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Abstract—Based on the analysis of solar events on August 18, 1995 (SN/C1.9 limb event) and September 23,
1998 (3B/M6.9 disk event) we suggest a new scenario of a solar flare with a surge in which the return motion
of a surge is a cause of additional energy release and formation of a second system of solar flare ribbons.
Observations in H,, line and data on x-ray emission fluxes in the range 1—8 A and 0.5—4 A are supplemented
for the second case by the data in line 1550 A. The scenario specifies two stages of development. During the
first one the energy release proceeds in the current layer, which makes provisions both for acceleration of
eruption upward from the solar surface and for the flare itself, including flare region heating, and radiation
and thermal conductance losses. The second stage of the flare is supplied with energy due to a fall of the surge
substance onto the chromosphere. The second pair of flare ribbons observed at this stage is suggested as a
chromospheric criterion of realization of this scenario for disk flares. The energy released during the first stage
of the flare on September 23, 1998 was equal to ~3 - 103! erg. Its part consumed on flare processes is about
~0.5 - 10*' erg. The remaining part representing the eruption energy is consistent in order of magnitude with
a calculated value of the flare energy on the second stage, which does not contradict the suggested scenario.
Early recognition of such a scenario for flares on the disk can be used for prompt space weather forecast. In
particular, a flare with a surge allows one to predict the absence of a bright core in a coronal mass ejection.
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INTRODUCTION

In paper [1] a topological model is presented that
provides for a common mechanism of formation of a
strong solar flare and a coronal mass ejection. This
model is based on the analysis of chromospheric phe-
nomena observed during powerful flares in active com-
plexes and large active regions on the Sun. In particu-
lar, such types of flare active structures as ring-like
bright structures on the ends of flare ribbons (SEFR)
and dynamic emission peripheral structures (PS) [2]
were found, described, and explained in the context of
the above model. According to the model, SEFR and
PS represent the bases of an arc large-scale magnetic
flux rope at different stages of its evolution. In the pro-
cess of eruption this rope is elevated to the corona
forming there a coronal mass ejection (CME).

In this paper, which is a continuation of the first
one, it is shown that the phenomenon of so-called
surges can be explained using the same approach. As is
known, the surge phenomenon observed on the limb
in light of chromospheric lines consists in the follow-
ing. Quick eruption of prominence matter is observed
during a limb flare, which is well seen in the picture
plane as lifting (expansion) of the prominence
upwards, away from the Sun. Further on, this motion
is slowed down with subsequent passage to back relo-
cation of ejected matter along magnetic field lines
downwards to the chromosphere. Apparently, similar
phenomena are observed on the disk as well. However,

it is difficult to reveal them due to overlapping of dif-
ferent directions of motion of matter in a flare along
the line of sight and because of ambiguous interpreta-
tion of concomitant manifestations of the Doppler
effect.

It is shown in this paper that some types of flare
chromospheric phenomena observed on the solar disk
can be interpreted as eruption of prominences with
subsequent fall of ejected matter back on the chromo-
sphere. The observed phenomena find their explana-
tion in the concept of a powerful solar event developed
by the authors. According to it, every such event
includes a flare and mass ejection. The concept admits
realization of at least two variants of the event sce-
nario. In the first variant the matter is thrown away
into the interplanetary space forming a CME with a
bright core [3]. In the second variant the matter of an
eruptive prominence falls back on the Sun and, hence,
even ifa CME is formed, most likely, it has no core [3].
The analysis of complex data of observations allows
one to suggest that, based on the character of develop-
ment of bright chromospheric structures (flare ribbons
FR, SEFR, and PS), one can perform early diagnos-
tics of an event and draw conclusion whether the event
will be accompanied by a coronal mass ejection or by
a surge. Usually, it is difficult to observe such phenom-
ena on the disk: if an event occurs on the disk, in this
case both CME and surge move to an observer. On the
background of bright solar disk, because of quick
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changes of temperature and due to a small variable
density of the ejected matter, the development of erup-
tions can be hidden from an observer. If growing CME
has no bright core and its angle of divergence is small,
it enters the field of view of a coronagraph beyond the
central mask when the CME density is already insuffi-
cient for precise diagnostics. In another variant of
ejection development the eruptive surge also can be
masked by bright details of a flare event on the disk.
Unambiguous interpretation of such phenomena
turns out to be a difficult task, especially when there
are no observations made by coronagraphs LASCO
onboard the SOHO spacecraft and in some other
ranges of wavelengths. The results of this paper allow
one to determine observational criteria according to
which identification of the event type at observations
on the disk is simplified.

