20 km s~ . The direction of motion is always the same, rising along one branch and
descending along the other. The motion continues even after the upper portion of the
loop is heated (Figures 3a, b; Kane er al., 1974; Lites and Brunner, 1979). This means
that the magnetic loop is not yet broken and not yet reconnected.

In addition, the whole loop of a surging arch moves upward as shown in the table
of Section 2.1.



320 Z. MOURADIAN ET AL.

2.6. ABOUT THE ‘QUEENS’ FLARE’

We have looked for structures which can be identified with the ‘surging arch’ in various
papers describing the limb event of April 30, 1980.

De Jager et al. (1983) mentioned that during 18 min before the flare start, a loop filled
with moving material was observed in EUV.

Woodgate et al. (1981) claimed that this flare was preceded by an arch visible in C1v
which had “... a strong brightening at the foot point and the top of the loop as the main
flare started”.

In Rust et al. (1981), Figure 3 shows a preflare enhancement of the radio flux, 4 min
before the flare start-at 10.6 GHz.

Van Becek er al. (1981) observed near the flare a diffuse X component they called the
‘tongue’.

These preflare structures seem to have the main characteristics of surging arch (cf.
Figure 3 in Woodgate ez al., 1981).

3. The Flaring Arch

3.1. ELEMENTARY FLARES

There is general agreement among the authors (see review paper Michard, 1971) that
in the chromosphere all the flares (even compact ones) appear to be formed of two
distinct components situated on either side of a line of inversion of the magnetic field.
The most extented eruptions, two-ribbon flares, generally appear when a (pre-existing)
filament occupies the inversion corridor (B = 0).

In all cases these flares reach their maximum extent from multiple points that appear
locally well-separated and then merge to form the two components of the flare. This
phenomenon has often been identified and cited (Michard et al., 1964; Zirin, 1974).
When there is a rapid start the multiple points appear nearly simultaneously
(4t < 1 min). With a slower start, the expansion is better observed. Figure 4 shows two
examples of great flares. At line center the flare appears as a non-structured mass but
in the wings of the line the different pairs of starting points can be clearly distinguished.
This means that we may hypothesize that they are the constitutive elements of large
flares — and call them ‘elementary flares’.

This concept is not to be confused with the elementary flare bursts observed by
Van Beek et al. (1974) and by De Jager and De Jonge (1978) which are fine structures
seen in hard X-ray emission (~ 1 s). Events of this time scale are beyond the range of
our instrument which has a temporal resolution of one minute.

3.2. SPATIAL MORPHOLOGY

We will follow the first instants of development of the spatial form of a flare near the
limb anchored on bright points on the disk; the flare of August 11, 1972, is shown in
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1981, SEPTEMBER 10 1980, JUNE O4

gl | 23
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Fig.4. Examples of complex flares at Ha line center (first array). Note the individual points visible in the
wings of the Hu line.
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Figure 5:
1212 Appearance of a surging arch with vertical motion (not shown).
1217 Development in altitude of the surging arch feature and first appearance
of the bright points (not shown).

D 1218 Strong emission of the flare in the shape of aloop (2 ~ 10000 km). It rises
first from one of the bright points and becomes progressively brighter as
it rises, curving towards the second bright point which, itself rises slightly.
The loop does not appear to close completely on itself. Throughout the
evolution, the loop and the feet rest approximately in the same plane,
perpendicular to the magnetic inversion line. The rising branch seems
much larger than the other. We call this structure a flaring arch; the pair
of bright points visible on the disk are its anchorage points.

1220 End of flaring arch (not shown).
1231 Only the surging arch is visible.

1957, DEC. 26

13°25 13:26

13:27 13:28
Fig. 6. The flare on December 26, 1957; another type of flaring arch on the limb.
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This observation has been reported, in extenso, by Martres (1973). Among the
examples reported by Smith and Smith (1963, p. 87) and by Morivama (1977), to which
we may add the observations made at the Meudon Observatory, two types of flaring
arches may be identified:

(a) as illustrated by the observation at 12: 18 in Figure 5, mentioned above, and

(b) as illustrated in Figure 6 in which the process of evolution is the same (with
differences between the two branches), but the loop does not remain in the same plane
as its feet; it seems to be subjected to a spiral movement.

In both cases, observations show that the flaring arch appears first to be very low and
nearly circular. Rust ez al. (1981)in the Ha description of the April 30, 1980 flare pointed
out that the flaring loop had a height of about 3500 km. In the case of June 16, Figure 3,
the brightening of the flaring arch increased preferentially from the parasitic polarity.

At the expansion phase, when it exists, a flaring arch suffers a sudden perturbation,
it breaks up and the flare rises up. In this phase, reconnections may take place.

We think that the flag-shaped feature observed at 18:22 on June 16, 1973 in EUV
as shownin Section 2.4,1is a EUV structure superimposed on the flaring arch (Figure 3b).

3.3. PHYSICAL PARAMETERS OF FLARING ARCHES

(i) Temperature. The flaring arch has, from the moment of its appearance, a high
temperature and is thermally inhomogeneous. This feature can be observed in Ha, in
EUYV, in soft X-rays, implying a very large range of temperature from 10* to 10" K as
observed by Gabriel e al. (1981) for the Queen’s flare which seems to belong also to
the simple flare class.