FLARE WITH SURGE ON AUGUST 18, 1995

In order to study the scenario of the type ‘flare —
surge’ we have made a sufficiently comprehensive
analysis of the limb event on August 18, 1995. Though
this event included a flare of small power, it clearly
demonstrates typical features of this class of phenom-
ena.

We have used observations of the BBSO observa-
tory made in line H,. Simultaneous development of
the flare and eruptive prominence was well seen on the east
limb. The flare SN/C1.9 was observed from 17:17 UT
(here and below the universal time is used) up to 18:02
with a maximum of development at 17:22 (Fig. 1) [4].
The maximum of the X-ray burst was recorded at
17:11.

One of the bases of the arc prominence was com-
pact and located immediately near the flare arcade,
another base was located at a considerable distance
from the flare region. A spiral spin-up of lengthwise
strands of the magnetic rope along the arc clearly
reveals itself in the prominence structure. While there
were no discernible changes in first base during the
flare, the second base was significantly elongated at
the phase of maximum of the flare. The first (compact)
base became wider with height and resembled an
inverted truncated cone. In the second (remote) base
the process of untwisting of curled structure of the
prominence above the chromosphere was observed. It
should be noted (Fig. 1) that chromospheric flare
emission in the remote base was stronger at its ends in
comparison with the situation in the center. If this sit-
uation were observed at another aspect angle (flare on
the disk), chromospheric emission at this base, appar-
ently, would look as a bright ring on the chromospheric
background, similar to SERE

Variations of the height of several characteristic ele-
ments of the prominence are presented in Fig. 2, as
well as the plot of soft X-ray emission (1—8 A) accord-
ing to the data of GOES spacecraft. Unfortunately, the
interval of observations of the prominence does not
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cover the onset of the X-ray flare. However, retrospec-
tive projection of positions of characteristic details of
the prominence onto the surface of the Sun convince
that the flare onset and eruption of the prominence
have occurred simultaneously, which indicates to a
possibility of existence of a common source of energy
for the flare and for the prominence eruption.

At the second stage of the event a weakening of
emission of the flare arcade was observed. Matter of
the prominence was falling down, which was accom-
panied by chromospheric emission at its bases. The
second, relatively small maximum of X-ray burst near
17:50 can be interpreted as an evidence of additional
flare energy release due to falling matter of the promi-
nence. Magnetic strands of the prominence, which at
the maximum exceeded the height of flare loops by an
order of magnitude, descended by a factor of 1.5—2.
Their structure has become essentially simpler, strands
of the magnetic rope of the prominence has formed
the upper layer of loops above the decaying flare. The
above-described processes of evolution of the limb
event of August 18, 1995 allow us to suggest a new sce-
nario of development of the flare accompanied by a
surge phenomenon.

ENERGY BUDGET OF THE FLARE
WITH A SURGE

The proposed scenario includes two stages of devel-
opment of the event.

The first stage lasts from the event onset until max-
imum elevation of the prominence into the corona. An
important element of this scenario is insufficient boost
of the ejection (in order to overcome attraction of the
Sun). It motion upwards is slowed down and stopped
at an altitude close a value of the solar radius above the
photosphere level [3]. The ejection is observed in the
form of a system of twisted filaments (magnetic rope)
rooted in one base near flare ribbons. The contact of
helical magnetic loops of the ejection with flare loops
[1] (see Fig. 1 in [1]) determines the place of primary
energy release. The fact of coinciding time intervals of
ejection boost and increasing flare emission observed
in H, line seems to be very important.

Energy processes at the first stage of the event can
be represented as follows. The primary energy release
(flare power flux in the current layer) supplies with
energy both the flare located below (including heating
of the flare region together with losses through emis-
sion and thermal conductance) and the ascending
prominence. Leaving the issue of a mechanism of
ejection acceleration beyond this study, one can sug-
gest that a part of the magnetic energy of electric cur-
rent that is released in the process of reconnection is
transformed into kinetic energy of ascending matter.
Upon reaching the maximum height of elevation this
energy is converted into potential energy of the matter
contained in the ejection. It is natural to suppose that
a store of non-potential energy of the magnetic field is
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17.17.18

17.17.39 ' 17.19.57

17.21.36 ' 1722515

Fig. 1. The flare with a surge on August 18, 1995 (the data of BBSO). Arrows on filtrograms show characteristic long-living plasma
blobs ®5 and @7.

spent in the event nonuniformly, and its part responsi-  stopping. Accordingly, the flux of released non-poten-
ble for elevation of the prominence decreases with tial magnetic energy supplying the flare also drops
time, which is a main cause of its slowing down and down to the end of this stage. One can suggest that the
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Fig. 1. Contd.

prominence energy is equal to the total energy of the At the second stage emission of flare ribbons
event minus the energy spent during the first stage for decreases, as well as the velocity of their divergence.
the flare. A method of corresponding calculations is = Matter of the prominence falls back onto the chromo-
described in [5]. sphere moving along its helical magnetic field lines.
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The prominence itself as a system of twisted filaments
descends (falls down), and chromospheric emission at
the places where the matter falls (bases of the promi-
nence) is intensified. The zone of emission is close to
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position of fading flare ribbons only at that place
where the compact base of the magnetic rope is adja-
cent to the ribbons. Another (considerable) part of the
emission zone is located far from primordial ribbons,
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where a wide base of the magnetic rope is located.
Magnetic loops of the prominence are located above
the flare arcs leaning on the flare ribbons.

Original energy release at the second stage is close
to zero. This follows from termination of hard X-ray
emission observed for most flares to the moment of
maximum development in H, line. It is suggested [6]
that the intensity of hard X-ray emission is propor-
tional to the rate of energy release whose origin is a
magnetic reconnection.

The sum of kinetic and potential energies of the
prominence does not increase at this stage.

Potential energy of elevated matter of the promi-
nence is transformed into kinetic energy during its fall
onto the chromosphere. Accordingly, the energy of
falling matter is converted into energy of the chromo-
spheric flare localized near the prominence bases.

FLARE DISK EVENT ON SEPTEMBER 23, 1998

Let us consider the solar disk event observed on
September 23, 1998 (3B/M6.9). The event included a
chromospheric flare with successive development of
two pair of quasi-orthogonal flare ribbons. Research-
ers of this flare [7—10] have analyzed its evolution in
the chromosphere and corona, as well as specific fea-
tures of development in different ranges of the spec-
trum of electromagnetic waves. Nevertheless, the pos-
sible role of a surge in development of the second pair
of flare ribbons was not discussed in these papers.

During the even of September 23, 1998 no observa-
tions were made by coronagraphs LASCO/SOHO,
and this circumstance brings in a certain intrigue. Two
different variants of interpretation of the event are pos-
sible. The flare could be accompanied by a CME ofthe
halo type. In this case, energy release in the current
layer (CL) should supply both the flare and CME
acceleration [1]. On the other hand, if the eruptive
prominence, having returned back to the solar surface,
took place, the energy budget of the event is compli-
cated.

For this analysis we added the data in H,, line pro-
vided by the Ondrzejov observatory, the data of the
TRACE spacecraft in line 1550 A, and the data on X-ray
fluxes of the GOES spacecraft in the ranges 1—8 A and
0.5—4 A. Eruption of the prominence occurring simul-
taneously with flare development is well presented in
Fig. 3 (line 1550 A).