(i) Magnetic field. The flaring arch outlines the magnetic field. As seen above, on limb
observations, it appears as a loop, at the beginning. On disk observations, the two bright
points appear simultaneously on each side of a B = 0 line. This means that the Ha flare
affects a pre-existing magnetic loop.

If the flare were the emergence of magnetic field, it would appear on the disk as a single
elongated bright structure at the beginning and only later would it become a
two-component feature. The observations never agree with this scenario.

On the other hand, we note that the anchor points of the hot loop and the surging
arch are never in the same place: the axis of the anchorage points of the flaring arch
is generally quasi-perpendicular to the By = 0 line direction. It is a very different
situation from that of the surging arch (see above).

Figure 7 indicates the apparent positions of the anchor points of the surging and
flaring arches, Their displacements (5—~7 km s~ ') measured over time are schematized.

Seen on the disk, the flaring arch, at its beginning, shows no radial velocities higher
than 5 km s~'. Some measurements with another technique give, for the rising velocity,
avalue of 2-3 km s~ ! (Mein and Mein, 1981). However, for flares observed on the limb
(Moriyama, 1977; Figure 13 in Smith and Smith, 1963; Meudon heliograph) the upward
velocities along the hot loop seen as emission in Ha, can reach 200 km s~ ! (Figure 6).
Thus, the measurements of the component of the velocity perpendicular to the surface
of the Sun are not concordant with the disk observations. The measurements made on
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Fig. 7. Schematic relative positions of foot points of a surging arch (full line) and the associated flaring
arch (dotted line). Note that the foot points are not cospatial. The arrows indicate their displacements
observed over time.

the disk show Doppler effects, hence, mass motions. The velocity observed on the limb
must be then the propagation of the excitation of the He line in a magnetic field loop
filled with pre-existing material that cannot be observed in Ha before the flare start.

After the formation of the hot arch, it can either keep its initial shape while reducing
intensity (static flare — Figures 2 and 3), or expand towards the corona with mass
motions (dynamic flare — Figures 1 and 4). In this case the Ho material may expand
and gain altitude with a velocity of about 100 km s,

4. Elementary Eruptive Phenomenon (EEP) — Observed Scenario

In the present work we studied the simple flare (flaring arch) and its associated surging
arch. The two components seem to have independant temporal evolution. Together they
form that we call the ‘elementary eruptive phenomenon’ (EEP).

As shown in Section 2.5 (iii) the potential and kinetic energy of the surging arch is
of the same order of that of the flaring arch, so we conclude that the behaviour of the
two structures must be taken in account into the energy budget of the EEP and more
generally of the flares. ‘

Below we give the observational scenario of the first phase of an EEP based on the
study of several EEP-s.

The surging arch begins several minutes before the start of the flare and lasts as long
as the flare itself and often longer. The magnetic field of the surging arch is on the order
of 40 G (Section 2.5 (iv)); the density ~ 10" cm™2 and the temperature ~ 10* K. This
arch can have a twisted shape. The material in the interior of the loop has a velocity
on the order of 20 km s~ and the ascending velocity of the whole loop is > 50 km s~!
and can reach 400 km s™!. The top of this arch heats up, reaching temperatures of
10°-10¢ K. Sometimes it is accompanied by type III and X-ray bursts (Section 2.3).
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The flaring arch or ‘flare’ appears in a pre-existing magnetic loop, low and circular
shaped. It is composed of dense and hot (10*-107 K) material. Velocities in the interior
of the hot loop seem to be low. Note that the anchor points of the hot loop and the
surging arch are never in the same place (Figure 7).

5. Remarks

(i) In flares associated with the destabilization of a pre-existing filament, the destabili-
zation may be due to the emergence of a surging arch located below it. Some recent
observations of emergence of a new magnetic flux close to filaments seem in good
agreement with this statement (Martin et al., 1983; Gaizauskas, 1983).

(ii) The magnetic field of the two loops rising towards the corona may collide with
the pre-existing field of the active region. The reconnection of the lines of force does not
appear to be the basic trigger mechanism but, as a possible consequence of the flare.

(iii) Because the top of the surging arch is heated (Machado and Emslie, 1979) and
reaches coronal temperature just before, or at the same time, as the start of the flaring
arch, we think that it is precisely this structure which led to the idea that the flare is
triggered in the corona. More intensive study of complete eruptive phenomena should
be made with appropriate coordinated observations in X, EUYV, optical and radio
wavelengths.

We must not that the surging arch has a poor probability to be observed on the disk
with a filter working in the center of the Ha line. When the structures, located on the
disk, have the same velocities as those measured on the limb (50—400 km s~ ') they are
outside the bandwidth. For instance, structures having velocities >30km s~ ! pass
undetected with a 0.5 A bandwidth on Ha.

We hope that the concept of EEP will aid the reconciliation of center and limb
observations of flares. Further study of the interactions of neighbouring EEP-s will
provide a better understanding of extended flares.
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