Unfortunately, no observational data pointing to
return of the prominence were found for this event.
Nevertheless, one can indicate the following experi-
mental facts that are interpretable in favor of the
prominence return.

1. The system of filaments observed in line 1550 A
(Fig. 3) is rooted by one of its bases at the place of
chromospheric brightenings to the west of the first pair
of flare ribbons, where later a region of powerful chro-
mospheric emission has emerged.
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Fig. 2. Temporal changes in the flux of X-ray emission (the
lower plot, the soft channel of GOES spacecraft, left scale)
and in heights of some typical fragments of the prominence
(the upper plots, right scale) in the course of development
of the flare on August 18, 1995. The abscissa axis is UT in
fractions of an hour. Explanations are given in the text.

2. Appearance of the second cupola of flare arcs
leaning on the outer pair of flare ribbons [8]. This
cupola was formed above the lower arcade of flare arcs
leaning on the first inner pair of the flare ribbons.

3. Almost simultaneously with the onset of the sec-
ond stage of the flare one observed in the wing of H,
line the downward motion of plasma with a velocity of
80 km/s [8].

Thus, the entire set of available data of observations
does not contradict the suggested scenario. Moreover,
it rather supports this scenario. The development of
chromospheric bases of the magnetic rope, considered
in the context of topological model [1], gives convinc-
ing arguments in favor of a return of the eruptive
prominence observed in the event of September 23,
1998 and testifies its substantial role in the flare evolu-
tion.

The flare stages were determined based on the sce-
nario described above. For example, from the flare
onset at 06:47 until the beginning of development of
the second pair of flare ribbons the first stage continues
(Fig. 4 in line H,). In the same period the first pair of
flare ribbons (FR1) is developing together with small
emission structures on the ends of flare ribbons, or
SEFR [1], presumably at places of rooting of the bases
of the arc prominence.

The first stage of the event is illustrated in Fig. 3,
where a pair of flare ribbons FR1 is well discernible, as
well as eruptive ascending matter of the prominence in
the form of a system of twisted filaments. One base of
the eruptive prominence is compact, while the second
base is more extended. The compact base is tightly
adjacent to the southern flare ribbon of pair FRI.
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Fig. 3. The onset of the flare on September 23, 1998 in line 1550 A according to TRACE data. Thick arrows show eruption of a
filament (prominence). The fine structure of filaments in the form of fibres is well discernable. Divergent flare ribbons (FR1) are
designated by thick double arrows, and the prominent bases (SEFR) are indicated by thin arrows.

From this base (SEFR) the system of twisted filaments
diverges in fan-shaped pattern upward and in the
direction of the other base. Thus described SEFR is
distinct from the southern flare ribbon by only one fea-
ture: it serves as a base for higher helical loops of ejec-
tion whose topology differs from that of low flare loops
of the flare arcade. Making observations of the chro-
mosphere, it is impossible to distinguish this SEFR
from the southern ribbon of pair FR1 without special
observations of the loops.

The second base of the ejection (system of twisted
filaments) has a distinct structure. It is remote from

FRI1 ribbons. The structure of emission resembles an
oblate oval. There is no emission inside this oval.

The beginning of the second stage of flare develop-
ment is determined to occur at 06:58 based on a corre-
sponding increase of the ratio of fluxes of X-ray emis-
sion measured by the GOES spacecraft (ranges 0.5—4 A
and 1-8 A, respectively). According to [7], the impul-
sive stage was terminated also at 06:58.

The second stage of the event is shown in Fig. 4.
Small segments remained from the original flare rib-
bons FRI1. One of them, near the shadow of a large
sunspot is in contact with emission region that was
called SEFR at the first stage of the flare. This SEFR
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Fig. 4. Images of the flare on September 23, 1998 in H, line (Ondrejov, Czech Republic): images of the upper layer are of poor
quality, obtained with a multichannel spectrograph; the lower layer contains high-quality filtrograms. Inclined arrows at 06:56
show the first flare ribbons (FR1). The vertical arrow designates emission of the western structure at the ends of flare ribbons
(SEFR), more intense from the outer side of the oblate oval. At 07:23 one can see a powerful second pair of flare ribbons (FR2)
quasi-orthogonal pair FR1 which has almost disappeared to this moment. Using characteristic invariable features of emission,
one can demonstrate that the western FR2 pair is localized at the place of inner emission of SEFR oval (designated by horizontal

arrows).

has been transformed into the western ribbon of the
outer second pair of flare ribbons FR2. Emission on
the inner side of the oblate oval has increased.

Another SEFR, which on the first stage could be
separated from the southern flare ribbon FR1 only due
to topology of magnetic loops, has become even more
indistinguishable for southern FR1. Moreover, these
structures have merged, and together they formed the
eastern ribbon of the second pair of flare ribbons FR2
rotated with respect to the southern FR1 by an angle of
about 60°. The former SEFR were transformed into
spatially separated powerful emission structures FR2.
The flares loops, which were bright and adjoined FR1
at the first stage of the flare, seem to be covered with
prominence loops descending from above. The latter
have lost their helical twisting [11] and connect the
second pair of flare ribbons FR2 at the second stage of
the flare.

As it has been demonstrated earlier, the cause of
FR2 emission on the second stage of the event is the
fall of prominence substance along the same magnetic
field lines, along which at the first flare stage the sub-
stance evaporated from the chromosphere in the
SEFR region moved with acceleration upward.

CALCULATION OF ENERGY IN EVENT
OF SEPTEMBER 23, 1998

According to the method adapted by one of authors
[5] and published in [12], the rate of energy release in
the CL during the fist stage of the event can be
described as a flux of Pointing vector, B.,, - V,,/(4m), to
the region S of reconnection:

dE/dt= 2B, V,,S/(4n), (1)
COSMIC RESEARCH Vol. 49
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where B, is the average magnetic field in the corona
above the AR in which the flare under study has
occurred, V;, is the velocity of inflow into the recon-
nection region, and .S is the area of the reconnection
region. According to [12] the following expression is
true:

BcorV;n = photVHou (2)

where B, ~ 300 G is the mean intensity of the mag-
netic field on the AR photosphere at places of localiza-
tion of flare ribbons FR1 (estimated using a magneto-
gram of the Kitt Peak observatory, see Fig. 2 in [7]),
Vi« 1s the mean rate of divergence of the bases of flare
loops as measured by the data in H, line. Following to
the scenario described above, only the area of the first
flare ribbons FR1 is used when we calculate the energy
balance at the first stage of the event. The value of
parameter Vy, was measured using filtrograms in H, 2
lined and equaled 5 - 10* m/s.

Transformed expression (1) takes on the form:
dE/dt = 2Bcoerhot VHaS/(4Tc)~ (3)

We assume that the unknown value B,,.~ 1/4 B,
The magnetic reconnection area .S at the first stage of
the event can be estimated in order of magnitude as
1/2 of the mean area of flare ribbons, which is approx-
imately a half of maximum area of the first pair of flare
ribbons FR1, Sp;; ~ 10> m?. Then, on the time inter-
val from the onset of the flare to its maximum the rate
of magnetic energy release can be determined from the
expression:

dE/dt=1/2B;,Viia1/2Shs/(47). 4)

As a result of integration of expression (4) over the first
stage interval (from 06:47 to 06:58) we get ~3 - 103! erg.
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The time behavior of energy consumption of the
source for heating the flare region, and for radiation
and heat conductivity is calculated as [13]:

Q = Econd + Erad + Eth, (5)

where E.ons is the energy flux from the tops of flare
loops down to their bases propagating due to heat con-

ductivity, 44 is the flux of radiated energy, £, is the
flux of energy expended for heating the flare region,
and Q is the total energy flux.

Losses due to heat conductance were calculated
according to the expression:

Econd = kO T7/2S]oop/la (6)

where ky= 10"%erg s~! cm~! K~7/? according to [14],T
is effective temperature, .5),,, is the cross section area
for flare loops estimated as 1/2Sy,, and / is the mean
length of flare loops.

The energy flux consumed for heating the flare
region is determined from the expression:

Eu ={E,(t+ Af) — E,(1)}/At, (7)

where At = 60 s.

The thermal energy E, contained in the volume
occupied by the flare is calculated approximately using
one-minute data of the GOES satellite according to the
formula [15]:

Ey=3kTNEM ™y 7, (8)

where k is the Boltzmann coefficient, V% is the flare
region volume, T is the effective temperature of the
flare, and EM7@¢ is its corresponding emission mea-
sure according to [16].

The flux of radiated energy is calculated according
to the expression:

Erea = EM7eA(T), )

where A(T) is the function of radiation losses [17].

The flare volume at every time moment was deter-
mined from the expression:

e = (85,)°2, (10)

where S, is the area between the outer boundaries of
flare ribbons FRI1.

The value of integral Q of the energy flux spent for
flare manifestations at the first stage of the event
(06:47—06:58) turned out to be equal to 0.5 - 103! erg
to a factor of 2.

Calculation of the energy budget of the event at its
second stage included only the flare part. The flare
energy is calculated using formulas (5)—(10). The
cross section area of flare loops S, was estimated as
1/28g5,- S, is the area between the outer boundaries of
the flare emission zone in H, line. The duration of the
second stage of the event is determined as 06:58—07:30
from the character of changes in X-ray emission mea-
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sured by the GOES spacecraft. As a result, it is obtained
that with the same accuracy the energy consumed by
the flare at the second stage is about 3 - 103! erg.

Thus, the energy released in the CL at the first stage
of the event was ~3 - 103! erg, including the energy of
~0.5 - 103! erg spent for supporting the flare processes.
According to out original hypothesis, kinetic energy of
ejection (of surge in this particular case) should be
equal to the difference of these values. The calculated
value of flare energy during the second stage, ~2.7 -
103! erg, turned out to be close to the expected value.
Thus, performed calculations do not contradict the
statement that the bulk of flare energy at the second
stage of the event can be the transformed energy of
falling matter of the prominence.

At least two scenarios can be realized in the process
of development of powerful solar events: either a flare
accompanied by a coronal mass ejection [1] or a flare
accompanied by eruption of a surge. Early identifica-
tion of the event (determination of a scenario which
has been realized) can be quite useful for prompt fore-
cast of the space weather state. In the case of realiza-
tion of the second scenario with a surge one can, as a
minimum, predict the absence of a bright core of the
coronal mass ejection in a given event. In this scenario
the second pair of flare ribbons caused by falling of the
prominence matter onto the chromosphere turns out
to have substantially larger area than the first pair of
ribbons.

RESULTS AND DISCUSSION

An attempt has been made in this paper to solve the
problem which is distinct at the first sight by a consid-
erable ambiguity. By determining the topological cor-
respondence of emission flare structures to different
types of flare magnetic loops, according to the topo-
logical model [1] developed by the authors, we have
succeeded in substantiating different variants of the
scenario of development of the event accompanying
the chromosphere flare. In one variant of the scenario
a flare is accompanied by CME with a bright core,
another case is accompanied by a surge. For example,
characteristic development of SEFR with their subse-
quent transformation into the second pair of flare rib-
bons at the second stage of the flare gives a direct evi-
dence of downfall of the matter of eruptive promi-
nence onto the chromosphere. In this situation SEFR
are chromospheric bases of the ascending magnetic
rope forming a backbone of the arc eruptive promi-
nence. The second pair of flare ribbons formed at the
second stage of the event on the place of SEFR repre-
sents the bases of the same magnetic rope, but already
on the stage of falling matter of the eruptive promi-
nence.

Under these conditions the probability for CME
not to be formed or to be formed without a bright core
is high. In the first case the plasma cloud thrown away
to the interplanetary space cannot reach the Earth’s

COSMIC RESEARCH  Vol. 49 No.4 2011
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orbit, since both matter and field return back to the
Sun. In the second case one can expect that CME will
be essentially less geoeffective due to smaller density of
matter and lower magnetic field strength. In addition,
we emphasize that this variant of scenario allows one
to explain the phenomenon of ‘four-ribbon flares’
observed and described long ago [10].

If the total energy of an event or the power of a flare
are estimated [18—20] based on the area of chromo-
spheric flare ribbons and on the local photospheric
magnetic field of an active region, then it is fair to
make such estimates for this class of events only ana-
lyzing the development of the first, relatively small
flare ribbons at the first stage of the flare. The total
energy of the event, as has been demonstrated above,
correlates with the area of first flare ribbons with small
dimensions.

The flare power calculated in such a way is not high.
It is comparable to typical power of optical flares with
importance 1—S. Accordingly, it is unlikely that the
event will be accompanied by solar energetic protons.
In addition, in this situation there is knowingly no
such source of proton generation as localized in the
flare maximum on the front of a fast CME [21].

Thus, the event of the class under consideration (a
flare with a surge) is shown to have essentially local
character and the total energy that ranks below the
energy of the strongest flares. Hence, its influence on
the space weather is insignificant.

Another result allowing one to make conclusions
(from the standpoint of suggested topological model)
about the processes of energy release in the corona at
different stages of an event is the interpretation of
emission evolution SEFR—FR2.

During the first stage of an event, when ejection of
matter is coming up, the emission turns out to be
stronger on the outer side of the SEFR oval. To the
moment of the end of the flare’s first stage the region
of maximum brightness of emission has traveled to the
oval bend. At the second stage of the event the region
of maximum emission of SEFR, as was demonstrated
earlier, is shifted to the inner side of the oval, nearest to
the first flare ribbons FRI1, thus forming powerful
FR2. A logical suggestion arises that the emission is an
indicator of active processes taking place in those
magnetic loops which rest on particular segments of
the chromosphere. Hence, it follows that in the vol-
ume of a system of twisted filaments (magnetic rope)
of the prominence the processes of magnetic recon-
nection occur during a quick increase in the ejection
height on the upper surface of this volume, while dur-
ing the fall of matter they occur on the lower surface.
When matter goes upward the processes of magnetic
reconnection take place on the upper surface of the
system of twisted filaments. At backward motion of the
prominence the lower part of its loops undergoes col-
lisions with lower flare loops connecting FR1. At the
place of their contact and stop of falling magnetic
loops of the prominence there occur active processes
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accelerating particles. The latter precipitate onto the
chromosphere along magnetic field loops. Then, the
next portion of descending loops stops falling higher
than the preceding part. The particles accelerated in
this process move away along magnetic field lines pre-
cipitating onto the chromosphere and thus providing
for the effect of visible divergence of flare ribbons FR2.
Thus, the topological model of the event of develop-
ment SEFR—FR2 unambiguously determines local-
ization of magnetic reconnections and energy releases
in the corona at different stages of an event of this
class.

Summarizing all said above, let us list the basic
results of the paper.

1. Based on the topological model of a large solar
event ‘flare—CME’ [1] a new scenario is suggested for
development of the event ‘flare with eruptive surge’
including two stages corresponding to elevation and
fall of a prominence, the backward motion of the
prominence being a cause of additional energy release
and formation of a second system of flare ribbons.

2. A realization of this scenario is demonstrated
using as examples the limb event on August 18, 1995
and the disk event on September 23, 1998.

3. For the disk event on September 23, 1998 it is
shown that the energy of a surge, whose origin is the
primary energy release on the first stage of a flare, can
provide for energy release on the second stage.

4. An observational chromospheric criterion is sug-
gested for an eruptive surge in a solar event including a
strong flare on the disk. The criterion uses the develop-
ment of structures on the ends of flare ribbons SEFR,
namely: SEFR observed at the first stage are trans-
formed into the second pair of flare ribbons FR2 on
the second stage of the event.

5. Weak influence of solar flare events satisfying the
above-mentioned observational criterion on space
weather is substantiated (a consequence of the absence
of a bright core of CME and, hence, lesser CME mass
and lower probability of the fluxes of solar protons).
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